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Abstract

Background: Shift work is associated with increased cardiometabolic disease risk. This

observation may be partly explained by cardiometabolic risk factors having a role in the

selection of individuals into or out of shift work. We performed Mendelian randomization

(MR) analyses in the UK Biobank (UKB) to test this hypothesis.

Methods: We used genetic risk scores (GRS) to proxy nine cardiometabolic risk factors

and diseases (including educational attainment, body mass index (BMI), smoking, and al-

cohol consumption), and tested associations of each GRS with self-reported frequency of

current shift work among employed UKB participants of European ancestry (n¼190 573).

We used summary-level MR sensitivity analyses to assess robustness of the identified

effects, and we tested whether effects were mediated through sleep timing preference.

Results: Genetically instrumented liability to lower educational attainment (odds ratio

(OR) per 3.6 fewer years in educational attainment¼2.40, 95% confidence interval (CI) ¼
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2.22–2.59, P¼ 4.84� 10–20) and higher body mass index (OR per 4.7 kg/m2 higher

BMI¼ 1.30, 95% CI¼ 1.14–1.47, P¼ 5.85� 10–5) increased odds of reporting participation

in frequent shift work. Results were unchanged in sensitivity analyses allowing for differ-

ent assumptions regarding horizontal pleiotropy. No selection effects were evident for

the remaining exposures, nor for any exposures on selection out of shift work. Sleep tim-

ing preference did not mediate the effects of BMI and educational attainment on selec-

tion into shift work.

Conclusions: Liability to lower educational attainment and higher BMI may influence se-

lection into shift work. This phenomenon may bias epidemiological studies of shift work

that are performed in the UKB.

Key words: Body mass index, cardiometabolic disease, confounding, educational attainment, Mendelian randomi-

zation, obesity, shift work, UK Biobank

Introduction

Shift work is an increasingly common health exposure and

is a risk factor for cardiometabolic diseases1, including type

2 diabetes (T2D)2 and coronary artery disease (CAD)3. The

baseline characteristics of shift workers in observational

studies often differ systematically from non-shift workers,

including: higher rates of cigarette smoking2,4,5, lower rates

of alcohol consumption2,4, lower educational attainment6,

and higher body mass index (BMI)6–8. Such baseline differ-

ences may reflect either a selection effect9,10 of these factors

on shift work, a causal effect of shift work on these factors,

or confounding by shared influences. To date, few studies

have examined evidence for a selection effect in shift

workers11,12.

Clarifying which factors influence participation in shift

work is of public health interest. First, a selection effect of

cardiometabolic risk factors on shift work may confound

epidemiological associations between shift work and ad-

verse health outcomes. Understanding these biases is criti-

cal, as epidemiological associations of shift work with

disease have potential to inform public policy13.

Estimating the magnitude of this selection effect could fa-

cilitate development of methodology to better account for

confounding. Observational data have several limitations

for identifying selection factors, including timing of expo-

sure measurement, unmeasured confounding and causal

effects of shift work on cardiometabolic risk factors and

disease. Mendelian randomization (MR) is an analytical

method that can overcome these limitations by using ge-

netic variants as proxies for epidemiological exposures to

estimate causal effects14. This approach is well suited for

identifying selection effects on shift work because genetic

variants are precisely measured and are less prone to bias

through confounding or reverse causality15,16. Previous

Key Messages

• Although it has been hypothesized that cardiometabolic risk factors and diseases influence selection into shift work,

little evidence for such an effect is currently available.

• Using Mendelian randomization, we assessed whether cardiometabolic risk factors and diseases influenced selection

into or out of shift work in UK Biobank participants.

• Our findings were consistent with a causal effect of both higher body mass index (BMI) and liability to lower

educational attainment on selection into shift work, with a stronger magnitude of effect for shift work that is more

frequent and that includes more night shifts.

• Using multivariable Mendelian randomization, we found independent effects of higher BMI and liability to lower

educational attainment on selection into shift work. The effect of sleep timing preference on shift work selection was

consistent with the null and therefore did not mediate these effects.

• Selection effects through educational attainment and BMI may bias the epidemiological relationships of shift work

with cardiometabolic disease, particularly for analyses performed using UK Biobank data. Social mechanisms

underlying these effects may warrant further investigation.
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MR analyses supported a causal effect of BMI on lower in-

come and socioeconomic status17,18, but MR has not been

applied to characterize the determinants of selection into

shift work. We used MR to assess for causal effects of car-

diometabolic risk factors and diseases on selection into

shift work in the UK Biobank (UKB)19.

Methods

The UK Biobank study was approved by the National

Health Service National Research Ethics Service (ref. 11/

NW/0382). All participants provided written informed

consent, and data used in this study were de-identified.

Population

The UKB is a population-based cohort study that enrolled

over 500 000 volunteers aged 40–69 over 2006–10, partic-

ipation rate: 5.5%19. Data collection included question-

naire and nurse interview information, anthropometric

and physiological measurements and genomic data as pre-

viously described19,20.

Exposures

The exposures were single genetic variants or weighted ge-

netic risk scores (GRS) derived from genome-wide associa-

tion studies (GWAS) for cardiometabolic risk factors and

diseases: alcohol consumption, smoking heaviness, body

mass index (BMI), waist-to-hip ratio adjusted for BMI,

type 2 diabetes (T2D), coronary artery disease (CAD),

low-density lipoprotein (LDL) cholesterol and educational

attainment (Table 1)21–30. We prioritized risk factors with

publicly available GWAS summary statistics from datasets

that were not overlapping with UKB, and with putative

causal effects on cardiometabolic outcomes, as supported

by previous MR studies21,26,31–34. Although T2D and

CAD are typically analysed as outcomes, they were treated

as exposures in this analysis to determine whether liability

to these diseases may influence shift work participation

through a ‘healthy worker effect’ (e.g. angina reducing tol-

erability of night shift work). Supplementary Figure S1,

available as Supplementary data at IJE online, shows a

causal diagram by which these exposures may influence se-

lection into shift work.

Alcohol consumption was proxied through a single nu-

cleotide polymorphism (SNP) in the alcohol dehydrogenase

1B (ADH1B) gene robustly associated with lower alcohol

consumption21. Consistent with previous analyses21, we

coded this missense variant (rs1229984) under a dominant

model of inheritance (cases combining homozygotes and

heterozygotes), with the effect allele oriented to reduced

alcohol consumption. A missense variant (rs16969968) in

the cholinergic receptor nicotinic alpha 5 subunit

(CHRNA5) gene associated at genome-wide significance

with one additional cigarette smoked per day22, was used

as the genetic instrument for smoking heaviness. We first

performed this analysis limiting the sample to current

smokers. For all other exposures, we used SNP associations

from GWAS meta-analyses that did not include UKB data,

to generate multi-SNP GRS23,24,27,29. Genetic proxies for

each of the exposures were further clumped to a between-

SNP r2 <0.10.

We used risk profiling in PLINK35 v1.9 to construct

beta-weighted GRS using individual-level data in the UKB

for participants of White British ancestry. External GRS

weights were obtained from the respective GWAS. We

regressed each GRS on the respective exposure to deter-

mine the strength of each genetic instrument, considering

an F statistic >10 to indicate minimal weak instrument

bias36.

Outcomes

We derived the primary study outcomes using baseline

shift work characteristics from employed UKB partici-

pants. Participants were asked to indicate shift work par-

ticipation by answering the following question: ‘Does your

work involve shift work?’ defined as ‘a work schedule that

falls outside the normal daytime working hours of 9am-

5pm. This may involve working afternoons, evenings or

nights or rotating through these kinds of shifts’. Response

options included: ‘never/rarely,’ ‘sometimes,’ ‘usually,’ ‘al-

ways,’ ‘prefer not to answer’ and ‘do not know’. ‘Never/

rarely’ served as the reference group, ‘sometimes’ was an

intermediate group and ‘usually’ and ‘always’ were col-

lapsed into ‘frequent shift work’, totalling three groups in

this analysis. ‘Prefer not to answer’ and ‘do not know’

were coded as missing. Participants indicating that they

currently worked shifts were further queried, ‘Does your

work involve night shifts?’ defined as ‘a work schedule

that involves working through the normal sleeping hours,

for instance working through the hours from 12am to

6am’. Response options were identical to those for the pri-

mary shift work question and were coded similarly. In the

night shift work analyses, we compared employed individ-

uals not participating in shift work (reference group) with

individuals working ‘shift work, but no night shift work’,

‘some night shift work’, and ‘frequent night shift work’,

resulting in four groups in this analysis.

UKB participants with e-mail addresses ( n �330 000)

were invited to complete an online follow-up questionnaire

on lifetime employment information. This questionnaire

queried information on each job worked over the
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participant’s lifetime (n¼ 118 699). For each job, partici-

pants were asked ‘Did you ever work shifts (day and/or

night shifts) for this job?’ To determine whether associa-

tions generalized beyond current shift work participation,

we derived a secondary outcome of lifetime history of shift

work, regardless of current employment status. To identify

exposures influencing selection out of shift work, we also

used these data to derive an outcome of history of quitting

shift work. Cases were defined as participants who

reported previously working a shift work job and subse-

quently working a non-shiftwork job (Figure 1).

Individual-level analyses

We first tested the association of each GRS37 with the shift

work outcomes, using multinomial or binomial logistic regres-

sion adjusted for age, sex and the top ten principal compo-

nents (PCs) of ancestry. We transformed the effects of binary

exposures (GRS for CAD and T2DM) to reflect a doubling in

the odds of the exposure on the odds of the outcome38.

We assessed the robustness of results through a series of

sensitivity analyses. Using a previously described GxE inter-

action test, we first tested the effect of the CHRNA5 smok-

ing heaviness proxy on participation in frequent shift work

in ever smokers, and then tested for heterogeneity in this

estimate relative to never smokers39. Such an approach

may be more powerful (n¼ 80 847) than testing for an ef-

fect in the smaller sample of current smokers (n¼ 19 675),

and permits detection of horizontal pleiotropy through the

interaction test. As defined above, we examined the out-

comes of lifetime history of shift work participation and

history of leaving shift work. To assess potential bias by

population stratification40, we controlled for: (i) 40 PCs of

ancestry; and (ii) the 22 UKB assessment centres. We addi-

tionally adjusted for the Townsend Deprivation Index to

assess whether the effects of the exposures on selection into

shift work were independent of socioeconomic status.

Previous work suggested sex differences in the effects of

BMI on socioeconomic outcomes17, so we tested for GRS

interactions with sex using a model with an interaction

term. We used UKB job codes to stratify jobs as ‘skilled’

and ‘unskilled’, using the classification laid out in Howe et

al.18, and tested for interactions of job skill with the GRS

using a model with an interaction term. Finally, we ex-

panded the alcohol consumption and smoking heaviness

instruments to include SNPs identified in a recent large-

scale meta-analysis41. We used GRS weights from summary

statistics excluding UKB41. Although these instruments ex-

plain more variance in the respective exposures relative to

the ADH1B and CHRNA5 instruments, analyses using

Table 1 Genetic data sources used to construct genetic risk scores

Exposure Author/consortium name

(Pubmed ID)

n SNPs Phenotype units in GWAS

Alcohol consumption—primary analysis Holmes

(25011450)

1 17% less weekly intake of

alcohol

Alcohol consumption—secondary analysis GSCAN

(30643251)

89 Log-transformed drinks per

week

Smoking heaviness—primary analysis TAG consortium

(20418890)

1 1 cigarette per effect allele

Smoking heaviness—secondary analysis GSCAN

(30643251)

45 Binned cigarettes/day

Body mass index (BMI) GIANT

(25673413)

91 1 SD unit increase in BMI

Waist-hip-ratio adjusted for BMI (WHRadjBMI) GIANT

(25673412)

47 1 SD unit increase in

WHRadjBMI

Type 2 diabetes (T2D) DIAGRAM

(28566273)

103 Log-odds of T2D

Coronary artery disease (CAD) CARDIoGRAMplusC4D

(26343387)

57 Log-odds of CAD

Low-density lipoprotein cholesterol (LDL-c) GLGC

(24097068)

190 1 SD increase in LDL-c

Educational attainment SSGAC

(27225129)

68 1 SD increase in years of school-

ing completed

Sleep timing preference Jones, 23andme estimates

(30696823)

331 Log-odds of morning sleep tim-

ing preference

GWAS, genome-wide association study; SD, standard deviation; SNP, single nucleotide polymorphism.
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these expanded instruments may be at greater risk for bias

by pleiotropy due to the inclusion of variants with unchar-

acterized biological function42. As such, these instruments

were only used in sensitivity analyses.

Summary-level MR analyses and sensitivity

analyses

Results from Mendelian randomization analyses may be bi-

ased by horizontal pleiotropy, whereby the variants influence

the outcome through pathways that are independent of the

exposure. We therefore performed summary-level MR analy-

ses to assess sensitivity of results to this bias. We first calcu-

lated Cochran’s Q as a global test for heterogeneity, which

may indicate the presence of pleiotropy. We then estimated

MR effects using inverse-variance weighted (IVW) random-

effects regression, which is unbiased in the setting of balanced

pleiotropy43. We used the following sensitivity analyses that

are robust to various forms of unbalanced horizontal pleiot-

ropy: MR Egger44, weighted median45 and MR-PRESSO46

(Supplementary Methods, available as Supplementary data at

IJE online). We used the estimate of the MR Egger model in-

tercept to further assess for balanced horizontal pleiotropy,

although this method is typically underpowered47. For effects

identified in univariable MR, we undertook summary-level

multivariable MR (MVMR)48 simultaneously controlling for

each exposure49. We confirmed instrument strength using the

Qstrength adapted for MVMR48. The Qstrength divided by the

number of variants is analogous to the F statistic, with values

>10 indicating minimal weak instrument bias. Previous MR

analyses identified a nominal effect of greater BMI on earlier

sleep timing preference, so we tested for a causal effect of ear-

lier sleep timing preference on selection into shift work using

GWAS estimates that did not overlap with UKB50. We hy-

pothesized that earlier sleep timing preference would be nega-

tively associated with current shift work, reflecting a negative

selection effect. We planned to perform mediation analyses

only if the first-stage association of sleep timing preference

with shift work demonstrated evidence of effect.

Interpretation of results

We used a two-sided alpha threshold of 3.13x10-3 to ac-

count for eight exposures and two outcomes in our pri-

mary analysis. This adjustment was not made to

dichotomize results on the basis of statistical significance,

but rather to serve as a means of grading the strength of

evidence51.

Software

These analyses were performed using R version 3.5.0, in-

cluding the TwoSampleMR49 and MVMR48 packages.

Results

Individual level analyses

The median age of employed participants in the UKB was

53 years [interquartile range (IQR) 47–59] and 49% were

Figure 1 Study design
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male. Shift workers were more likely to be male and report

lower indicators of socioeconomic and health status

(Table 2). Each GRS was strongly associated with the re-

spective exposure (Supplementary Table S1, available as

Supplementary data at IJE online).

A genetically proxied liability to lower educational at-

tainment [a 1-standard deviation (SD) increase, or

�3.6 years] increased odds of working some shift work

[odds ratio (OR) ¼ 1.32, 95% confidence interval (CI) ¼
1.10–1.59, P¼ 2.64� 10–3], frequent shift work (OR ¼
2.22, 95% CI¼ 1.89–2.63, P< 2� 10–16) and frequent

night shift work (OR ¼ 2.94, 95% CI¼ 2.27–3.85,

P< 2� 10–16; Figures 2–3). Genetically proxied higher

BMI increased odds of working some shift work (OR ¼
1.21, 95% CI ¼ 1.08–1.35, P¼ 9.20� 10–4), frequent shift

work (OR ¼ 1.25, 95% CI ¼ 1.14–1.38, P¼7.40� 10–6)

and frequent night shift work (OR ¼ 1.44, 95% CI ¼
1.23–1.68, P¼ 4.00�10–6; Figures 2–3).

Genetically proxied liability to lower educational at-

tainment (OR ¼ 1.40, 95% CI ¼ 1.20–1.64,

P¼ 2.68� 10–5) and higher BMI (OR ¼ 1.17, 95% CI ¼
1.06–1.28, P¼ 1.68� 10–3) increased the odds of work-

ing at least one shift work job across the life course

(Supplementary Table S2, available as Supplementary

data at IJE online). No other exposures associated with

shift work participation, and no exposures associated

with history of leaving shift work (Figures 2–3;

Supplementary Table S3, available as Supplementary

data at IJE online).

Secondary and sensitivity analyses in individual

level analyses

When performing analyses in ever smokers, the effect of

genetically proxied smoking heaviness on participation in

some shift work (OR ¼ 0.98, 95% CI ¼ 0.95–1.02,

P¼ 0.36) and frequent shift work (OR ¼ 1.02, 95% CI

0.99–1.06, P¼ 0.17) remained consistent with the null,

and did not interact with smoking status (Psome ¼ 0.20,

Pfrequent ¼ 0.55). The estimates for the effect of BMI and

educational attainment on shift work did not vary by sex

or job skill classification (Pinteraction >0.05). Additional

control for population stratification through statistical ad-

justment for 40 principal components, UKB assessment

centere and the Townsend Deprivation Index did not influ-

ence the estimates (Supplementary Table S4, available as

Supplementary data at IJE online). Results were similar

when using an expanded GRS for alcohol consumption

(OR ¼ 1.07, 95% CI¼ 0.88–1.32, P¼0.50) and smoking

heaviness (OR ¼ 1.03, 95% CI¼ 1.00–1.05, P¼ 0.02) on

the outcome of frequent shift work. There was no effect of

genetically proxied early sleep timing preference on fre-

quent shift work (OR - 0.99, 95% CI ¼ 0.96–1.04,

Table 2 Sample characteristics by current shift work status (n¼190 569). Summary statistics are shown as mean (standard devi-

ation) or count (percentage)

Exposure or covariate Employed, not shift worker

(n¼159 900)

Some shift work

(n¼13 411)

Frequent shift

work (n¼17 258)

Age (years) 53.13 (7.08) 52.34 (7.00) 51.94 (6.87)

Male sex (%) 75794 (47.4) 7477 (55.8) 9692 (56.2)

Household income < 18,000 (%) 12898 (8.9) 1496 (12.4) 2295 (14.7)

Household income > 100,000 (%) 12056 (8.3) 641 (5.3) 268 (1.7)

University education (%) 63824 (39.9) 3749 (28.0) 2433 (14.1)

Educational attainment (years) 16.01 (4.70) 15.40 (4.82) 14.55 (4.78)

Townsend deprivation index �1.72 (2.79) �1.10 (3.06) �0.83 (3.12)

Lives with spouse or partner (%) 121599 (83.3) 9486 (79.6) 11844 (77.9)

Current smoker (%) 15002 (9.4) 1928 (14.4) 2745 (16.0)

Drinks per week (standardized alcohol units) 15.78 (16.02) 16.49 (17.32) 14.61 (16.61)

Body mass index (kg/m2) 27.08 (4.62) 27.94 (4.89) 28.14 (4.91)

Waist-hip-ratio 0.86 (0.09) 0.88 (0.09) 0.89 (0.09)

LDL cholesterol (mmol/L) 3.67 (0.82) 3.70 (0.85) 3.68 (0.83)

Coronary artery disease (%) 2130 (1.3) 227 (1.7) 289 (1.7)

Type 2 diabetes (%) 3757 (2.3) 379 (2.8) 529 (3.1)

Definitely a ‘morning’ person (%)a 36,572 (25.5) 3,230 (26.9) 3,823 (25.1)

Excellent self-rated health (%)b 31588 (19.8) 2019 (15.1) 2356 (13.7)

Poor self-rated health (%)b 3084 (1.9) 336 (2.5) 544 (3.2)

aScale for sleep timing preference includes: “Definitely a ‘morning’ person”, ‘”More a ‘morning’ than ‘evening’ person”, “More an ‘evening’ than a ‘morning’

person”, and “Definitely an ‘evening’ person”.
bScale for self-rated health includes: poor, fair, good, and excellent.
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P¼ 0.79) or frequent night shift work (OR ¼ 0.96, 95%

CI 0.90–1.02, P¼ 0.16).

Summary-level MR analyses

We next performed summary-level MR analyses to esti-

mate causal effects robust to certain forms of horizontal

pleiotropy. There was overall minimal evidence of statisti-

cal heterogeneity between the causal effects estimated by

each SNP in the genetic instruments beyond that expected

by chance, with no outlier SNPs identified by MR-PRESSO

(Table 3). Estimates from random-effects inverse-variance

weighted analyses further supported effects of higher BMI

(OR ¼ 1.30, 95% CI ¼ 1.14–1.47, P¼5.58� 10–5) and

liability to lower educational attainment (OR ¼ 2.40, 95%

CI ¼ 2.22–2.59, P¼ 4.84� 10–20) on selection into shift

work (Table 3). Similar estimates were obtained in the MR

Egger and weighted median analyses (Table 3), and the

Egger intercept test for unbalanced pleiotropy was consis-

tent with the null for analyses of BMI (intercept¼ 0.00,

P¼ 0.37) and educational attainment (intercept¼ 0.02,

P¼ 0.07). We next turned to multivariable MR to assess

the independence of the effects of BMI and educational at-

tainment on shift work. The genetic instruments for educa-

tional attainment (Qstrength ¼ 2,407, Fadjusted ¼ 15.4) and

BMI (Qstrength ¼ 4,393, Fadjusted ¼ 28) were conditionally

strong in multivariable MR. The effects of BMI (OR ¼
1.18, 95% CI¼ 1.08–1.31, P¼ 1.94� 10–3) and of

Figure 2 Associations of genetic proxies for cardiometabolic traits with current shift work patterns1. The plotted estimates correspond to a unit

change in the GRS, or to an additional effect allele for the single-SNP instruments. All effects are oriented to an increase in the exposure, except for

educational attainment which is oriented to lower levels of educational attainment. 1 ncontrols ¼ 159 903, nsome shift work ¼ 13 411, nfrequent shift work ¼ 17

259. BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; GRS, genetic risk score; SNP, single nucleotide polymorphism;

DM, diabetes mellitus; OR, odds ratio; WHRadjBMI, waist-to-hip ratio adjusted for BMI
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educational attainment (OR ¼ 2.56, 95% CI¼2.12–3.13,

P¼ 1.48� 10–23) on self-reported ‘frequent’ shift work

were independent in MVMR.

Discussion

Mendelian randomization analyses revealed strong evi-

dence for effects of liability to lower educational attain-

ment and higher BMI on selection into shift work, with

particularly pronounced effects for night shift work. These

effects were not mediated by sleep timing preference.

There was minimal evidence for selection through the

other tested exposures.

Our findings provide evidence for a causal effect of lia-

bility to lower educational attainment and higher BMI, but

not of other cardiometabolic risk factors, on selection into

shift work within the UKB population. The effect estimates

were larger when shift work involved night shifts, and with

increasing frequency of shift work, supporting a dose-

dependent effect. Selection into shift work by

Figure 3 Associations of genetic proxies for cardiometabolic traits with current night-shift work patterns1. The plotted estimates correspond to a unit

change in the GRS, or to an additional effect allele for the single-SNP instruments. All effects are oriented to an increase in the exposure, except for

educational attainment which is oriented to lower levels of educational attainment. ncontrols ¼ 159 903, nshifts but no nights ¼ 15 288, nsome nights ¼ 8726,

nfrequent nights¼6629. BMI, body mass index; CAD, coronary artery disease; CI, confidence interval; GRS, genetic risk score; SNP, single nucleotide

polymorphism; DM, diabetes mellitus; OR, odds ratio; WHRadjBMI, waist-to-hip ratio adjusted for BMI
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cardiometabolic risk factors (including alcohol consump-

tion, BMI, smoking, lipids and glucose) has been evaluated

in previous observational studies (n �2800)11,12. These

studies identified an association of smoking with future par-

ticipation in shift work. This contrasts with our results,

where we did not identify strong evidence for an effect of

smoking heaviness on shift work selection, potentially due

to smoking heaviness reflecting a different dimension of

smoking behaviour. Given the inverse effect of educational

attainment on shift work, and the known effect of educa-

tional attainment on reduced smoking33, it is also possible

that educational attainment confounded the previously ob-

served relationship of smoking with shift work. Previous

work has not evaluated the role of educational attainment

in shift work selection, although shift workers typically re-

port lower levels of educational attainment relative to non-

shift workers6,52. Our findings suggest that these baseline

imbalances may be driven by a causal effect of educational

attainment on selection into shift work. We identified an ef-

fect of higher BMI on shift work selection, which is consis-

tent with the growing evidence for a causal effect of higher

BMI on lower socioeconomic status17,18. This finding does,

however, contrast the null associations reported in previous

observational analyses of shift work selection11,12. There are

several potential explanations for these differences. First, the

observational estimates11,12 had wide confidence intervals,

and could not exclude moderate-strength relationships be-

tween BMI and selection into shift work. Second, the influ-

ence of BMI on selection into shift work may accrue over

time, such that the effects are only observed later in life.

Such a phenomenon would affect the present analysis, given

the use of an older sample in contrast to the younger sam-

ples recruited in earlier studies of selection into shift work.

Finally, our findings may reflect selection effects unique to

analyses of the UKB shift work population.

There are several potential pathways by which educa-

tional attainment and BMI may influence selection into shift

work. Lower educational attainment is related to lower-

skilled employment53, which is generally more typical of

shift work54. It is less clear what mediates the effect of BMI

on selection into shift work. One potential social mechanism

driving this effect is weight stigma, which is a highly preva-

lent55 and well-characterized driver of employment inequi-

ties56. Although women experience a greater burden of this

discrimination than men57, we observed no effect modifica-

tion by sex, suggesting that men and women experience sim-

ilar selection pressures into shift work on the basis of

differences in BMI and educational attainment. Although

we hypothesized that differences in sleep timing preference

may be a mediating mechanism50, we did not observe an ef-

fect of earlier sleep timing preference on night shift odds.

This is surprising, given that night shift workers who sleep

earlier may experience the greatest burden of circadian mis-

alignment58,59, and would therefore be more likely to leave

night shift work. A possible interpretation of this finding is

that selection effects of other social factors, such as socio-

economic status or educational attainment, preclude leaving

a job on the basis of tolerability. We did not identify factors

influencing selection out of shift work, but the sample size

for this analysis was an order of magnitude smaller than the

sample size in the primary analysis, and we may have been

underpowered to detect modest effects.

The present results have several implications for the in-

vestigation of health effects of shift work. First, the associ-

ations of shift work with cardiometabolic outcomes in the

UKB may be partly confounded by BMI and educational

attainment. This does not invalidate the contribution of

circadian misalignment to the excess disease risk conferred

by shift work, particularly because these two variables are

typically included for adjustment in multivariable models.

Cross-sectional studies of shift work that investigate obe-

sity as an outcome may be at high risk for bias, as any esti-

mated associations will reflect a combination of forward

and reverse causal effects60. Second, analyses restricted to

shift workers may be affected by collider bias61, which can

induce false-positive associations. Finally, our findings

Table 3 Summary-level Mendelian randomization analyses for the effects of liability to lower educational attainment and higher

body mass index on shift work status (17 259 cases of frequent shift work/159 903 controls)

MR technique

Exposure Inverse-variance weighted MR Egger Weighted median Heterogeneity statistic

OR [95% CI] P-value OR [95% CI] P-value OR [95% CI] P-value Q P-value

Education 2.40

[2.22-2.59]

4.84x10-20 5.26

[2.22-12.5]

3.30x10-4 2.22

[1.72-2.94]

1.01x10-9 76 0.13

BMI 1.30

[1.14-1.47]

5.58x10-5 1.51

[1.05-2.16]

0.03 1.34

[1.13-1.59]

8.68x10-4 126 0.01

BMI, body mass index; OR, odds ratio; CI, confidence interval; MR, Mendelian randomization.
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demonstrate that MR can be a useful tool in occupational

epidemiology to explore potential selection effects and

biases.

Our study has some limitations. Given that UKB is a rel-

atively healthy population62, our results may not general-

ize to sicker populations or to other cohorts63 with

different occupation structures. Moreover, the identified

effects may be driven by selection and collider bias, given a

5% response rate for recruitment into the UKB cohort62.

As such, the present results may be most conservatively

interpreted as reflecting biases inherent to analyses of shift

work in the UKB cohort. The mechanisms mediating our

results remain unknown and should be investigated in fu-

ture studies. Despite consistent results in sensitivity analy-

ses, the MR estimates may be biased by horizontal

pleiotropy. Additional sources of bias include confounding

by cryptic population stratification of the variants used as

instruments, as well as assortative mating on the traits

used as exposures64. Furthermore, we cannot exclude an

influence of liability to lower educational attainment,

rather than variation in educational attainment itself, on

our effect estimates65. Our findings should therefore be tri-

angulated with results from within-family studies and anal-

yses leveraging other forms of natural experiments, such as

compulsory educational reform66,67. Future analyses may

investigate other cardiometabolic or non-cardiometabolic

traits of interest. Finally, future studies may explore the

use of genetics to investigate whether shift work causally

influences cardiometabolic disease risk.

In conclusion, higher BMI and liability to lower educa-

tional attainment influenced selection into shift work and

night shift work in the UKB, but no other cardiometabolic

risk factors were associated with selection into or out of

shift work. Consequent bias attributable to these effects

should be considered in the design and interpretation of ep-

idemiological studies investigating the health effects of

shift work in the UKB.
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