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Abstract 

Background Multiple Sclerosis (MS) represents the most common inflammatory neurological disease causing dis‑
ability in early adulthood. Childhood and adolescence factors might be of relevance in the development of MS. We 
aimed to investigate the association between various factors (e.g., prematurity, breastfeeding, daycare attendance, 
weight history) and MS risk.

Methods Data from the baseline assessment of the German National Cohort (NAKO) were used to calculate adjusted 
hazard ratios (HR) and 95% confidence intervals (CI) for the association between childhood and adolescence factors 
and risk of MS. Analyses stratified by sex were conducted.

Results Among a total of 204,273 participants, 858 reported an MS diagnosis. Male sex was associated 
with a decreased MS risk (HR 0.48; 95% CI 0.41–0.56), while overweight (HR 2.03; 95% CI 1.41–2.94) and obesity (HR 
1.89; 95% CI 1.02–3.48) at 18 years of age compared to normal weight were associated with increased MS risk. Having 
been breastfed for ≤ 4 months was associated with a decreased MS risk in men (HR 0.59; 95% CI 0.40–0.86) compared 
to no breastfeeding. No association with MS risk was observed for the remaining factors.

Conclusions Apart from overweight and obesity at the age of 18 years, we did not observe considerable associations 
with MS risk. The proportion of cases that can be explained by childhood and adolescence factors examined in this 
study was low. Further investigations of the association between the onset of overweight and obesity in childhood 
and adolescence and its interaction with physical activity and MS risk seem worthwhile.
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Background
Multiple Sclerosis (MS) is an inflammatory, degenera-
tive disease of the central nervous system (CNS) [1, 2] 
and the most common inflammatory neurological dis-
ease causing disability in early adulthood [3]. MS is char-
acterized by relapses, disseminated lesions in the CNS, 
and a resulting progression of neurological disability that 
manifests in various neurological symptoms and signs. It 
substantially impacts the quality of life of those affected 
[4] and, in addition to the physical and psychological 
impairments, MS imposes high direct and indirect costs 
on the health care system [5]. In Germany, the prevalence 
was estimated at 337 per 100,000 population in 2019 [6]. 
Based on claims data, the age-adjusted (European Stand-
ard Population) incidence in 2012 was estimated to range 
from 6.6 to 21.8 per 100,000, depending on the case defi-
nition used [7]. In a comprehensive review, Lane et  al. 
reported a wide range of incidence estimates worldwide 
with predominantly increasing MS incidence [8].

The causes of MS are not fully understood [9]. MS is 
deemed to be an autoimmune disease [10, 11], which is 
supported by the observation that the demyelination and 
subsequent degeneration of nerves within the CNS typi-
cal of MS is presumed to be an immune-mediated pro-
cess, potentially caused by a viral infection [12]. Genetic 
predisposition, environmental and lifestyle factors, and 
their interaction constitute relevant risk factors in the 
development of MS [13]. According to a meta-estimation 
of hereditary and environmental factors on MS suscep-
tibility, based on twin studies, heritability was estimated 
to account for 50% of the occurrence of MS. Shared envi-
ronmental factors such as trans-generational epigenetic 
modifications or birth month accounted for 21%, and 
unshared environmental factors, e.g., infections, vita-
min D (vit D) deficiency or smoking accounted for 29% 
of MS liability. The authors highlighted that the investi-
gation of the influence of environmental factors as well 
as the respective individual lifestyle and infections, e.g., 
Epstein-Barr virus infection, should be the focus of future 
research [14]. In particular, early-life exposures that act 
on the immature immune system might be of relevance 
in the development of immune-mediated diseases such 
as MS [15]. The importance of early childhood factors 
has already been shown for type 1 diabetes [16], asthma 
[17] as well as for allergies [15, 18]. Of particular rel-
evance in this context is the hygiene hypothesis, which 
states that individuals who have no or infrequent expo-
sure to, e.g., infections that trigger an immune response, 
develop a less regulatory immune competence and are 
more susceptible to immune-mediated diseases [19]. The 
direct link between the total number of previous infec-
tions and the incidence of immune-mediated diseases is 
difficult to establish in observational studies since study 

participants remember previous infections only vaguely. 
Variables such as daycare attendance, number of siblings 
and birth order, contact with pets or livestock or growing 
up on a farm, and other social and economic indicators 
can be considered as surrogates instead [19]. However, 
these have provided conflicting results with regard to the 
occurrence of MS [20–26]. Other early childhood fac-
tors related to autoimmune diseases include prematurity, 
the mode of delivery, i.e., vaginal birth or cesarean sec-
tion, and breastfeeding, all of which affect the develop-
ment of the infant’s immune system [27, 28], but again 
studies on MS have yielded conflicting results regarding 
preterm birth [26, 29–33], mode of delivery [34–36] and 
breastfeeding [37]. As obesity leads to chronic low-grade 
inflammation [38], weight history during childhood and 
adolescence might be of relevance. Studies of weight his-
tory at the age of 10 [39] and 20 years [40–42], respec-
tively, and also for birth weight [26, 30–32, 43, 44] have 
so far yielded conflicting results, especially when sex was 
taken into account. At last, stressful life events in child-
hood may play a role in the development of MS. Polick 
and colleagues conducted a systematic review, includ-
ing twelve studies, most of which demonstrated an asso-
ciation between childhood trauma and subsequent MS. 
Physical and sexual abuse were the most common trau-
matic stressors reported in the included studies [45].

Since the causes of MS are not fully understood [9], 
and a large proportion of the risk might be explained by 
the interplay of modifiable risk factors [14], it is impor-
tant to clarify the potential role of these factors. Hence, 
our study aimed to investigate the association between 
childhood and adolescence factors and MS risk.

Methods
Study sample
This work was based on data from the baseline assess-
ment of the NAKO, a large population-based cohort 
study in Germany. The NAKO recruited approximately 
205,000 individuals from 18 German study regions based 
on age and sex-stratified samples randomly drawn from 
the corresponding local registries of residents. As part 
of the standardized data collection, subjects underwent 
several biomedical examinations, participated in a face-
to-face interview conducted by trained study assistants, 
and completed a self-administered touchscreen question-
naire [46]. A more detailed description of the design of 
the NAKO can be found elsewhere [46, 47]. Our analy-
ses comprised participants who provided information on 
the presence of a physician-based MS diagnosis as well 
as on the covariates described below. Participants who 
answered "Don’t know" or "No information" regarding an 
MS diagnosis were excluded. Furthermore, participants 
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with MS were excluded if they did not provide informa-
tion on age at MS diagnosis.

Outcome ascertainment, exposure variables, 
and covariates
MS diagnosis and age at diagnosis were self-reported 
by NAKO participants in the rare diseases module 
of the face-to-face interview administered by trained 
interviewers.

Exposure variables and covariates were either collected 
during the face-to-face interview or by completion of a 
self-administered touchscreen questionnaire. The fol-
lowing two groups of exposures were considered with 
respect to the time of their occurrence – childhood and 
adolescence factors. Childhood factors include prema-
turity, born by cesarean section, birth weight, number of 
siblings, having had contact with pets and/or livestock 
during childhood, daycare attendance including age at 
first attendance, weight history reported as weight at the 
age of 10 years compared to peers as well as childhood 
trauma, measured by the Childhood Trauma Screener 
(CTS) [48]. The CTS is a 5-item brief childhood trauma 
assessment instrument developed from the original 
28-item Childhood Trauma Questionnaire. The five 
items include the dimensions of emotional abuse, physi-
cal abuse, sexual abuse, emotional neglect, and physical 
neglect [48]. The summary score was used, ranging from 
5 to 25 points, with higher scores indicating more severe 
trauma. Body Mass Index (BMI) at the age of 18 years—
calculated from self-reported weight at that age and 
measured height at baseline—was included as an adoles-
cence factor. We used the following thresholds: < 18.5 is 
equivalent to underweight, 18.5 to < 25 to normal weight, 
25 to < 30 to overweight, and ≥ 30 kg/m2 to obesity. Data 
on childhood and adolescence exposures were collected 
as part of the self-administered questionnaire on touch-
screen. Sex, education, migration status as well as birth 
year, categorized in ten-year birth cohorts (< 1955, 1955–
1964, 1965–1974, 1975–1984, ≥ 1985), were considered 
as covariates in the analyses obtained in the face-to-face 
interview. Education was based on the International 
Standard Classification of Education 97 (ISCED) [49], 
with categories summarized as low (ISCED level 0–2), 
medium (ISCED level 3/4), and high (ISCED level 5/6) 
education.

Statistical analyses
Descriptive analyses by MS status with respect to birth 
year, sex, education, migration background, age at onset 
of MS, and exposure variables were performed. Categori-
cal variables were summarized as absolute and relative 
frequencies, and continuous variables were summarized 

as mean and standard deviation (SD). Missing values 
were displayed.

A multivariable Cox proportional hazards regression 
was performed to assess the association between child-
hood and adolescence factors and MS risk. Results are 
displayed as Hazard Ratios (HR) with corresponding 
95% confidence intervals (CI). The outcome was defined 
as age at self-reported MS diagnosis. The observation 
period began at birth and ended either at the reported 
onset of MS in the case of an event or at age at the base-
line examination date in the case of no event. The model 
was stratified by birth year to account for cohort effects, 
and adjusted for education and migration status. No 
violation of the proportional hazards assumption was 
detected by graphically examined Schoenfeld residuals.

The percentage of missing values across the predictor 
variables ranged from 0% to 43.2% in the group with-
out MS and from 0% to 43.8% in the group with MS (see 
Table 1). In total, 75,247 records (36.8%) were complete. 
Multiple imputation was used to create and analyze 40 
imputed datasets. Incomplete variables were imputed 
under fully conditional specification, using the default 
settings of the mice 3.0 package [50, 51]. HRs were esti-
mated in each imputed dataset separately and subse-
quently pooled applying Rubin’s rules. We analyzed the 
data separately by sex to investigate sex-specific effects. 
For comparison, we also performed the analysis on the 
subset of complete cases.

All statistical analyses were performed with R version 
4.2.0 (2022–04-22 ucrt) [52] using the packages “survival” 
[53], “survminer” [54], “sjPlot” [55], “MASS” [56], “mice” 
[50] and “micemd” [57].

Results
Of the initial 204,899 NAKO participants, a total of 626 
(0.3%) individuals were excluded because they either did 
not provide information on MS diagnosis (n = 624) or age 
at diagnosis (n = 2). Accordingly, a total of 204,273 sub-
jects were included in the analysis – 858 (579 females, 
279 males) with and 203,415 (102,494 females, 100,921 
males) without an MS diagnosis.

Table  1 summarizes the characteristics as well as the 
distribution of childhood and adolescence factors sepa-
rately for persons with and without MS.

Table 2 summarizes the results of the multivariable Cox 
regression.

We observed a reduced risk of MS for men compared 
to women (HR 0.48, 95% CI 0.41 to 0.56).

Compared to normal weight at the age of 18  years, 
overweight (HR 2.03, 95% CI 1.41 to 2.94) and obesity 
(HR 1.89, 95% CI 1.02 to 3.48) at the age of 18 years were 
associated with a higher MS risk. No association with 
MS risk was observed for the remaining factors including 
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Table 1 Characteristics of NAKO baseline participants and distribution of childhood and adolescence factors by MS status

Variable Persons without MSa

(n = 203415)
Persons with MSa

(n = 858)

Birth year
 < 1955 45610 (22.4%) 125 (14.6%)

 1955–1964 50907 (25.0%) 256 (29.8%)

 1965–1974 55916 (27.5%) 278 (32.4%)

 1975–1984 25551 (12.6%) 136 (15.9%)

 ≥ 1985 25431 (12.5%) 63 (7.3%)

Sex
 Female 102494 (50.4%) 579 (67.5%)

 Male 100921 (49.6%) 279 (32.5%)

Age at diagnosis (Mean (SDa)) NA 36.3 (11.1)

Education
 Low 5107 (2.8%) 20 (2.6%)

 Medium 146116 (79.0%) 606 (77.4%)

 High 33716 (18.2%) 157 (20.1%)

 Missing 18476 75

Migration background
 No 168796 (83.0%) 743 (86.6%)

 Yes 34576 (17.0%) 115 (13.4%)

 Missing 43 0

Number of siblings
 Only child 30926 (18.0%) 130 (18.5%)

 1‑2 sibling(s) 107814 (62.7%) 437 (62.3%)

 ≥ 3 siblings 33335 (19.4%) 134 (19.1%)

 Missing 31340 157

Premature birth (> 4 weeks before due date)
 No 156024 (95.7%) 639 (95.5%)

 Yes 7001 (4.3%) 30 (4.5%)

 Missing 40390 189

Cesarean section
 No 155208 (94.4%) 629 (94.2%)

 Yes 9292 (5.6%) 39 (5.8%)

 Missing 38915 190

Birth weight
 Low 17531 (12.6%) 87 (14.8%)

 Average 103066 (74.3%) 421 (71.6%)

 High 18030 (13.0%) 80 (13.6%)

 Missing 64788 270

Ever breastfed
 No 29536 (25.7%) 167 (34.6%)

 Yes, ≤ 4 months 45024 (39.1%) 180 (37.3%)

 Yes, > 4 months 40532 (35.2%) 135 (28.0%)

 Missing 88323 376

Contact with pets and/or livestock during childhood
 No 87293 (50.8%) 348 (49.8%)

 Yes 84668 (49.2%) 351 (50.2%)

 Missing 31454 159

Attended daycare
 No 47393 (28.6%) 196 (29.2%)

 Yes, 1st attendance at age 3‑6 years 79977 (48.3%) 336 (50.1%)
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number of siblings, prematurity, cesarean section, birth 
weight, breastfeeding, contact with pets and/or live-
stock, age at first daycare attendance, weight at the age of 
10 years, and childhood trauma (Table 2).

In separate analyses by sex, we observed an associa-
tion between overweight at the age of 18  years and an 
increased MS risk compared to normal weight at the age 
of 18 years in women (HR 1.55, 95% CI 1.05 to 2.29) but 
not in men. Furthermore, in contrast to no breastfeed-
ing, breastfeeding duration of ≤ 4 months was related to a 
reduced risk of MS in men (HR 0.59, 95% CI 0.40 to 0.86) 
but not in women. Estimates for the remaining variables 
differed only slightly in women and men compared with 
the overall group (see Additional file 1).

When we restricted the analysis to complete cases 
(n = 75,247, 36.8% of the total cohort), we obtained simi-
lar results in both analyses of the total cohort and strati-
fied by sex. However, due to the reduced sample size, the 
confidence intervals were considerably larger (see Addi-
tional files 2 & 3).

Discussion
The present study was based on data from the baseline 
assessment of the population-based cohort study NAKO, 
which included 858 prevalent adult MS cases. We aimed 
to investigate associations between childhood and ado-
lescence factors and MS risk. We observed associations 
between overweight and obesity at the age of 18  years 
and an increased risk of MS compared to normal weight 

at this age. In analyses stratified by sex, the association 
between overweight and increased MS risk remained for 
women but not for men. In contrast to no breastfeeding, 
a breastfeeding duration of ≤ 4  months was related to a 
reduced MS risk in men, but not in women. No associa-
tion with MS risk was observed for the remaining child-
hood factors including number of siblings, prematurity, 
cesarean section, birth weight, contact with pets and/or 
livestock, age at first daycare attendance, weight at the 
age of 10 years, and childhood trauma.

Our results regarding the association of overweight and 
obesity with increased MS risk are in line with the meta-
analysis of Liu et al. [41] and the study by Gianfrancesco 
and colleagues [40], both for the overall analysis and for 
the analyses stratified by sex. Contrary to what might 
be expected from our results, but in line with previous 
studies [26, 30–32, 43], we did not observe an associa-
tion between MS risk and higher birth weight or higher 
weight at the age of 10 years compared with average 
weight. Thus, the time of onset of overweight or obesity 
may have an impact on MS risk. A possible explanation 
might be the interaction of weight and physical activity 
throughout childhood. Physical activity contributes to 
the prevention of overweight and obesity and the result-
ing anti-inflammatory effect can possibly prevent the 
development of inflammatory diseases in general [58]. 
However, physical activity often decreases during puberty 
[59]. While children still benefit from the positive effects 
of physical activity in regulating body weight, this may 

Table 1 (continued)

Variable Persons without MSa

(n = 203415)
Persons with MSa

(n = 858)

 Yes, 1st attendance at age 1‑ < 3 year(s) 28172 (17.0%) 98 (14.6%)

 Yes, 1st attendance at age < 1 year 10143 (6.1%) 41 (6.1%)

 Missing 37730 187

Weight at the age of 10 years compared to peers
 Lower 43328 (26.6%) 156 (23.5%)

 Average 95681 (58.7%) 387 (58.2%)

 Higher 24064 (14.8%) 122 (18.3%)

 Missing 40342 193

BMIa at the age of 18 years (kg/m2)
 Underweight (< 18.5) 18283 (12.7%) 91 (15.7%)

 Normal weight (18.5 ‑ < 25) 108757 (75.8%) 398 (68.7%)

 Overweight (25 ‑ < 30) 13558 (9.4%) 68 (11.7%)

 Obesity (≥ 30) 2884 (2.0%) 22 (3.8%)

 Missing 59933 279

Childhood Traumab (Mean (SD)) 7 (2.7) 7 (3.0)

 Missing 32174 161
a MS Multiple Sclerosis, SD Standard deviation, BMI Body Mass Index
b Assessed with the Childhood Trauma Screener (5 – 25 points)
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no longer be the case for adolescents due to lower lev-
els of physical activity. In contrast, in a study based on 
retrospectively collected data of 1,944 persons with MS 
and 435,959 persons without MS from the UK Biobank 
sample, Belbasis and colleagues showed that "plumper 
than average body size" at the age of 10 years was asso-
ciated with an increased risk of MS (Odds Ratio (OR) 
1.38, 95% CI 1.21 to 1.58). The authors confirmed this 
result in a subsequent Mendelian Randomization study 
(OR 1.22, 95% CI 1.05 to 1.41) [39]. This clearly demon-
strates the need for future research on the influence of 
the interaction between body weight and physical activity 
in childhood and adolescence on the risk of MS. Amidst 
the hygiene hypothesis [19], we would have expected to 
observe associations with factors such as a higher num-
ber of siblings, younger age at first daycare attendance, 
contact with pets and/or livestock and decreased MS risk 
as was reported for other autoimmune disorders [17] and 
allergies [15, 18]. Regarding the number of siblings, our 
results are consistent with those of Bager et al. [22] and 
Banwell et  al. [23]. In contrast, one case–control study 
comprising 245 MS cases and 296 population-based 
controls reported a decreased risk of MS in participants 
with ≥ 3 older siblings, but only four participants with 
MS fell into this category in their study [20]. Another 
study found that an increasing duration of exposure to a 
younger sibling aged < 2 years in the first six years of life 
reduced MS risk [24]. These conflicting results highlight 
the continuing need for research into MS risk factors. We 
did not observe an association between daycare attend-
ance and MS risk. In the study by Conradi and colleagues, 
a protective effect of daycare attendance at the age of 0–3 
years on subsequent MS risk was found (OR 0.50, 95% 
CI 0.31 to 0.80) [20]. Contact with pets and/or farm ani-
mals, which has also been addressed in the context of the 
hygiene hypothesis as a potential factor influencing MS 
risk [19], was also not related to disease risk in our study, 
corroborating findings from a systematic review, which 
investigated the association between pet ownership dur-
ing childhood and subsequent MS risk [25]. A meta-
analysis on pet ownership in infancy and the incidence of 
the autoimmune diseases asthma and allergic rhinitis at 
school age also observed no association [60].

Our estimate regarding breastfeeding has a wide con-
fidence interval, however, it is in line with our recent 
meta-analysis on the association between having been 
breastfed and MS risk (OR 0.86, 95% CI 0.75 to 0.99) [37]. 
In our meta-analysis, it also became apparent that the 
effect of breastfeeding on MS risk might differ between 
men and women, as shown in the included study by Hed-
ström and colleagues, who observed that breastfeed-
ing duration of ≥ 4 months compared to < 4 months was 
related to a reduced MS risk in men but not in women 

Table 2 Multivariable Cox proportional hazards regression on 
the association between childhood and adolescence factors and 
multiple sclerosis

a Adjusted for education and migration status, stratified by birth year 
(categorized as: < 1955, 1955–1964, 1965–1974, 1975–1984, ≥ 1985)
b HR Hazard Ratio, CI Confidence Interval, BMI Body Mass Index
c Assessed with the Childhood Trauma Screener (5 – 25 points)

Variable Multivariable 
Cox 
proportional 
hazards modela

HRb 95% CIb

Sex
 Female Ref

 Male 0.48 0.41 – 0.56

Number of siblings
 Only child Ref

 1‑2 sibling(s) 0.93 0.73 – 1.17

 ≥ 3 siblings 0.81 0.61 – 1.09

Premature birth (> 4 weeks before due date)
 No Ref

 Yes 0.94 0.61 – 1.47

Cesarean section
 No Ref

 Yes 1.10 0.80 – 1.52

Birth weight
 Low 0.99 0.74 – 1.33

 Average Ref

 High 1.14 0.90 – 1.45

Ever breastfed
 No Ref

 Yes, ≤ 4 months 1.02 0.79 – 1.31

 Yes, > 4 months 0.88 0.69 – 1.11

Contact with pets and/or livestock during childhood
 No Ref

 Yes 1.04 0.69 – 1.58

Attended daycare
 No Ref

 Yes, 1st attendance at age 3‑6 years 0.93 0.77 – 1.12

 Yes, 1st attendance at age 1‑ < 3 year(s) 0.77 0.58 – 1.03

 Yes, 1st attendance at age < 1 year 0.97 0.63 – 1.50

Weight at the age of 10 years compared to peers
 Lower 0.86 0.70 – 1.05

 Average Ref

 Higher 0.93 0.73 – 1.19

BMIb at the age of 18 years (kg/m2)
 Underweight (< 18.5) 1.12 0.89 – 1.42

 Normal weight (18.5 ‑ < 25) Ref

 Overweight (25 ‑ < 30) 2.03 1.41 – 2.94

 Obesity (≥ 30) 1.89 1.02 – 3.48

Childhood Traumac (per 5 units) 1.08 0.95 – 1.24
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(OR 0.5, 95% CI 0.4 to 0.7) [61]. In our present analy-
ses, we observed a HR of 0.59 (95% CI 0.40 to 0.86) for 
a breastfeeding duration of ≤ 4 months and a HR of 0.70 
(95% CI 0.48 to 1.03) for a breastfeeding duration of > 4 
months compared to no breastfeeding for men, suggest-
ing that having been breastfed at all is the most relevant 
factor.

For the remaining childhood factors, i.e., prematu-
rity, born by cesarean section, and childhood trauma no 
association with MS risk was observed. Regarding the 
first two factors, our results are consistent with the sys-
tematic review and meta-analysis by Badihian and col-
leagues, in which studies were summarized narratively 
for preterm birth and meta-analytically for the factor 
cesarean section, the latter yielding a pooled OR of 0.90 
(95% CI 0.52 to 1.56) [34]. Regarding childhood trauma, 
our results are in contrast to the systematic review by 
Polick and colleagues [45]. However, the comparability 
of our results is limited by the fact that we only investi-
gated the sum score of the CTS, but not the individual 
scales (emotional, physical, and sexual abuse and emo-
tional and physical neglect scales) that comprise the sum 
score. Such an analysis of MS risk using the subscales of 
the CTS was beyond the scope of our study and will be 
incorporated as a main focus in subsequent work.

The primary strengths of this study comprise the large 
number of participants, its population basis, a compre-
hensive examination and assessment program that is 
performed by trained study personnel based on written 
standard operating procedures as well as the stringent 
quality assurance of the data collection and usage [46, 
47]. The cohort enables analyses with both a sufficiently 
large group of individuals with MS and a wide range of 
potential risk factors and covariates to be considered, 
hence enabling us to contribute to the existing evidence 
regarding the associations between childhood and ado-
lescence factors and the risk of MS.

Nevertheless, our study also has limitations. It cannot 
be excluded that the MS status as well as disease sever-
ity are related to participation readiness. Participants 
had to visit the respective study center for the exami-
nations and the interview, therefore a selection of less 
severely affected MS cases might have occurred. Fur-
thermore, severely affected individuals might have a dif-
ferent risk profile than less severely affected individuals. 
Hence, selection bias toward less severely affected cases 
may have resulted in an underestimation of associations 
in population-based MS cases as a whole. On the other 
hand, participants with MS and especially more severely 
affected individuals might be more motivated to par-
ticipate in a study that investigates disease-related risk 
factors. Accordingly, future studies should account for 
the potential disease severity during the course of the 

disease. Also, as in all population-based cohort studies, 
there might be a healthy participant bias, implying that 
participants have a different risk factor pattern than the 
general population.

Moreover, the analyses are based on self-reported MS 
diagnoses. To our knowledge, no study to date has exam-
ined the sensitivity and specificity of self-reported MS 
diagnoses and reported HRs might be attenuated toward 
null. A validation study of the diagnoses, by use of infor-
mation on treatment, medical records, and/or health 
insurance data is underway, however not been completed 
yet. Claflin and colleagues evaluated the consistency and 
validity of self-reported year of MS diagnosis among 
2,245 participants in the Australian Multiple Sclerosis 
Longitudinal Study. 88% to 92% of respondents were able 
to recall their year of diagnosis with a deviation of ≤ 1 
year. Thus, patient-reported year of diagnosis appears to 
be reliable information to use in analyses [62].

As early childhood factors were the main focus of our 
study, which for most study participants occurred on 
average 40 to 50 years ago, recall bias may have occurred. 
However, we assume that this is not a differential recall 
(thus, the bias not being different between MS cases and 
participants without MS), since the purpose of the data 
collection in the NAKO did not focus on MS and risk 
factors specific to MS at the time of recruitment, but 
rather on the investigation of widespread diseases such 
as cancer, diabetes mellitus, or cardiovascular diseases 
(see [47]). The observation that people with MS suffer 
increasingly from cognitive and memory dysfunction as 
the disease progresses could be more decisive than the 
pure temporal component with regard to a recall bias. 
However, due to the design of the NAKO, only individu-
als with a certain level of physical and cognitive fitness 
participated in the study. Therefore, we assume that the 
risk of a recall bias caused by this is rather low. How-
ever, if differential recall had occurred between partici-
pants with MS and without MS, the resulting bias was 
not strong, as our results are largely consistent with pro-
spective studies of incident MS cases which have evalu-
ated childhood and adolescence factors [30, 63, 64]. To 
some extent, our study might be biased due to a certain 
degree of misclassification (e.g., breastfeeding duration). 
Furthermore, some subgroups comprised only a few MS 
cases, thus the power here is low.

At the time of our analyses, it was not yet possible to 
determine the number of childhood-acquired infections 
by determining the viral load in the biosamples col-
lected during the NAKO baseline examination. For this 
reason, we had to use surrogate variables such as num-
ber of siblings, daycare attendance, or pet ownership. As 
the determination of viral load via biospecimen analyses 
will be possible in the near future, the investigation of the 
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interplay between viral load with childhood and adoles-
cence factors is worth considering. Genetic factors may 
also be considered in these analyses.

Furthermore, we were unable to include other, lesser-
known but potentially equally important risk factors 
such as month of birth, maternal vit D serum levels dur-
ing pregnancy, or exposure to vaccinations in our analy-
sis. For example, the month of birth, which is linked to 
the mother’s exposure to sunlight during pregnancy and 
thus directly to the maternal vit D serum level, could be 
regarded as a precursor to the vit D level of the MS case. 
The link between vit D deficiency and an increased risk 
of MS has already been shown [65]. Thus, future studies 
should take these factors into account.

As shown in Table  1, many variables included in the 
analyses had a high proportion of missing values (e.g., “Ever 
breastfed” with 43.8% and 43.2% in persons with and with-
out MS, respectively). It is difficult to clearly classify the 
type of missingness. However, following the classification 
by Rubin [66] missing values for most variables seem to be 
classifiable as missing completely at random. Hence, we 
used multiple imputation and compared the results with 
those of the complete case analysis. Both methods showed 
similar results, supporting the validity of the results using 
multiple imputation (see Additional file 2 & 3).

Conclusions
In summary, based on this study the proportion of MS 
cases that can be explained by childhood and adolescence 
factors considered in this study was low. Nevertheless, we 
emphasize the observed association between overweight 
and obesity at the age of 18 years compared with normal 
weight at the age of 18  years and increased risk of MS. 
Stratified by sex, the association between overweight and 
increased MS risk was only found in women but not in 
men. Furthermore, a breastfeeding duration of ≤ 4 months 
compared to no breastfeeding was related to a reduced 
MS risk only in men. Given the large sample size, our 
study contributed to the existing evidence from previous 
studies. Our finding of an association between overweight 
and obesity during adolescence offers potential for MS 
prevention. In order to reduce the incidence of MS or at 
least delay its onset, the association between weight gain, 
onset of overweight and obesity in childhood and ado-
lescence and their interaction with physical activity level 
should be investigated in longitudinal studies. In particu-
lar, sex-specific effects should be taken into account in 
future studies. Furthermore, the collection of biosamples 
during the NAKO baseline examination allows the inves-
tigation of the interplay of genetic factors, viral load, and 
childhood and adolescence factors in the future.
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