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Abstract

This study examined the association between long working hours and cognitive function in middle age. Data wer e collected in 1997-
1999 (baseline) and 2002-2004 (follow-up) from a prospective study of 2214 British civil servantswho werein full time employment at
baseline and had data on cognitive tests and covariates. A battery of cognitive tests (short-term memory, Alice Heim 4-1, Mill Hill
vocabulary, phonemic fluency and semantic fluency) were measured at baseline and at follow-up. Compared with working 40 hours
per week at most, working more than 55 hours per week was associated with lower scoresin the vocabulary test both at baseline and
at follow-up. Long working hours also predicted decline in performance on the reasoning test. Similar results were obtained using
working hours as a continuous variable; the associations between working hours and cognitive function were robust to adjustments
for several potential confounding factors including age, sex, marital status, education, occupation, income, physical diseases,
psychosocial factors, sleep disturbances, and health risk behaviors. This study shows that long working hours may have a negative
effect on cognitive performancein middle age.
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Long working hours are common worldwide; for example in the European Union member states 12%-17% of employees worked
overtime in 2001 (1 ). Long working hours have been found to be associated with cardiovascular and immunological reactions, reduced
sleep duration, unhealthy life style,28 and adverse health outcomes, such as cardiovascular disease, diabetes, subjective health complaints,
fatigue (2 -7 ), and depression (8 ). There is increasing evidence to suggest the importance of midlife risk factors for later dementia (9 ).
Furthermore, the link between cognitive impairment and later life dementia is clearly established (10 -11 ). Thus, it is important to
examine risk factors for poor cognition in midlife, and there is little research on the potential effects of long working hours on cognition
among middle-aged.

A cross sectional study of 248 automotive workers found an association between overtime work and impaired performance on tests of
attention and executive function (12 ). This finding was in agreement with other studies that focused on different forms of shift work or
work schedule rather than on long working hours (13 -14 ). For example, deterioration in cognitive performance, including impaired
grammatical reasoning and alertness, has been found in post vs pretest conditions among employees working 9 to 12-hour shifts compared
with atraditional 8-hour shift (13 ). However, little is known about the health effects of long total working hours as opposed to long hours
of shift work.

This study examined the relationship between long working hours and cognitive function over a five year follow-up period in a
large-scale, prospective occupational cohort of British Civil Servants (the Whitehall Il Study)(15 ). We were able to take into account
several factors that may act as confounders or mediators of this association, such as education, occupational position, physical health
status, psychological and psychosocial factors, sleep problems, and health risk behaviors (2).

MATERIALSAND METHODS

Participants and procedure
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The Whitehall Il study sample recruitment (Phase 1) took place between late 1985 and early 1988 among all office staff, aged 35 to
55, from 20 London based Civil Service departments (15 ). The response rate was 73% (6895 men and 3413 women). Since Phase 1 there
have been seven further data collection phases. Informed consent was gained from all participants. The University College London
Medica School Committee on the Ethics of Human Research approved the protocol.

As cognitive performance was measured on the whole sample for the first time at Phase 5, this Phase is used as baseline for the present
study. We included all 2214 participants (1694 men and 520 women) who were employed and responded to the questions on working
hours and for whom the covariates and cognitive test scores were available at Phase 5 (1997-1999) and Phase 7 (2002-2004). A flow chart
of sample selection is shown in Figure 1 . The mean age of the 2214 participants at Phase 5 was 52.1 (SD 4.2, range 45 to 66) years. There
were no major differences between the participants and al full-time employees who participated in phase 5 (n=3597) in terms of age (52.1
vs 52.4 years), sex (77% vs 75% male), occupational grade (18% with the lowest occupational grade, vs 22%), and prevalence of coronary
heart disease, CHD (10% vs 11%). However, employees who participated in our study at phases 5 and 7 differed from the cohort at
recruitment to the Whitehall 11 study (n=10,308), in that they were younger (mean age 40.6 vs 44.5 at phase 1), more likely to be male (77
% VS 67%); from the higher socioeconomic groups (10% with the lowest grade vs 23%) and less likely to have pre-existing CHD at phase
1(2.7% vs 4.1%).

Tests of cognitive function

The cognitive function test battery at phases 5 and 7 consisted of five standard tasks chosen to evaluate cognitive functioning in
middle-aged adults. The first was verbal memory assessed by a 20-word free recall test of short-term memory. Participants were presented
alist of 20 one or two syllable words at 2-second intervals and were then asked to recall in writing as many of the words in any order
within 2 minutes. The Alice Heim-1 (AH 4-1)(16 ) is atest of inductive reasoning that measures fluid intelligence, i.e. the ability to identify
patterns and infer principles and rules. This test is composed of a series of 65 items (32 verbal and 33 mathematical reasoning items) of
increasing difficulty. The participants had 10 min to complete this section. The Mill Hill vocabulary test (17 ) assesses crystallized
intelligence, i.e. knowledge of verbal meaning and encompasses the ability to recognize and comprehend words. We used this test in its
multiple-choice format which consists of alist of 33 stimulus words ordered by increasing difficulty, and six response choices per word.
The final two tests were measures of verbal fluency: phonemic and semantic (18 ). Phonemic fluency was assessed via “S” words and
semantic fluency via “animal” words. Subjects were asked to recall in writing as many words beginning with “S” and as many animal names
as they could. One minute was allowed for each test of verbal fluency. A higher score indicated better performance in each test.

The change score was calculated for each measure of cognitive function as Phase 7 score minus Phase 5 score. As the time interval
between clinical examination at Phases 5 and 7 varied between 3.9 and 7.1 years (mean 5.5 years), the difference in cognitive score was
divided by the time in years between the two measures for each individual and multiplied by 5 to give everyone the same (5-year) time
period between the two phases of cognitive data collection.

Working hoursand other baseline characteristics

Working hours were determined at Phase 5 from the following two questions: “How many hours do you work per average week in
your main job, including work brought home?’, and “How many hours do you work in an average week in your additional employment?’
Participants were divided into the following three groups: a total of 35-40 hours; 41-55 hours; more than 55 hours per week (5-7). In
addition, analyses were conducted using the scale as a continuous variable. Participants in the Whitehall 11 study are almost exclusively
white-collar civil servants. The most common weekly working hours correspond to 36 hours per week net although various flexible
working arrangements can aso be arranged. In the present cohort, the mean working hours was 45.2 hours/week (S.D. 8.0, range 35 to
120).

Altogether 20 socio-demographic characteristics, behavioral, psychological, psychosocial and medical conditions known to be
associated with cognitive function and/or working hours, were included as covariates in the analysis (2 -9,12 ,19-38 ). In addition to sex
and age, marital status, indicators of socioeconomic position, i.e. occupational grade (6 levels from which the lowest two levels were
collapsed to obtain sufficient numbers), education (post graduate, graduate, higher secondary school, lower secondary school, or no
academic qualifications), and the participant’s report of his’her annual gross salary were assessed. Employment status (working vs. not
working) at follow-up was obtained from the Phase 7 questionnaire.

The physical functioning component score of the SF36(39 ) was used as a measure of global physical health status and divided into
quartiles separately for men and women. Prevalent CHD at phase 5 included cases of non-fatal myocardial infarction (MI) and angina. In
addition to definite non-fatal MI and definite angina our total non-fatal CHD events outcome included self-reported cases in the absence of
any clinical record evidence of coronary disease. Systolic blood pressure and diastolic blood pressure were measured using the Hawksley
random-zero sphygmomanometer. In keeping with standard definitions, subjects with systolic blood pressure=140 mmHg and diastolic
blood pressure=90 mmHg or on antihypertensive treatment were considered to be hypertensive (40 ).
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Psychological distress was assessed using the 30-item General Health Questionnaire (GHQ-30)(41 ). The GHQ-30 has been validated
in anumber of diverse populations and has been validated specifically against the Clinical Interview Schedule in Whitehall 11 data, giving
a cut-off point of 4/5 positive responses for dividing non-cases from cases (42 ). In addition, a 5-item subscale of anxiety (e.g. feelings of
constant strain, panic, nervousness) was derived from the General Health Questionnaire (GHQ-30)(41 ). Scoresin the top decile were used
to define anxiety cases, corresponding to the prevalence of anxiety disordersin the general population (43 ).

Sleep was assessed in two ways; the first was a measure of duration with respondents identified as short sleepers if they reported
sleeping less than 6 hours on an average week night (44 ). Sleep quality was assessed using the Jenkins Scale (45 ) which assesses sleep
disturbances during the past 4 weeks. The mean response score for all four questions was divided into tertiles.

Of the health behaviors, alcohol consumption (units/week) was classified into three categories: none; >0 to 14 (women)/21 (men)
units; more than 14/21 units (46 ). Smoking was assessed by a single question of whether the respondent was a current smoker or not. For
the physical activity score the participants were asked about the frequency and duration of their participation in physical activity (47 ). The
amount of time spent in activities with MET values ranging from 0 to 6 or above was summed to allow calculation of total number of
hours per week of physical activity and divided into three categories low, moderate and high.

Social support was measured by the 15-item Close Persons Questionnaire (48 ) which includes questions about confiding/emotional
support, practical support, and negative aspects of close relationships. The mean of all responses was divided into tertiles. Strain in family
relations was measured with a single-item question of how often the participant had any worries or problems with other relatives e.g.
parents or in-laws (always/often vs sometimes/sel dom/never/not applicable). Job strain was formulated by splitting the job demands score
and decision latitude score at their medians. High demands and low decision latitude indicated high job strain and other combinations
indicated low job strain (49).

Statistical analysis

All analyses were carried out using SAS statistical software, version 9.1, except missing-data analysis which was done using STATA
9.0 statistical software. First, we compared baseline characteristics of the participants by working hours and compared the longer-hours
group (>55 hours per week) with the employees with normal working hours (35-40 hours aweek) using x? tests. We used multiple analysis
of covariance (MANCOVA) to examine whether work hours had an overall association with cognitive function, as checking for each
measure of cognitive function separately increases the chance of Type 1 error. Subsequently, ANOVA was used to assess the association
between work hours and individual measures of cognitive function. When a significant difference was found in cognitive function tests at
baseline and/or at follow-up between groups additional analyses were carried out with the change score to assess tempora order and
examine whether the change was statistically significant. Sequential analyses were undertaken to see whether adjustment for covariates
attenuated the association between long working hours and change in cognitive function. Age was entered into the models as a continuous
variable and all other covariates were entered as categorical variables. As recommended by Glymour et al. (50 ) we used
baseline-unadjusted change scores for cognitive change. In order to examine linear trend in the association between working hours and
cognitive function, we repeated the analysis using working hours as a continuous variable.

To explore whether selection bias might have occurred due to loss to follow-up we undertook a sensitivity analysis in which we used
multiple multivariate imputation (51 ) using working hours, all covariates, cognition variables to impute values for missing values in any
variables with some missing data, amongst all 3163 participants free of stroke and TIA at baseline. We used switching regression in Stata
as described by Royston (51 ), and carried out 20 cycles of regression switching and generated 20 imputation datasets. The multiple
multivariate imputation approach creates a number of copies of the data (in this case we generated 20 copies) each of which has values that
are missing imputed with an appropriate level of randomness using chained equations. The estimates are obtained by averaging across the
results from each of these 20 datasets using Rubin’s rules. The procedure takes account of uncertainty in the imputation as well as
uncertainty due to random variation, as undertaken in all multivariable analyses.

RESULTS

Characteristics of the study participants by working hours at baseline are shown in Table 1 . 853 (39%) participants reported 35 to 40
hours of work per week, 1180 (53%) reported 41 to 55 hours, and 181 (8%) reported more than 55 hours of work per week. Compared to
employees with 35-40 hours, a higher percentage of those who worked more than 55 hours were men and were married or cohabited, had a
higher occupational grade, higher education, higher income, more psychological distress, shorter sleep, higher acohol use and more social
support.

MANCOVA analysisreveaed an overall association of working hours with cognitive function at baseline (p=0.002) and follow-up (p=
0.037) cognitive function as well as change in cognitive function scores between baseline and follow-up (p=0.044). Table 2 shows the
associations between working hours at baseline and each cognitive function measure at baseline and at follow-up after adjustment for all
covariates measured at baseline. Compared to employees working <40 hours per week, employees working more than 55 hours had lower
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vocabulary scores at baseline and at follow-up. At follow-up they had lower scores also on the reasoning test. No significant difference
between groups was found in any other measures of cognitive function at follow-up. Repeating these analyses with working hours treated
as a continuous variable largely replicated the findings, and additionally showed an association between working hours and better
phonemic fluency at baseline but not at follow-up.

Table 3 examines the mean difference in the change in reasoning score between those working normal hours and those working long
hours. Successive models show the effects of step-by-step adjustments. The stepwise adjustments show that various adjustments produced
little attenuation of the effect of working hours on decline in reasoning score and a clear dose-response pattern was revealed between
exposure and outcome. Again the findings were replicated in model s replacing categories with a continuous measure of working hours.

Sensitivity analyses

To further examine whether the findings are robust, we ran a sensitivity analysis in a sub-group of participants still employed at
follow-up (n=1672, 1677). In line with the main analyses, working >55 hours vs <40 hours was associated with a greater decline in the
reasoning score (difference -1.47, p=0.002) and lower scoresin the vocabulary test at baseline and at follow-up (difference -0.77, p=0.009
at baseline; -0.60, p=0.046 at follow-up). Corresponding p-values for the continuous working hours were p=0.009, p=0.004, and p=0.023.

To examine sex differences, we conducted altogether 15 tests of interaction between sex and continuous working hours on cognitive
function outcomes and found two statistically significant interactions; for the vocabulary test at baseline (p=0.015) and at follow-up (p=
0.003). Sex-stratified analysis showed a significant negative association between working hours and vocabulary score at baseline and at
follow-up among men (p-values <0.001) but not among women (p-values 0.899 and 0.339).

Finaly, table 4 repeats the analyses on those associations which were found to be robust in tables 2 and 3, except that the results were
obtained from the multiple multivariate imputation analysis for the baseline population, a total of 3163 participants. To simplify
comparison of cohorts before and after imputations, we present effects of working hours as per 10 hours increase in a continuous measure.
Imputation had little effect on the associations with vocabulary at baseline and follow-up and reasoning at follow-up. The association with
reasoning at baseline was strengthened considerably but the association with change in reasoning was slightly attenuated (p=0.053).
Corresponding p-values for categorical working hours variable were as follows: between the groups of >55 hours vs <40 hours, p<0.001
for vocabulary score at baseline and follow-up; p=0.068 for reasoning score at baseline; p=0.002 for reasoning at follow-up; and p=0.025
for the change score in reasoning (data not shown), thus replicating the original findings.

DISCUSSION

In this study of middle-aged men and women, working more than 55 hours per week was associated with lower scores on two of the
five tests of cognitive function. Long working hours at baseline were related to poorer performance in the vocabulary test both at baseline
and at follow-up. Furthermore, long working hours predicted decline in performance on the reasoning test over a 5-year follow-up period.
These effects were robust to adjustments for 20 potential confounding factors, such as education, occupational position, physical diseases
(cardiovascular dysfunction), psychosocia stress factors, sleep problems, and health risk behaviors.

We found an association between long working hours and decline in the scores for the AH 4-1 reasoning test and associations with the
Mill Hill Vocabulary tests at baseline and at follow-up. AH 4-I is also recognised as a measure of fluid intelligence, i.e. executive function
or “meta’ cognitive ability as it integrates other cognitive processes like memory, attention, and speed of information processing. Fluid
intelligence is seen to be intrinsically associated with information processing and involves short-term memory, abstract thinking,
creativity, ability to solve novel problems, and reaction time. It is the aspect of intelligence most affected by aging, biological factors,
diseases, and injuries (52 ,53 ). Fluid intelligence usually increases up to the mid-20s after which it gradually declines until the 60s when a
more rapid decline takes place.

The Mill Hill vocabulary test measures crystallized intelligence which is assumed to accumulate during the lifespan through education,
occupational and cultural experience and exposure to culture and intellectual pursuits (52 ,53 ). Crystallized abilities usually increases up
to the sixth or seventh decade of age and may not decrease until after 80 years of age. We found the Mill Hill scores to remain relatively
stable as expected for this middle aged cohort. However, the Mill Hill scores were lower among employees with long working hours both
at baseline and at follow-up. This consistency with two separate measures with a 5-year interval suggests not only a plausible finding but
also stahility of the far-reaching effect of long working hours on vocabulary. We did not find an interaction effect between follow-up
employment status and working hours on significant outcomes which suggests that the associations found are not dependent on
employment status at follow-up. However, people who work long hours might be exposed to a narrower variation of intellectual pursuits
i.e. only to those that are related to their work tasks and therefore might not be able to develop awide variety of functionsin crystallized
intelligence measured in the test. However, reversed causality is also possible: employees with lower cognitive ability may be more prone
to work overtime than workers with good cognitive ability in order to get their work done.
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Previous literature, mostly cross sectional, suggests that long working hours are associated with various health outcomes, the strongest
effects observed for cardiovascular diseases, fatigue, and sleep disturbances (2 -8 ). These can aso be hypothesized to be mediating
mechanisms for the association between long working hours and cognitive decline. Hypertension is associated with cognitive dysfunction
by producing subtle disturbancesin cerebral perfusion and affecting brain cell metabolism (19 -20 ). However, we found no evidence of an
association between long working hours and hypertension or CHD suggesting that the effect of long hours on cardiovascular dysfunction,
if any, isunlikely to explain cognitive declinein this study.

Another hypothesis on mediating mechanisms links long working hours with psychological stress and poor recovery from work as
indicated by sleeping problems and reduced sleep. Psychological stress has been suggested as affecting the brain via two neuroendocrine
systems; the sympathetic adrenomedullary system with the secretion of epinephrine and norepinephrine, and the hypothalamic pituitary
adrenocortical (HPA) system with the secretion of cortisol (54 ). Of the few studies in the field, only one study has found an association
between long working hours and neuroendocrinological stress markers (55 ). We found that long working hours were associated with short
sleep duration and psychological distress but not with sleep disturbances. Further adjustment for these factors did not provide support for
the hypothesis that psychological distress and poor recovery act as mediating mechanisms.

The third hypothesis suggests that long working hours may affect cognitive function through health risk behaviors. Evidence on the
association between long working hours and unhealthy behaviors is weak, but there is stronger evidence for the relationship between
health behaviors and cognitive function (22 -24 ,26 ). We found that adjustment for all these health risk behaviors had no effect on the
association between long working hours and cognitive function, suggesting that health risk behaviors may not be an important mediating
or confounding variable.

When working hours was entered into the model as a continuous variable, we found an association between long hours and better
phonemic fluency at baseline but not at follow-up. Thisinconsistency is also reflected in the lack of an association between the categorical
working hours and phonemic fluency. More research is needed to determine whether employees with long working hours do better than
other employees on tests of verbal fluency. Out of 15 analyses, we found two statistically significant interaction effects between working
hours and sex and sex-stratified analysis showed that long working hours were associated with poorer vocabulary performance among men
but not among women. However, further research with larger samples is needed to examine potential sex differences in the association
between working hours and cognition.

Strengths and limitations

The strengths of this study include large sample size and the possibility to explore prospectively the association between long working
hours and a possible change in cognitive function over a 5-year interval which has not been feasible in earlier studies. Furthermore, we
used five separate measures of cognitive function, allowing associations with specific aspects of cognition to be observed, and we were
able to adjust for alarge number of covariates as potential confounding or mediating factors between the exposure and outcome.

There are also important limitations in this study. First, the period of 5 years for cognitive decline might not be sufficient to detect a
significant decline in cognitive function in general. Second, the Whitehall 11 cohort is based on civil servants and not representative of the
entire working population, limiting the generalisability of our results. Third, we used self-reported working hours, with inherent problems
of recall. Fourth, middle-aged occupational cohorts, such as ours, are subject to a healthy survivor effect as the study design involves
participants being employed and gradually excludes those who develop work disability. However, all cohort studies focusing on
work-related exposures at midlife are open to health-related selection because participants need to be employed. Because poor health is
linked with worse cognition, healthy survivor effect is likely to lead to conservative estimates of the associations found. The baseline of
the present study was approximately 15 years after inclusion into the Whitehall Il study; men, employees in the higher occupational
grades, and those free from CHD were slightly over-represented. However, the associations between work hours, vocabulary and
reasoning were robust to adjustments for sex, occupational grade and health. Furthermore, similarity of these associations in the complete
case and multiple imputation analyses suggests that loss-to-follow-up after the baseline is an unlikely source of biasin this study.

Conclusions

Decline in cognitive function has aready been shown to be present among the middle-aged (9 ). As mild cognitive impairment
predicts dementia (10 ,11 ) and mortality (56 -58 ), the identification of risk factors for mild cognitive impairment in middle age is
important. The results of this study show that long working hours may be one of the risk factors that have a negative effect on cognitive
performance in middle age. Our findings can have clinical significance as the 0.6 to 1.4-unit difference in aspects of cognitive functioning
between employees working long hours and those working normal hours is of the similar magnitude as smoking, a risk factor for dementia
(59 ), has been found to have on cognition in the Whitehall |1 study (60 ). However, further research is needed to identify potential
underlying factors for the relationship between long working hours and cognitive function and to examine generalisability of our findings.
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TABLE 1
Characteristics of the participants by working hours at baseline, the Whitehall Il Study 1997-2004

Working hours per week

All <40 41-55 > 55 p
Sex <0.001
Men 1694 (77) 607 (71) 936 (79) 151 (83)
Women 520 (23) 246 (29) 244 (21) 30 (17)
Age (years); Mean (S.E.) 52.1 (0.09) 52.4(0.14) 51.8 (0.12) 52.5(0.31) 0.741
Marital status <0.001
Married/cohabited 1749 (79) 624 (73) 969 (82) 156 (86)
Non-married/co-habited 465 (21) 229 (27) 211 (18) 25(14)
Occupational grade level <0.001
1 highest 495 (22) 75 (9) 328 (28) 92 (51)
2 569 (26) 164 (19) 356 (30) 49 (27)
3 359 (16) 161 (19) 180 (15) 18 (10)
4 400 (18) 231 (27) 160 (14) 9(5)
5-6 lowest 391 (18) 222 (26) 156 (13) 13(7)
Educational level <0.001
Post graduate 378 (17) 93 (11) 238 (20) 47 (26)
Graduate 551 (25) 200 (23) 294 (25) 57 (31)
Higher secondary 657 (30) 251 (29) 356 (30) 50 (28)
Lower secondary 499 (23) 240 (28) 235 (20) 24 (13)
No academic qualifications 129 (6) 69 (8) 57 (5) 3(2
Income (£/year) <0.001
= 50,000 358 (16) 46 (5) 232 (20) 80 (44)
25,000 < 50,000 1176 (53) 393 (46) 703 (60) 80 (44)
15,000 < 25,000 579 (26) 351 (41) 214 (18) 14 (8)
< 15,000 101 (5) 63 (7) 31(3) 74
Physical health status 0.137
I lowest 404 (18) 148 (17) 215 (18) 41 (23)
I 551 (25) 219 (26) 298 (25) 34 (19)
11 589 (27) 234 (27) 301 (26) 54 (30)
1V highest 670 (30) 252 (30) 366 (31) 52 (29)
CHD 0.478
No 1988 (90) 769 (90) 1059 (90) 160 (88)
Yes 226 (10) 84 (10) 121 (10) 21 (12)
Hypertension 0.368
No 1801 (81) 682 (80) 969 (82) 150 (83)
Yes 413 (19) 171 (20) 211 (18) 31(17)
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Psychological distress
No
Yes

Anxiety
No
Yes

Short sleep (<6 hrs)
No
Yes

Sleeping problems
Low
Intermediate
High

Alcohol use
No
Moderate
High

Smoking
No
Yes

Physical activity
Low
Intermediate
High

Social support
Low
Intermediate
High

Strain in family relations

No
Yes
Job strain
No
Yes

Employment status at follow-up

Employed
Non-employed

1674 (76)
540 (24)

1972 (89)
242 (11)

2043 (92)
171 (8)

707 (32)
836 (39)
671 (30)

259 (12)
1382 (62)
573 (26)

2020 (91)
194 (9)

352 (16)
780 (35)
1082 (49)

763 (34)
764 (35)
687 (31)

1792 (81)
422 (19)

1671 (75)
543 (25)

1680 (76)
534 (24)

" P -value for difference between the groups working <40 hours and >55 hours per week.
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678 (79)
175 (21)

770 (90)
83 (10)

799 (94)
54 (6)

292 (34)
316 (37)
245 (29)

118 (14)
553 (65)
182 (21)

777 (92)
76 (9)

153 (18)
326 (38)
374 (44)

312 (37)
306 (36)
235 (28)

700 (82)
153 (18)

648 (76)
205 (24)

624 (73)
229 (27)

880 (75)
300 (25)

1044 (88)
136 (12)

1084 (92)
9 (8)

360 (31)
455 (39)
365 (31)

127 (11)
714 (61)
339 (29)

1076 (91)
104 (9)

164 (14)
389 (33)
627 (53)

406 (34)
386 (33)
388 (33)

951 (81)
229 (19)

886 (75)
294 (25)

911 (77)
269 (23)

116 (64)
65 (36)

158 (87)
23 (13)

160 (88)
21 (12)

55 (30)
65 (36)
61 (34)

14.(8)
115 (64)
52 (29)

167 (92)
14.(8)

35 (19)
65 (36)
81 (45)

45 (25)
72 (40)
64 (35)

141 (78)
40 (22)

137 (76)
44 (24)

36 (80)
145 (20)

<0.001

0.230

0.013

0.375

0.018

0.611

0.819

0.008

0.192

0.937

0.052
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TABLE 2
Association between working hours at baseline and cognitive function at baseline and at follow-up, fully adjusted model s , the Whitehall 11 Study 1997-2004

Memory Reasoning Vocabulary Phonemic fluency Semantic fluency
Range 0-18 (1-18) Range 12-65 (10-65) Range 1-33 (6-32) Range 3-47 (2-34) Range 2-34 (2-33)
Weekly working hours at baseline Mean (SE) pT Mean (SE) pT Mean (SE) pT M ean (SE) pT Mean (SE) pT
Cognitive function at baseline
<40 6.94 (0.18) Ref. 46.14 (0.63) Ref. 24.80 (0.25) Ref. 16.95 (0.33) Ref. 16.83 (0.30) Ref.
41-55 7.12 (0.17) 0.081 46.02 (0.60) 0.744 24.38 (0.24) 0.005 17.25(0.31) 0.117 16.87 (0.29) 0.810
>55 7.14 (0.23) 0.306 45.93(0.79) 0.763 23.96 (0.32) 0.002 17.62 (0.41) 0.056 17.08 (0.38) 0.441
Test for linear trend™ p=0.835 p=0.206 p < 0.001 p=0.031 p=0.874
Cognitive function at follow-up
<40 7.11(0.18) Ref. 44.17 (0.65) Ref. 24.97 (0.25) Ref. 15.66 (0.31) Ref. 16.20 (0.28) Ref.
41-55 7.18 (0.18) 0.547 43.53(0.62) 0.099 24.62 (0.24) 0.020 15.95 (0.29) 0.111 16.18 (0.26) 0.912
>55 6.93 (0.23) 0.359 42.74(0.81) 0.040 24.39 (0.32) 0.032 16.00 (0.38) 0.302 16.08 (0.35) 0.680
Tesiier s et p=0.118 p=0.010 p =0.003 p=0.088 p=0.430

Note. In each cognitive test higher score indicates better cognitive performance.
Adjusted for age, sex, marital status, follow-up employment status, occupational grade, education, income, physical health indicators, psychological distress, anxiety, sleep problems, health risk
behaviors, socia support, family stress, and job strain.

T Pfor difference with the reference group with <40 working hours per week.
* Total worki ng hours entered into the model as a continuous variable.

TABLE 3
Stepwise adjustments of the association between working hours at baseline and change in reasoning score between baseline and follow-up, the Whitehall Il Study 1997-2004

Change in reasoning score

Model | Model 11 Model 111 Model 1V Model V Model VI
Weekly working hours at basdline Mean diff. (SE) p  Meandiff.(SE) p  Meandiff.(SE) p  Meandiff.(SE) p  Meandiff.(SE) p  Meandiff.(SE) p.
<40 ~190(0.19)  Ref.  -195(024) Ref.  -171(028) Ref.  -194(0.25 Rel.  -187(021) Ref.  -177(039  Rei.
41-55 -236(0.18) 0033 -241(023) 0035 -218(027) 0030 -237(024) 0049  -234020) 0031 -223(037) 0.046
> 55 -297(038) 0006 -298(0.41) 0009 -280(042) 0006 -299(041) 0008 -296(0.39) 0006 -290(049)  0.007
i T p=0.020 p=0.026 p=0.018 p=0.026 p=0.018 p=0.036

Model I: adjusted for age, sex, marital status and follow-up employment status.

Model I1: Model | + additionally adjusted for physical health indicators.

Model 111: Model | + additionally adjusted for psychological distress, anxiety, and sleep problems.

Model 1V: Model | + additionally adjusted for health risk behaviors.

Model V: Model | + additionally adjusted for social support, family stress and job strain.

Model VI: Adjusted for all covariatesin models|, 11, 111, 1V, V + occupational grade, education, and income.

p for difference with the reference group working <40 hours per week.
T Difference in mean between the group working >55 hours and the group working <40 hours per week.
* Total worki ng hours entered into the model as a continuous variable.
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TABLE 4
Multivariable-adj usted  associations between working hours, vocabulary and reasoning for participants before and after imputation of missing dataimputed, the Whitehall |1 Study 1997-2004

Vocabulary score Reasoning score
Cohort Baseline Follow-up Basdline Follow-up Change
Weekly working hour s at baseline Beta (SE) p Beta (SE) p Beta (SE) p Beta p Beta p
Before imputation (n = 2210 - 2204)
e I e -0.38 (0.09) <0.001 -0.27 (0.09) 0.003 -0.28 (0.23) 0.206 -0.60 (0.23) 0.010 -0.30 (0.14) 0.036
After imputation (n = 3163)1
e @ o freresss. -0.42 (0.08) <0.001 -0.36 (0.08) <0.001 -0.52 (0.19) 0.005 -0.77 (0.20) <0.001 -0.24 (0.13) 0.053

. Adjusted for age, sex, marital status, follow-up employment status, occupational grade, education, income, physical health indicators, psychological distress, anxiety, sleep problems, health risk
behaviors, socia support, family stress, job strain.

T Continuous variable for worki ng hours
* Based on multi ple multivariate imputations.
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