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Breastfeeding is associated with reduced risk of

multiple sclerosis in males, predominantly among

HLA-DRB1*15:01 carriers
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Abstract

Background: Breastfeeding as an infant appears protective against later development of some

autoimmune diseases, but research into its influence on multiple sclerosis (MS) risk has yielded incon-

clusive results.

Objective: We investigated the possible impact of breastfeeding on MS risk.
Methods:We used two population-based case–control studies comprising 3670 cases and 6737 matched

controls. Logistic regression was used to estimate odds ratios (OR) and 95% confidence intervals (CI) for

association between MS and exposure to prolonged breastfeeding (4 months or longer) versus reduced

breastfeeding (less than 4 months). A meta-analysis of case–control studies that assessed the impact of

breastfeeding on MS risk among women and men was conducted.

Results: Prolonged breastfeeding was associated with reduced MS risk among men (OR 0.7, 95% CI

0.5–0.9) but not among women (OR 0.9, 95% CI 0.8–1.1). Among men, a synergistic effect was

observed between HLA-DRB1*15:01 carrier status and reduced breastfeeding.

Conclusions: Findings from the current study add to accumulating evidence that breastfeeding may be a

modifiable protective factor for reducing the risk of MS in offspring. When possible, mothers should be

supported to breastfeed their infants; however, the mechanism of a sex-specific biologic effect of

breastfeeding on MS risk is unclear.
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Background

Multiple sclerosis (MS) arises from a combination of

genetic and environmental factors. A large number

of genetic loci have been implicated in MS suscep-

tibility, the most prominent being the class II

DRB1*15:01 allele within the human leukocyte anti-

gen (HLA) complex.1 Epstein-Barr virus infec-

tion,2,3 vitamin D status,4 sun exposure habits,5

adolescent body mass index (BMI),6,7 and smoking8

are also linked to MS etiology.

Human breast milk is immunologically complex,

containing multiple compounds that support infant

growth, provide protection against infections and

modulate mucosal immune responses.9 In addition

to passive transfer of humoral immunity, breast

milk also contains factors that actively stimulate

the infant immune system, and evidence

supports the beneficial role of breastfeeding for

reducing the risk of developing several immune-

mediated diseases such as inflammatory bowel dis-

ease and type 1 diabetes.10–12

Prior studies assessing a potential association

between breastfeeding and MS risk have yielded

conflicting results. The earliest study found no asso-

ciation,13 whereas later studies have observed a pro-

tective association between prolonged breastfeeding

and subsequent MS risk.14–17 After stratification by

sex, a strong association was found among men but

not among women in both Norwegian and Italian

cohorts.17 Absence of infant breastfeeding has also
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been associated with increased risk of pediatric-

onset MS.18

Using two large population-based case–control studies,

we investigated the influence of breastfeeding on sub-

sequent MS risk among women and men, considering

a large number of covariates and potential confound-

ing factors including number of siblings, adolescent

BMI, smoking and HLA-DRB1*15:01 status.

Methods

The report is based on two large case–control studies

on environmental and genetic risk factors for MS.

The Epidemiologic Investigation of Multiple

Sclerosis (EIMS) is a nationwide study with a

study base comprising the Swedish population

aged 16–70 years. Incident cases of MS were

recruited from 40 neurology clinics, including all

university hospitals. All cases had been diagnosed

by their treating neurologist according to the

McDonald criteria.19–21 For each case, two controls

were randomly selected from the national population

register. Both controls were frequency matched by

the case’s age in 5-year age strata, sex and residen-

tial area. If information could not be obtained from a

selected control, another control was chosen using

the same principles. All aspects of the study were

approved by the Regional Ethical Review Board at

Karolinska Institutet and all participants gave their

informed consent to participate. The study has been

described in more detail elsewhere.22

Information regarding environmental exposures and

lifestyle habits were collected using a standardized

questionnaire. During the study period April 2005 to

June 2015, completed questionnaires were provided

by 2880 cases and 6122 controls. The response rate

was 93% for cases and 73% for controls. Those who

did not know whether they had been breastfed were

excluded (203 cases and 388 controls).

The other study identified prevalent MS cases

among members of the Kaiser Permanente Medical

Care Plan, Northern California Region (KPNC)

using electronic health records. KPNC is an integrat-

ed health services delivery system with a member-

ship of 4.0 million that comprises about 25–30% of

the population of a 22-county service area in north-

ern California. Diagnoses were validated by chart

review and radiology and pharmacy records, accord-

ing to McDonald criteria.19–21 Controls were ran-

domly selected from KPNC members and were

individually matched to cases on sex, birth date,

race/ethnicity, and zip code of the case residence.

The study protocol was approved by the

Institutional Review Boards of the KPNC Division

of Research and the University of California,

Berkeley, and all participants gave their informed

consent to participate. The study has been described

in more detail elsewhere.23

KPNC participants completed a computer-assisted

telephone interview regarding lifestyle factors and

various exposures. As of the data freeze in August

2014, the study included 1163 cases and 1178

matched controls. The study participation proportions

were approximately 80% for cases and 66% for con-

trols. Those who did not know whether they had been

breastfed were excluded (170 cases and 175 controls).

A flow-chart presenting the number of subjects in

each study is presented in Online Resource 1.

Definition of breastfeeding

Participants in both studies were asked whether they

had been breastfed as infants and those who had were

asked to specify the duration of breastfeeding. In EIMS,

participants estimated the number of months they had

been breastfed, whereas participants in the KPNC study

could choose between the following categories; less

than 1 month, 1–3 months, 4–6 months, and greater

than 6 months. Prolonged breastfeeding was defined

as having been breastfed for 4 months or longer, and

reduced breastfeeding was defined as having been

breastfed less than 4 months. Those who could not

specify how long they had been breastfed were

placed in a separate category (unknown duration).

Genotyping

In EIMS, genotyped blood samples were available

for 1973 cases and 2784 controls who had answered

both questions regarding breastfeeding. Genotyping

was performed on the MS replication chip24 which is

based on an Illumina exome chip to which approx-

imately 100,000 custom markers were added and

HLA region alleles were imputed with

HLA*IMP:02.25 In KPNC, genotyped blood samples

were available for 865 cases and 679 controls.

Subjects were genotyped as previously described.26

Statistical analysis and potential confounding

variables

Differences in variables across categories of breast-

feeding duration were assessed using one-way anal-

ysis of variance (ANOVA) for continuous variables

and the Kruskal–Wallis test for categorical variables.

Using unconditional logistic regression in EIMS

and conditional logistic regression in KPNC, the

occurrence of MS in subjects who had been

breastfed for 4 months or longer was compared
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with that in subjects who had been breastfed less

than 4 months, by calculating odds ratios (OR)

with 95% confidence intervals (CI).27 The analyses

were performed separately for men and women. We

performed a trend test for a dose–response relation-

ship regarding duration of breastfeeding and risk of

MS using a continuous variable for duration of

breastfeeding (number of months) in a logistic

regression model using the EIMS data. The linearity

assumption was met.

Sufficient-cause interaction is present when two

causal risk factors are involved in the same causal

pathway toward disease. Rothman et al. have shown

that sufficient-cause interaction between two causal

factors results in departure from additivity of disease

rates for these factors and vice versa.28 The concept

has been further developed by VanderWheele and

Knol.29 Interaction on the additive scale between

carriage of HLA-DRB1*15:01 and reduced breast-

feeding was assessed using the attributable propor-

tion due to interaction (AP) together with a 95%
CI.29 The AP between two causal factors can be

interpreted as the proportion of cases among those

who are exposed to both factors that is due to the

interaction per se. An AP larger than 0 thus indicates

presence of interaction.

The potential for confounding of the association

between breastfeeding and risk of MS was assessed

separately in EIMS and KPNC (data not shown). A

variable was identified as a confounder if the point

estimate changed by more than 10% with the addition

of the confounder to the crude model. The crude

model for EIMS included the frequency matching

factors age and residential area. Potential confounding

variables for EIMS included ancestry, number of sib-

lings, family history of MS, a history of infectious

mononucleosis, smoking habits, passive smoking,

alcohol consumption at inclusion in the study, BMI

at age 20 years, sun exposure habits, educational

level, socioeconomic index, carriage of HLA-

DRB1*15:01 and absence of the protective allele

HLA-A*02:01. Variable descriptions are presented

in Online Resource 2. The final EIMS model included

variables for age and residential area. The other var-

iables had only minor influence on the results and

were therefore not retained in the final analysis.

Potential confounding variables for KPNC included

number of siblings, a history of infectious mononu-

cleosis, smoking habits, passive smoking, and BMI at

age 20 years, with the same definitions as EIMS. The

final KPNC model included smoking pack years.

Variables such as smoking that describe adult

behavior that cannot occur before being breastfed

were included as potential confounders because

being breastfed and adult smoking behavior may

share common causes such as year of birth, parental

smoking behavior, and family or cultural traditions,

and thus confound our associations of interest.

Two meta-analyses were conducted as follows: (a)

measures of association for prolonged breastfeeding

and MS derived from EIMS and KPNC case–control

studies were combined; and (b) measures of associ-

ation for prolonged breastfeeding and MS derived

from both EIMS and KPNC case–control studies

and previously reported Norwegian and Italian MS

cases-control studies17 were combined. Specifically,

ORs were combined by calculating a weighted aver-

age of the study-specific adjusted ORs, where

weights were proportional to the inverse of the var-

iance for each OR. Heterogeneity between studies

was quantified using the I2 statistic.30 Due to the

small number of studies included in these meta-

analyses, formal statistical tests for random versus

fixed effects were not performed; however, meas-

ures of association and CIs estimated under each

assumption were very similar. Summary measures

of association estimated with fixed-effect models

are reported here.

Analyses evaluating evidence that any observed non-

null association between prolonged breastfeeding

and MS was mediated by being overweight during

adolescence, as well as analyses investigating

potential effects of missing data and exposure mis-

classification are described in Online Resource 3.

All analyses were conducted using Statistical

Analysis System (SAS) version 9.4, STATA version

15, and R version 3.5.

Results

Our analyses of breastfeeding and MS risk included

2522 cases and 4397 controls matched by age, sex

and residential area. In EIMS, there were no signif-

icant differences with regard to the matching varia-

bles or known potential confounding variables

between those who could estimate the duration of

breastfeeding and those who could not. In KPNC,

significantly fewer female cases were ever smokers

among those who reported prolonged breastfeeding

compared with those who reported reduced breast-

feeding or unknown duration of breastfeeding.

Characteristics of cases and controls in EIMS and

KPNC, by sex and duration of breastfeeding, are

shown in Table 1.
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Table 1. Characteristics of cases and controls in EIMS and KPNC, by sex and duration of breastfeeding.

Reduced breastfeeding Prolonged breastfeeding

Unknown duration

of breastfeeding

Cases Controls Cases Controls Cases Controls

EIMS

Women

Total 514 1055 859 1700 561 1349

Swedish (n, %) 399 (78) 776 (74) 656 (76) 1214 (71) 455 (81) 1044 (77)

No of siblings

(n, SD)

1.9 (1.4) 2.0 (1.6) 2.0 (1.4) 2.3 (1.9) 2.0 (1.5) 2.1 (1.6)

Passive smoking (n, %) 289 (56) 529 (50) 369 (43) 687 (40) 263 (47) 590 (44)

Duration of passive smoking

(mean, SD)

15.6 (10) 14.9 (10) 13.9 (11) 14.1 (11) 16.3 (10.7) 15.9 (10.8)

Smoking (n, %) 277 (54) 491 (47) 448 (52) 727 (43) 302 (54) 610 (45)

Pack years of smoking among

smokers (mean, SD)

7.7 (8.3) 7.1 (7.3) 6.3 (8.7) 6.2 (7.7) 7.9 (8.5) 7.3 (7.9)

Adolescent body mass index

(BMI) (mean, SD)

22.6 (4.4) 21.7 (3.6) 22.3 (4.2) 21.5 (3.5) 21.9 (3.4) 21.6 (3.4)

Adolescent BMI <25 (n, %) 396 (79.5) 918 (89.0) 679 (83.3) 1477 (90.0) 467 (86.1) 1143 (89.1)

IM history (n, %) 104 (20) 132 (13) 157 (18) 177 (10) 100 (17.9) 151 (11)

Unknown IM status (n, %) 44 (8.6) 76 (7.2) 74 (8.6) 136 (8.0) 71 (13) 157 (12)

Age at IM (mean, SD) 15.6 (6.0) 16.7 (8.0) 15.5 (5.6) 14.4 (5.1) 15.1 (5.2) 15.5 (5.9)

Sun exposure habits

(mean, SD)

6.3 (1.9) 6.6 (1.9) 6.3 (1.8) 6.7 (1.9) 6.4 (1.9) 6.8 (2.0)

Age of onset (mean, SD) 34.6 (9.2) 32.6 (10.1) 36.0 (11.2)

Age at diagnosis (mean, SD) 37.9 (9.4) 35.4 (10.7) 39.5 (11.8)

Age at study inclusion

(mean, SD)

38.6 (9.5) 36.2 (10.7) 40.3 (11.9)

Men

Total 127 212 267 618 349 800

Swedish (n, %) 105 (83) 148 (70) 200 (75) 459 (74) 276 (79) 655 (82)

No of siblings (n, SD) 1.9 (1.3) 1.9 (1.6) 2.0 (1.2) 2.4 (1.8) 1.9 (1.7) 2.0 (1.5)

Passive smoking (n, %) 55 (43) 91 (43) 107 (40) 253 (41) 169 (48) 312 (39)

Duration of passive smoking

(mean, SD)

12.1 (8.0) 15.5 (11) 18.0 (14) 16.1 (12) 17.6 (11.3) 16.5 (12.2)

Smoking (n, %) 69 (54) 72 (34) 135 (51) 254 (41) 192 (55) 315 (39)

Pack years of smoking among

smokers (mean, SD)

7.9 (8.1) 6.8 (8.3) 9.0 (10.9) 6.2 (8.2) 9.2 (9.3) 7.7 (10.0)

Adolescent body mass index

(BMI) (mean, SD)

23.6 (3.0) 22.9 (3.7) 23.2 (3.1) 22.7 (3.1) 23.7 (3.6) 23.0 (2.8)

Adolescent BMI <25 (n, %) 89 (73.6) 165 (81.3) 195 (78.6) 501 (84.2) 262 (78.2) 639 (83.4)

IM history (n, %) 19 (15) 20 (9.5) 47 (18) 56 (9.1) 51 (15) 70 (8.8)

Unknown IM status (n, %) 12 (9.5) 22 (10) 21 (7.9) 86 (14) 49 (14) 129 (16)

Age at IM (mean, SD) 16.9 (7.9) 12.6 (4.8) 15.0 (7.7) 17.9 (9.5) 14.3 (5.7) 16.4 (6.5)

Sun exposure habits

(mean, SD)

5.6 (1.6) 5.8 (1.7) 5.8 (1.5) 6.4 (1.8) 5.8 (1.9) 6.1 (1.8)

Age of onset (mean, SD) 33.6 (9.6) 33.6 (11.3) 36.8 (10.9)

Age at diagnosis (mean, SD) 36.4 (10.2) 36.1 (11.8) 40.9 (11.3)

Age at study inclusion

(mean, SD)

37.4 (10.2) 37.3 (12.1) 41.6 (11.4)

(continued)
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Compared with subjects who had been breastfed for

less than 4 months, prolonged breastfeeding was

associated with a significantly reduced risk of devel-

oping MS among men (combined OR: 0.7, 95% CI:

0.5, 0.9) but not among women (combined OR: 0.9,

95% CI: 0.8, 1.0). The results based on EIMS did

not significantly differ from those in the meta-

analysis whereas prolonged breastfeeding showed

an association with MS risk among both women

and men in KPNC (Table 2).

Table 1. Continued.

Reduced breastfeeding Prolonged breastfeeding

Unknown duration

of breastfeeding

Cases Controls Cases Controls Cases Controls

KPNC

Women

Total 547 525 100 172 176 131

White, non-Hispanic (n, %) 501 (92) 480 (91) 90 (90) 154 (90) 161 (91) 117 (89)

No of siblings (n, SD) 2.6 (1.8) 2.6 (1.8) 2.6 (2.0) 2.9 (2.1) 2.5 (1.5) 2.5 (1.6)

Passive smoking (n, %) 233 (43) 197 (38) 30 (30) 28 (16) 59 (34) 56 (43)

Smoking (n, %) 242 (44) 194 (37) 33 (33) 57 (33) 88 (50) 41 (31)

Pack years of smoking among

smokers (mean, SD)

10.0 (10.9) 10.1 (11.9) 7.2 (8.1) 11.5 (14.8) 8.1 (7.8) 12.6 (16.7)

Adolescent body mass index

(BMI) (mean, SD)

22.5 (4.3) 21.7 (3.3) 24.4 (6.0) 22.6 (5.2) 23.3 (4.9) 21.8 (4.2)

Adolescent BMI <25 (n, %) 423 (79.8) 291 (85.1) 68 (71.6) 62 (86.1) 136 (80.1) 92 (89.3)

IM history (n, %) 143 (26) 92 (18) 25 (25) 37 (22) 42 (24) 20 (15)

Unknown IM status (n, %) 5 (0.9) 1 (0.2) 1 (1.0) 1 (0.6) 5 (2.8) 2 (1.5)

Age at IM (mean, SD) 16.8 (5.3) 17.2 (7.0) 17.2 (4.9) 16.7 (4.5) 16.5 (4.3) 17.6 (6.4)

Age of onset (mean, SD) 31.3 (9.7) 28.2 (9.9) 30.4 (9.7)

Age at diagnosis (mean, SD) 38.0 (9.1) 35.4 (9.7) 35.8 (9.2)

Age at study inclusion

(mean, SD)

51.1 (8.7) 54.1 (17.1) 47.6 (13.7) 50.1 (11.0) 49.9 (17.9) 50.8 (9.2)

Men

Total 87 73 21 42 62 60

White, non-Hispanic (n, %) 81 (93) 69 (95) 20 (95) 38 (90) 60 (97) 57 (95)

No of siblings (n, SD) 2.3 (1.6) 2.6 (1.9) 2.5 (1.7) 2.8 (2.2) 2.7 (1.6) 2.8 (1.9)

Passive smoking (n, %) 32 (20) 18 (40) 10 (48) 10 (24) 27 (44) 29 (48)

Smoking (n, %) 44 (51) 26 (36) 9 (43) 16 (38) 29 (47) 26 (43)

Pack years of smoking among

smokers (mean, SD)

19.5 (23.1) 19.4 (14.2) 20.7 (21.1) 12.0 (13.8) 18.3 (20.4) 9.3 (10.0)

Adolescent body mass index

(BMI) (mean, SD)

23.9 (3.1) 23.7 (2.1) 23.5 (2.7) 22.9 (1.5) 23.9 (3.1) 23.7 (2.1)

Adolescent BMI <25 (n, %) 62 (71.3) 31 (72.1) 13 (61.9) 13 (86.7) 41 (70.7) 28 (84.8)

IM history (n, %) 19 (22) 8 (11) 3 (14) 3 (7) 8 (13) 5 (8)

Unknown IM status (n, %) 0 1 (1.4) 0 0 1 (1.7) 1 (1.6)

Age at IM (mean, SD) 18.5 (3.0) 16.3 (3.2) 13.7 (5.9) 19.7 (2.9) 16.0 (7.5) 17.8 (6.4)

Age of onset (mean, SD) 32.6 (9.8) 29.7 (9.4) 34.5 (8.6)

Age at diagnosis (mean, SD) 39.8 (9.9) 36.4 (8.9) 39.8 (8.8)

Age at study inclusion

(mean, SD)

52.2 (7.9) 54.4 (8.3) 48.6 (9.9) 53.9 (9.9) 51.1 (9.2) 53.6 (9.0)

EIMS: Epidemiologic Investigation of Multiple Sclerosis; KPNC: Kaiser Permanente Northern California; IM: infectious mononucleosis.

Reduced breastfeeding¼ breastfeeding less than 4 months; prolonged breastfeeding¼ breastfeeding 4 months or longer. Based on self-reported

sun exposure habits, we constructed an index for sun exposure ranging between 3 (the lowest exposure) and 12 (the highest exposure).
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There was no significant difference between those

who had been breastfed 4–6 months versus longer

than 6 months. No significant dose–response relation-

ship was observed between duration of breastfeeding

as a continuous variable and MS risk (p-value for

trend was 0.1 among men and 0.3 among women).

HLA-DRB1*15:01 and reduced breastfeeding showed

evidence for a synergistic effect between the two risk

factors among men (AP 0.4, 95% CI 0.04–0.6), but

not among women (AP: 0.1, 95% CI: �0.2, 0.4)

(Table 3). An AP of 0.4 indicates that the combined

effect is 40% higher than the sum of the individual

effects, or equivalently that 40% of the cases among

the double exposed are due to the interaction per se.

Meta-analysis of combined results from this study

and from published Italian and Norwegian case–con-

trol studies demonstrated a protective effect for MS

in men (OR: 0.5, 95% CI: 0.4, 0.7) (Table 4) and

null effect in women (OR: 0.9, 95% CI: 0.8, 1.1).

The magnitude and direction of effect was consistent

across all four studies among men and women.

Mediation analyses did not reveal evidence for an

indirect effect of prolonged breastfeeding mediated

by BMI <25 among EIMS or KPNC male

participants (Online Resource 4). The Baron-

Kenney and causal mediation estimators yielded

similar results. In addition, there was no evidence

of interaction between breastfeeding and being over-

weight during adolescence among EIMS or KPNC

males on the multiplicative or additive scale.

Results from missingness analyses generally showed

no effect of missing data on observed findings in

EIMS and KPNC. Among KPNC women, the

observed unknown duration association was further

from the null (OR: 1.5, 95% CI: 1.0–2.1) than the

IPM-weighted association (OR: 0.9, 95% CI: 0.6-

1.2), but otherwise, missingness results were consis-

tent with observed associations (Online Resource 5).

Results from breastfeeding exposure misclassifica-

tion analyses indicate that observed protective asso-

ciations among male participants were robust to

moderate exposure misclassification. For both

EIMS and KPNC, bias-corrected associations were

very similar to observed results (Online Resource 6).

Discussion

In accordance with a recent study,17 we observed

that prolonged breastfeeding reduced the risk

Table 2. OR with 95% CI of developing MS among subjects who were breastfed 4 months or longer, compared with subjects who

were breastfed less than 4 months, by sex.

EIMS KPNC Meta-analysis

Total Total Total

Breastfeeding ca/coa OR (95% CI)b ca/co* OR (95% CI)d ca/coa OR (95% CI) I2e

<4 months 641/1267 1.0 (reference) 634/598 1.0 (reference) 1275/1865 1.0 (reference)

�4 months 1126/2318 1.0 (0.9–1.2) 121/214 0.6 (0.4–0.9) 1247/2532 0.9 (0.8–1.1) 78.9

Unknown duration 910/2149 0.8 (0.7–0.9) 238/191 1.3 (0.9–1.8) 1148/1247 0.9 (0.8–1.0) 72.9

Women Women Women

Breastfeeding ca/coa OR (95% CI)c ca/co* OR (95% CI)d ca/coa OR (95% CI) I2e

<4 months 514/1055 1.0 (reference) 547/525 1.0 (reference) 1061/1580 1.0 (reference)

�4 months 859/1700 1.0 (0.9–1.2) 100/172 0.7 (0.5–1.0) 959/1872 0.9 (0.8–1.1) 0

Unknown duration 561/1349 0.8 (0.7–1.0) 176/131 1.5 (1.0–2.1) 737/1480 1.0 (0.8–1.2) 78.5

Men Men Men

Breastfeeding ca/coa OR (95% CI)c ca/co* OR (95% CI)d ca/coa OR (95% CI) I2e

<4 months 127/212 1.0 (reference) 87/73 1.0 (reference) 214/285 1.0 (reference)

�4 months 267/618 0.7 (0.6–0.9) 21/42 0.3 (0.1–0.9) 288/660 0.7 (0.5–0.9) 34.9

Unknown duration 349/800 0.7 (0.6–0.9) 62/60 0.8 (0.4–1.6) 411/860 0.7 (0.6–0.9) 0

aNumber of exposed cases and controls; bAdjusted for age, sex, and residential area; cAdjusted for age and residential area; dAdjusted for

smoking; eMeasure of study heterogeneity, I2¼ 100�(Q-df)/Q, where Q is Cochran’s heterogeneity statistic and df is degrees of freedom.28

OR: odds ratio; CI: confidence interval; EIMS: Epidemiologic Investigation of Multiple Sclerosis; KPNC: Kaiser Permanente Northern

California.
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of MS among men, but not among women.

There was evidence of a synergistic effect between

HLA-DRB1*15:01 and reduced breastfeeding

among men.

Human breast milk is an immunologically complex

solution. In addition to passive transfer of humoral

immunity, breast milk also contains factors that

influence the development and differentiation of

T-cell subsets and cytokine production, and has a

long-term effect on the development of the

immune system.9 Human breast milk also stimulates

the growth of colon bacterial species that have been

found to help prevent autoimmune reactions.31,32

Prior studies have demonstrated a protective effect

of breastfeeding on subsequent risk of several

autoimmune diseases, such as diabetes mellitus and

inflammatory bowel disease.10–12

Studies have demonstrated an elevated interferon-

gamma/IL-4 ratio in formula-fed children compared

with breastfed children, suggesting that formula

feeding induces a Th1 cytokine shift.33 The Th1 pre-

dominance in infants receiving formula nutrition

might be explained by a higher incidence of acute

infections or by the high challenge of foreign cow-

milk antigens in formula feeding. The extracellular

region of bovine butyrophilin (BTN) exhibits high

structural similarity to human myelin oligodendro-

cyte glycoprotein (MOG), which is a candidate auto-

antigen for MS.34 Immunological cross-reactivity

has been demonstrated between these proteins.

Table 3. OR with 95% CI of developing MS among subjects with different combinations of breastfeeding (<4 months versus �4

months) and HLA-DRB1*15:01 status, by sex.

EIMS KPNC Meta-analysis

Total Total Total

DRB1*15:01 Breastfeeding ca/coa OR (95% CI)b ca/co* OR (95% CI)d ca/coa OR (95% CI)

� Prolonged 382/819 1.0 (reference) 49/82 1.0 (reference) 431/901 1.0 (reference)

� Reduced 212/488 1.0 (0.8–1.2) 242/292 1.5 (0.8–2.6) 454/780 1.1 (0.7–1.8)

þ Prolonged 450/328 3.0 (2.5–3.7) 55/34 2.8 (1.4–5.7) 505/362 3.0 (2.4–3.7)

þ Reduced 260/170 3.5 (2.8–4.5) 313/129 4.4 (2.5–7.9) 573/299 3.6 (2.9–4.6)

AP 0.1 (–0.1–0.4) AP 0.2 (–0.2–0.7) AP 0.1 (–0.1–0.4)

Women Women Women

DRB1*15:01 Breastfeeding ca/coa OR (95% CI)c ca/co* OR (95% CI)d ca/coa OR (95% CI)

� Prolonged 286/620 1.0 (reference) 38/68 1.0 (reference) 324/688 1.0 (reference)

� Reduced 167/421 1.0 (0.7–1.1) 206/259 1.3 (0.7–2.6) 373/680 1.0 (0.9–1.1)

þ Prolonged 358/250 3.2 (2.6–4.1) 47/27 3.3 (1.3–6.0) 405/277 3.2 (2.6–4.0)

þ Reduced 214/145 3.5 (2.7–4.5) 271/111 4.3 (2.3–8.0) 485/256 3.6 (2.9–4.6)

AP 0.1 (–0.2–0.4) AP 0.2 (–0.4–0.7) AP 0.1 (–0.2–0.4)

Men Men Men

DRB1*15:01 Breastfeeding ca/coa OR (95% CI)c ca/co* OR (95% CI)d ca/coa OR (95% CI)

� Prolonged 96/199 1.0 (reference) 11/14 1.0 (reference) 107/213 1.0 (reference)

� Reduced 45/67 1.3 (0.8–2.0) 36/33 1.9 (0.5–8.2) 81/100 1.3 (0.9–2.0)

þ Prolonged 92/78 2.4 (1.6–3.6) 8/7 2.3 (0.3–18.7) 100/85 2.4 (1.6–3.6)

þ Reduced 46/25 4.3 (2.4–7.5) 42/18 4.5 (0.8–25.0) 88/43 4.3 (2.5–7.3)

AP 0.4 (0.002–0.7) AP 0.4 (–0.3–1.1) AP 0.4 (0.04–0.7)

anumber of exposed cases and controls; badjusted for age, sex, and residential area; cadjusted for age and residential area; dadjusted for

smoking.

OR: odds ratio; CI: confidence interval; AP: attributable proportion due to interaction; EIMS: Epidemiologic Investigation of Multiple

Sclerosis; KPNC: Kaiser Permanente Northern California.

Reduced breastfeeding¼ breastfeeding less than 4 months; prolonged breastfeeding¼ breastfeeding 4 months or longer; AP is the proportion of

the incidence among individuals exposed to two interacting factors that is attributable to the interaction per se, thus an AP greater than 0

indicates presence of interaction. Meta-analysis comprises EIMS and KPNC. Multiplicative interaction was non-significant in both studies (in

EIMS, the interaction term was 1.2 (95% CI 0.9–1.7) among women and 0.2 (95% CI 0.6–2.5) among men, the corresponding terms in KPNC

were 1.1 (95% CI 0.5–2.8) and 1.0 (95% CI 0.1–11)).
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Since oral tolerance is poorly developed in infants,

early exposure to bovine BTN may allow expansion

of cross-reactive T-cell responses to MOG that

increases subsequent MS risk, especially in the con-

text of a susceptible genotype.

The HLA-DRB1*15:01 allele has been reported to

influence the response to MOG peptides.35

Children with Th1 autoimmune diseases such as

MS and diabetes type I have increased abnormal

T-cell responses against cow-milk proteins when

compared with healthy controls.36 An early disease

mechanism may thus arise from antigenic mimicry

between cow-milk proteins and human self-antigens,

increasing the risk of Th1 autoimmune disease later

in life, especially in the context of a susceptible

genotype. While it is unclear why the observed

breastfeeding association was restricted to males, it

is possible that sex-specific differences in T-helper

immune response may interact with breastfeeding.

Interestingly, a protective effect of breastfeeding

on respiratory infections among female but not

male infants has been reported.37 Breastfeeding

may also protect children from adverse effects of

environmental exposures,38 some of which may

have sex-specific effects on MS risk later in life.

In 2015, Ragnedda et al. reported evidence for an

association between reduced duration of breastfeed-

ing (<4 months) and increased risk of MS in males

from Italy and Norway.17 Associations were null

among females within each population. Our meta-

analysis combined ORs across EIMS, KPNC, Italian,

and Norwegian studies and a consistent protective

association between prolonged breastfeeding (>4

months) and risk of developing MS in males was

observed. There were a several similarities across

the studies that made combining them possible: (a)

the cases and controls were from a national multi-

center case–control study of environmental risk fac-

tors in MS,39,40 (b) the prolonged breastfeeding

exposure was defined as being breastfed for >4

months in all four studies, and (c) breastfeeding

exposure was determined by questionnaires similar

to ones used in the current study. Our study is the

first to investigate interaction between breastfeeding

and HLA-DRB1*15:01.

The primary strength of this study is the use of two

large population representative case–control samples

that each has extensive data on breastfeeding expo-

sure status, other established environmental MS risk

factors and genetic data. Our results build upon

recent case–control studies that demonstrated a pro-

tective association between prolonged breastfeeding

and MS among males. In addition, the fact that our

exposure of interest occurs early in life ensures that

there is temporality between breastfeeding and MS

onset and that reverse causality is not a concern.

However, some limitations must be acknowledged.

Our study was based on data from two case–control

studies in which information on personal character-

istics and different exposures was collected retro-

spectively. Since we used study designs in which

controls were matched by the cases’ sex, calculating

multiplicative interaction between sex and breast-

feeding was not an alternative. We did not ask par-

ticipants who were breastfed to provide information

regarding exclusive versus non-exclusive breastfeed-

ing, and we were therefore not able to analyze this

aspect of breastfeeding.

Table 4. Individual and meta-analysis combined

ORs and 95% CIs for association between breast-

feeding 4 months or longer compared with breast-

feeding less than 4 months and developing MS

among EIMS, KPNC, Norwegian, and Italian men

and women.

Studya n OR (95% CI) I2d

Women

EIMS 1569 1 (0.9, 1.2)

KPNC 1072 0.7 (0.5, 1)

Norwayb 1083 0.9 (0.7, 1.2)

Italyb 1056 1.1 (0.8, 1.3)

Metac 5230 0.9 (0.8, 1.1) 12.1

Men

EIMS 1224 0.7 (0.6, 0.9)

KPNC 223 0.3 (0.1, 0.9)

Norwayb 566 0.4 (0.3, 0.7)

Italyb 503 0.5 (0.3, 0.7)

Metac 2516 0.5 (0.4, 0.7) 25.5

OR: odds ratio; CI: confidence interval; Meta: meta-

analysis combined associations; EIMS: Epidemiologic

Investigation of Multiple Sclerosis; KPNC: Kaiser

Permanente Northern California.
aResults for Norwegian and Italian datasets are from

Ragnedda et al., 2015; All models were adjusted for

confounding variables.
bThe inverse of reported ORs from Ragnedda et al.

were used to represent the protective associations

observed between prolonged breastfeeding and risk

of MS.
cCombined effect estimated using inverse-variance

fixed-effect meta-analysis.
dMeasure of study heterogeneity, I2¼ 100�(Q-df)/Q,

where Q is Cochran’s heterogeneity statistic and df is

degrees of freedom.28
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As with all retrospective study designs, accurately

determining exposure status can be difficult for

exposures that occur many years before study inclu-

sion. In order to minimize the risk of recall bias,

EIMS predominantly included cases who had

received their diagnosis within the past year whereas

KPNC used prevalent cases. The risk of recall bias is

thus greater in KPNC. The questionnaires in both

studies, however, contained a wide range of ques-

tions regarding many potential environmental risk

factors and no section in the questionnaires was

given prime focus. Moreover, since the relationship

between breastfeeding and MS risk had not been

investigated until recently, the quality of the

reported information would probably not differ

between cases and controls.

The recruitment of cases and controls may introduce

selection bias. In EIMS, the mean index year did not

differ between responding and non-responding cases

and controls. Among both cases and controls, the

proportion of non-responders was more often men

(58% among cases and 61% among controls).

Selection bias was minimized by the population-

based design. The Swedish health care system pro-

vides free-of-charge access to all Swedish residents

and almost all cases of MS are referred to hospital-

based neurological units, making them eligible to be

part of EIMS. The McDonald criteria have been

revised during the period in which cases have been

recruited to EIMS. This should not have affected the

case recruitment, i.e. those who received a diagnosis

of MS according to the McDonald criteria during the

study period were asked to participate in the study.

However, the revised criteria have made it possible

to diagnose individuals at an earlier stage of

the disease.

Even though there was a relatively high proportion

of non-responders among the controls, this bias is

probably modest because the prevalence of lifestyle

factors, such as smoking and socioeconomic status,

among the controls was consistent with that of the

general population in similar ages.41 A relatively

high proportion of the participants did not answer

the question on breastfeeding or specify the duration

of breastfeeding. However, among the responders,

the reported information on breastfeeding among

controls was in line with that of the general popula-

tion, indicating that selection bias was unlikely to

affect results. Selection bias due to the lower control

response in the KPNC samples is possible; however,

case–control matching should limit influence of any

selection bias on results.

We comprehensively investigated the potential for

bias resulting from exclusion of subjects missing

any breastfeeding exposure data and missing breast-

feeding duration, and found no evidence for bias in

results derived from the EIMS study; only weak evi-

dence for bias from ‘unknown duration’ on sex-

stratified prolonged breastfeeding association results

was observed in the KPNC study. Further, results

from analysis of misclassification of breastfeeding

exposure among males did not reveal evidence for

bias. Therefore, findings in the current study should

be generalizable to the populations from which both

study samples were derived.

In conclusion, prolonged breastfeeding may reduce

the risk of MS among men; however, the mechanism

of a sex-specific biologic effect on MS risk is

unclear. Human breast milk stimulates the growth

of colon bacterial species that have been found to

help prevent autoimmune reactions. Another possi-

ble explanation is that antigenic mimicry between

cow-milk proteins and human self-antigens may

arise, increasing the risk of Th1 autoimmune disease

later in life. Our findings add to accumulating evi-

dence that breastfeeding may be a modifiable, poten-

tially protective factor for reducing the risk of MS in

offspring, and mothers should be supported to

breastfeed their infants if possible.
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