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Shift Work at Young Age is Associated
with Increased Risk for Multiple Sclerosis

Anna Karin Hedström, MD,1 Torbjörn Åkerstedt, PhD,2,3 Jan Hillert, MD, PhD,4

Tomas Olsson, MD, PhD,4 and Lars Alfredsson, PhD1

Objective: Environmental factors play a prominent role in multiple sclerosis (MS) etiology. The aim of this study was
to investigate the potential association between shift work and MS risk, which has previously never been
investigated.
Methods: This report is based on 2 population-based, case–control studies, 1 with incident cases (1,343 cases, 2,900
controls) and 1 with prevalent cases (5,129 cases, 4,509 controls). Using logistic regression, the occurrence of MS
among subjects who have been exposed to shift work at various ages was compared with that of those who have
never been exposed by calculating the odds ratio (OR) with a 95% confidence interval (CI).
Results: In both studies, there was a significant association between working shift at a young age and occurrence of
MS (OR, 1.6; 95% CI, 1.2–2.1 in the incidence study and OR, 1.3; 95% CI, 1.0–1.6 in the prevalence study). In the
incident study, the OR of developing MS was 2.0 (95% CI, 1.2–3.6) among those who had worked shifts for 3 years
or longer before age 20 years, compared with those who had never worked shifts. The OR for the corresponding
comparison in the prevalent study was 2.1 (95% CI, 1.3–3.4).
Interpretation: The observed association between shift work at a young age and occurrence of MS in 2 independent
studies strengthens the notion of a true relationship. Consequences of shift work such as circadian disruption and
sleep restriction are associated with disturbed melatonin secretion and enhanced proinflammatory responses and
may thus be part of the mechanism behind the association.
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Multiple sclerosis (MS) is a T cell-mediated inflam-

matory disorder of the central nervous system,

which involves autoimmune responses to myelin anti-

gens. Susceptibility to MS is determined by both genetic

and environmental factors.1,2 Although migrants from

low-risk countries to high-risk countries retain their low

risk if they move as adults, the risk of MS among their

children approaches that of the host country.3 Such data

suggest that exposure to 1 or more environmental factors

that occur at an early age may predispose a person to de-

velop MS later on. Accumulating data suggest particular

environmental factors in the etiology of MS, such as

smoking,4 vitamin D deficiency,5 Epstein-Barr virus

infection,6 and factors in the work environment such as

exposure to solvents.7 Another environmental factor that

could be of potential interest is shift work. The relation-

ship between shift work and MS risk has not previously

been investigated, but shift work has been linked to

increased risk of developing immune thyroid disorders,8

cardiovascular disease,9 and cancer.10 Possible mecha-

nisms behind the negative health consequences include

circadian disruption and sleep loss. The former may be

associated with disturbed melatonin secretion and short-

ened sleep,11 and both circadian disruption and short-

ened sleep have been associated with effects on the

immune system.12,13 It is thus of interest to investigate

the relationship between exposure to shift work and MS

risk. In 2 large population-based, case–control studies

performed in Sweden, we aimed to investigate the poten-

tial association between shift work at different ages and

occurrence of MS.

Subjects and Methods

Design and Study Population
The present report is based on data from 2 separate population-

based, case–control studies on environmental and genetic risk

factors for MS. The first study is Epidemiological Investigation
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of Multiple Sclerosis (EIMS), with a study group comprising the

population aged 16 to 70 years in Sweden. Incident cases were

recruited via 37 study centers, including all university hospitals

in Sweden. Cases were diagnosed by a neurologist according to

the McDonald criteria. For each case, 2 controls were randomly

selected from the national population register, matched by age

(predetermined 5-year age groups), gender, and residential area.

Information regarding exposures and other circumstances among

cases and controls was collected using a standardized question-

naire that was filled out at home. Completed questionnaires were

obtained from 1,343 cases and 2,900 controls, which is equiva-

lent to 92% for the cases and 70% for the controls. The study

period was April 2005 to July 2010. The general structure of the

study has been previously reported.4

The second study is Genes and Environment in Multiple

Sclerosis (GEMS),14 in which prevalent cases fulfilling the

McDonald criteria were identified from the Swedish National

MS Registry. For each case, a control was randomly selected

from the national population register matched for age, gender,

and residential area at the time of the disease onset. With a

response rate of 82% for the cases and 66% for the controls, the

study comprised 5,129 cases with MS, distinct from those in

EIMS, and 4,509 matched controls recruited between November

2009 and November 2010. Ethical approval for both EIMS and

GEMS was obtained from the relevant ethics committees.

Definition of Shift Work
The questionnaire in both EIMS and GEMS contained ques-

tions regarding demographic and reproductive factors, heredity,

previous health, lifestyle factors, occupational exposures, and

socioeconomic circumstances. Detailed information was

obtained regarding professions and workplaces, including

whether subjects had worked shifts. In this report, shift work

refers to permanent or alternating working hours other than

ordinary day work, and includes night work, day work (before

7 AM), and evening work (after 9 PM).

For each case, the time of the initial appearance of MS

symptoms was used as an estimate of the disease onset, and the

year in which this occurred was defined as the index year. The

corresponding controls were given the same index year. Subjects

were categorized into those who had, and had not, worked

shifts before the index year. Those who had worked shifts were

further categorized into those who had been exposed at a young

age (<20 years) and those who had been exposed later in life

(20–24, 25–29, 30þ years). To analyze the influence of dura-

tion of shift work, we further categorized the subjects into sub-

groups based on the duration (in years) and intensity (number

of nights/month) of the shift work.

Statistical Analysis
By means of logistic regression, the incidence of MS in subjects

who had worked shifts before the index year was compared

with that of those who had never worked shifts, by calculating

odds ratios (ORs) with 95% confidence intervals (CIs). The

analysis was also performed separately for men and women.

Both matched and unmatched analyses of the data were per-

formed. However, only the results from the unmatched analyses

are presented in this report, because these were in close accord-

ance with those from the matched analyses but in general had

higher precision in terms of more narrow confidence intervals.

All analyses were adjusted for age, gender, residential

area, ancestry, smoking habits, ultraviolet radiation (UVR) ex-

posure habits, and body mass index (BMI). The analyses based

on EIMS were also adjusted for vitamin D status at inclusion

in the study. Because obesity may be a consequence of shift

work, we chose to present the analyses of shift work and MS

risk both adjusted and unadjusted for BMI.

Age was categorized into the following 8 strata: 16 to 19,

20 to 24, 25 to 29, 30 to 34, 35 to 39, 40 to 45, 45 to 49,

and 50 to 70 years. Assessment of ancestry was based on

whether the subject was born in Sweden, and whether either of

the subject’s parents had immigrated to Sweden. A subject who

was born in Sweden, whose parents had not immigrated, was

classified as Swedish. Smoking was dichotomized into ever or

never smokers in the main analysis, but pack years of smoking

were also considered in a secondary analysis. Based on 3 ques-

tions regarding exposure to UVR, where each answer alternative

was given a number ranging from 1 (the lowest exposure) to 4

(the highest exposure), we constructed an index by adding the

numbers together and thus acquired a value between 3 and 12.

UVR exposure was then dichotomized into high/low exposure

(index value > or <6). Vitamin D status was categorized into

sufficient levels (�50nmol/l), vitamin D deficiency (<50nmol/

l), or unknown. BMI was calculated by dividing self-reported

weight in kilograms by self-reported height in square meters.

Adjustments were also made for heredity (having a first-

degree or second-degree relative with MS or not), educational

level (no postsecondary education, postsecondary education

without university degree, university degree), socioeconomic sta-

tus (white collar, blue collar, other), exposure to solvents (yes/

no), physical activity during ages 18 years 22 years (yes/no), a

history of infectious mononucleosis (yes/no), EBNA1–immuno-

globulin G (high/low), and BMI at inclusion in the study (>

or <25kg/m2), but these factors had minor influence on the

results and were not retained in the final analyses.

All analyses were conducted using Statistical Analysis Sys-

tem (SAS Institute, Cary, NC) version 9.2.

Results

The analyses of shift work and risk for MS based on

EIMS included 1,343 cases and 2,900 controls. The

mean age at onset was 33.4 years, and the median for

the duration from the disease onset to the diagnosis was

1.0 years. Almost all cases were recruited within 1 year

after the diagnosis, and the questionnaires were com-

pleted after a median of 3.0 years following the onset of

the disease.

The corresponding analyses based on GEMS

included 5,129 cases and 4,509 controls. The mean age

at onset was 33.0 years, and the mean duration from the
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disease onset to inclusion in the study was 17.0 years.

Characteristics of cases and controls in EIMS and GEMS

are presented in Table 1.

In both studies, there was a significant association

between working shifts before age 20 years and increased

occurrence of MS. In EIMS, the OR for developing MS

was 1.6 (95% CI, 1.2–2.1) for those who started work-

ing shifts before age 20 years, compared with those who

had never worked shifts. The OR for the corresponding

comparison in GEMS was 1.3 (95% CI, 1.0–1.6). In

EIMS there was also an association between working

shift and increased MS risk among those who started

doing shift work at age 30 years or later, but this was

not replicated in GEMS. No association was found

between working shifts at the time of the index year and

MS risk (p ¼ 0.9 in both studies; Table 2).

The analyses were adjusted for a broad range of

potential confounding factors, out of which smoking was

the most influential. Adjustment for pack-years of smok-

ing rendered the same ORs as adjustment for ever/never

smoking. We also analyzed the impact of shift work before

age 20 years separately for ever smokers (OR, 1.5; 95%

CI, 1.1–2.2) and never smokers (OR, 1.7; 95% CI, 1.1–

2.6). Among those who started working shifts before age

20 years, there was a significant trend that showed a

higher risk of developing MS with longer duration of ex-

posure (p ¼ 0.0009 in EIMS and p ¼ 0.02 in GEMS)

(Table 3). When only the duration of shift work before

age 20 years was considered, the p value for trend showing

higher risk of developing MS with longer duration of ex-

posure was 0.0007 in EIMS and 0.008 in GEMS. In

EIMS, the OR of developing MS was 2.0 (95% CI, 1.2–

3.6) among those who had worked shifts for 3 years or

longer before age 20 years, compared with those who had

never worked shifts. The OR for the corresponding com-

parison in GEMS was 2.1 (95% CI, 1.3–3.4; Table 4).

There was also a significant trend that showed a higher

risk for MS with increasing intensity of shift work at a

young age. In EIMS, the trend was 0.003, and in GEMS

the corresponding value was 0.02 (data not shown).

Discussion

According to our observations, shift work before age 20

years increases the risk of developing MS. This finding

was replicated in GEMS based on prevalence data.

Among those who started working shifts before age 20

years, significant trends showed higher occurrence of MS

with longer duration of shift work (p ¼ 0.0009 in EIMS

and p ¼ 0.02 in GEMS), as well as with intensity of

shift work (p ¼ 0.003 in EIMS and p ¼ 0.02 in

GEMS). However, there was no association between shift

work at the time of the index year and MS risk. Some

aspects of adolescence thus seem to be critical regarding

the impact of shift work on MS risk.

In EIMS, a significant association was also observed

between those who had started working shift after the

age of 30 years and increased MS risk. However, this

increased risk was restricted to those who had started

working shift between 31 and 32 years of age, and no

association was found between shift work and MS risk

among subjects older than 32 years. The finding of an

association between shift work and MS risk in this group

was not replicated in GEMS. Thus, our data provide rel-

atively little support for an effect of exposure to shift

work later in life, but it cannot be totally excluded.

In addition to duration of shift work, we also con-

sidered intensity of shift work, but our study did not

have enough power to simultaneously estimate these 2

aspects of the exposure. When duration and intensity of

shift work were included in the same model, the OR for

duration increased but became nonsignificant, whereas

the OR for intensity of shift work approached 1.0.

EIMS was designed as a population-based, case–con-

trol study using incident cases. Information regarding life-

style factors and personal information was gathered retro-

spectively. However, we predominantly included cases of

MS who had received the diagnosis within the past year

to minimize recall bias. The questionnaire contained a

wide range of questions regarding many potential environ-

mental risk factors, and no section in the questionnaire

was given preeminent focus. Moreover, because shift work

is not a known risk factor for MS, the quality of the

reported information on shift work would probably not

differ between cases and controls and hence tend to bias

the studied association toward the null value.

The proportion of respondents with regard to par-

ticipation in EIMS was 92% for cases and 70% for con-

trols. A potential selection bias may result from the rela-

tively high proportion of nonresponders among the

controls. However, this bias is likely to be modest,

because the prevalence of shift work among the controls

at age 20 years was similar to what has been observed in

2 other representative samples from Sweden.15 Moreover,

the prevalence of smoking among the controls, seen as

an indicator of lifestyle, was in line with that of the gen-

eral population at equivalent ages.16

In the present study, shift work was defined as

work between 9 PM and 7 AM. Consequently, subjects

with only evening or morning work were included.

Because most studies of shift work and health show that

predominantly night work is associated with negative

health consequences, the present results may be
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TABLE 1: Characteristics of Cases and Controls in EIMS and GEMS

All Subjects
Start of Shift Work
Before Age 20 Years

Start of Shift Work
After Age 20 Years

Cases Controls Cases Controls Cases Controls

EIMS

Number exposed to shift work 434 803 110 164 318 630

Number unexposed 909 2,097 909 2,097 909 2,097

Women, % 73 72 72 72 73 73

Men, % 27 28 28 28 27 27

Ever smoking, %

Total 56 47 53 45 54 46

Daytime workers 53 46 52 45 52 45

Shift workers 65 48 61 54 62 49

Sun exposure habits,
mean index value

Total 6.4 6.8 6.4 6.8 6.4 6.8

Daytime workers 6.4 6.8 6.4 6.8 6.4 6.8

Shift workers 6.4 7.0 6.3 7.2 6.5 6.9

Mean vitamin D level, nmol/l

Total 61.7 64.5 61.9 64.6 62.0 64.3

Daytime workers 62.3 64.4 62.3 64.4 62.3 64.4

Shift workers 60.4 64.7 58.9 67.4 61.2 64.1

Body mass index, kg/m2

Total 22.4 21.7 21.7 22.4 22.3 21.7

Daytime workers 22.1 21.7 22.1 21.7 22.1 21.7

Shift workers 23.0 22.0 24.3 22.0 22.6 22.0

Postsecondary education,
% university degree/other

Total 31/42 31/37 30/40 29/37 32/42 31/37

Daytime workers 30/40 29/37 30/40 29/37 30/42 29/37

Shift workers 34/45 35/38 27/42 27/37 36/48 38/38

Socioeconomic group,
% blue collar/white collar/other

Total 25/39/36 27/38/34 23/39/38 26/37/37 24/40/36 27/38/34

Daytime workers 40/23/37 37/25/38 23/40/37 37/25/38 23/40/37 25/37/38

Shift workers 29/39/32 33/41/26 28/33/39 31/37/32 29/41/30 34/42/24

GEMS

Number of exposed 936 793 215 165 721 628

Number of unexposed 4,193 3,716 4,193 3,716 4,193 3,716

Women, % 73 70 74 71 74 71

Men, % 27 30 26 29 26 29
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underestimations of the relative risk associated with a

more strict definition of shift work. Nine percent of

those who reported shift work before age 20 years had

worked in retail trade, which almost always implies early

mornings but not permanent night work or rotating shift

work. If this group was excluded from the analysis, the

OR of developing MS associated with shift work was 1.7

(95% CI, 1.3–2.1).

We included GEMS in our study to investigate

whether we could replicate our initial finding of an asso-

ciation between shift work and the risk of developing

MS observed in EIMS. GEMS is based on prevalent

cases of M,S with a mean duration from onset of disease

to inclusion in the study of 17.0 years. Controls were

randomly selected from the national population register

and were frequency matched for age, gender, and resi-

dential area at the time of the disease onset for the cases.

The potential for memory error is probably relatively

high considering the high mean age in GEMS (51 years)

when answering the question on shift work at the age of

20 years. This memory error is probably of similar mag-

nitude among cases and controls, however, biasing ORs

of MS toward the null value (ie, 1), which is in accord-

ance with what is observed. It should be pointed out that

EIMS and GEMS do not share cases. We thus consider

that the result from GEMS increases the likelihood of

our main observation in EIMS being true, that is, that

there is a relationship between shift work at the age of

20 years and an increased risk of developing MS.

We cannot explain why the effect of shift work on

MS risk is restricted mainly to those who started working

shift before the age of 20 years. However, early exposure

to several lifestyle/environmental factors, such as Epstein-

Barr virus infection and obesity, seems to increase the

risk for MS later on.6,17 Migration studies have suggested

vulnerability at a young age,3 and hypothetically, the

stage of the ontogeny of the immune system may in an

as yet unknown way allow these risk factors to induce

autoimmunity leading to MS.

Circadian disruption and sleep deprivation may be

contributory factors explaining the association between

early exposure to shift work and increased MS risk.

TABLE 1: Continued

All Subjects
Start of Shift Work
Before Age 20 Years

Start of Shift Work
After Age 20 Years

Cases Controls Cases Controls Cases Controls

Smoking, %

Total 49 38 47 37 48 38

Daytime workers 46 37 46 37 46 37

Shift workers 58 46 61 48 58 45

Sun exposure habits,
mean index value

Total 6.3 6.4 6.3 6.4 6.3 6.4

Daytime workers 6.3 6.4 6.3 6.4 6.3 6.4

Shift workers 6.3 6.5 6.4 6.6 6.3 6.5

Body mass index, kg/m2

Total 21.8 21.9 21.8 21.8 21.8 21.8

Daytime workers 21.7 21.8 21.7 21.8 21.7 21.8

Shift workers 22.3 22.1 22.5 22.6 22.2 22.0

Postsecondary education,
% university degree/other

Total 34/17 35/18 33/22 34/18 34/17 35/18

Daytime worker 33/17 34/18 33/22 34/18 33/17 34/18

Shift worker 39/17 40/19 34/15 40/18 40/18 40/19

Data regarding socioeconomic group and vitamin D level were not available in GEMS.
EIMS ¼ Epidemiological Investigation of Multiple Sclerosis; GEMS ¼ Genes and Environment in Multiple Sclerosis.
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Circadian rhythms serve to align physiological func-

tions with the environment, and are coordinated by an

internal biological clock, the suprachiasmatic nuclei

(SCN), situated above the optic chiasma.18 The circadian

clock influences hormones, behavior, cognitive function,

metabolism, cell proliferation, apoptosis, and responses

to genotoxic stress.19 The most important time cue for

maintaining a 24-hour period is the light–dark cycle.20

The SCN sends output to the pineal gland, which regu-

lates melatonin release. Circadian disruption occurs when

endogenous rhythms are out of phase with the external

environment. Shift work induces circadian disruption,

and because 20% of the cells in the body have their own

clocks and respond individually to changes in the timing

of light, different organs will become desynchronized.18

There is growing evidence of a bidirectional com-

munication between circadian rhythms and the immune

system. Both membrane and nuclear melatonin receptors

have been identified on leukocytes.21 The secretion of

proinflammatory cytokines has a circadian pattern, with

peak levels during the night and early morning at a time

when plasma cortisol is lowest and melatonin is highest.

However, disturbed melatonin secretion due to circadian

disruption may lead to dysregulation of the immune sys-

tem. In animal studies, circadian disruption has been

associated with dysregulation of the immune system even

when sleep loss and stress have been taken into account,

and such immune changes might be a common mecha-

nism for the negative health effects of shift work.12 Fur-

thermore, disturbed circadian rhythms have been shown

to strongly affect experimental arthritis.22

Shift work may also result in sleep disruption and

sleep deprivation.11 Studies have consistently demon-

strated that poor sleep or sleep deprivation affects the

TABLE 2: ORs with 95% Confidence Intervals of Developing Multiple Sclerosis for Subjects Who Have Been
Exposed to Shift Work Compared with Those Who Have Never Been Exposed

Shift Work, EIMS Cases/Controlsa ORb ORc ORd pe

Never 909/2,097 1.0 (—) 1.0 (—) 1.0 (—)

Ever 434/803 1.3 (1.1–1.5) 1.2 (1.0–1.4) 1.2 (1.0–1.4) 0.02

Start age <20 years 110/164 1.5 (1.2–2.0) 1.7 (1.3–2.2) 1.6 (1.2–2.1) 0.0003

Start age 20 to <25 years 157/334 1.1 (0.9–1.4) 1.0 (0.8–1.3) 1.0 (0.8–1.3) 0.9

Start age 25 to <30 years 87/168 1.3 (1.0–1.6) 1.1 (0.9–1.5) 1.1 (0.9–1.5) 0.4

Start age �30 years 74/128 1.4 (1.1–1.9) 1.4 (1.1–1.9) 1.4 (1.1–1.9) 0.02

At index 101/219 1.1 (0.8–1.4) 1.0 (0.8–1.3) 1.0 (0.8–1.3) 0.9

Shift Work, GEMS Cases/Controlsa ORb ORf ORg pe

Never 4,193/3,716 1.0 (—) 1.0 (—) 1.0 (—)

Ever 936/793 1.1 (1.0–1.2) 1.1 (1.0–1.2) 1.1 (1.0–1.2) 0.1

Start age <20 years 215/165 1.2 (1.0–1.6) 1.2 (1.0–1.5) 1.3 (1.0–1.6) 0.046

Start age 20 to <25 years 384/327 1.0 (0.8–1.1) 1.0 (0.8–1.1) 1.0 (0.8–1.1) 0.8

Start age 25 to <30 years 202/180 0.9 (0.8–1.2) 1.0 (0.8–1.2) 0.9 (0.7–1.1) 0.5

Start age �30 years 135/121 0.9 (0.7–1.2) 0.9 (0.7–1.2) 0.9 (0.7–1.2) 0.6

At index 414/387 1.0 (0.8–1.1) 1.0 (0.9–1.2) 1.0 (0.9–1.2) 0.9

Six cases and 9 controls in EIMS could not specify when they had started working shift.
aNumber of exposed cases and controls.
bAdjusted for design variables (age, gender, residential area) and ancestry.
cAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and vitamin D level.
dAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, vitamin D level, and body
mass index.
eProbability value associated with shift work in the fully adjusted model.
fAdjusted for design variables (age, gender, residential area), ancestry, smoking, and sun exposure habits.
gAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and body mass index.
EIMS ¼ Epidemiological Investigation of Multiple Sclerosis; GEMS ¼ Genes and Environment in Multiple Sclerosis; OR ¼ odds ratio.
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TABLE 3: ORs with 95% Confidence Intervals of Developing Multiple Sclerosis for Subjects Who Have Been
Exposed to Shift Work Compared with Those Who Have Never Been Exposed, by the Duration of Shift Work
in Years

EIMS Cases/Controlsa ORb ORc ORd

Total

0 909/2,097 1.0 (—) 1.0 1.0 (—)

<3 302/591 1.2 (1.0–1.4) 1.1 (0.9–1.3) 1.1 (0.9–1.3)

�3 132/211 1.5 (1.2–1.9) 1.4 (1.1–1.8) 1.4 (1.1–1.8)

p for trend 0.0006 0.006 0.01

Start age <20 years

0 909/2,097 1.0 (—) 1.0 (—) 1.0 (—)

<3 72/111 1.5 (1.1–2.0) 1.6 (1.2–2.3) 1.6 (1.1–2.2)

�3 38/52 1.7 (1.1–2.6) 1.8 (1.1–2.8) 1.7 (1.1–2.8)

p for trend 0.0009 0.0006 0.0009

Start age �20

0 909/2,097 1.0 (—)

<3 224/471 1.1 (0.9–1.3) 1.0 (0.8–1.2) 1.0 (0.8–1.2)

�3 94/159 1.3 (1.1–1.8) 1.3 (1.0–1.7) 1.3 (1.0–1.7)

p for trend 0.01 0.2 0.2

GEMS Cases/Controlsa ORb ORe ORf

Total

0 4,194/3,716 1.0 (—) 1.0 1.0 (—)

<3 406/346 1.0 (0.9–1.2) 1.0 (0.9–1.2) 1.0 (0.9–1.2)

�3 530/447 1.1 (1.0–1.3) 1.1 (1.0–1.3) 1.1 (1.0–1.3)

p for trend 0.2 0.1 0.09

Start age <20 years

0 4,194/3,716 1.0 (—) 1.0 (—) 1.0 (—)

<3 72/65 1.0 (0.7–1.5) 1.0 (0.7–1.4) 1.0 (0.7–1.4)

�3 143/100 1.4 (1.1–1.8) 1.4 (1.1–1.9) 1.4 (1.1–1.9)

p for trend 0.02 0.03 0.02

Start age �20 years

0 4,194/3,716 1.0 (—) 1.0 (—) 1.0 (—)

<3 334/281 1.0 (0.9–1.2) 1.0 (0.9–1.2) 1.0 (0.9–1.2)

�3 387/347 1.0 (0.9–1.2) 1.0 (0.9–1.3) 1.0 (0.9–1.3)

p for trend 0.6 0.4 0.4
aNumber of exposed cases and controls.
bAdjusted for design variables (age, gender, residential area) and ancestry.
cAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and vitamin D level.
dAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, vitamin D level, and body
mass index.
eAdjusted for design variables (age, gender, residential area), ancestry, smoking, and sun exposure habits.
fAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and body mass index.
EIMS ¼ Epidemiological Investigation of Multiple Sclerosis; GEMS ¼ Genes and Environment in Multiple Sclerosis; OR ¼ odds ratio.
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number of circulating lymphocytes, natural killer cells,

and antibody titers. The number and function of lym-

phocytes follow a circadian rhythm, and sleep depriva-

tion has been shown to severely disturb the functional

rhythm of regulatory T cells and CD4þ T cells.23 In a

recently published article, the authors hypothesize that

clock desynchrony in leukocyte subpopulations due to

chronic sleep disturbances will promote immune-related

diseases such as autoimmunity, allergy, and tumours.24

Sleep deprivation is also associated with elevation of

proinflammatory cytokines such as interleukin (IL)-6 and

tumor necrosis factor a, which have been proposed as

mediators of the negative consequences of shift work.25

IL-6 induces the development of Th17 cells from naive

T cells together with transforming growth factor b
(TGF-b), and inhibits TGF-b–induced differentiation of

regulatory T cells.26 A recent study demonstrated that

increased production of proinflammatory cytokines due

to sleep restriction remained elevated after 2 nights of re-

covery sleep.27 Long-term sleep restriction may thus lead

to persistent changes in the immune system and the

increased production of IL-17. Th17 cells have been

shown to play a crucial role in the induction of autoim-

mune diseases such as rheumatoid arthritis and experi-

mental autoimmune encephalomyelitis.28 Furthermore,

significantly increased levels of IL-17 have been demon-

strated in MS patients compared to healthy subjects.29

Insufficient exposure to sunlight/vitamin D defi-

ciency, as a consequence of shift work, could hypotheti-

cally contribute to explaining the association between

early exposure to shift work and increased MS risk.

However, the controls in EIMS who started working shift

before age 20 years reported a slightly higher exposure to

sunlight than day workers (7.2 vs 6.8; see Table 1). This

was also the case among the controls in GEMS (6.6 vs

6.4). Thus, our data do not support this hypothesis, but

because our data on sunlight are based on retrospective

information, it cannot be completely ruled out.

In conclusion, an association was observed

between shift work before age 20 years and increased

MS risk. This finding was replicated in GEMS, a study

based on prevalent cases, with no overlap with EIMS.

In both studies, significant trends showed higher risk of

developing MS with longer duration of shift work.

However, the exact mechanisms for these observations

remain to be elucidated. Circadian disruption and sleep

restriction, as consequences of shift work, are associated

with disturbed melatonin secretion and enhanced proin-

flammatory responses, and may play a role in the onset

of MS.

TABLE 4: ORs with 95% Confidence Intervals of Developing Multiple Sclerosis for Subjects Who Have Been
Exposed to Shift Work Compared with Those Who Have Never Been Exposed, by the Duration in Years of
Shift Work Before Age 20 Years

EIMS Duration Cases/Controlsa ORb ORc ORd

0 909/2,097 1.0 (—) 1.0 (—) 1.0 (—)

<3 83/130 1.5 (1.1–1.9) 1.6 (1.1–2.2) 1.5 (1.1–2.1)

�3 27/34 1.9 (1.1–3.1) 2.0 (1.2–3.5) 2.0 (1.2–3.6)

p for trend 0.0007 0.0003 0.0007

GEMS Duration Cases/Controlsa ORb ORe ORf

0 4,193/3,716 1.0 (—) 1.0 (—) 1.0 (—)

<3 152/135 1.1 (0.8–1.4) 1.1 (0.8–1.4) 1.1 (0.9–1.4)

�3 63/30 2.2 (1.3–3.5) 2.1 (1.3–3.4) 2.1 (1.3–3.4)

p for trend 0.006 0.01 0.008
aNumber of exposed cases and controls.
bAdjusted for design variables (age, gender, residential area) and ancestry.
cAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and vitamin D level.
dAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, vitamin D level, and body
mass index.
eAdjusted for design variables (age, gender, residential area), ancestry, smoking, and sun exposure habits.
fAdjusted for design variables (age, gender, residential area), ancestry, smoking, sun exposure habits, and body mass index.
EIMS ¼ Epidemiological Investigation of Multiple Sclerosis; GEMS ¼ Genes and Environment in Multiple Sclerosis; OR ¼ odds ratio.
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