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Abstract
Objective
To evaluate radiologic and clinical inflammatory activity in women with MS during pregnancy
and postpartum.

Methods
We performed a retrospective analysis of prospectively collected clinical and MRI reports for
women who became pregnant while followed at the University of California, San Francisco MS
Center between 2005 and 2018. Proportion of brain MRIs with new T2-hyperintense or
gadolinium enhancing (Gd+) lesions (primary outcome) and annualized relapse rate (ARR;
secondary) were compared before and after pregnancy.

Results
We identified 155 pregnancies in 119 women (median Expanded Disability Status Scale
[EDSS] 2.0). For the 146 live birth pregnancies, prepregnancy ARR was 0.33; ARR decreased
during pregnancy, particularly the third trimester (ARR 0.10, p = 0.017) and increased in the 3
months postpartum (ARR 0.61, p = 0.012); and 16% of women experienced a clinically
meaningful increase in EDSS. Among 70 pregnancies with paired brainMRIs available, 53% had
new T2 and/or Gd+ lesions postpartum compared with 32% prepregnancy (p < 0.001).
Postpartum clinical relapses were associated with Gd+ lesions (p < 0.001). However, even for
patients without postpartum relapses, surveillance brain MRIs revealed new T2 and/or Gd+
lesions in 31%. Protective effects of exclusive breastfeeding for ≥3 months (odds ratio = 0.3,
95% confidence interval 0.1–0.9) were observed for relapses.

Conclusions
Building on previous reports of increased relapse rate in the first 3 months postpartum, we
report a significant association between inflammation on MRI and this clinical activity. We also
detected postpartum radiologic activity in the absence of relapses. Both clinical and radiologic
reassessment may inform optimal treatment decision-making during the high-risk early post-
partum period.

From the Weill Institute for Neurosciences (A.A., K.M.K.), Department of Neurology, University of California San Francisco, San Francisco, CA; Department of Neurology (K.M.K., R.B.),
School of Medicine, University of California San Francisco, San Francisco, CA; Weill Institute for Neurosciences (A.R., T.K., C.C., W.R., C.Z., R.B.), Department of Neurology, University of
California San Francisco, San Francisco, CA; Department of Neurology (M.H.), Brigham and Womens Hospital, Harvard Medical School, Boston MA.

Go to Neurology.org/NN for full disclosures. Funding information is provided at the end of the article.

The Article Processing Charge was funded by the authors.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology. 1

http://dx.doi.org/10.1212/NXI.0000000000000959
mailto:riley.bove@ucsf.edu
https://nn.neurology.org/content/8/2/e959/tab-article-info
http://creativecommons.org/licenses/by-nc-nd/4.0/


MS typically begins between the ages of 20–40 years and has a
female-to-male ratio of 3:1.1–3 As such, MS is primarily di-
agnosed in women of reproductive age. Several studies have
demonstrated that women experience fewer MS relapses
during the immunotolerant state of pregnancy; however, an
increase in relapses has been observed postpartum.4–6 Recent
exceptions to this trend are notable. First, in the disease-
modifying therapy (DMT) era, women discontinuing DMTs
interfering with lymphocyte trafficking (fingolimod and
natalizumab) have increased relapse risk during pregnancy
due to ‘rebound’ disease activity.7 Second, in a more clinically
benign population-based cohort, fewer women were noted to
experience relapses postpartum.8 Third, exclusive breast-
feeding has been associated with reduced postpartum
relapses.9,10

Because clinical inflammatory activity postpartum could be
confused with other common neurologic conditions (such as
migraines,11 meralgia paresthetica,12 or DeQuervain teno-
synovitis13), MRI detects new inflammatory lesions objec-
tively. Three small neuroimaging studies have reported
increased inflammatory activity postpartum: a cohort of 28
Finnish women with MS,14 women with radiologically iso-
lated syndrome,15 and a report of 2 patients with MS.16 There
is a need for larger case series of MRI-defined postpartum
inflammatory activity.

In the current study, we evaluated inflammatory activity on
brain MRIs of women with MS during pregnancy and post-
partum (primary) and clinical relapses (secondary). We hy-
pothesized that inflammatory activity was increased
radiologically and clinically postpartum and that exclusive
breastfeeding was associated with a reduction in the rate of
both outcomes.

Methods
Sample Selection
In this retrospective analysis of prospectively collected clinical
data, we screened the electronic medical record (EMR) to
identify women followed at the University of California, San
Francisco (UCSF) MS and Neuroinflammation Center who
became pregnant between 2015 and 2018 and for whom
prospectively recorded clinical data were available. We iden-
tified 88 women with 103 pregnancies; we also included 13
additional pregnancies for these women that preceded the
search window (2005–2015). From a separate study chart
review, we included an additional 39 pregnancies between
2005 and 2015 from 31 women. Altogether, we identified 119

women, with 155 pregnancies. Women participating in an
ongoing prospective pregnancy registry that began in 2018
were excluded (N = 56 as of July 15, 2020).

Standard Protocol Approvals, Registrations,
and Patient Consents
The UCSF Committee of Human Research approved the
study protocol for retrospective analysis of EMR–derived MS
data with no patient contact (Ref #13–11686).

Data Collection
Maternal MS clinical history was extracted from medical re-
cords, including year of MS onset, disease course at concep-
tion, Expanded Disability Status Scale (EDSS) score, clinical
relapses, and DMT use from the 12-month preconception to
the 12 months after delivery or pregnancy loss. Both pre-
scription records and clinician notes were reconciled during
chart review to determine DMT use. Clinical relapses were
defined as new or worsening neurologic symptoms for at least
24 hours in the absence of fever or infection, as documented
in clinical records by the treating neurologist. When EDSS
was not explicitly included in the treating neurologist’s note,
this was extrapolated from the neurologic examination,
documented symptoms, and reported ambulatory abilities by
a neurologist (K.M.K.), blinded to timing of the EDSS re-
garding pregnancy. Any use of prophylactic steroids (pre-
scribed, for example, when delaying DMT initiation
postpartum to allow breastfeeding, but not after a clinical
relapse) during this timeframe was also recorded.

Neuroradiology reports for brain MRIs, as well as spinal cord
(cervical and thoracic) MRIs when available, performed
during the time interval from 12-month preconception to 12
months after delivery were collected. Neuroimaging reports
for MS-related brain and spinal cord MRIs were manually
reviewed for the presence of T2-weighted hyperintense le-
sions that were new relative to a previous MRI and of gado-
linium enhancing (Gd+) lesions when contrast was
administered. In some cases (24% brain and 29% overall),
MRIs were performed and interpreted outside of UCSF; the
neuroimaging report and/or UCSF clinician’s note were used
to identify new T2 and Gd + lesions in these cases. Clinical
indication for the MRI was categorized as either “monitoring”
(surveillance, treatment planning, or treatment monitoring)
or “new symptom” based on clinical notes and/or imaging
orders.

Obstetrical data, collected from medical record review for the
study pregnancies, included gravidity and parity pre-
conception, use of assisted reproductive technologies,

Glossary
ARR = annualized relapse rate;CI = confidence interval;DMT = disease modifying therapy; EDSS = ExpandedDisability Status
Scale; EMR = electronic medical record; Gd+ = gadolinium enhancing; IQR = interquartile range; mAb = monoclonal
antibody; OR = odds ratio; USCF = University of California, San Francisco.
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pregnancy complications, gestational age at delivery or pregnancy
loss, infant sex, and breastfeeding status (exclusive, nonexclusive,
or not at all) up to 12months after delivery. Tominimize the risk
of overestimating the impact of breastfeeding on clinical out-
comes, breastfeeding was assumed to be nonexclusive unless
explicitly indicated to be exclusive by the neurologist’s or obste-
trician’s notes in the EMR. Duration of exclusive breastfeeding
was also collected, and based on previous reports, women were
categorized as “exclusive breastfeeding” if they did so for at least 3
months17; pregnancies with shorter duration of exclusive
breastfeeding, nonexclusive breastfeeding, or no breastfeeding
were together categorized as “not exclusive breastfeeding.”

Statistical Analyses
Descriptive statistics were reported with mean and SD, median,
interquartile range (IQR) and range, or frequency, as appropri-
ate. For pregnancies resulting in live births, we then carried out
further analyses.

To determine how MS inflammatory activity changes with
pregnancy, we evaluated MRI activity by the proportion of
MRIs demonstrating new T2 hyperintense and/or Gd+ le-
sions (“active MRI”) and clinical activity by the annualized
relapse rate (ARR). Our primary outcome was difference in
MRI inflammatory activity postpartum relative to before; we
performed a number of other exploratory analyses. We cal-
culated proportion of active MRIs and ARR for each three-
month period (“trimester”) in the year preconception, during
pregnancy, and in the year postpartum.

We compared the number of clinical relapses for each trimester
during and after pregnancy to the year preconception using a
mixed-effects negative binomial regression model with a ran-
dom person-specific relapse rate, accounting for the repeated
measures nature of the data andmultiple pregnancies occurring
in some women. The outcome in the model was relapse count
with an offset by the natural log of disease duration. ARR was
calculated from themodel and parameterized as exp(constant +
beta) for each time period. We also performed sensitivity
analyses for ARR for these time periods in 2 conditions: ex-
cluding pregnancies (1) with deliveries before 2010 and (2) in
women treated with fingolimod or natalizumab preconception.

For women withMRIs available both before and after pregnancy,
we compared the proportion of pregnancies with active brain
MRIs (new T2 and/or Gd+ lesions) in the year postpartum with
those of the year before pregnancy, using conditional logistic
regression, accounting for women who contributed more than
one pregnancy; determination of yes/no activity was based on all
MRIs available for each time period. We evaluated the relation-
ship between postpartum clinical relapse and MRI activity (new
Gd+ lesions) when performed within 60 days of symptom onset
using univariable logistic regression for both the first trimester
and the entire year postpartum.

We also evaluated for a clinically meaningful worsening in
EDSS from prepregnancy baseline to last available within 12

months of delivery (for baseline score of 0: 1.5-point increase;
baseline score 1.0–5.5: 1.0-point increase; baseline score ≥6:
0.5-point increase, as previously defined18). EDSS scores
within 30 days after a clinical relapse were not included.

We evaluated for predictors of clinical relapse in the first trimester
postpartum using univariable logistic regression. We included:

c disease duration and maternal age at conception, given a
priori relationships with inflammatory risk

c factors previously related to postpartum inflammatory
activity: ARR in the year before pregnancy, relapses during
pregnancy (no relapses vs ≥1 relapse),5 and breastfeeding
status (nonexclusive vs exclusive for at least 3 months)9,10

c treatment factors: prophylactic steroid use, DMT in the
year preconception, and DMT initiation in the 3 months
postpartum, each evaluated as any use vs no use.

To evaluate predictors of brainMRI activity (newGd+ lesions) in
the first trimester postpartum, we performed similar univariable
logistic regressions, with the exception that we additionally in-
cluded the occurrence of a new Gd+ lesion in the year before
pregnancy, and we determined breastfeeding status (non-
exclusive vs exclusive) andDMT initiation up to the time ofMRI.

Based on previous findings in reported case series, we also eval-
uated additional clinical scenarios. We evaluated the association
of early initiation of postpartumDMT(use vs nonuse) in the first
3 months from delivery with ARR (independent sample t-test)
and development of Gd+ lesions on MRI brain (univariable lo-
gistic regression) in the second and third postpartum trimesters.

To describe use of prophylactic steroids, we qualitatively assessed
relapses across the first 2 trimesters (i.e., months zero to 6) post-
partum inwomen receiving prophylactic steroids andbreastfeeding
for at least 3 months. We also qualitatively evaluated relapses and
MRI activity in the subset of women who used anti-CD20
monoclonal antibody (mAb) therapies before conception and
postpartum.

Alpha was set at 0.05, and all tests were two sided. The mixed-
effects negative binomial regression was performed in STATA 15
(College Station, TX). All other analyses were performed with
JMP Pro software version 15.0.0. We did not adjust for multiple
comparisons because of the exploratory nature of secondary
analyses.

Data Availability
Deidentified data will be shared with any qualified investigator by
request.

Results
Characteristics of the Study Cohort
A total of 155 pregnancies in 119 women were included. All
pregnancies identified in the EMR had follow-up clinical data
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available for the entirety of their pregnancy; 145 had at least 3
months of postpartum follow-up. The 119 women contributed 1
(n = 90), 2 (n = 22), or 3 (n = 7) pregnancies; 3 of these women
contributed a twin pregnancy each. Baseline characteristics were
typical for a pregnancy cohort, with a mean age of 33 years at
conception and median EDSS of 2.0 (table 1). In 109 pregnan-
cies, the mother received DMT in the year before conception.
DMT was stopped before conception in 51 pregnancies, during
the first or second trimester in 49, and continued throughout
pregnancy for 9 (N = 8 glatiramer acetate; N = 1 elected ter-
mination to continue with natalizumab infusions).

After delivery, there were various treatment approaches. For
the 145 live births with first trimester postpartum data, in 26
women, DMT was initiated within 3 months of delivery
without breastfeeding; in 81 women, DMT was deferred for
breastfeeding (exclusively [N = 49] or nonexclusively [N =
32]); and 9 women initiated glatiramer acetate while breast-
feeding (exclusively [N = 2] and nonexclusively [N = 7]). For
29 pregnancies, there was no initiation of DMT or breast-
feeding (for ≥ 3 months) in the first trimester postpartum.

Brain MRIs were available for 97 pregnancies in the year
before conception, and for 137 women in the year postpartum
(among 105 live-birth pregnancies; 134 with gadolinium, ta-
ble e-1, lww.com/NXI/A414), with mean (SD) time of first
MRI since delivery of 5.6 (3.6) months. Most (107) of the 137
postpartumMRIs had been obtained for monitoring purposes
(104 with any previous MRI for comparison), and 30 in re-
sponse to changes in symptoms. In 70 pregnancies, brain
MRIs were available from both the year before (N = 85) and
after pregnancy (N = 94). The smaller number of postpartum
cervical (N = 51) and thoracic spine (N = 18) MRIs, or brain
MRIs from pregnancies that did not result in live births (N =
6) precluded statistical analysis. There were no differences in
age, MS duration, or ARR between the women who did and
did not have paired MRIs available.

Pregnancy Outcomes
Among the 155 pregnancies, 146 resulted in a live birth—133 at
term and 13 prematurely (table 1). Reasons for pregnancy loss
(N = 9) included spontaneous abortion (N = 6), elective ter-
mination (N = 2), and stillbirth (N = 1). Women experiencing
pregnancy loss or termination did not differ in age, disease du-
ration, or EDSS from women who experienced live births (p >
0.05 in independent sample t-tests). In the 6 cases of sponta-
neous abortion, treatment included none (N = 3), rituximab (N
= 2, 23, and 30 weeks before conception), and glatiramer acetate
(N = 1, stopped 6 weeks after conception). One woman expe-
rienced a stillbirth at 39w1d (etiology not available) and had
received an ocrelizumab infusion 10 weeks before conception.

Among the 146 live-birth pregnancies, mean gestational age
(SD) at delivery was 39.2 (1.8) weeks (available N = 129);
52% of infants were boys (available N = 142). One infant had
neonatal encephalopathy and died 6 hours after delivery; the
mother had received no DMT in the year before conception,

and her only pregnancy complication was an uncomplicated
urinary tract infection in the second trimester. Mothers
breastfed after 136 of the 146 live births; this breastfeeding
was exclusive for at least 3 months in 51 pregnancies.

Live-Birth Pregnancies: MS Inflammatory
Activity During and After Pregnancy
In the year before pregnancy, for the 146 live-birth pregnan-
cies, the mean baseline ARR (95% CI [confidence interval])
was 0.33 (0.24–0.45). This increased in the final trimester
before pregnancy, when a clinical relapse occurred in 17 of
146 pregnancies: 4 women had not received DMT in the
previous year, 5 had discontinued DMT in anticipation of
conception (including fingolimod or natalizumab in 2), and 8
experienced breakthrough activity while on DMT (glatiramer
acetate, interferon-β, fingolimod, or natalizumab). In the 48
live-birth pregnancies in which DMT was discontinued in
anticipation of conception, a clinical relapse occurred in 7
(15%) between DMT discontinuation and conception.

During pregnancy, mean ARR decreased beginning in the first
trimester and significantly so in the third trimester (0.10
[0.00–0.26], p = 0.017), compared with the year before preg-
nancy (overall effect of time period on ARR p = 0.004). Among
the 19 pregnancies with a relapse during pregnancy, 7 (39%)
occurred in women who discontinued fingolimod or natalizu-
mab; each of these relapses occurred within the second or third
trimester, comprising 64% of relapses in this period.

Postpartum, the ARR in the first trimester (months 1–3) was
higher (0.61 [0.40–0.93], p = 0.012) than that of the year
before pregnancy and thereafter decreased to prepregnancy
levels. Altogether, 17% women had at least one relapse in the
first 3 months postpartum (available N = 145), and 38% over
the entire year postpartum (available N = 130) (table 2, figure
1). In sensitivity analyses, excluding pregnancies before 2010
did not affect the results; however, excluding pregnancies in
women treated with fingolimod or natalizumab before con-
ception (N= 24) resulted in a lower ARR (0.50 [0.30–0.82]) in
the first trimester postpartum; this did not reach statistical
significance compared with the year prepregnancy (p = 0.12).

We then evaluated postpartum MRI activity. Among the 70
pregnancies with an MRI performed both in the year before
conception and in the year postpartum, the overall proportion of
brain MRIs demonstrating new T2 hyperintense lesions was
stable across all three-month periods before pregnancy. However,
MRI activity increased in the year postpartum: 31 (52%) preg-
nancies had at least one “active”MRI (newT2±Gd+) in the year
postpartum compared with 19 (32%) in the year before con-
ception (N = 59 evaluated for both T2 and Gd+) (p < 0.001).
Overall, in the entire year postpartum, 35 pregnancies (50%)
showed new T2 lesions compared with 18 (30%) in the previous
year (N = 60 pregnancies with a previousMRI to evaluate for T2
lesions, p < 0.001) and 21 (30%) showed Gd + lesions compared
with 17 (25%) in the previous year (N = 69 pregnancies with
gadolinium MRIs, p = 0.17) (table 3).
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We then evaluated for a relationship between MRI activity and
clinical relapse using all postpartumMRIs collected (N = 137 for
105 pregnancies, figure 2 and table e-1, lww.com/NXI/A414). Of
the 64 relapses experienced in the year postpartum, only 34 had
accompanying brainMRIs completed within ± 60 days of onset of
new symptoms; 78% of these showed new T2 lesions (N = 32
with a previous MRI to enable identification of new T2 lesions)
and 68% of these showed Gd+ lesions. There was a significant
relationship between the occurrence of a clinical relapse and the
observation of a newGd+ lesion onMRI within ± 60 days (figure
2), for thefirst trimester postpartum(p<0.001, odds ratio [OR]=
30.0, 95% CI [4.6–194.3]) and the entire postpartum year (p <
0.001, OR = 21.1, 95% CI [7.8–57.0]). Furthermore, of the 137
postpartum brain MRIs completed, 107 were completed for
monitoring purposes, i.e., in the absence of clinical relapse (figure
2; 104 received gadolinium and had previous MRI for evaluation
of new T2 lesions). Among these monitoring MRIs in the post-
partum year (figure 2) and 32% revealed new T2 lesions (33/
104), and 11% revealed Gd+ lesions (11/104); altogether, 33%
had active MRIs (33/101 evaluated for both T2 and Gd+). For 4
pregnancies, postpartum monitoring MRIs were followed by
clinical relapse within 60 days (figure 2); these showed both new
T2 andGd+ lesions (N= 2), newT2 lesions only (N= 1) and no
changes (N= 1).Overall, 31%ofMRIs performed for postpartum
monitoring with no associated clinical relapse within 60 days were
“active” (N = 97 evaluated for both T2 and Gd+; figure 2).

EDSS Progression
Median (IQR) EDSS at evaluation closest to 12 months post-
partum for live-birth pregnancies (mean [SD] of 5.8 [4.0]months
since delivery) was 1.5 (1.0–2.0) (available N = 109). Among the
99 pregnancies with both preconception and postpartum EDSS
scores available, 15 women (16%) experienced a clinically
meaningful increase in EDSS after delivery compared with
preconception.

Table 1 Characteristics of the Study Cohort Relative to
Each Pregnancy (N = 155 Pregnancies)

Before conception

No. of women 119

No. of pregnancies 155

Disease course at conception, n

Healthya 1

Clinically isolated syndrome 9

Relapsing-remitting 145

Age at conception, mean years ± SD 33 ± 5

Disease duration at conception, median years,
IQR (range)b

6, 3–9 (0.5–20)

EDSS in year before conception, median, IQR
(range)c

2.0, 1.0–2.5
(0.0–6.0)

Annualized relapse rate before conception, mean
(95% CI)

0.37 (0.27–0.47)

DMT use in year before conception, n (%)

Glatiramer acetate 34 (22)

Interferon-βs 28 (18)

Dimethyl fumarate 10 (6)

Fingolimod 13 (8)

Natalizumab 12 (8)

Rituximab 10 (6)

Ocrelizumab 2 (1)

No use 46 (30)

Gravidity before conception, median, IQR (range) 1, 0–1 (0–7)

Parity before conception, median, IQR (range) 0, 0–1 (0–4)

No. of pregnancies using ART 24

Postpartum

Pregnancy outcomes, n

Term 133

Preterm 13

Stillbirth 1

Spontaneous abortion 6

Elective termination 2

EDSS in year postpartum, median, IQR (range)d 1.5 (1.0, 2.0)

Time to postpartum DMT initiation, median
months, IQR (range)e

5.5, 3.6–7.8
(0.5–12.3)

DMT use in the year postpartum, n (%)f

Glatiramer acetate 23 (16)

Interferon-βs 15 (10)

Dimethyl fumarate 11 (7)

Table 1 Characteristics of the Study Cohort Relative to
Each Pregnancy (N = 155 Pregnancies) (continued)

Fingolimod 13 (9)

Teriflunomide 1 (1)

Natalizumab 11 (7)

Rituximab 15 (10)

Ocrelizumab 9 (6)

No use 48 (33)

Abbreviations: ART = assisted reproductive technologies; CI = confidence
interval; DMT = disease-modifying therapy; EDSS = Expanded Disability
Status Scale; IQR = interquartile range.
a N = 1, Clinically Isolated Syndrome diagnosed with clinical event in third
trimester of pregnancy.
b Excluding 1 individual with disease onset in pregnancy.
c Information available for 121 pregnancies.
d Information available for 109 pregnancies.
e Delivery date and postpartumDMT start date available for 33 pregnancies.
f The first DMT used during the period for which there was postpartum
follow up in live-birth pregnancies.
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Predictors of Clinical and Radiographic Activity
After Live Births

Clinical Activity
In univariable analyses, the odds of having at least one clinical
relapse during the first trimester postpartumwas increased with
the occurrence of ≥1 relapse during pregnancy (OR 6.2, 95%
CI 2.2–17.5, p < 0.001) and reduced with exclusive breast-
feeding for 3 months (OR 0.3, 95% CI 0.1–0.9, p = 0.03)
compared with nonexclusive breastfeeding (table 4). Restrict-
ing the analyses to visits occurring between 2013 and 2018

(N = 20 clinical relapses for 110 pregnancies) did not affect the
significance of the results (occurrence of ≥1 relapse during
pregnancy: OR 6.8, 95% CI 2.2–21.6, p < 0.001; exclusive
breastfeeding: OR 0.2, 95% CI 0.03–0.7, p = 0.02).

MRI Activity
In univariable analyses, there was no statistically significant asso-
ciation between new Gd+ lesions in the first trimester postpartum
and any of our selected predictors (table 5). However, both re-
lapses during pregnancy, and not exclusively breastfeeding, showed

Table 2 MS Relapses During Pregnancy and Postpartum in Live-Birth Pregnancies (N = 146 Pregnancies for 113Women)

Period No. of pregnanciesa No. of pregnancies with ≥1 relapse ARR (mean, 95% CI) p Valueb

Year before conception 146 54 0.33 (0.24–0.45) Ref

Pregnancy

First trimester 146 8 0.19 (0.10–0.40) 0.16

Second trimester 146 7 0.17 (0.08–0.36) 0.09

Third trimester 146 4 0.10 (0.04–0.26) 0.02

Year postpartum

Months 1–3 145 25 0.61 (0.40–0.93) 0.01

Months 4–6 140 14 0.36 (0.21–0.62) 0.81

Months 7–9 133 13 0.35 (0.20–0.61) 0.89

Months 10–12 127 12 0.33 (0.19–0.60) 0.98

Abbreviations: ARR = annualized relapse rate; CI = confidence interval.
p values < 0.05 are bold to indicate significance.
a Number of pregnancies followed for the entire three-month period. Only relapses in these pregnancies are included.
b Comparison to ARR during year before pregnancy; p-values are calculated from amixed-effects negative binomial regression with a random person-specific relapse
rate; ARR was calculated from the model and parameterized as exp(constant + beta) for each time period. Overall effect of time period on ARR: p = 0.004.

Figure 1 Annualized Relapse Rate Before, During and After Pregnancies That Resulted in Live Births (N = 146 pregnancies)

The x-axis denotes each trimester (3-month pe-
riod) before, during, and after pregnancy. Error
bars represent 95% confidence intervals esti-
mated with mixed-effects negative binomial re-
gression. Only pregnancies for which the patient
was followed for the entire three-month period
were included (see Table 2 for N in each trimester).
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a trend toward increased odds of new Gd+ lesions in the first
trimester postpartum (0.05 <p < 0.10). Point estimates suggested
increased odds of a postpartumGd+ lesion in womenwith relapse
in pregnancy and decreased odds in women exclusively breast-
feeding. Restricting the analyses to visits occurring between 2013
and 2018 did not affect the significance of the results.

Selected Clinical Scenarios

Prophylactic Steroids
Monthly prophylactic steroids were administered in the first 3
months postpartum for 10 pregnancies; women did not
breastfeed in 4. Among the 6 women receiving steroids in the
setting of at least 3 months of breastfeeding (exclusively [N =
5], nonexclusively [N = 1]), none relapsed, and one exclu-
sively breastfeeding had new T2 and Gd+ lesions on brain
MRIs completed within the first 6 months postpartum.

Early Initiation of DMT Postpartum
Of 35 women resuming DMT (including anti-CD20 mAbs)
within 3 months of delivery, 33 were followed for the first 2
trimesters postpartum. Five experienced relapses after re-
suming glatiramer acetate (15%; 1 relapse in 3 pregnancies and

2 relapses in 2 pregnancies). Of 13MRIs completed within this
period, 7 demonstrated new T2 lesions and 2Gd+ lesions;
women with MRI activity were on either interferon-β or gla-
tiramer acetate. We did not find a statistically significant dif-
ference in ARR or proportion with Gd+ lesions on brain MRI
in the second or third trimesters postpartum for women who
started DMT in the first 3 months after delivery vs those who
did not.

Treatment With Anti-CD20 mAbs
Of 12 anti-CD20-associated pregnancies, in 10, the mothers were
infused within 6 months of conception; 8 resulted in live births; 1
in spontaneous abortion (rituximab; case occurred after a previous
case series19); and 1 in stillbirth (ocrelizumab; details not avail-
able). In 2 additional pregnancies, rituximab infusion occurred >6
months before conception: 1 (infusion 30 weeks before) resulted
in a spontaneous abortion at 10 weeks gestational age, 1 (infusion
10 months before) resulted in a healthy, term live-birth, but a
clinical relapse occurred in the second trimester of pregnancy.
Postpartum, the mother opted to nonexclusively breastfeed off
DMT; she experienced 3 clinical relapses with several new T2
lesions demonstrated on MRI in the third trimester postpartum.

Table 3 Disease Activity on Brain MRIs in 70 Live-Birth Pregnancies (N = 59 Women) With MRI Performed in the Year
Before Pregnancy and the Postpartum Year

Period

No. of
pregnancies
evaluated
for new T2
lesionsa

No. of
pregnancies
with new T2
lesions (n
[%])

p
Valueb,d

No. of
pregnancies
with Gd
given

No. of
pregnancies
with Gd
lesions (n
[%])

p
Valueb,d

No. of
pregnancies
evaluated
for both new
T2 and Gd
lesions

No. of
pregnancies
with new T2
and/or Gd
lesions (n
[%])

p
Valuec,d

Year before
conception

60 18 (30) Ref 69 17 (25) Ref 59 19 (32) Ref

Months
1–3

21 9 (43) — 25 7 (28) — — — —

Months
4–6

11 2 (18) — 12 2 (17) — — — —

Months
7–9

24 6 (25) — 24 3 (12) — — — —

Months
10–12

20 5 (25) — 23 5 (22) — — — —

Year
postpartum

70 35 (50) <0.001 70 21 (30) 0.17 59 31 (52) <0.001

Months
1–3

32 13 (43) — 34 9 (26) — — — —

Months
4–6

21 11 (52) — 20 4 (20) — — — —

Months
7–9

22 9 (40) — 22 11 (50) — — — —

Months
10–12

18 8 (44) — 18 2 (11) — — — —

Abbreviations: Gd+ = gadolinium enhancing.
p values < 0.05 are bold to indicate significance.
a N reflects no. of pregnancies with MRI that had a comparison or baseline MRI to allow for evaluation of new T2 lesions.
b p-values calculated with conditional logistic regression.
c p-values calculated with conditional logistic regression, N = 59 pregnancies with evaluation for both T2 and Gd+ lesions in the year prior to conception and
the year postpartum.
d Conditional logistic regression was only performed for the entire year postpartum due to small sample size in individual “trimesters.”
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In the 8 live-birth pregnancies with anti-CD20 treatment in the 6
months before conception (N = 7 rituximab, N = 1 ocrelizumab),
none of themothers experienced a relapse between treatment and
conception or during pregnancy. All 8 were retreated with anti-
CD20mAbs within 12months from delivery; none experienced a
clinical relapse during the year postpartum. Of the 7 who un-
derwent anMRI in the year postpartum, one had a new T2 lesion
before retreatment (compared with an MRI dated more than a
year before conception); none had Gd + lesions postpartum.

Discussion
Increased MS-related clinical relapse activity after pregnancy has
been reported for over 20 years,6 but its association with MRI
activity has been incompletely assessed. In the current study of
women with low disability (median EDSS of 2.0), we advance
these clinical findings by showing that these clinical symptoms
were significantly associated with MRI activity (vs non-
demyelinating etiologies) and that radiologic activity was signifi-
cantly increased in the postpartum period compared with the year
before conception. Furthermore, radiologic disease activity was
frequent in the postpartum year even on MRIs performed for
surveillance purposes; almost one third of surveillance MRIs
demonstrated newT2 hyperintense and/or gadolinium enhancing
lesions. Exclusive breastfeeding seemed to reduce the odds of early
postpartum gadolinium enhancing lesions. We secondarily con-
firmed previous reports of increased risk of relapse activity post-
partum, which was decreased by exclusive breastfeeding for at least
3 months and of a loss of the protective effect of pregnancy on
relapses in women discontinuing fingolimod and natalizumab.7,20

Recently, the question has been raised whether changes in MS
clinical diagnosis and management (including recent revisions to
the McDonald Criteria that allow for earlier diagnosis and DMT

initiation21 and widespread use of DMTs) have resulted in amore
benign disease course less likely to have increased postpartum
inflammatory disease activity.8 However, in our low-disability
cohort of women with mean age 33 years, median EDSS of 2.0
and 70% with DMT use before pregnancy, we confirmed an
elevated rate of relapses postpartum, and this was not associated
with preconception ARR. Interestingly, postpartum relapses were
not significantly related to DMT use preconception, possibly
because of broader clinical trends toward avoiding long periods off
DMT and mitigating rebound risk after fingolimod and natali-
zumab. This odds of postpartum relapse was, however, decreased
by exclusive breastfeeding for at least 3 months, consistent with
previous reports and a meta-analysis.9,10,17,22 Relapse during
pregnancy was the only other statistically significant predictor of
relapses in the first trimester postpartum.5 Early postpartumDMT
resumption was not associated with reduced odds of postpartum
relapse. However, all DMTs were combined, and we categorized
earlyDMTresumption as use or no use any time between delivery
and 3 months postpartum, which did not allow for time-
dependent analysis, limiting conclusions that can be drawn.

In addition to evaluating clinical and radiologic disease activity
postpartum and predictors of these, we further probed com-
mon clinical scenarios potentially influencing postpartum
inflammatory activity. Women who exclusively breastfed for
at least 3 months experienced a lower rate of clinical relapse.
In the small subset of 10 women treated with anti-CD20 mAb
therapies within 6 months of conception in this cohort and
within 12 months of delivery, none experienced clinical re-
lapses or Gd+ lesions during pregnancy or postpartum.

The current study has important limitations. Our overall
sample size, although in line with other published cohorts,
limited statistical evaluation of some of the observed rela-
tionships. This is particularly the case in analyses of predictors

Figure 2 MRIs Completed Within 1 Year Postpartum

N = 137 MRIs, for 105 pregnancies in 85 women.
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of postpartum radiologic activity, given the limited number of
MRIs obtained. Our primary analyses evaluated changes in
MRI activity postpartum; we did not perform Bonferroni
corrections or otherwise adjust for multiple comparisons for
our exploratory analyses. The low number of outcome events
in our cohort resulted in odds ratios with wide, imprecise CIs
that should be cautiously interpreted to identify possible
trends and predictors of disease activity. This exploratory
study strongly implicates the need for more robust, pro-
spective evaluation of the predictors identified. Our center is a
large referral center with possible biases toward patients with
more disease activity; however, preconception patient age and
ARR were similar to those reported from a large health sys-
tem, and disability was only slightly higher.8 Nonetheless,
important differences between population-based and referral
center-based cohorts highlight the need to follow women
prospectively to ensure minimal loss to follow-up and adequate
accounting for baseline risk factors. Reliance on clinical reports
could have led to underascertainment of relapses both before,
during, and after pregnancy. We also relied on clinical notes
labeling breastfeeding as explicitly exclusive in the EMR and

assumed nonexclusive breastfeeding for all other cases. Al-
though this is consistent with the field (e.g.,17), relying on
clinicians’ reports and possibly variable definitions of exclusive
breastfeeding likely introduced bias, thereby underestimating
the protective effect of exclusive breastfeeding. MRIs were not
systematically collected at prespecified time points; rather,
timing varied by patient, clinician, and insurance. As a conse-
quence, we likely underestimated the true extent of new lesions
across the entire year postpartum. Furthermore, there was
substantial heterogeneity, for example, in time since DMT
discontinuation preconception. Reassuringly, 78% of post-
partum MRIs were performed for surveillance purposes rather
than in reaction to a clinical change, and we benefited from
standardized UCSF radiology protocols for most patients. In
addition, evaluation of predictors of postpartum clinical and
radiologic disease activities may be subject to confounding as
the low number of outcome events precluded multivariable
analyses. Of note, we did not assess for specific mechanisms of
immune activation postpartum.23 Our patients’ low disability
precluded analysis of pregnancy experiences of women with
more advanced disability (as is the case inmost cohorts17,24). In

Table 4 Predictors of at Least One Relapse in the First Trimester Postpartum After Live Births (N = 145 Pregnancies for
112 Women; N = 25 Pregnancies With Clinical Relapse in the First Trimester)

Variable OR 95% CI p Valuea

Univariable analysis

Disease duration (per 1-year increase)b 1.1 0.9–1.1 0.91

Maternal age at the time of conception (per 1-year increase) 0.9 0.8–1.0 0.10

ARR before pregnancy (per 1-unit increase) 1.5 0.8–2.7 0.21

Relapses during pregnancy

No relapse 1 (ref)

≥1 relapse 6.2 2.2–17.5 <0.001

DMT use in year before conception

No use 1 (ref)

Any use 1.8 0.6–5.3 0.25

Initiation of DMT in 3 months postpartum

No use 1 (ref)

Any use 0.7 0.4–2.2 0.60

Prophylactic steroids in 3 months postpartum

No use 1 (ref)

Any use 1.2 0.2–6.1 0.81

Breastfeeding in 3 months postpartum

Nonexclusive 1 (ref)

Exclusive 0.3 0.1–0.9 0.03

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease modifying therapy; OR = odds ratio.
p values < 0.05 are bold to indicate significance.
a p value is 2-tailed from logistic regression models.
b N = 144, one mother excluded due to first clinical demyelinating event in the third trimester of pregnancy.
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these women, decision-making25 and physiologic factors could
result in different disease outcomes. Finally, although preg-
nancy losses did not represent a focus of the current study, we
likely underascertained the frequency of early pregnancy loss,
which may have occurred between 2 clinical visits.

Our observations have several important implications. The
association between clinical and radiographic inflammatory
changes improved our confidence that clinical relapses
reported in our, and likely also others’, cohorts do reflect
underlying inflammatory activity. Our observations also
support a now-widely reported protective effect of breast-
feeding. In clinical practice, the presence of inflammatory
lesions in patients who are not suspected of clinical relapses
underscores the importance of obtaining routine early
postpartum MRIs to monitor women who have not re-
sumed highly effective DMTs. Indeed, postpartum MRI

inflammatory activity may not always lead to clinical re-
lapses with their own immediate effects on clinical dis-
ability, but demyelinated axons are nonetheless vulnerable
to neurodegeneration and progressive clinical worsening.
Presence of asymptomatic new lesions could prompt phy-
sicians to consider earlier DMT initiation or a change to
more effective DMT in the postpartum period. Although
prospective monitoring is needed to clarify which time
points would best capture this activity, in our clinical
practice, we routinely recommend a baseline MRI before
conception attempts, followed by a surveillance MRI in the
first trimester postpartum.24,26 Overall, management of
women in the postpartum period should include strategies
to decrease both clinical and radiologic disease activity.

Study Funding
The authors report no targeted funding.

Table 5 Predictors of New Gadolinium Enhancing Lesions on Brain MRIs Performed in the First Trimester Postpartum
(N = 44 Pregnancies for 38 Women With MRI in the First Trimester Postpartum; N = 12 Pregnancies With New
Gadolinium Enhancing Lesion)

Variable OR 95% CI p valuea

Univariable analysis

Disease duration (per 1-year increase) 0.9 0.7–1.1 0.17

Maternal age at the time of conception (per 1-year increase) 0.9 0.7–1.1 0.10

ARR before pregnancy (per 1-unit increase) 0.9 0.4–2.2 0.84

Relapses during pregnancy

No relapse 1 (ref)

≥1 relapse 4.8 0.9–26.1 0.06

DMT in year before conception

No use 1 (ref)

Any use 0.6 0.2–2.5 0.51

Gd+ lesion on MRI in the year before conceptionb

No 1 (ref)

Yes 3.2 0.6–16.5 0.16

Initiation of DMT in 3 months postpartum

No use (before MRI) 1 (ref)

Any use (before MRI) 1.1 0.2–6.5 0.93

Prophylactic steroids in 3 months postpartum

No use (before MRI) 1 (ref)

Any use (before MRI) 0.7 0.1–4.5 0.72

Breastfeeding in 3 months postpartum

Nonexclusive (before and at time of MRI) 1 (ref)

Exclusive (before and at time of MRI) 0.3 0.1–1.1 0.07

Abbreviations: ARR = annualized relapse rate; CI = confidence interval; DMT = disease-modifying therapy; Gd+ = gadolinium enhancing; OR = odds ratio.
a p value is 2-tailed from logistic regression models.
b N = 34 with available MRI in the year prior to conception; among these 34 women, N = 12 women with new Gd+ lesion.
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