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Abstract

Background: Some observational studies had found that shift work would increase risks of metabolic disorders,
cancers, and cardiovascular diseases, but there was no homogeneous evidence of such an association between shift
work and incident dementia. This study aimed to investigate whether shift work would increase the risk of dementia
in a general population.

Methods: One hundred seventy thousand seven hundred twenty-two employed participants without cognitive
impairment or dementia at baseline recruited between 2006 and 2010 were selected from the UK Biobank cohort
study. Follow-up occurred through June 2021. Shift work status at baseline was self-reported by participants and they
were categorized as non-shift workers or shift workers. Among shift workers, participants were further categorized

as night shift workers or shift but non-night shift workers. The primary outcome was all-cause dementia in a time-
to-event analysis, and the secondary outcomes were subtypes of dementia, including Alzheimer’s disease, vascular
dementia, and other types of dementia.

Results: In total, 716 dementia cases were observed among 170,722 participants over a median follow-up period
of 12.4 years. Shift workers had an increased risk of all-cause dementia as compared with non-shift workers after
multivariable adjustment (hazard ratio [HR], 1.30, 95% confidence interval [Cl], 1.08-1.58); however, among shift
workers, night shift work was not associated with the risk of dementia (HR, 1.04, 95% Cl, 0.73-1.47). We found no
significant interaction between shift work and genetic predisposition to dementia on the primary outcome (P for
interaction=0.77).

Conclusions: Shift work at baseline was associated with an increased risk of all-cause dementia. Among shift work-
ers, there was no significant association between night shift work and the risk of dementia. The increased incidence of
dementia in shift workers did not differ between participants in different genetic risk strata for dementia.
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Background

Dementia is a cognitive disorder that significantly inter-
feres with independent daily activities, usually caused by
neurodegenerative or cerebrovascular pathologies, and
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unfortunately, trials aiming to treat dementia have mostly
ended with failure [4]. In the absence of effective thera-
peutic agents, the risk factors controlling is crucial for
the primary and secondary preventions of dementia
[5]. Various genetic and environmental risk factors have
been found that would contribute to the development of
dementia, such as apolipoprotein E e4-carriers [6], obe-
sity [7], diabetes [8], and unhealthy lifestyles (e.g., smok-
ing, alcohol consumption, and lack of physical activity)
[9-11].

Shift work, where an individual’s normal hours of work
are, in part, outside the period of the normal day working
and disrupting the circadian rhythm, has become increas-
ingly common with socioeconomic development [12].
Shift work is usually accompanied by long-hour nature,
low income, a bad working environment, and increased
subjective strains [13, 14], and may result in a series of
health problems. Prior studies have found that shift work
was associated with a 23% increased risk of myocardial
infarction [15], a~20% increased risk of breast cancer
[16, 17], a 9-40% increased risk of type 2 diabetes [18,
19], and a 5% increased risk of ischemic stroke [15], some
of which could contribute to the development of demen-
tia. Moreover, recent studies reported that acute sleep
deprivation would lead to increased brain f-amyloid (Ap)
burden and blood levels of t-tau [20, 21], from which it
could be inferred that long-term shift work might lead
to sleep disturbances thereby leaving those workers with
a higher incidence of dementia. Taking these negative
impacts into consideration, shift work may be an impor-
tant risk factor for dementia.

However, there was no homogeneous evidence about
the association between shift work and incident dementia
[22]. The Danish Nurse Cohort Study by Jergensen et al.,
involving more than 8000 nurses from 1993 to 2018,
showed that persistent night shift work may increase the
risk of dementia [23]. Whereas, another cohort study by
Nabe-Nielsen et al., involving 4766 male employees in
Denmark from 1970 to 2014, found no significant asso-
ciation between shift work or long working hours and
the risk of dementia [24]. Most previous studies had
recruited gender- or occupation-specific participants,
and evidence from a more general population would be
needed to investigate the relationship between shift work
and incident dementia. In addition, genetic predisposi-
tion to dementia may interact with environmental fac-
tors and alter the association between shift work and
dementia, and competing events that have never been
considered in previous studies (e.g., death), might lead
to underestimating or overestimating the impact of shift
work on dementia.

Accordingly, we conducted a community-based cohort
study in UK Biobank to address whether shift work
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would increase the risk of all-cause dementia or dementia
subtypes in a general population.

Methods

Data source and participants

For this community-based cohort study, data were
extracted from the public UK Biobank Resource [25].
The UK Biobank is a prospective cohort study with over
500,000 community-dwelling participants across the
UK aged 37-73 years when recruited between 2006 and
2010 [26].

Participants who indicated they were in paid employ-
ment or self-employed at baseline were included in our
study. We excluded those who (1) reported previous cog-
nitive impairment or dementia, (2) lack of information
about shift work or night shift work status, and (3) have
no genetic data.

Shift work definition

The definition of shift work in UK Biobank was “a sched-
ule falling outside of 9 am to 5 pm; by definition, such
schedules involved afternoon, evening, or night shifts
or rotating through these shifts,” while night shift work
was defined as “a work schedule that involves working
through the normal sleeping hours, for instance, working
through the hours from 12 to 6 am”

The UK Biobank first asked participants employed
at baseline to report whether their current main job
involved shift schedule; if so, participants were further
asked if night shifts were involved. For both questions,
response options were never/rarely, sometimes, usually,
or always. We derived individual current shift work sta-
tus according to responses to the two questions, and cat-
egorized them as “non-shift workers” or “shift workers,’
with “non-shift workers” defined as working between
hours 9 am to 5 pm; among shift workers, participants
were categorized as “night shift workers” or “shift but
non-night shift workers’, with “non-night shift workers”
defined working between hours 5 pm to 12 am; among
night shift workers, participants were further categorized
as “some night shift workers” or “usual/permanent night
shift workers”

Outcomes

The primary outcome was all-cause dementia in a time-
to-event analysis, and the secondary outcomes included
AD, VD, and other types of dementia. The electronic
health records (EHRs), a data linkage to hospital inpa-
tient admissions and death registries, include primary
or secondary events in England, Scotland, and Wales. A
previous comparison between EHRs and expert clinical
adjudicators in the UK Biobank showed that the overall
positive predictive value for dementia diagnosis is 82.5%
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[27], suggesting that the EHRs were effective to assess
the association between risk factors and dementia. We
used the algorithms provided by UK Biobank to identify
dementia cases, which were generated based on EHRs,
using ICD-9 and ICD-10 codes (Additional file 1: Table
S1). In the time-to-event analysis, the date of incident
dementia during follow-up was set as the earliest date of
dementia codes recorded regardless of the source used.
At the time of analysis, as hospital admission data were
available until 30 June 2021, we, therefore, censored
the disease-specific outcome analysis at this date or the
date of the first disease incidence or death, whichever
occurred first. Mortality data were available for partici-
pants until 31 May 2021.

Polygenetic risk score for dementia

We developed a polygenetic risk score (PRS) for quanti-
fying the genetic predisposition to dementia using sin-
gle-nucleotide polymorphisms (SNPs) associated with
dementia based on previous genome-wide association
studies that did not include UK Biobank participants [28].
Information on the 23 selected SNPs is listed in Addi-
tional file 1: Table S2. Individual SNPs were coded as 0,
1, and 2 according to the number of risk alleles. The PRS
was formulated as the sum of the number of risk alleles at
each locus multiplied by the respective regression coef-
ficient, divided by the number of SNPs, using PRSice-2
[29, 30]. The PRS was then divided into quartiles and cat-
egorized as low (quartiles 1 to 2), intermediate (quartile
3), and high (quartile 4) genetic predisposition to demen-
tia (Additional file 1: Table S3).

Covariates

Possible confounding variables include: age; sex; ethnic-
ity (white/not white); education, categorized as higher
(college/university degree or other professional qualifi-
cation), upper secondary (second/final stage of second-
ary education), lower secondary (first stage of secondary
education), vocational (work-related practical qualifica-
tions), or other; socioeconomic status, categories derived
from Townsend deprivation index quartiles 1 (low), 2 to
3 (intermediate), and 4 (high); diabetes mellitus (DM);
hypertension (HTN); stroke; coronary heart disease
(CHD); cholesterol-lowering medication; antihyper-
tensives; aspirin; body mass index (BMI); systolic blood
pressure (SBP); total cholesterol (TC); triglycerides (TG);
high-density lipoprotein (HDL); low-density lipoprotein
(LDL); glycated hemoglobin (HbAlc); smoking status
(current or no current smoking); alcohol consumption;
healthy diet, based on consumption of at least 4 of 7 com-
monly eaten food groups following recommendations on
dietary priorities [31]; regular physical activity, defined
as meeting the 2017 UK Physical activity guidelines of
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150 min of moderate activity per week or 75 min of vig-
orous activity; years of work; sleep duration, categorized
as <6, 7-8, and >9 h/day; chronotype preference (defi-
nitely a “morning” person, more a “morning” than “even-
ing” person, more an “evening” than a “morning” person,
and definitely an “evening” person).

Statistical analysis

For baseline characteristics, continuous variables con-
forming to normal distribution were described by their
means and standard deviations, while those not con-
forming to normal distribution were described by medi-
ans and interquartile ranges. Categorical variables were
described by counting numbers and calculating per-
centages. Univariate comparisons between groups were
performed using Student’s £, Mann—Whitney, or y* tests
according to the type and distribution of variables.

In the primary analysis, time-to-event analysis for
all-cause dementia was performed using the Cox pro-
portional hazard regression model, and we constructed
several models that included different covariates to esti-
mate hazard ratios (HR) and their 95% confidence inter-
vals (95% CI). Model 1 was adjusted for age at baseline
and sex. Model 2 was adjusted for terms in model 1, eth-
nicity, education, and socioeconomic status. Model 2 was
chosen as the primary model.

We used a fixed sequence procedure for multiple com-
parisons, which would not inflate the type I error. We
sequentially compared differences in the incidence of
dementia between shift workers and non-shift workers,
night shift workers and shift but non-night shift work-
ers, and some/usual night shift workers and permanent
night shift workers. In the subgroup analysis, which was
set out to explore whether the impact of shift work on
dementia varied in the subgroups defined according to
age at baseline (<60, > 60 years), ethnicity, sex, socioeco-
nomic status, sleep duration, and genetic predisposition
to dementia by PRS, the P value for interaction was cal-
culated by the tests of exposure-by-covariate interaction
in the Cox models. The secondary outcomes of demen-
tia subtypes were analyzed using the same Cox models of
the primary analysis.

We conducted several sensitivity analyses. First, we
further adjusted some covariate. Model 3 was further
adjusted for terms in model 2, DM, HTN, stroke, CHD,
cholesterol-lowering  medication, antihypertensives,
aspirin, BMI, SBP, TC, TG, HDL, LDL, HbAlc, smok-
ing status, alcohol consumption, healthy diet, and regu-
lar physical activity. Model 4 was adjusted for terms in
model 3, genetic predisposition to dementia by PRS cat-
egory. Model 5 was adjusted for terms in model 4, years
of work. Model 6 was adjusted for terms in model 5, sleep
duration. Model 7 was adjusted for terms in model 6,
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chronotype preference. Second, we analyzed the impact
of shift work on dementia using Fine-Gray methods
accounting for death as a competing risk, to assess the
robustness of our findings [32]. Third, we also excluded
subjects with follow-up time<1 year or incident demen-
tia<1 year from baseline to perform the analysis. Forth,
we perform the same analysis in the dataset contain-
ing 278,270 participants using multiple imputations by
chained equations with 5 imputations to impute missing
values.

All P values were reported as two-sided tests with sig-
nificance defined as P<0.05. Statistical analyses were per-
formed in the R software (Version 4.0.3, R Core Team,
https://www.r-project.org).

Results

Baseline characteristics

Figure 1 has illustrated the participants’ selection. Of
170,722 eligible participants, 27,450 (16.1%) had reported
shift work status and 143,272 (83.9%) had not (non-shift
workers). Baseline characteristics of eligible participants
were displayed in Tables 1 and 2. Participants who had
reported shift work status (vs. non-shift workers) were
younger, more likely to be men, had a lower education
level and higher Townsend deprivation index, and had
a higher prevalence of DM and HTN. Shift workers also
tended to take more cholesterol-lowering medication,
antihypertensives, and aspirin, and to be not current

502442 Participants in the UK Biobank aged 37-73 y
at the baseline study visit

_P[ 231 Excluded for previous cognitive impairment ]

A 4

502211 Participants without previous cognitive
impairment at the baseline study visit

v

[ 286826 Participants in paid employment or were self- ]

employed at baseline

7785 Excluded for no genetic data ]

771 Excluded for missing information about shift
work or night shift work
A

278270 Eligible participants in paid employment or
were self-employed at baseline

170722 Eligible participants with complete
information about covariates

Fig. 1 Flowchart of participants throughout the study
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smokers, had lower alcohol consumption, less healthy
diet, but more physically active and had a shorter sleep
duration. (Table 1).

Shift work or night shift work and dementia

The incidence of the primary and secondary outcomes
was shown in Additional file 1: Table S4. We observed
716 dementia cases during a median follow-up period of
12.4 years, of whom 134 (18.7%) and 582 (81.3%) were in
the shift workers group and the non-shift workers group,
respectively. Shift workers had a higher incidence of all-
cause dementia compared with non-shift workers (unad-
justed-HR, 1.21; 95% CI, 1.00 to 1.46; P=0.04; Fig. 2).
After adjusting for confounders, the risk of all-cause
dementia among shift workers remained significantly
higher than non-shift workers (adjusted-HR, 1.30; 95%
CI, 1.08 to 1.58; P=0.006; Table 3). Among shift work-
ers, we did not observe a significant association between
night shift work and the risk of dementia after multivari-
able adjustment in the Cox model (adjusted-HR, 1.04;
95% CI, 0.73 to 1.47; P=0.83; Table 3), and the sensitiv-
ity analysis yielded similar results (Additional file 1: Table
S5-8).

For the secondary outcomes of dementia subtypes, we
found no significance of the association between shift
work and the risks of AD (adjusted-HR, 1.23; 95% CI,
0.90 to 1.69; P=0.20) and VD (adjusted-HR, 1.46; 95%
CI, 0.94 to 2.27; P=0.09) (Table 4).

Subgroup and sensitivity analyses

As shown in Fig. 3, the impact of shift work on demen-
tia did not differ among participants who were in the
low-, intermediate-, or high-PRS subgroups (P for inter-
action=0.77). Similarly, no significant interaction was
observed in the subgroups of age at baseline, ethnicity,
sex, socioeconomic status, and sleep duration.

In order to assess the robustness of our findings, we
conducted several sensitivity analyses, including the
models further adjusted for genetic predisposition to
dementia by PRS, years of work, sleep duration, and
chronotype category, the Fine-Gray methods under con-
sideration of the competing risk of death, the models
excluding subjects with follow-up time<1 year or inci-
dent dementia<1 year from baseline and the models of
the imputed dataset. The results showed no substantial
change of the impact of shift work on dementia (Addi-
tional file 1: Table S5-8).

Discussion

In this community-based cohort study in UK Biobank,
involving 170,722 participants without cognitive impair-
ment or dementia at baseline, we found that shift workers
at baseline had a 30% increased risk of all-cause dementia
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Table 1 Baseline characteristics of the study participants according to shift work status

Characteristics Current work schedule
Non-shift workers Shift workers
Sample size, n 143,272 27450
Age (year) 528471 518+70
Sex/female 74,896 (52.3) 12,010 (43.8)
Ethnicity/White 136,909 (95.6) 24,963 (90.9)
Education
Higher 81,636 (57.0) 12,200 (44.4)
Upper secondary 12,506 (8.7) 2064 (7.5)
Lower secondary 23,551 (16.4) 5039 (18.4)
Vocational 9158 (6.4) 63 (11.5)
Other 16,421 (11.5) 4984 (18.2)
Townsend deprivation index category
Low 38,512 (26.9) 5318(19.4)
Intermediate 73,149 (51.1) 13,143 (47.9)
High 31,611 (22.1) 8989 (32.7)
DM 4719 (3.3) 1227 (4.5)
HTN 29,561 (20.6) 6151 (22.4)
Stroke 1150 (0.8) 233(0.8)
CHD 3205 (2.2) 775(2.8)
Cholesterol-lowering medication 15,025 (10.5) 3222(11.7)
Antihypertensives 19,491 (13.6) 4140 (15.1)
Aspirin 13,648 (9.5) 2826 (10.3)
BMI (kg/m?) 27.0544.59 27964484
SBP (mmHg) 13469+£17.75 135234+1748
TC (mmol/L) 5.6941.08 5.65+1.08
TG (mmol/L) 1.68+1.02 1.80£1.11
HDL (mmol/L) 145+£037 138+0.36
LDL (mmol/L) 356+0.83 3.56+0.83
HbATc (%) 536+0.54 5434062
No current smoking 129,339 (90.3) 23,275 (84.8)
Alcohol consumption at least weekly 106,793 (74.5) 18,306 (66.7)
Healthy diet 91,682 (64.0) 16,019 (584)
Regular physical activity 72,331 (50.5) 16,702 (60.8)
Genetic predisposition to dementia by PRS category
Low 71,309 (49.8) 13,546 (49.3)
Intermediate 36,223 (25.3) 7226 (26.3)
High 35,740 (24.9) 6678 (24.3)
Years of work (years) 12.854+10.65 13.154+10.66
Sleep duration category (h/day)
<6 34,289 (23.9) 8690 (31.7)
7-8 102,900 (71.8) 17,337 (63.2)
>9 6083 (4.2) 1423 (5.2)
Chronotype
Definitely a “morning” person 37,047 (25.9) 7245 (26.4)
More a“morning”than “evening” person 52,168 (36.4) 8763 (31.9)
More an‘evening”than a“morning” person 41,123 (287) 8337 (30.4)
Definitely an “evening” person 12,934 (9.0) 3105 (11.3)

Data are means + standard deviations, or N (%)

Abbreviation: DM diabetes mellitus, HTN hypertension, CHD coronary heart disease, BMI body mass index, SBP systolic blood pressure, TC total cholesterol, TG
triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, HbA1c glycated hemoglobin, PRS polygenic risk score
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Table 2 Baseline characteristics of shift workers according to night shifts work status
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Characteristics

Shift workers

Shift but non-night shift workers

Night shift workers

Sample size, n
Age (year)
Sex/female
Ethnicity/White
Education
Higher
Upper secondary
Lower secondary
Vocational
Other

Townsend deprivation index category

Low

Intermediate

High

DM

HTN

Stroke

CHD
Cholesterol-lowering medication
Antihypertensives
Aspirin

BMI (kg/m?)

SBP (mmHg)

TC (mmol/L)

TG (mmol/L)

HDL (mmol/L)

LDL (mmol/L)
HbATC (%)

No current smoking

Alcohol consumption at least weekly

Healthy diet
Regular physical activity

Genetic predisposition to dementia by PRS category

Low
Intermediate
High
Years of work (years)
Sleep duration category (h/day)
<6
7-8
>9
Chronotype
Definitely a “morning” person

More a“morning”than “evening” person

More an “evening" than a“morning” person

Definitely an “evening” person

13,729
5239£7.06
7036 (51.2)
12,676 (92.3)

6234 (454)
1090 (7.9)
2520 (184)
1435 (10.5)
2450 (17.8)
2676 (19.5)
6643 (48.4)
4410 (32.1)
582 (4.2)

3041 (22.2)
129(0.9)
370(2.7)

1600 (11.7)
2045 (14.9)
1411 (10.3)
27.70£4.91
134.84+17.65
566£1.07
1.744+1.06
1424037
3564083
542£061
11,871 (86.5)
9218 (67.1)
8297 (60.4)
8109 (59.1)

6804 (49.6)
3596 (26.2)
3329 (24.2)
12.23+10.34

3956 (28.8)
9054 (65.9)
719(5.2)

3835(27.9)
4633 (33.7)
4013 (29.2)
1248 (9.1)

13,721
51.18£6.85
4974 (36.3)
12,287 (89.5)

5966 (43.5)
974 (7.1)

2519 (184)
1728 (12.6)
2534 (18.5)

645 (4.7)
3110(22.7)
104 (0.8)
405 (3.0)
1622 (11.8)
2095 (15.3)
1415 (10.3)
28211476
1356341730
563£1.09
1.874£1.15
1.354+0.35
356£0.84
544£0.63
11,404 (83.1)
9088 (66.2)
7722 (56.3)
8593 (62.6)

6742 (49.1)
3630 (26.5)
3349 (24.4)
14.07 £10.90

4734 (34.5)
8283 (60.4)
704 (5.1)

Data are means + standard deviations, or N (%)

Abbreviation: DM diabetes mellitus, HTN hypertension, CHD coronary heart disease, BMI body mass index, SBP systolic blood pressure, TC total cholesterol, TG
triglycerides, HDL high-density lipoprotein, LDL low-density lipoprotein, HbA1c glycated hemoglobin, PRS polygenic risk score



Liao et al. BMC Medicine (2022) 20:484 Page 7 of 12
A B
100 1 10 { —— Non-shift workers 100 10 1 —— Shift but non-night shift workers
———  Shift workers —— Night shift workers
5 — 801 0.8 5 — 80 - 0.8
o X o X
S 2y
% _‘g 06 % % 0.6
S g 607 S @ 60 -
c £ cE
=3 04 =% 0.4
g 3 o8
= O 40 A S O 40
T @ T @
=3 0.2 = > 0.2
S>3 2 ®
€ o E o
S L =
O® 207 00 O ®™ 20 0.0
0o 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
01 0 A
T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Time to Event (years) Time to Event (years)
Number at risk
——— 143272 142859 142111 141126 140128 138931 93682 2471 — 13720 13684 13501 13492 13379 13228 8853 254
——— 27450 27366 27209 27009 26798 26535 17639 472 —— 13721 13682 13618 13517 13419 13307 8786 218
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Number at risk

Table 3 Hazard ratios for primary outcome associated with current work schedule

Sequency Groups Samplesize Cases Person-years Incidence rate per Model 1 Model 2
100,000 person-
years
First Non-shift workers 143,272 582 1,753,205 33.19 Ref Ref
Shift workers 27450 134 335,034 39.99 141[1.17,1.701  1.30[1.08, 1.58]
Pvalue - - - - <0.001 0.006
Second Shift but non-night shift workers 13,729 71 167,423.4 4240 Ref Ref
Night shift workers 13,721 63 167,610.6 37.58 1.09[0.77,1.53] 1.04[0.73,1.47]
Pvalue - - - - 0.63 0.83
Third Some night shift workers 7915 32 96,623.63 33.11 Ref Ref
Usual/permanent night shift workers 5806 31 70,986.94 43.67 1.32[0.81,2.17] 1.25[0.76,2.07]
Pvalue - - - - 0.26 037

Data are hazard ratios (95% confidence interval). Model 1 was adjusted for age at baseline and sex. Model 2 was adjusted for terms in model 1, ethnicity, education,
and socioeconomic status

Table 4 Hazard ratios for secondary outcome associated with current work schedule

Secondary outcomes Groups Samplesize Cases Person-years Incidence rate per Model 1 Model 2
100,000 person-
years
AD Non-shift workers 143,272 223 1,754,038 12.71 Ref Ref
Shift workers 27450 48 335,241 14.31 1.37[1.00,1.87]  1.23[0.90, 1.69]
Pvalue - - - - 0.05 0.20
VD Non-shift workers 143,272 101 1,754,274 5.75 Ref Ref
Shift workers 27450 26 335,335 7.75 1.63[1.06,2.50] 1.46[0.94,2.27]
Pvalue - - - - 0.02 0.09
Other types of dementia  Non-shift workers 143,272 418 1,753,631 2383 Ref Ref
Shift workers 27,450 99 335,172 29.53 1441[1.15,1.79]  1.34[1.07,1.68]

Pvalue

0.001

0.01

Abbreviations: AD Alzheimer’s disease, VD vascular dementia

Data are hazard ratios (95% confidence interval). Model 1 was adjusted for age at baseline and sex. Model 2 was adjusted for terms in model 1, ethnicity, education,
and socioeconomic status
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Non-shift workers Shift workers
Sample Incidence Rate per Sample Incidence Rate per P value
Subgroup Cases size 100,000 Person-Years Cases size 100,000 Person-Years HR (95%Cl) for interaction
Total 582 143272 33.19 134 27450 39.99 1.30[1.08, 1.58] [ ] -
Age (year) 0.30
<60 259 120176 17.52 62 23824 21.21 1.07 [0.81, 1.42] L]
>60 323 23096 117.4 72 3626 168.41 1.33[1.02,1.72] L]
Ethnicity 0.88
White 564 136909 33.62 124 24963 40.6 1.29 [1.06, 1.58] L]
Not white 18 6363 23.7 10 2487 33.73 1.39 [0.63, 3.05] L]
Sex 0.17
Female 220 74896 23.92 52 12010 35.33 1.54 [1.13, 2.09] L]
Male 362 68376 43.42 82 15440 43.64 1.21[0.95, 1.55] L]
Townsend index 0.18
Low 137 38512 28.86 20 5318 30.56 1.20[0.75, 1.93] L]
Intermediate 307 73149 34.29 56 13143 34.9 1.12[0.84, 1.50] ]
High 138 31611 35.98 58 8989 53.14 1.70 [1.24, 2.33] L]
Sleep duration (hour) 0.61
<6 168 34289 40.15 54 8690 51.17 1.35[0.98, 1.85] L]
7-8 376 102900 29.81 69 17337 32.51 1.21[0.93, 1.57] L]
29 38 6083 51.4 11 1423 63.45 1.49[0.75, 2.95] L]
Genetic predisposition to dementia 0.72
Low 179 71309 20.5 42 13546 25.4 1.27 [0.90, 1.79] L]
Intermediate 150 36223 33.86 39 7226 44.33 1.42[0.99, 2.03] L]
High 253 35740 57.85 53 6678 64.81 1.26 [0.93, 1.70] L]
075 1.0 1.5 20 25
Ajusted HR (95% Cl)
Fig. 3 Association of shift work and the risk of all-cause dementia stratified by potential risk factors. Abbreviations: HR, hazard ratio; Cl, confidence
interval. Results were adjusted for age at baseline, sex, ethnicity, education, and socioeconomic status. Horizontal lines indicate the ranges of 95%
Cls and the vertical dash lines indicate the hazard ratio of 1.0

as compared with non-shift workers during a median
follow-up period of 12.4 years; however, among shift
workers, there was no significant association between
night shift work and the risk of dementia. In addition, to
the best of our knowledge, it was the first study to exam-
ine the interaction between shift work and genetic pre-
disposition to dementia, and we found that the risk of
dementia associated with shift work did not significantly
differ among participants in different genetic risk strata
of dementia.

Although some health problems that are caused by
shift work may contribute to the development of demen-
tia, such as metabolic disorders and ischemic stroke, the
mechanism that how shift work causes cognitive impair-
ment still remains unclear. We inferred that sleep distur-
bance and disrupted circadian might be the main causes
of cognitive impairment among shift workers [33]. Sys-
tematic reviews had shown an increased risk for shift

workers to develop chronic sleep disturbance [34, 35],
and the prevalence of shift work sleep disorder has been
estimated to be 10-23% in shift workers [36]. Extracel-
lular levels of metabolites, including amyloid B, increase
in the brain during wakefulness and are reduced during
sleep, and sleep disturbances could therefore result in a
reduced clearance of these metabolites [37], which con-
tributes to the pathogenesis of AD. And cognitive perfor-
mance deteriorates with sleep disturbance [38, 39].

Most regulatory hormones show strong diurnal
rhythms, e.g., cortisol and melatonin, and disturbed sleep
is often related to a mild temporary increase in the major
neuroendocrine stress systems [40]. Experimental stud-
ies showed that disturbed sleep, altered light exposure
typical for shift workers, could lead to an acute circadian
disruption and so influence the normal secretion of these
regulatory hormones [41]. Studies of patients with AD
have found that these patients had a higher prevalence
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of melatonin secretion rhythm disorders [42, 43]. Animal
experiments showed that melatonin can inhibit expres-
sions of amyloid-p protein in the hippocampal area of
model rats with senile dementia [44]. Activation of the
type 1 melatonin receptor modulated anti-amyloido-
genic and anti-inflammatory roles in AD mice brain and
improved the cognitive deficits [45]. Shift work was also
associated with abnormalities in brain structure that
had been observed in dementia pathophysiology, giving
a hint of the underlying brain mechanisms of shift work
on dementia risk [46]. In addition, shift work has been
linked to lower socioeconomic status, which is consistent
with our results that participants who had reported shift
work status (vs. non-shift workers) had higher Townsend
deprivation indexes (i.e., lower socioeconomic status),
and may lead to disruption of social rhythms, that is a
conflict between work and family demands. Thus, shift
workers may suffer from higher psychosocial work stress
[33].

A systemic review by Leso et al. in 2021 found several
literatures investigating the association between shift
work and dementia, but failed to draw definitive con-
clusions on this topic, because of the limited number of
available studies, a different definition of work sched-
ules, and the possible co-exposure to other occupational
risk factors [22]. The Danish Nurse Cohort Study by
Jorgensen et al., involving more than 8000 nurses from
1993 to 2018, showed that persistent night shift work
may increase the risk of dementia [23]. Whereas, another
cohort study by Nabe-Nielsen et al., involving 4766 male
employees in Denmark from 1970 to 2014, found no sig-
nificant association between shift work or long working
hours and the risk of dementia [24]. Previous studies
have shown mixed results [47-49].

Since most previous studies had only recruited gen-
der- or occupation-specific participants, our study, from
a more general population in the UK biobank, provided
strong evidence that shift work at baseline is associated
with an increased risk of dementia, and extensive sensi-
tivity analyses assessing the robustness of our findings
have all yielded similar results. It should be emphasized
that participants from the UK Biobank were not nation-
ally representative due to the low response rate (~5.5%)
and the fact that the participants who were in employ-
ment at baseline and included in our analysis tended to
be healthier than those who had retired earlier, which
might lead to potential healthy volunteer selection bias.
However, given that the UK Biobank has a tremendous
sample size and a median follow-up time of over 10 years,
it still has the capacity to detect and identify risk factors
[50], and our findings also remain of important pub-
lic health implications in terms of the need for effective
public measures to reduce the risk of dementia in order
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to improve the quality of life and health of shift workers,
such as increasing the minimum hourly wage and reduc-
ing the frequency or duration of shift work.

Another important finding was that different genetic
predispositions to dementia did not significantly alter
the association between shift work and dementia, from
which it could be inferred that shift workers may ben-
efit from reducing the duration or frequency of shift
work regardless of the genetic predisposition to demen-
tia if the associations were causal. Furthermore, the sub-
group analysis indicated that the impact of shift work on
dementia was more pronounced in those aged 60 years
and older. Considering that the age of onset of demen-
tia is usually above 80 years [51] while the mean age at
baseline of participants in our study was only 52 years
and the median follow-up was 12.4 years, the associa-
tion between shift work and dementia could have been
underestimated. Further studies, enrolling more elderly
volunteers, would be needed in the future to verify our
findings.

Contrary to our expectations, among shift workers,
this study did not find a statistical difference in the risk
of dementia between night shift workers and non-night
shift workers. This result appeared to be contrary to the
idea that night shift work may lead to more severe cir-
cadian disturbances and sleep impairment, resulting in
an increased risk of dementia. In fact, in our study, the
proportion of participants with a sleep duration less than
6 h was higher in night shift workers compared with non-
night shift workers and our results (Additional file 1:
Table S9) showed that sleep duration less than 6 h was
associated with an increased risk of dementia, in line with
previous studies [52]. Possibly due to the small number of
events in subgroups, we did not have sufficient statistical
power to detect a difference. Hence, further studies with
larger sample sizes of shift workers would be warranted
to address whether there would be a difference in the risk
of dementia between night shift workers and non-night
shift workers.

Overall, our study provides novel evidence based on a
general population that shift work at baseline may lead
to an increased risk of dementia regardless of genetic
predisposition to dementia and suggests that the occu-
pational management of reducing the duration or fre-
quency of shift work may be crucial for long-term shift
workers.

Strengths and limitations

Our study has several major strengths. Firstly, the large
sample size and the wealth of information on lifestyle,
and other covariates of UK Biobank participants, enabled
this study of comprehensive sensitivity analyses and sub-
group analyses. Secondly, to our best knowledge, it was
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the first study to examine the interaction between shift
work and genetic predisposition to dementia. There were
also several limitations in our study. Firstly, the study was
a retrospective analysis of data from the UK Biobank,
thus confounders that were included in the multivari-
able Cox model were based on available variables in the
database and there might be some unknown or unmeas-
ured biases confounding the association between shift
work and dementia. Besides, some covariates had too
much missing data, resulting in a loss of sample size. Sec-
ondly, although we believe that the UK Biobank has suf-
ficient capacity to identify risk factors, its low response
rate and healthy volunteer bias may still contribute to an
underestimation of the impact of shift work on demen-
tia, which needs to be further assessed in future studies.
Thirdly, dementia might be misdiagnosed or underdiag-
nosed, and participants with cognitive impairment usu-
ally are more likely to be lost to follow-up, hence some
dementia cases might not be captured by EHRs. Further-
more, the work schedule information was assessed only
at the baseline. Participants’ work status might change
over time during the follow-up while people tend to stop
doing shift or night shift work at an older age, which
might bias our results toward the null hypothesis, result-
ing in an underestimation of the effect size [53]. Future
prospective studies measuring the longitudinal change of
employment status would be needed to assess the asso-
ciation of lifetime exposure to shift work with the risk of
dementia. Finally, participants recruited by UK Biobank
were mostly white British, which may limit the extrapola-
tion of our findings to other ethnicities, such as Asians
and Africans.

Conclusions

Shift workers at baseline was associated with a higher
incidence of all-cause dementia compared with non-shift
workers. Among shift workers, there was no significant
association between night shift work and the risk of
dementia. The increased incidence of dementia in shift
workers did not differ between participants in different
genetic risk strata for dementia. Our findings have public
health implications for the primary prevention of demen-
tia, but future prospective studies are still warranted to
determine whether reducing the frequency or duration of
shift work would contribute to lowering the risk of inci-
dent dementia and to clarify the underlying mechanisms.
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