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eTable. Characteristics of included studies. 
 

Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

Achiron 
20041,a 

Retrosp
ective 
cohort  

Israel 108 Poser 
criteria; 
RRMS 

28 +/-
3.3 y 

5.1 +/- 
2.4 y 

1 y pre: 
0.94 
Preg: 
0.48 

1.70 96% BF: ≥ 3 weeks, 
non-exclusive 
NBF: < 3 
weeks or none  

≥ 48 hrs 
with ≥1.0 
increase 
EDSS 

3 mo N/A None; all had 
IVIG 

Airas 
20102 
 

Prospec
tive 
cohort  

Finland 61 N/A 30.5 y 
(range 
23-42) 

5.7 y 
(range 
0-17.5) 

1 y pre: 
0.82 +/- 
0.98 
T3: 0.4 +/- 
1.2 

1.33 
+/- 
1.17 

N/A BF: ≥2 mo  
exclusive 
NBF: Non-
exclusive, < 2 
mo or none  

N/A 6 mo BF less if 
active MS 
pre-
pregnanc
y 

BF: 1 IFN ; 
NBF: 5 IFN 
; 1 IVIG but 
unclear 
which group  

Benoit 
20163,a 
 

Prospec
tive 
cohort  

France 
& Italy 
Multi-
center 

93 but 
78 for 
BF 
analysi
s 

Poser 
criteria or 
2005 
McDonald 
criteria; all 
MS types 

32.1 
+/- 4.1 
y 

9.1 +/- 
3.9 y 

1 y pre: 
0.53 +/- 
0.69 
Preg: 
0.32 +/- 
0.6 

1.9 
+/- 
1.5 

34%b BF: Any BF 
NBF: No BF 

≥ 24 hrs, 
no EDSS 
requireme
nt 

3 mo N/A N/A 

Confavreu
x 19984,a 

 

Prospec
tive 
cohort  

12 
Europea
n 
countrie
s  

227 
but 
209 for 
BF 
analysi
s 

Poser 
criteria; all 
MS types 

30 +/- 
4 y 

6 +/- 4 
y 

1 y pre: 
0.7 +/- 0.9 
T3: 0.2 +/- 
1.0 

1.3 
+/- 
1.4 

N/A BF: Any BF 
NBF: No BF  

≥ 24 hrs, 
no EDSS 
requireme
nt 

3 mo BF lower 
pre-
pregnanc
y ARR 
(0.6 vs 
0.8) & 
lower 
pregnanc
y ARR 
(0.3 vs 
0.5) 

4 
azathioprine, 
1 
mitoxantrone 
but unclear 
which group 

De Las 
Heras 
20075,a 

 

Retrosp
ective 
cohort 

Spain 
Multi-
center 

88 but 
62 for 
BF 
analysi
s 

Poser 
criteria; 
RRMS & 
SPMS 

30.5 
+/- 4.2 
y 

5.5 +/- 
2.5 y 

1 y pre: 
0.61 
Preg: 
0.31 

1.70  100
% 

BF: Any BF 
NBF: No BF 

N/A 3 mo N/A 69% 
resumed 
DMT shortly 
after delivery; 
Longer time 
to start DMT 
PP in BF  
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Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

Fernández 
Liguori 
20096,a 

 

Retrosp
ective 
cohort 
(Cross-
sectiona
l survey 
& record 
review) 

Argentin
a Multi-
center 

103 McDonald 
criteria; all 
MS types 

30.5 
+/- 5.2 
y 

7.3 y 1 y pre: 
0.22 (95% 
CI 0.12-
0.31); T3: 
0.04 
(95%CI -
0.04-0.12) 

N/A 30% BF: Any BF ≥ 
1 day 
NBF: None or 
<1 day 

≥ 24 h, 
require 
objective 
finding on 
neuro 
exam 

12 
mo 

N/A Prophylaxis 
with IVIG (3) 
& steroids 
(3), not 
separated by 
BF group; 16 
NBF due to 
DMT  

Fernández 
Liguori 
20127 
[Abstract] 

Retrosp
ective 
cohort 

Argentin
a 3 
centers 

40 McDonald 
criteria; all 
RRMS 

41.7 
+/- 8.8 
(at 
time of 
study) 

Media
n 16.4 
(at 
time of 
study) 

1 y pre: 
0.02 
Preg: 
0.005 

N/A N/A BF: Exclusive 
for ≥2mo 
NBF: Non-
exclusive BF, 
<2mo, or none 

≥ 24 h, 
require 
objective 
finding on 
neuro 
exam 

6 mo NBF 
higher 
ARR pre-
pregnanc
y (NBF 
0.03 vs 
BF 0.02), 
but similar 
age, 
disease 
duration, 
pregnanc
y ARR 

N/A 

Gulick 
20028 

Prospec
tive 
cohort 
with 
mailed 
question
naires 

US and 
Canada  

175 N/A; all 
MS types 

32.7 
+/- 4.2 
y 

5.0 +/- 
3.9 y 

1 y pre: 
0.58;  
Preg: 
0.18 

N/A N/A BF: Any BF for 
all or part of 12 
mo PP, non-
exclusive  
NBF: None or 
≤2 d 

≥ 24 hrs, 
no EDSS 
requireme
nt, 
neurology 
confirmed  

12 
mo 
(also 
6 
mo) 

BF group 
2 y older, 
6 mo 
longer 
MS, fewer 
with 
relapse in 
pregnanc
y 

More DMT in 
NBF (0-3 mo 
PP BF 16.4% 
vs NBF 
65.7% DMT); 
BF: 7 DMT 
concurrent (6 
IFN , 1 GA) 

Haas 
20079,a 

Prospec
tive 
cohort, 
RCT of 
IVIG 

9 
Europea
n 
countrie
s 

163 N/A; 
RRMS w/ 
≥1 
relapse in 
2 y prior 

29.6 
+/- 4.0 
y 

6.5 +/- 
4.4 y 

2 y pre: 
1.0 +/- 
0.7; 
Preg: 0.4 
+/- 0.6 

1.6 
+/- 
1.3 

48% BF: Divided 
into <3mo and 
≥3 mo, non-
exclusive  
NBF: None 

≥24h, no 
EDSS 
requireme
nt, 
neurology 
confirmed 

3 mo N/A All received 
IVIG in both 
groups 
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Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

Hanulíkov
á 201310,a 

Retrosp
ective 
cohort 

Czech 
Republi
c Single 
center 

76 but 
73 for 
BF 
analysi
s 

N/A; all 
RRMS 

31 y 
(range 
21-40) 

N/A Pre N/A 
Preg: 
0.08 

1.4 N/A BF: Any BF, 
non-exclusive  
NBF: None 

Chart 
document
ed 
relapse 

6 mo N/A 93.4% PP 
IVIG, not 
listed by 
group 

Hellwig 
200911 
[Correspo
ndence] 

Retrosp
ective 
cohort 
with 
some 
prospect
ive 

German
y 
Multicen
ter 

213 N/A 31.2 
+/- 4.0 
y 

N/A N/A N/A N/A BF: Exclusive 
≥4 mo 
NBF: Did not 
exclusive BF 
≥4 mo 

N/A 3 mo BF older 
& less 
likely on 
DMT pre-
pregnanc
y; no 
difference 
in disease 
duration, 
pre-
pregnanc
y ARR 

NBF group 
more likely 
on DMT 

Hellwig 
201512 

Prospec
tive 
cohort 

German
y 
Multicen
ter 

201 2005 
McDonald 
criteria; all 
RRMS 

31.3 
+/- 4.2 
y 

Media
n 4.5 y 

2 y pre: 
0.63; 42 
had 
pregnanc
y relapse 

N/A 89% BF: Intent to 
BF ≥2 mo 
exclusively  
NBF: BF with 
supplemental 
feeding <2 mo 
(for reasons 
other than 
relapse) or 
none 

≥24h, no 
EDSS 
requireme
nt, 
neurology
confirmed 

6 mo 
(also 
12 
mo) 

BF older, 
less likely 
on DMT 
pre-
pregnanc
y, & less 
likely 
relapse in 
pregnanc
y; no 
difference 
in disease 
duration 
or ARR 
pre-
pregnanc
y 

BF less likely 
to start DMT 
in first 30 d 
PP. 2 started 
DMT within 
30 d and BF 
some (1 
exclusive 
BF). NBF 29 
resumed 
DMT within 
30 d.  
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Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

Horvat 
Ledinek 
201313,a 
[Abstract] 

Cohort 
(unclear 
follow-
up) 

Slovenia 
single 
center 

67 N/A 34.5 
+/- 4.3 
y 

7.9 +/- 
4 y 

2 y pre: 
0.48; 
Preg: 
0.16 

1.47 
+/- 
1.37 

60% N/A N/A 24 
mo 

N/A All received 
IVIG 
prophylaxis 
PP 

Iorio 
200914 

[Correspo
ndence] 

Cohort  
(unclear 
follow-
up) 

Italy 
single 
center 

23 N/A 31.5 
+/- 3.8 
y 

5.0 +/- 
3.4 y 

Pre: 0.88 
+/- 0.69; 
Preg N/A 

N/A 70% BF: Exclusive 
for ≥2mo 
NBF: Non-
exclusive BF, 
<2mo, or none 

N/A 12 
mo 

No 
difference 
age or 
pre-
pregnanc
y ARR; 
longer 
disease 
duration & 
more pre-
pregnanc
y DMT in 
NBF 

N/A 

Jesus-
Ribeiro 
201715 
 

Retrosp
ective 
cohort 

Portugal 
single 
center 

111 2010 
McDonald 
criteria; all 
RRMS 

31.9 
+/- 4.9 
y 

4.9 +/- 
2.7 y 

1 y pre: 
0.6 +/- 
0.8;  
Preg 0.3 
+/- 0.6 

1.6 
+/- 
0.7 

80% BF: Any 
duration, non-
exclusive  
NBF: None 

≥24 h with 
objective 
worsening 
on neuro 
exam 

12 
mo 

BF longer 
disease 
duration, 
lower 
ARR pre-
pregnanc
y (BF 0.5 
vs NBF 
0.7) & in 
pregnanc
y (BF 0.2 
vs NBF 
0.3) 

BF group 
started DMT 
PP later than 
NBF. 99 
started DMT 
in 12 mo PP, 
not reported 
by group. 

Langer-
Gould 
200916 

Prospec
tive 
cohort 

US 2 
centers 

29 Poser 
criteria; 
28 
RRMS, 1 
SPMS 

32.8 
+/- 4.1 
y 

Media
n 5.1 y 
(range 
1.6-
20.8) 

2 y pre: 
0.71; 
Preg: 
0.18 

27 
EDS
S ≤2; 
2 
EDS
S ≥4 

76% BF: Exclusive 
≥2mo 
NBF: Non-
exclusive BF, 
<2mo, or none 

≥48 h, no 
EDSS 
requireme
nt, 
neurology 
confirmed  

12 
mo 

NBF more 
on DMT 
pre- 
conceptio
n, but 
age, 

NBF more 
likely to 
resume DMT 
in 12 mo PP 
(NBF 80% vs 
BF 43%) & 
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Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

(1 
BF, 1 
NBF) 

disease 
duration, 
pre or 
pregnanc
y 
relapses, 
EDSS 
similar  

shorter time 
to DMT PP 

Langer-
Gould 
201917 

[Abstract] 

Cohort 
(prospe
ctive 
EHR & 
retrospe
ctive 
survey)  

US 
populati
on-
based 
with 
Kaiser 
EHR 
data 

466 N/A N/A N/A 1 y pre: 
0.39;  
Preg: 
0.14 to 
0.07 

N/A 62%b BF: Exclusive 
≥2mo 
NBF: Non-
exclusive BF, 
<2mo, or none 

N/A 12 
mo 

N/A BF: 28% 
DMT while 
BF 
exclusively 
(mostly 
GA/IFN ) vs 
49% NBF  

Nelson 
198818 

Retrosp
ective 
cohort 
with 
intervie
w 

US 
multi-
center 

191 Schumac
her 
criteria; 
non-
progressi
ve MS 

N/A N/A Pre N/A 
Preg: 
0.13 

N/A N/A BF: Any BF 
reported, non-
exclusive  
NBF: None 

Self-
reported 

9 mo N/A N/A 

Nikseresht 
201719,a 
[Abstract] 

Retrosp
ective 
cohort 
with 
survey 

Iran 
single 
center 

75 N/A 33.2 
+/- 4.5 
y 

N/A 1y pre: 
24% ≥1 
relapse  
Preg:13% 
≥1relapse 

N/A N/A BF: Any BF 
NBF: No BF 

Self-
reported 

9 mo N/A N/A 

Perez-
Sanchez 
201420 
[Abstract] 

Retrosp
ective 
cohort 
with 
intervie
w 

Spain 
single 
center 

79 N/A; all 
RRMS 

31.5 y N/A N/A N/A N/A BF: Any BF 
NBF: No BF 

Self-
reported 

N/A No 
difference 
disease 
duration, 
EDSS, 
ARR pre 
or 
pregnanc
y 

NBF shorter 
time to 
restart DMT 
PP 
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Source Study 
design 

Study 
setting 

Total 
N 

MS 
diagnosti
c criteria 
& types 

Mean 
age 

Mean 
diseas
e 
durati
on 

Pre- & 
pregnanc
y ARR 

Base
line 
EDS
S 

Pre-
preg
nanc
y 
DMT 

Definition of 
BF exposure 
groups  

Definitio
n of 
relapse 
outcome 

Time 
perio
d PP 

Group 
differenc
es BF vs 
non-BF 

PP DMT use 
BF vs non-
BF 

Portaccio 
201421 

Prospec
tive 
cohort 

Italian 
multi-
center 

350 McDonald 
criteria 
2001; all 
types of 
MS 

31.8 
+/- 4.7 
y 

7.2 +/- 
4.8 

1 y pre: 
0.37 +/- 
0.71 
Preg: 
0.11 +/- 
0.35 

1.5 
(IQR 
1-2) 

50% BF: Exclusive 
≥2mo 
NBF: Non-
exclusive BF, 
<2mo, or none 

≥ 24 h 
with 
objective 
worsening 
neurologi
c exam 

12 
mo 

NBF 
higher 
EDSS 
(NBF 1.6 
vs BF 
1.3). No 
difference 
age, 
disease 
duration, 
ARR pre-
pregnanc
y 

BF 11% vs 
NBF 27%  
resumed 
DMT within 3 
mo & before 
a relapse 

Runia 
201522 

Prospec
tive 
cohort 

Netherla
nds 
single 
center 

43 McDonald 
criteria 
2001; all 
RRMS 

31.5 
+/- 3.8 
y 

5.5 +/- 
6.0 y 

1 y pre: 
0.47; T3: 
0.09 

Medi
an 
1.5 
(IQR 
1-2) 

N/A BF: Non-
exclusive and 
any duration 
NBF: None 

≥ 24 h, no 
EDSS 
requireme
nt 

3 mo N/A 3 IVIG PP 
(group not 
listed); no 
DMT use 0-3 
mo PP 

Sahebi 
Vaighan 
201723 
[Abstract] 

Prospec
tive 
cohort 

Iran 
single 
center 

39 N/A; all 
RRMS 

30.6 
+/- 5.1 
y 

N/A Pre N/A; 
Preg: 0 

N/A N/A BF: Exclusive 
≥ 3 mo 
NBF: Non-
exclusive, < 3 
mo, none 

N/A 6 
mo, 
36 
mo 

N/A N/A 

Worthingt
on 199424,a 

Prospec
tive 
cohort 

United 
Kingdo
m single 
center 

15 Poser 
criteria; all 
types of 
MS 

30.0 
+/- 3.1 

9 +/- 
3.6 y 

1 y pre: 
0.57; 
Preg: 
0.48 

Medi
an 
4.5 
(rang
e 
3.5-
6.0) 

N/A BF: Required 
ongoing BF, 
non-exclusive  
NBF: None or 
stopped before 
relapse 

≥ 24 h, no 
EDSS 
requireme
nt 

6 mo N/A N/A 

N sample size; MS multiple sclerosis; ARR annualized relapse rate; EDSS Expanded Disability Status Scale; BF breastfeeding; non-BF non-breastfeeding; PP postpartum; DMT 
disease-modifying therapy; RRMS relapsing remitting MS; Preg pregnancy; mo months; N/A not available; RCT randomized controlled trial; IVIG intravenous immunoglobulin; T3 third 
trimester; IFN  interferon ; SPMS secondary progressive MS; CI confidence interval; h hour; d day; EHR electronic health record; GA glatiramer acetate 
aA main study goal was not to evaluate BF.  
bDMT use only reported for within 1 year prior to pregnancy.
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eFigure 1. Funnel plot evaluating for publication bias with no publication bias demonstrated. 
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eFigure 2. Stratified Data on Association of Breastfeeding (BF) With Postpartum 
Multiple Sclerosis Relapses in Studies Reporting 3-Month and 6-Month Postpartum 
Relapse Outcomes 
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