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This paper summarizes the associations between long workhours and health, with special attention for the
physiological recovery and behavioral life-style mechanisms that may explain the relationship. The evidence for
these mechanisms has not been systematically reviewed earlier. A total of 27 recent empirical studies met the
selection criteria. They showed that long workhours are associated with adverse health as measured by several
indicators (cardiovascular disease, diabetes, disability retirement, subjectively reported physical health, subjec-
tive fatigue). Furthermore, some evidence exists for an association between long workhours and physiological
changes (cardiovascular and immunologic parameters) and changes in health-related behavior (reduced sleep
hours). Support for the physiological recovery mechanism seems stronger than support for the behavioral life-
style mechanism. However, the evidence is inconclusive because many studies did not control for potential
confounders. Due to the gaps in the current evidence and the methodological shortcomings of the studies in the
review, further research is needed.
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In reaction to a political conflict in the European Union
concerning legislation on long workhours around 1995,
several articles were published that addressed the rela-
tionship between extended workhours on the one hand
and health and safety issues on the other (1–4). The main
conclusion of these papers was that there were indeed
good reasons to be concerned about the possible detri-
mental effects of extended workhours on health and
safety, but that the evidence was inconclusive. Although
the relationship between workhours and health has been
studied extensively (5–9), the majority of the studies
addressing this subject focused on the effects of shift
work rather than on the effects of long workhours. The
literature on extended shifts and compressed workweeks
is certainly relevant for knowledge about the effects of
long workhours on health. However, it can be difficult
to disentangle the effects of the scheduling of the shift—
unusual hours of work that may cause sleep loss and a
disturbance of circadian rhythms (10)—and the length
of the shift. In extreme cases, extensive overtime may
be associated with sleep loss and disturbance of body
rhythms [eg, possibly in the case of junior doctors and

karoshi victims (11–13)], but it is not likely to occur if
one works a few extra hours every day. Thus, halfway
through the 1990s, studies addressing the effects of long
workhours independently of shift work were relatively
scarce.

As has already been stated, the existing literature
suggests that long workhours are associated with ad-
verse health, but the evidence is not very strong. Sparks
and her colleagues (3) found a mean correlation of 0.13
between weekly workhours and overall ill health in a
meta-analysis based on 21 studies. A further categori-
zation of the health indicators resulted in a mean corre-
lation of 0.06 with physiological ill health (although
within this category the correlations with cardiovascu-
lar complaints were much higher, 0.20 and 0.51) and a
mean correlation of 0.15 with psychological ill health.
Thus long workhours seem to be associated with poor
health, but the association is rather weak, although there
may be stronger relationships for specific health indi-
cators. A particularly important issue with respect to the
strength of the evidence is possible confounding be-
tween long workhours and other factors that might
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affect health, such as demographic variables, work char-
acteristics, home characteristics, and personality. As
was pointed out by Spurgeon and her co-workers (4),
long workhours are likely to coincide with high job de-
mands. A difference in workload between employees
who work extended hours and those who do not might
explain possible differences in health. Other psychoso-
cial work characteristics, such as job control and social
support (14–16), may also covary with workhours. Fur-
thermore, in some studies, the number of hours worked
is used as an indicator of task demands. This approach
makes it impossible to disentangle the effects of job
demands and long workhours. Thus simple correlations
between workhours and health can only provide weak
evidence. Perhaps the most important reason why the
evidence for a relationship between long workhours and
adverse health is inconclusive is that many studies have
not controlled for covariates.

Extended workhours may affect health through dif-
ferent pathways. First, long hours of work imply that
one has to invest effort in the worktask for a longer pe-
riod of time, whereas the time available for recovery is
reduced (17, 18). Insufficient recovery is thought to dis-
turb physiological processes (blood pressure, hormone
excretion, sympathetic nervous system activity) and,
eventually, lead to psychological and physical health
complaints (19, 20). Second, long workhours are thought
to be associated with life-style factors such as smoking
and coffee and alcohol consumption, unhealthy diet, and
lack of exercise (21–23). In turn, unhealthy behavior
causes physiological changes (eg, high blood pressure,
high cholesterol) and increased risk for cardiovascular
disease and adverse health in general. The physiologi-
cal recovery mechanism and the behavioral life-style
mechanism are also thought to be involved in the rela-
tionship between shift work and health, especially car-
diovascular risk (24). It should be pointed out that these
processes are not mutually exclusive and may operate
simultaneously. Moreover, the mechanisms involved
may differ for different types of complaints. Although
several authors [eg, Sparks et al (3) and Steenland (25)]
have speculated about the mechanisms that may explain
associations between long workhours and adverse
health, the evidence for changes in physiological proc-
esses and health-related behavior is rather scarce.

My review provides an update of current knowledge
based on recent studies concerning long workhours and
health by considering new evidence for the association
between long workhours and a range of health indica-
tors and systematically investigating the methodologi-
cal characteristics of these studies. The purpose of
the review was to provide an up-to-date overview of re-
cent empirical research on extended workhours and
health and also an overview of the main conclusions of
these studies, taking the methodological quality of the

studies into account. As has already been stated, only
evidence from studies that controlled for possible cov-
ariates can provide strong evidence for associations be-
tween long workhours and health. Moreover, this review
examined the existence of two specific pathways (the
physiological recovery mechanism and the behavioral
life-style mechanism) that might explain the relationship
between extended workhours and adverse health. The
evidence for these mechanisms has not been systemati-
cally reviewed earlier. Because of the diversity in the
measurement of extended hours, the types of outcome
variables used, and the variety in study designs, it was
decided to conduct a systematic narrative review rather
than a meta-analysis. The following three research ques-
tions guided the review: (i) is there evidence in the re-
cent literature for a relationship between long workhours
and specific aspects of health and how strong is this
evidence, (ii) is there evidence in the recent literature
for physiological changes in persons who work long
hours, and (iii) does the recent literature contain evi-
dence of changes in health-related behavior in persons
who work long hours?

Subjects and methods

Search strategy

The review was limited to articles published in peer-re-
viewed psychological and medical journals in the Eng-
lish language. On-line searches were carried out in the
PsycInfo and Medline databases, from January 1996 to
June 2001. As a means of minimizing overlap with ear-
lier reviews (3, 4), 1996 was chosen as the year to start
the search. The following key words were used:
work(ing) hours, long hours, extended hours, overtime,
and overwork. The author examined the abstracts of all
references in order to decide whether the study was rel-
evant according to the selection criteria. All potentially
relevant articles were retrieved and read.

Inclusion criteria

Type of study. Only empirical studies were included in
the review, with the exception of case studies.

Sample. The study population had to be a working pop-
ulation or a patient group with a documented work his-
tory. At least a part of the study population should have
worked more than 40 hours a week. Studies in which
the mean number of workhours a week plus one stand-
ard deviation was lower than 40 were excluded, as well
as studies that only compared part-time and full-time
employees. Studies that explicitly focused on the effects
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of compressed workweeks were excluded as well.
Studies with populations working irregular hours or shift
work were only included if at least part of the popula-
tion worked normal office hours and if shift work and
overtime were included in the analyses separately.

Measurement of extended hours. Only studies that re-
ported workhours (per day or per week) or overtime
hours (per day, week, month or year) were included.
Studies that measured the frequency of overtime work
or that only reported whether or not participants worked
overtime were excluded. Extended hours had to be
measured on the individual level; studies that focused
on organizational-level assessment of the prevalence of
overtime or estimated the prevalence of overtime based
on the participants’ occupation were excluded.

Outcome measures. In order to keep the review focused,
only studies that concerned health status (mortality, di-
agnosed disease, work disability, subjective health),
physiological indices, or health-related behavior were
included. In the psychological literature, several stud-
ies concerning effects of extended workhours on job
satisfaction, job involvement, work–family conflict,
well-being of partners and children, performance, and
accidents were retrieved, but these were not considered
relevant for this study. In the medical literature, several
studies that focused on reproductive health were con-
sidered irrelevant for the review and were therefore ex-
cluded.

Statistical analysis. In order to be included, studies need-
ed to explicitly test the association between extended
hours and the outcome measure. The strength of the re-
lationship and the statistical technique used to test this
relationship had to be reported clearly. Studies focus-
ing on the antecedents of extended workhours and pure-
ly descriptive studies were excluded. Furthermore, there
were many studies that addressed questions such as
“What do workers find stressful about their jobs?” or
“Do long hours affect your health?” These studies fo-
cus on the factors to which workers attribute their health
complaints instead of on statistical associations and
were therefore excluded. Finally, comparisons of health
indicators for groups that happened to differ in mean
workhours but were categorized on the the basis of some
other criterion (eg, job type) were not included in the
review, because such studies can only produce circum-
stantial evidence.

A total of 27 studies met the selection criteria (26–
52) (table 1). In one case, two articles (49, 50) were writ-
ten based on the same sample but with different depend-
ent measures. Two other articles (39, 40) concerned fol-
low-up studies on the same population, one after 3 years

and one after 5 years. It should be kept in mind that the
results of these studies are not statistically independent.
Furthermore, one paper (30) described a between-group
comparison and a within-group comparison in different
samples. The two comparisons are considered independ-
ent studies and are summarized separately in the table.
In summary, the final selection included 27 articles re-
porting about 28 studies in 26 independent samples.
Table 1 describes the methodological characteristics and
the results of the studies. The next section lists the char-
acteristics of the studies that were summarized in the
table.

Methodological characteristics and results

Sample. The following characteristics of the sample are
mentioned in the table: number of participants, country
of residence, percentage of men and women, mean age
of the sample (or age range if mean age was not report-
ed), type of occupation(s), and type of organization(s).
The selected studies concerned 9 European samples
(26–28, 36, 41, 43, 47, 49, 50, 51), 4 samples from the
United States (29, 32, 42, 48), and 13 Japanese samples
(30, 31, 33–35, 37–40, 44–46, 52). Twelve studies had
mixed-gender samples (26, 27, 29, 32, 34, 41–43, 47–
51), although one was predominantly male (32) and one
predominantly female (48). The other 14 studies had all-
male samples (28, 30, 31, 33, 35–40, 44–46, 52).

Time dimension. The test of the association between
extended workhours and the outcome measures could
be cross-sectional, case-referent, longitudinal, or repeat-
ed measures. In some studies, the sample came from a
study with a longitudinal design, but the relationship
between extended hours and outcome measures was
only studied on the basis of data collected at a sin-
gle point in time (although other relationships were
studied longitudinally). This was particularly the
case when long workhours were not the primary focus
of the study. All the longitudinal studies tested whether
long workhours at baseline or the average amount of
workhours during the period of study were associated
with changes in health status during the follow-up peri-
od. Thus these studies did not investigate whether
within-subject changes in workhours were associat-
ed with within-subject changes in health. Repeated
measures designs were defined as natural experiments
that made within-subject comparisons between outcome
variables in relatively long workhour periods and out-
come variables in relatively short workhour periods.
Most of the studies were cross-sectional (26, 27, 29, 30,
31–34, 37, 42–45, 48–52). Two studies had a case-ref-
erent design (28, 46). There were five independent lon-
gitudinal studies (35, 36, 38–41), and two repeated-
measures studies (30, 47).
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Table 1. Overview of the methodological characteristics and results of the 27 selected studies [Am
 = mean age, Amb

 = mean age at
baseline in longitudinal study, Ar

 = age range, Arb
 = age range at baseline in longitudinal study, ANCOVA = analysis of covariance, ANOVA

= analysis of variance, BMI = body mass index, Cat = categories, Cor = correlation, Con = controlled for the following (categories of)
covariates or confounders, DBP = diastolic blood pressure, Dich = dichotomous, Fish = Fisher’s exact test, GHQ = General Health Ques-
tionnaire, HF = high frequency, HR = heart rate, HRV = heart rate variability, hyper = hypertensive group, Ig = immunoglobulin, IHD =
ischemic heart disease, Int = interaction effects tested for particular moderator variables, LWH = long workhours, MLinRA = multivariate
linear regression analysis, MLogRA = multivariate logistic regression analysis, MRegA = multi-level regression analysis, multi = multivariate
association (after correction for covariates), Ncase

 = number of cases, normotens = normotensive group, NR = not reported, Nref
 = number

of referents, Obj = objective, registered workhours, Occup = type of occupation, OF = overtime frequency, OH = overtime hours, Organ =
type of organization, PC = personal computer, range = range of overtime hours, either range or mean and standard deviation (SD), Rcor
= rank correlation, RMANOVA = repeated measurements analysis of variance, SA = separate analyses for particular groups (ie, relation-
ship between extended hours and outcome variables studied separately for particular groups, usually gender or age), SBP = systolic
blood pressure, SRWH = self-reported workhours, SWH = short workhours, ULogRA = univariate logistic regression analysis, uni = univariate
association (only reported if the association was not tested by means of a multivariate analysis technique), UK = United Kingdom, US =
United States, VDT = video display terminal, WH = workhours, Wil = Wilcoxon rank-sum test, ws = within-subject association, + = significant
positive relationship, – = significant negative relationship, 0 = no significant relationship]

Study Sample Time dimension Statistical analysis Measurement of Outcome measures Results
extended hours

Baldwin et al, N = 142, UK, Cross-sectional: Cor & MLinRA, Con: SRWH, WH/week Subjective health
1997 (26) males: 55%, test of linear relation significant associations (preceding week, Total GHQ 0uni

Am: 25 years, controlled for each including on call), Somatic symptoms +multi

Occup: doctors other mean 76, range Severe depression 0uni

(senior house 33–128 Psychosomatic symptoms 0uni

officers), Organ: Social dysfunction +multi

hospitals Physical ailments last year 0uni

Behavior
Alcohol consumption (last 7
days) –uni

Borg & N = 1306, Cross-sectional: MLinRA, Con: demo- SRWH, WH/week, Subjective health
Kristensen, Denmark, test of linear relation graphic variables and mean 43.9, SD 8.5 Mental health 0multi

1999 (27) males: 90%, psychosocial job
Am: 41.5 years, characteristics
Occup: traveling
salespeople,
Organ: diverse

Emdad et al, Ncase = 13, Case-referent: ANOVA & MLinRA, SRWH, WH/day, Disease
1998 (28) Nref = 56, cases: IHD; refer- Con: other risk factors IHD cases, IHD (hospital treatment

Sweden, ents: hypertensive, mean 8.5, SD 2.6 in coronary care unit
males: 100%, borderline hyperten- within last 2 years) +uni

Ar: 25–52 years, sive, normotensive;
Occup: profes- all with same occupa- Behavior
sional drivers, tion BMI +multi

Organ: diverse Smoking 0multi

Ettner & N = 2048, US, Cross-sectional: MLogRA, Con: occu- SRWH, WH/week, Subjective health
Grzywacz, males: 50%, comparison of three pation-based and Cat: < 35, 35–45, Unambiguously negative
2001 (29) Ar: 25–74 years, groups varying in self-reported job  >45 impact of work on health +multi

Occup: diverse, workhours characteristics
Organ: diverse

Hayashi et al, N = 47, Japan, Cross-sectional: t-tests: Wil & Fish, SA: SRWH?, OH/month, Subjective health
1996 (30) males: 100%, comparison of two normotensives and Dich: ≤30, ≥60 Fatigue symptoms:

Am: 39–47 groups varying in mild hypertensives   before work +uni

years, for overtime hours   after work +uni (mild hyper)
different groups,
Occup: white- Physiology
collar workers, SBP (occasional) 0uni

Organ: electrical DBP (occasional) 0uni

goods manufac- Blood samples:
turer   cholesterol (2 indices) 0uni

  blood sugar +uni (normotens)
  fructosamine 0uni

Urea nitrogen 0uni

Creatinine 0uni

SBP 24-hour +uni (normotens) a

DBP 24-hour 0uni a

HR 24-hour 0uni a

Behavior
BMI 0uni

Sleeping hours –uni (mild hyper)
Smoking 0uni

Alcohol consumption 0uni

(continued)
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Hayashi et al, N = 19, Japan, Repeated measures: t-tests, Wil SRWH?, OH/month, Subjective health
1996 (30) males: 100%, 2 points in time, time mean: 96 for busy Fatigue symptoms +ws

Am: 36 years, span not reported, period & 43 for
Occup: white- comparison of busy reference period Physiology
collar workers period and reference SBP +ws a

of accounting period DBP +ws a

department, HR(24-hour registration) +ws a

Organ: electrical
goods manu- Behavior
facturer Sleep hours –ws

Smoking 0 ws

Iwasaki et al, N = 71, Japan, Cross-sectional: t-tests, SA: age SRWH, WH/week Subjective health
1998 (31) males: 100%, comparison of two (office + oneway Fatigue symptoms:

Ar: 22–60 years, groups varying in commuting time),   drowsiness or dullness +uni  (before
Occup: salesmen, number of workhours Dich (median split), and after work)
Organ: machinery mean: 57.2 for   difficulty concentrating +uni (before work)
manufacturing SWH group & 64.5 Feeling physical abnormality 0uni

company for LWH group
Physiology
HRV 0uni

SBP +uni (age 50–60
years)

Serum cholesterol –uni (age 40–49
years)

Jex & Bliese, N = 2273, US, Cross-sectional: MRegA, Int: self-efficacy SRWH, WH/day Subjective health
1999 (32) males: 96%, test of linear relation and collective efficacy, (past week), mean Psychological strain +multi b

Am: 25 years, Con: several job 10.23, SD 2.85 Physical strain +multi

Occup: soldiers, stressors
Organ: 36 army
companies

Kageyama N = 223, Japan, Cross-sectional: Rcor & ANCOVA, Con: SRWH, OH/month Physiology
et al, 1998 males: 100%, comparison of age, BMI, current Cat: <20, 20–59, HRV:
(33) c Am: 30.8 years, three groups smoking status, current ≥60   vagal activity during supine rest 0multi

Occup: white- varying in over- alcohol consumption   sympathetic activity during
collar workers, time hours   supine rest 0multi

Organ: private   vagal + sympathetic activity
company   during supine rest 0multi

  vagal activity during standing
  rest –multi

  sympathetic activity during
  standing rest +multi

  vagal + sympathetic activity
  during standing rest 0multi

Behavior
Sleep hours on weekdays 0uni

Sleep hours before holidays +uni

Frequency of exercise 0uni

Kageyama N = 260, Japan, Cross-sectional: MLinRA, Con: work- SRWH, OH/month Behavior
et al, 2001 males: 89%, comparison of three load and commuting in past 3 months, Sleep length weekdays –multi

(34) Ar: 20–59 years, groups varying in time or workload and Cat: 0–59, 60–79, Sleep debt weekdays +multi

Occup: white- overtime hours age ≥80
collar workers
(editors, sales
persons, clerks),
Organ: private
publishing
company

Kawakami N = 2194, Longitudinal: MLogRA,Con: demo- SRWH, OH/month Disease
et al, 1999 Japan, males: comparison of three graphic, behavioral in past month, at Diagnosed noninsulin
(35) 100%, Arb:  18– groups varying in life-style, family baseline, Cat: 0–25, dependent diabetes mellitus

60 years, Occup: overtime hours history of diabetes 25–50, >50 according to WHO criteria
industrial work- at baseline, (urine sample) during
ers, Organ: elec- baseline 1984, follow-up +multi

trical company follow-up 1992

Table 1. Continued

Study Sample Time dimension Statistical analysis Measurement of Outcome measures Results
extended hours

(continued)
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Krause et al, N = 968, Longitudinal: MLogRA, SRWH, WH/week Work diability
1997 (36) Finland, 4-year follow-up, Con: age, economic at baseline?, Cat: Disability retirement +multi

males: 100%, baseline between factors, prevalent <40, 40–44,
Amb: cohorts & 1984 and 1989, diseases, and 45–59, ≥60
42, 48, 54, 60 comparison of four health behavior
years of age, groups varying in
Occup: diverse, workhours
Organ: diverse

Mure et al, N = 69, Japan, Cross-sectional: MLogRA, Con: life- SRWH, WH/day, Physiology
1996 (37) males: 100%, comparison of two style factors Dich: <9, ≥9 Urinary mutagens or

Am: 44.2 years, groups varying in carcinogens in 24-hour
Occup: diverse, workhours specimens (9 fractions) 0multi

Organ: metal plant

Nakamura N = 248, Japan, Longitudinal: Con &  MLinRA, Obj (time clocks), Physiology
et al, 1998 males: 100%, test of linear relation, Con: age or late OH/month during Serum cholesterol 0uni

(38) Am: 30.9 years, baseline 1990, night meal 3-year study peri- Serum triglycerides 0uni

Occup: white- follow-up 1993 od, mean 45.5,
collar workers SD 15.6 Behavior
(nonmanage- BMI 1993 0uni

ment position, Waist circumference 1993 0uni

VDT workers BMI change in 3 years +multi

& clerks), Organ: Waist circumference change
printing and PC in 3 years +multi

manufacturing Skinfold thickness 0uni

company Dinner time +uni

Breakfast 0uni

Exercise 0uni

Snacking 0uni

Smoking 0uni

Alcohol consumption 0uni

Preference for rich, fatty
foods 0uni

Nakanishi N = 869, Japan, Longitudinal: MLogRA, Con: SRWH, WH/day Disease
et al, 1999 males: 100%, comparison of two age, life-style at baseline, Dich: Development of hypertension
(39) Arb: 35–54 years, groups varying in factors <10,  ≥10 in 3-year period, single

Occup: office / workhours at base- measurement at annual
white-collar line, baseline 1994, health examination –multi

workers, Organ: follow-up 1997
building contrac- Behavior
tors Smoking 0multi

Alcohol consumption 0multi

BMI –multi

Eating breakfast 0multi

Eating between meals 0multi

Nutritional balance 0multi

Physical exercise 0multi

Hours of sleep –multi

Nakanishi N = 941, Japan, Longitudinal: MLogRA, Con: SRWH, WH/day Disease
et al, 2001 males: 100%, comparison of six age, occupation, at baseline, Cat: Development of borderline
(40) Arb: 35–54 years, groups varying in position & life-style <8, 8.0–8.9, 9.0– hypertension –multi

Occup: white workhours at baseline, factors 9.9, 10.0–10.9, Development of definite
collar workers baseline 1994, follow- ≥11 hypertension (in 5-year
not in shift up 1999 period) –multi

system, Organ:
building con-
tractor

Nylén et al, N = 20 632, Longitudinal: MLoGR, SA: gender, SRWH, OH/week Mortality
2001 (41) Sweden, males: comparison of two Con: demographic at baseline, Mortality from all causes:

54%,Arb: 15–47 groups varying in variables, life-style Dich: ≤5, >5   5-year follow-up (1973–
years, Occup: overtime hours factors, extraversion &   1977) +multi male, NR fe-
diverse, Organ: at baseline, long lasting  or serious male
diverse baseline 1973, illness   24-year follow-up (1973– –multi male, +multi fe-

follow-up 1996   1996) male

Table 1. Continued

Study Sample Time dimension Statistical analysis Measurement of Outcome measures Results
extended hours

(continued)
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Proctor et al, N = 248, US, Cross-sectional: MLinRA, Con: demo- Obj (payroll), Subjective health
1996 (42) males: NR (mixed), test of linear relation graphic variables, OH/past week, Mood:

Am: 36 years, workhour variables mean 7.26, range   tension 0 multi

Occup: automotive (including shift work), 0–32   depression +multi

workers in manu- job type   anger 0 multi

facturing and Fatigue +multi

calibration de- Confusion +multi

partments (no
supervisors or
managers), Organ:
fuel-injector manu-
facturing plant

Rosenstock N = 3 589,  Cross-sectional: MLogRA, Con: demo- SRWH, WH/week, Physiology
et al, 1996 Denmark,  comparison of two graphic variables Dich: ≤40, >40 Chronic infection
(43) males: NR (mixed),  groups varying in and work-related factors (Ig G antibodies in blood) 0multi

Am: cohorts  workhours Acute infection (Ig M anti-
born in 1922, bodies in blood) +multi

1932, 1942 &
1952, Occup: di-
verse (about 500
not employed),
Organ: diverse
age- and gender-
stratified sample

Sasaki et al, N = 147, Japan, Cross-sectional: t-tests, SA: age SRWH, WH/week, Subjective health
1999 (44) males: 100%, comparison of two hours at workplace Fatigue complaints:

Ar: 23–49 years, groups varying in + oneway commut-   drowsniness or dullness +uni (age 30–39
Occup: engineers, workhours ing time, Dich (me- years, morning)
Organ: electronics dian split), mean   difficulty concentrating +uni (age 40–49
manufacturing 58.4 for SWH group years, morning +
company & 68.1 for LWH afternoon)

group Feeling physical abnormality 0 uni

Physiology
Urine samples:
  noradrenaline –uni (age 30–39

years)
  adrenaline 0 uni

  dopamine 0 uni

  vanilmandelic acid 0 uni

HR 0 uni

HRV (ampHF) 0 uni

HRV (log(LF/HF) –uni  (age 30–39)
years)

SBP 0 uni

DBP +uni (age 23–29)
years)

Pulse rate 0 uni

Behavior
Sleep hours –uni (age 30–49)

years)
BMI 0 uni

Sasaki et al, N = 278, Japan, Cross-sectional: ANOVA, Int: age group SRWH, WH/week, Subjective health
1999 (45) males: 100%, comparison of three latest full month, Fatigue complaints:

Am: 36.7 years, groups varying in Cat (tertile split):   drowsniness or dullness 0 uni

Occup: engineers, workhours <57.1, 57.1–63.3,   difficulty concentrating 0 uni

Organ: machinery ≥63.3 Feeling physical abnormality 0 uni

manufacturing
company Physiology

HRV (2 indices) 0 uni

SBP 0 uni

DBP 0 uni

Serum cholesterol (2 indices) 0 uni

Serum magnesium 0 uni

Serum sulfate 0 uni

Behavior
Sleep hours –uni

BMI 0 uni

Table 1. Continued

Study Sample Time dimension Statistical analysis Measurement of Outcome measures Results
extended hours
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Statistical analysis. This column lists the statistical tests
used for the association between extended hours and
outcome variables and the covariates or confounders that
were included in the analyses (demographic variables,
work characteristics, home characteristics, personality,
health-related behavior, physiological indices). Two
studies (30, 47) reported within-subject tests and did not

Sokejima & Ncase = 195, Case-referent: MLogRA, Con: demo- SRWH, (salary Disease
Kagamimori, Nref = 331, cases: patients admitted graphic variables and overview gives Acute myocardial infarction
1998 (46) Japan, males: to hospital with acute risk factors information), needing hospital treatment +multi

100%, Ar: 30–69 myocardial infarction, WH/day, in month
years, Occup: referents: healthy, before infarction
diverse, Organ: matched for age and or recruitment,
diverse occupation Cat: ≤7, 7–9, 9–11,

≥11

Steptoe et al, N = 71, UK, Repeated measures: RMANOVA, Int: SRWH, WH/week Subjective health
1998 (47) males: 38%, comparison of busy gender, job strain in past 7 days, Perceived stress +ws

Am: 35.1 years, week and reference & job social support mean 32.6–48.0 d Total GHQ 0 ws

Occup: diverse, week, 4 measure- (median split) in week with
Organ: large de- ments over 6-month shortest and Physiology
partment store period longest hours Cortisol (saliva) 0 ws

respectively
 Behavior

Smoking behavior +ws female
Alcohol consumption +ws male

Trinkoff & N = 3917, US, Cross-sectional: ULogRA SRWH, OF: number Behavior
Storr, 1998 males: 5%, comparison of four of days in past Substance use in past year:
(48) Am: 43 years, groups varying in month, Cat: 0, 1–3,   alcohol use ≥5 drinks per

Occup: nurses, frequency of overtime 4–7, ≥8 (= 0–64   occasion +uni

Organ: diverse hours hours/month)   use of psychotropic drugs 0uni

(hospitals, clinics)   smoking ≥10 cigarettes/day) 0uni

Tyssen et al, N = 371, Cross-sectional: MLogRA, Con: demo- SRWH, WH/week, Subjective health
2000 (49) Norway, test of linear relation graphic variables, mean 49.4, SD 7.5, Mental health problems need-

males: 44%, personality, stress & range 30–88 ing treatment 0multi

Am: 29 years, skills, work-related
Occup: junior factors
house officers,
Organ: hospitals

Tyssen et al, N = 371, Cross-sectional: MLogRA, Con: demo- SRWH, WH/week, Subjective health
2001 (50) Norway, test of linear relation graphic variables, mean 49.4, SD 7.5 Suicidal thoughts –multi

males: 44%, personality, life events, range 30–88 Suicidal planning 0multi

Am: 29 years, job stress & hours
Occup: junior asleep when on calls
house officers,
Organ: hospitals

Voss et al, N = 2628, Cross-sectional: MLogRA, SA: gender, SRWH, OH/year, Work disability
2001 (51) Sweden, comparison of two Con: work-related Dich: ≤50, >50 Incidence of sickness

males: 54%, groups varying in factors in 1 year [dichotomous: low
Am: 41 years, overtime hours (<2 events/year) and high
Occup: diverse, (≥2 events/year), data from
Organ: postal company’s register] –multi

service

Yasuda et al, N = 142, Japan, Cross-sectional: MLinRA, Con: SRWH, WH/week, Physiology
2001 (52) males: 100%, comparison of three sleep hours, hours at work- Immunologic parameters

Am: 36.6 years, groups varying in smoking & age place + oneway in blood:
Occup: diverse, workhours commuting time,   T helper cells 0multi

Organ: technology Cat (tertile split):   T suppressor or killer cells 0multi

development <55, <65, ≥65hours   natural killer cells –multi e

company

a Results after correction in reply to comments by Epstein (53).
b Stronger relation for workhours and psychological strain for individuals low in self-efficacy.
c A short report about this study was published in 1997 (54).
d Mean workhours longer in first assessment period, but other period could have had longest hours for some participants.
e Association with percentage of cells, not with number of cells.

Table 1. Continued

Study Sample Time dimension Statistical analysis Measurement of Outcome measures Results
extended hours

control for covariates. In within-subject designs, the
participants served as their own controls, and confound-
ing of extended hours with psychosocial job character-
istics and other factors was less likely to occur. Five
studies (30, 31, 44, 45, 48) did not control for covari-
ates and reported only univariate between-subject
associations. Four studies (26, 28, 33, 38) reported
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that included a particular outcome measure found an
association with long workhours, the direction of the
association (+ or –) is given in the last column of the
table. If the association was found in more than one
study and all studies that found an association correct-
ed for covariates, a double plus (++) or a double minus
(– –) is used to indicate that the evidence for this asso-
ciation was particularly strong. If only half of the stud-
ies or fewer found an association, the direction (posi-
tive or negative) of the association is given between
brackets. If some studies found a positive association
and others found a negative association, the mixed
evidence is indicated with a ± sign. If none of the stud-
ies that included the outcome variable found an effect,
a zero is used.

Mortality

Only one study (41) investigated the association be-
tween extended workhours and mortality. Working over-
time more than 5 hours a week at baseline was associated

univariate tests for some associations and multivariate
tests for others. The remaining 17 studies (27, 29, 32,
34–37, 39–43, 46, 49–52) reported multivariate associ-
ations for all the outcome variables. In some studies, the
relationship between extended hours and the outcome
variables was studied in specific subgroups of partici-
pants (eg, based on gender, age, or type of occupation),
or moderator effects were studied with interaction terms.
Three studies tested moderating effects of gender (41,
47, 51), and two studies investigated moderating effects
of age group (31, 45). Other moderators tested were hy-
pertension status (30), self-efficacy and collective effi-
cacy (32), and job strain and social support (47).

Measurement of extended hours. Extended workhours
could be measured as overtime hours (per day, week,
month, or year), or the total number of workhours (per
day, week, or month). Only two studies (38, 42) used
officially registered workhours as a source of informa-
tion; the others relied on self-reports.

Outcome measures. Some studies included more than
one category of outcome measure. Only 1 study inves-
tigated mortality (41), 4 independent studies (28, 35, 39,
40, 46) investigated diagnosed disease, 2 studies inves-
tigated work disability (36, 51), 13 studies (26, 27,
29–32, 42, 44, 45, 47, 49, 50) investigated subjective
health, 12 studies (30, 31, 33, 37, 38, 40, 43–45, 47, 52)
investigated physiological outcome measures, and 12
studies (26, 28, 30, 33, 34, 38, 39, 44, 45, 47, 48) in-
vestigated behavioral outcome measures.

Results. For every outcome variable, the results column
lists whether it had a significant negative, significant
positive, or no significant relationship with the meas-
ure of extended hours. If there was a positive or nega-
tive association, it is noted whether it was a univariate
association (only reported if the association was not test-
ed by means of a multivariate analysis technique), a
multivariate association (after correction for covariates)
or a within-subject association. If a relationship was sig-
nificant only for a specific subgroup of participants (sep-
arate analysis or interaction term), this fact is also indi-
cated in the results column.

Results

Table 2 summarizes the results of the 27 selected stud-
ies. Within each category of outcome measures, subcate-
gories of similar outcome measures were distinguished.
For each subcategory of outcome measures, table 2 in-
dicates how many independent studies included this
outcome measure. If more than half or all the studies

Table 2. Overview of the strength of the evidence for the associa-
tions between long workhours and several health-related outcome
variables. For further explanation see the text. (RSA = respiratory
sinus arrhythmia, LF = low frequency, HF = high frequency)

Category Independent Summarized
tests of evidence for
association association
       (N)

Mortality
All-cause 1 ±

Disease
Cardiovascular disease 2 +
Hypertension 1 –
Diabetes 1 +

Work disability
Disability retirement 1 +
Sickness absence 1 –

Subjective health
General ill health 6 [+]
Psychological ill health 3 ±
Physical ill health 2 + +
Fatigue 6 +

Physiology
Heart rate 3 [+]
Heart rate variability (RSA) 4 [–]
Heart rate variability (LF/HF) 3 ±
Blood pressure 5 [+]
Immunity 2 – –
Cholesterol 4 [–]
Fasting blood sugar 1 +
Noradrenaline 1 –

Behavior
Sleep hours 7 –
Alcohol consumption 6 [±]
Smoking 7 [+]
Use of psychotropic drugs 1 0
Unhealthy eating habits 2 [+]
Exercise 3 0
Body mass index or obesity 6 [±]
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with higher all-cause mortality after 5 years for men [rel-
ative risk (RR) 2.00], but no association could be re-
ported for women because there were no exposed cases
(apparently, no women who worked overtime had died).
After a follow-up period of 24(!) years, working over-
time more than 5 hours a week at baseline was associ-
ated with higher mortality for women (RR=1.92), but
not for men, and working overtime less than 5 hours a
week was associated with lower mortality for men
(RR=0.58). Thus this study provided mixed evidence for
a relationship between overtime work and mortality
from all causes.

Diagnosed disease

Cardiovascular disease. Two studies (28, 46) addressed
the relationship between long workhours and cardiovas-
cular disease in case-referent designs using all-male
samples. Emdad et al (28) showed that patients with
ischemic heart disease have longer workhours (8.5 hour/
day) than hypertensive (6.3 hours/day) and normoten-
sive (6.5 hours/day) referents. Sokejima & Kagamimori
(46) found that working more than 11 hours a day was
associated with increased risk (RR=2.94) of myocardial
infarction, after control for covariates. Interestingly,
working 7 hours or less per day was also associated with
an increased risk of acute myocardial infarction
(RR=2.83).

Hypertension. Two studies (39, 40) concerning the same
all-male study population found that long workhours
were associated with a reduced risk of developing hy-
pertension. Nakanishi et al (39) showed that, over a 3-
year period, those who worked 10 hours or more a day
had an increased risk of developing hypertension
(RR=0.58). After a 5-year period (40), the risk of both
developing borderline hypertension (RR=0.48) and def-
inite hypertension (RR=0.33) was increased for those
who worked 11 hours or more a day, after correction
for covariates.

Diabetes. The only other disease that was studied in re-
lation to extended hours was diabetes (35). This study
revealed an increased risk of noninsulin-dependent dia-
betes mellitus (RR=3.73) for those who worked more
than 50 hours of overtime a month in an all-male sam-
ple after correction for covariates.

Work disability

Two studies (36, 51) addressed work disability. After
correction for covariates, working 60 hours or more a
week was found to be associated with an increased risk
of disability retirement (36) (RR=2.75), and working
more than 50 hours of overtime per year was associated

with lower sickness absence (51), both for women
(RR=0.58) and for men (RR=0.70).

Subjective health

General health. Six studies (26, 27, 29, 32, 47, 49) in-
vestigated the association between overtime work and
general subjective health. In one of these studies (29),
the participants were asked whether their job had a pos-
itive or a negative impact on their psychological and
physical health. The impact could be positive for both
indicators, negative for both indicators, or mixed. Work-
ing more than 45 hours a week was found to be associ-
ated with more unambiguously negative effects of work
on health (RR=1.24). In two other studies (26, 47) the
total score of the 28-item version of the General Health
Questionnaire was used as a health indicator. In neither
of these studies was the total score associated with ex-
tended hours. In three studies (27, 32, 49) other general
health indicators were used. Two of these studies (27,
49) showed no association between extended workhours
and health indicators, whereas the third (32) showed that
extended workhours were associated with adverse gen-
eral health.

Psychological health. Three studies (26, 42, 50) focused
on specific indicators of psychological health. One (26)
included subscales of the General Health Questionnaire,
which focused on psychological health (ie, social
dysfunction and severe depression). Extended
workhours were associated with social dysfunction, but
depression was not associated with extended hours.
Only one other study included depression as an outcome
variable (42), and it found that extended hours were as-
sociated with higher levels of depression. This study
also included other specific indicators of psychological
health and found no association between extended hours
and tension or anger, but confusion was higher for those
who worked more overtime hours. Finally, one study fo-
cused on suicidal tendency (50), which can be regarded
as a severe depression-related outcome. In this study,
longer workhours were found to be associated with few-
er suicidal thoughts, and there was no association be-
tween extended workhours and suicidal planning.

Physical health. Two studies (26, 32) investigated the
relationship between self-reported physical health (so-
matic or psychosomatic symptoms) and extended
workhours. One of these (26) found a positive associa-
tion between long workhours and somatic symptoms,
but not between long workhours and psychosomatic
symptoms or physical ailments during the last year. The
other (32) reported a positive association between ex-
tended workhours and physical strain.
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Fatigue. A total of six studies (30, 31, 42, 44, 45) in-
cluded measures of fatigue. Five of these (30, 31, 44,
45) used the fatigue symptoms scale that was developed
by the Japanese Association of Industrial Health. In
some, a distinction was made between three types of
symptoms, and in some the questionnaire was filled out
both before and after work. Four of these five studies
found a positive association between extended
workhours and fatigue, although this relationship was
sometimes only valid for particular subgroups of
participants. One additional study (42) also found a pos-
itive association between extended hours and another
measure of fatigue.

Physiological measures

Cardiovascular indices. Heart rate, heart rate variability,
and related measures were included in six studies (30,
31, 33, 44, 45). Single measurements of heart rate and
pulse (44) and 24-hour registration (30) of heart rate
showed no association with extended hours between
subjects. Mean 24-hour heart rate was significantly
higher in a long workhour period (74 beats/minute) than
in a relatively short workhour period (69 beats/minute)
in a within-subject study (30). Respiratory sinus arrhyth-
mia (heart rate variability with a frequency between 0.15
and 0.30 Hz, used as an indicator of activity of the vagus
nerve or the parasympathetic nervous system) was in-
cluded in four studies (31, 33, 44, 45). Only one (33)
found lower respiratory sinus arrhythmia during stand-
ing rest for those who worked extended hours (but not
while lying down and only for one of the two indicators
of the disorder); the other studies found no relationship.
Three studies (33, 44, 45) included the ratio between
low-frequency and high-frequency components of heart
rate variability, which is used as an indicator of sym-
pathovagal balance. In one study (33), this indicator was
found to be higher for those who work extended hours,
but only during standing rest and not during lying down.
The other two studies found no relationship (45) or a
negative association for a specific age group (44). Mayer
wave-related sinus arrhythmia (heart rate variability with
a frequency between 0.05 and 0.15 Hz, used as a com-
bined indicator of sympathetic and vagal activity) was
included in one study (33), but it was not associated with
extended workhours. Blood pressure was used as an out-
come measure in five studies (30, 31, 44, 45). Extended
workhours were not associated with single measure-
ments of systolic and diastolic blood pressure except for
some associations in specific age groups. The two stud-
ies that included 24-hour registrations of blood pressure
showed significant associations, however. Hayashi et al
(30), in their cross-sectional study, showed that systolic

blood pressure was significantly higher (125 mm Hg)
among normotensives who worked an average of 60
hours of overtime a month than it was in referents (117
mm Hg) who worked an average of 30 overtime hours
per month. Their repeated-measures study (30) had a
within-subject design and revealed that, in a busy peri-
od (96 overtime hours per month), both systolic blood
pressure (127 mm Hg) and diastolic blood pressure (83
mm Hg) were higher than in the reference period (121
mm Hg and 79 mm Hg, respectively).

Immunologic indices. Two studies (43, 52) focused on
immunologic indices. One study (43) investigated the
relationship between extended workhours and immu-
noglobulin G and immunoglobulin M, indicators of
chronic and acute Heliobacter pylori infection, respec-
tively. Heliobacter pylori infection is thought to be a
predictor of peptic ulcer disease. Working more than 40
hours a week was related to an increased risk of acute
infection (RR=2.0), but not with risk of chronic infec-
tion. The other study (52) investigated the relationship
between workhours and other types of immunologic in-
dices and revealed no association with T helper and T
suppressor cells. However, there was a negative associ-
ation between extended workhours and the percentage
of natural killer cells. This finding suggests a deteriora-
tion of immunity for those who work long hours.

Other biochemical indices. Many different biochemical
indices derived from blood, urine, and saliva samples
have been studied in relation to extended hours, but only
cholesterol has been included in more than one study
(30, 31, 38, 45). None of the studies found an associa-
tion between extended workhours and cholesterol lev-
els for the whole study population, but in one (31) those
who worked extended hours were found to have a low-
er cholesterol level in a specific age group (40–49
years). A large number of other biochemical indicators
were measured in only one study. Significant associa-
tions with extended workhours were only found for two
measures. Fasting blood sugar was found to be relatively
high in normotensives who worked extended hours (30).
A negative association between noradrenaline levels in
urine and extended hours was found in a specific age
group (44), and this finding indicates decreased activi-
ty of the sympathetic nervous system. One study (37)
investigated the relationship between extended hours
and urinary carcinogens or mutagens. Extended
workhours were expected to affect the duration of ex-
posure to carcinogens, but no significant associations
were found. Other biochemical indicators that were in-
cluded in only one study were blood fructosamine
(blood sugar), urea nitrogen (kidney function) and cre-
atinine (kidney function) (30), blood triglycerides (plas-
ma lipids/fat, associated with diabetes mellitus) (38),
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urinary adrenaline, dopamine and vanilmandelic acid
(stress hormones) (44), cortisol (47), and serum magne-
sium (kidney function) and sulfate (cardiovascular dis-
ease) (45). None of these indices were associated with
extended workhours.

Health-related behavior

Sleep hours. Seven studies (30, 33, 34, 39, 44, 45) in-
vestigated associations between extended workhours
and hours of sleep. All the studies (except for reference
33) found negative associations between sleep hours on
weekdays and extended workhours. Kageyama et al (33)
reported a univariate association between long work-
hours and longer sleep hours before holidays. Further-
more, those who worked longer hours appeared to have
a longer sleep debt (the difference between required
sleep hours and actual sleep hours) than those with nor-
mal workhours (34).

Alcohol consumption. The association between extend-
ed workhours and alcohol consumption was investigat-
ed in six studies (26, 30, 38, 39, 47, 48). The evidence
was mixed. One study (26) found a negative associa-
tion between extended workhours and alcohol consump-
tion, three studies (30, 38, 39) found no association, and
two studies found a positive association (47, 48), in one
case only for men. Some studies focused on the frequen-
cy of alcohol consumption, whereas others focused on the
amount of alcohol consumed per occasion. Frequency
of alcohol consumption (or a habit of drinking) was not
associated with long workhours (30, 38, 39). The
amount of alcohol consumed per occasion or in the past
week was negatively associated with extended hours in
one study (26), but the association was positive in two
others (47, 48).

Smoking. Associations between extended workhours
and smoking were tested in seven studies (28, 30, 38,
39, 47, 48). Smoking behavior was sometimes assessed
dichotomously (yes; no), and sometimes as the number
of cigarettes smoked a day. One study (47) found that
women smoked more cigarettes in busy weeks with long
workhours (within-subject effect). The other six studies
did not show significant associations.

Psychotropic drugs. Extended workhours were not as-
sociated with the use of psychotropic drugs (48).

Eating habits. Two studies (38, 39) provided informa-
tion about the relationship between extended hours
and eating habits. Eating behavior was investigated
with several indicators. Eating breakfast and eating
between meals (or snacking) were included in both

studies and not associated with extended workhours.
All other indicators were included in one study only.
Not surprisingly, dinnertime was later for people
who worked longer hours (48). Eating a nutritional-
ly balanced diet, salt intake, and a preference for
rich, fatty foods were not associated with extended
workhours.

Exercise. Physical exercise was included in three stud-
ies (33, 38, 39), and it was not associated with extend-
ed workhours.

Body mass index or obesity. Six studies (28, 30, 38, 39,
44, 45) investigated the relationship between extended
hours and body mass index (BMI), sometimes supple-
mented with other indicators of obesity. Two studies
found a significant association, one positive (28) and
one negative (39). Another study (38) found that BMI
increases in a 3-year period were positively associated
with extended workhours, but the increase could also
be explained by later dinner times. Skinfold thickness
was not associated with extended hours (38).

Discussion

Recent evidence for the association between long
workhours and health

The first research question was whether recent litera-
ture shows evidence of a relationship between long
workhours and specific aspects of health. Four catego-
ries of health outcomes were distinguished, and within
these categories a further differentiation was made into
several subcategories of highly similar outcome meas-
ures. The first category of health outcomes was mortal-
ity. The only study that addressed mortality found dif-
ferential effects for women (higher all-cause mortality
after 24 years of follow-up) and men (higher mortality
after 5 years of follow-up but not after 24 years). Possi-
ble explanations for these effects could be that the men
and women probably had different types of jobs or that
the men had changed jobs and work habits more than
the women had. Although the study controlled for cov-
ariates, work characteristics were not included as pos-
sible confounders. Alternatively, the so-called “double
load” of women—the fact the many women combine
their jobs with child care responsibilities (55)—may be
an explanation for these results. Nevertheless, it can be
doubted whether working overtime 24 years ago is a
sensible predictor of mortality.

The second category of outcome measures was di-
agnosed disease. Traditionally, research on psychologi-
cal factors in occupational health has devoted a lot of
attention to cardiovascular disease. This review includes
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two recent studies concerning the development of car-
diovascular disease and one study concerning the de-
velopment of hypertension. Long workhours were as-
sociated with an increased risk of cardiovascular disease
but a decreased risk of hypertension. This is a surpris-
ing result because hypertension is regarded as an im-
portant risk factor for cardiovascular disease. A clue to
the interpretation of these results may be that, in the
hypertension study, BMI was negatively associated with
extended hours, whereas there was a positive associa-
tion for the professional drivers in one of the cardiovas-
cular disease studies. This pattern of results
suggests that the relationship between overtime work
and cardiovascular disease may depend on changing
eating patterns and physical exercise. The only other
disease that was studied in relation to long workhours
was noninsulin-dependent diabetes mellitus. This type
of diabetes is often accompanied by high blood pres-
sure. The risk of developing diabetes was increased for
those who worked long hours. This is an important find-
ing because earlier research has concentrated on cardi-
ovascular disease and studies involving other diseases
were virtually nonexistent.

Work disability was the third category of outcome
variable. Working long hours was associated with in-
creased risk of disability retirement and decreased sick-
ness absence. These apparently contradictory results
may be due to differences in exposure. The study on dis-
ability retirement included persons who worked more
than 60 hours a week, whereas the study on sickness
absence focused on moderate amounts of overtime
(more than 50 hours a year). Alternatively, persons who
work long hours may be very committed to their jobs
and not tend to report in sick for minor health com-
plaints, which could develop into serious health prob-
lems and eventually to disability. Long workhours also
imply that workers are exposed to work hazards for a
longer period of time, and therefore the risk, for exam-
ple, of becoming involved in a serious accident increases
and, as a consequence, so does the risk of becoming dis-
abled. Both disability retirement and sickness absence
are measures that are influenced not only by health, but
also by many other factors. Therefore, associations be-
tween these variables and workhours should be inter-
preted with caution.

The last category of health outcomes was subjective
health. The association between workhours and general
subjective health was not strongly supported, but the
effects that were found were in the expected direction.
Long workhours appeared to be associated with im-
paired physical health and fatigue. Regarding psycho-
logical health, long workhours were associated with so-
cial dysfunction and confusion, but associations with
depression-related outcomes were mixed. In general, the
results suggest that specific indicators of subjective

health are more clearly associated with long workhours
than broad indicators.

In summary, most studies found either no associa-
tion between long workhours and adverse health or an
association in the expected direction (ie, long workhours
in association with adverse health). These results show
that there is good reason to be concerned about the pos-
sible detrimental effects of long workhours on health,
in particular cardiovascular disease, diabetes, illnesses
leading to disability retirement, subjectively reported
physical ill health, and subjective fatigue. However, re-
verse or counterintuitive associations were found for the
development of hypertension and sickness absence. It
can be concluded that there is evidence of a link between
long workhours and ill health, but there is a serious
shortage of well-controlled studies that can confirm and
strengthen the evidence.

Recent evidence for the association between long
workhours and physiological change

The second research question was whether recent liter-
ature provides evidence of physiological changes in
those who work long hours. Studies on associations be-
tween long workhours and cardiovascular indices were
the most common. The evidence found for cardiovas-
cular changes was rather weak. Only a few studies found
effects, but the studies that did find significant associa-
tions applied within-subject designs or controlled for
covariates. For heart rate and blood pressure, associa-
tions in the expected direction were found: long
workhours in association (in some studies) with a high-
er heart rate and a higher blood pressure. Sustained in-
creases in heart rate and blood pressure are thought to
be associated with cardiovascular disease. The results
with respect to heart rate variability were inconsistent.
The results of a study that controlled for several covari-
ates pointed at a sympathodominant state. In that case,
the line of reasoning would be that chronic stress leads
to increased activity of the sympathetic nervous system.
A sympathodominant state is thought to be associated
with increased risk of cardiovascular disease. Howev-
er, another study found evidence for vagal dominance
in those who work long hours (although only for a spe-
cific age group and without control for covariates), and
this evidence was supported by decreased noradrenaline
levels. The line of reasoning in that study was that
chronic sleep deprivation leads to increased vagal ac-
tivity.

The strongest evidence within this category of out-
come measures was found for a relationship between
long workhours and depression of the immune system.
This is a very important result because Spurgeon and
her co-workers (4) stated that no studies on immuno-
logic effects of long workhours were known at that time.
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Nevertheless, even now, the information that is availa-
ble is based on only two well-controlled studies that in-
vestigated different immunologic indices (one measured
immunologic parameters directly, whereas the other fo-
cused on a bacterial infection). Thus it remains to be
seen whether long workhours are associated with spe-
cific immunologic changes and whether the association
holds under varying circumstances. For example, a re-
cent study (56) focused on taxi drivers who did and did
not work overtime in two different years. This study
showed that, during the economic depression in Japan,
taxi drivers who worked extended hours had better
immune responses than those who worked normal hours.
The line of reasoning in the article was that taxi drivers
who did not work overtime suffered from stress due to
insufficient earnings. Thus the association between long
workhours and immunity may not be as straightforward
as it seems.

A large number of biochemical indices were stud-
ied in relation to long workhours, but only cholesterol
was included as an outcome measure in more than one
study. There was some very weak evidence that choles-
terol levels may be lower for those who work long
hours. This possibility is surprising because a high cho-
lesterol level is regarded as an important risk factor for
the development of cardiovascular disease. Furthermore,
there was some evidence that fasting blood sugar was
increased in persons who work long hours. This result
is in line with the increased risk of noninsulin-depend-
ent diabetes mellitus. Other biochemical indices were
only included in one study, and no significant associa-
tions with long workhours were found.

In summary, there is some evidence for a lack of
physiological recovery among those who work long
hours. In particular, results point at cardiovascular
changes (increased heart rate and blood pressure). Fur-
thermore, there is evidence for an association between
long workhours and reduced immunity. Thus long
workhours are, at least under some circumstances, as-
sociated with a disturbance of vital physiological proc-
esses that are associated with an increased risk of de-
velopment of cardiovascular disease, diabetes, and vul-
nerability to bacterial and viral infections. However, the
evidence is inconclusive because many studies did not
find significant effects and most studies did not control
for covariates.

Recent evidence for the association between long
workhours and behavioral changes

The third research question was whether the recent lit-
erature contains evidence that long workhours are asso-
ciated with changes in health-related behavior. The re-
lationship that was most consistently found was that

long workhours are associated with short sleep hours.
Sleep deprivation is known to be associated with de-
creased alertness, deterioration of performance, and af-
fective changes (10). The association between long
workhours and short sleep hours suggests that a lack of
recovery may be the most important pathway that links
extended workhours and health. It is unclear, however,
whether these short sleep hours are caused by sleep
problems—not being able to fall asleep or waking up
during the night or early in the morning (57)—or wheth-
er the time spent in bed is simply shorter. In the first
case, sleep loss or sleep debt could reflect a lack of
physiological relaxation (sympathetic dominance),
whereas in the second case, lack of sleep could cause
vagal dominance, accompanied by feelings of drowsi-
ness and fatigue. On the basis of the studies reviewed,
it can be speculated that sympathetic dominance occurs
in cases of acute or temporary sleep deprivation, and
vagal dominance occurs in cases of chronic sleep dep-
rivation. However, well-controlled longitudinal studies
are necessary in order to see whether this explanation
of the findings holds.

The use of three health-threatening substances (al-
cohol, tobacco, and psychotropic drugs) was studied in
relation to long workhours. The evidence for an associ-
ation between long workhours and alcohol consumption
was mixed. The frequency of alcohol consumption was
not associated with long workhours, but, in some stud-
ies, the amount of alcohol consumed per week or per
occasion was. However, the association could be nega-
tive or positive. The workhours in the study in which
the negative association was found were extremely long
(the participants were junior doctors). Thus the partici-
pants probably did not have a chance to drink much al-
cohol because they were on duty most of the time. The
number of cigarettes smoked was increased for women
when they worked long hours (within-subject study), but
this effect was not confirmed in other (between-subject)
studies. The use of psychotropic drugs was only includ-
ed as an outcome variable in a single study, and it was
not associated with long workhours. Taken together, the
evidence for changes in substance use for those who
work long hours is not very strong. Nevertheless, sub-
stance use, in particular alcohol consumption and the
intake of psychotropic drugs, may not only be a threat
to health, but may also affect a worker’s social life in a
negative way, and make a worker more likely to become
involved in accidents (at work or elsewhere). Therefore,
a further investigation of this topic seems justified.

Three indicators were used to investigate the rela-
tionship between long workhours and the maintenance
of a healthy body weight: eating behavior, exercise, and
obesity. The third indicator can be seen as the result of
(among others) the first two. There was hardly any evi-
dence that long workhours are associated with unhealthy
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eating behavior, except for a late dinnertime, but it can
be doubted whether this habit is unhealthy. No associa-
tion with physical exercise was found. Nevertheless,
some associations between long workhours and obesity
were found in relatively well-controlled studies. In one
study concerning professional drivers, long workhours
were associated with a higher BMI, whereas in another
study concerning white-collar workers, the opposite was
found. This contradiction may be explained by a differ-
ence in the nature of work in both studies. Although
white-collar work may not be particularly physically
demanding, it certainly provides more opportunities for
walking around and being physically active than driv-
ing. Thus it can be speculated that workers in sedentary
jobs are likely to have a relatively high BMI when they
work long hours.

In conclusion, there is some evidence for changes
in behavioral life-style for those who work long hours.
Those who work long hours seem to have short sleep
hours (although this was only studied in samples with
extremely long hours). This finding is in agreement with
the disturbance of physiological processes already dis-
cussed, and it strengthens the evidence for the physio-
logical recovery mechanism. In some circumstances,
long workhours seem to be associated with increased
smoking, alcohol consumption, and a higher BMI. How-
ever, only a small proportion of the studies found sig-
nificant relationships between long workhours and
health-related behavior, some reverse associations were
found, and most of the studies did not control for cov-
ariates. Thus the evidence for the behavioral life-style
mechanism that may explain the relationship between
long workhours and ill health is rather weak.

Gaps in the current literature and recommendations
for future research

Systematic reviews combine results from multiple stud-
ies in order to provide a comprehensive coverage of the
evidence, but they also have some drawbacks (58–61).
First, one of the risks of literature reviews is that some
studies are not retrieved because the key words that
guide the search are not mentioned in the title or the
abstract of the article. Especially studies in which work-
ing long hours is only one of many predictors for a par-
ticular health-related outcome are likely to be missed.
Therefore, the list of studies that were included in the
review is probably incomplete. Second, due to publica-
tion bias, some studies that did not find significant as-
sociations between long workhours and health-related
outcomes were probably not published. Publication bias
leads to an overestimation of the threat that long
workhours pose to health. Third, this review focused
only on the presence of an association between long
workhours and outcome variables, and the direction of

that association. The size of the effects was not taken
into account. Especially in large-scale studies with large
samples, significant associations may sometimes not be
very relevant. This situation would also imply that the
possible effects of long workhours on health are over-
estimated. Despite these limitations, this review should
provide a representative overview of the current knowl-
edge concerning the possible health effects of long
workhours, and it provides an opportunity to locate the
main conceptual gaps in the literature and the methodo-
logical shortcomings of existing studies that can guide
future research.

The review covered a period of 5.5 years and em-
ployed strict selection criteria. Nevertheless, the number
of studies retrieved was about equal to the number of
studies reviewed by Sparks and her colleagues (3), al-
though the latter review concerned all studies published
until 1996. Therefore, the association between long
workhours and health-related outcomes has received
much attention in the past few years. In their 1997 liter-
ature review, Spurgeon and her colleagues (4) conclud-
ed that there were three important gaps in the literature.
First, the range of health indicators that had been used
as outcome variables was limited to subjective health
and cardiovascular disorders. Other disease-related out-
come variables such as gastrointestinal disorders, mus-
culoskeletal disorders, and problems associated with
depression of the immune system had hardly received
any attention. My review shows that the range of diag-
nosed diseases that have been studied in relation to long
workhours is still rather limited, although a study
on immunity (52) and a study concerning bacterial
infection related to gastrointestinal disorders (43) were
retrieved. In addition, it should be mentioned that two
recent studies on musculoskeletal disorders (62, 63)
hardly found any associations between complaints and
working overtime (these studies were not included in
this review because they did not measure extended
workhours in enough detail). Second, most studies fo-
cused on workweeks of over 50 hours, and few studies
addressed “moderate” overtime. Some of the studies in
the review concerned moderate overtime (ie, most of the
participants worked between 40 and 50 hours a week)
and found significant associations with the outcome var-
iables (29, 41, 42, 43, 47, 51). However, the outcome
variables in these studies were so various that it was not
possible to draw any general conclusions. A large pro-
portion of the studies, particularly the Japanese studies,
involved extremely long workhours. In many cases the
reference groups (ie, the workers with relatively short
workhours) worked more than 40 hours a week. There-
fore, one cannot be certain that these workers did not
already suffer from health complaints due
to long workhours. The third limitation was that little
was known about the factors that may moderate the
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relationship between long workhours and health. The
studies that were included in the review hardly includ-
ed any potential moderators. Apart from gender and age,
the only moderators that were studied were self-effica-
cy and collective efficacy (32) and job strain and job
social support (47). Thus little is known about the fac-
tors that may change the relationship between long
workhours and health. It can be concluded that, to date,
the gaps in the literature that were identified by Spur-
geon and her colleagues (4) have not been filled.

The review of studies that include physiological in-
dices and health-related behavior as outcome variables
showed that the range of different outcomes that have
been studied is rather broad. However, one topic that
has hardly received any attention is the relationship be-
tween long workhours and hormone excretion, in par-
ticular adrenaline, noradrenaline, and cortisol. Some
earlier research suggests that disturbances in stress hor-
mone excretion may occur in long workhour situations
or in high workload situations in general (19, 64, 65).
Some recent studies suggest that changes in hormonal
reactivity are associated with a lack of recovery and ex-
haustion (66, 67). It seems particularly important to
study the associations between long workhours, short
sleep hours, and hormone excretion in future research,
as it could provide a crucial causal link in the relation-
ship between long workhours and cardiovascular and
immunologic health problems.

The studies in the review had several methodologi-
cal gaps. First, as already presented, most of the associ-
ations that were found need to be replicated in studies
that control for possible confounders in order to be able
to draw more certain conclusions. In particular, demo-
graphic variables, work characteristics, home character-
istics, and personality factors should be included as co-
variates. Second, a large proportion of the studies in-
cluded in the review was carried out with all-male sam-
ples. It could very well be that the outcomes associated
with long workhours differ for men and women. On one
hand, physiological changes related to long workhours
may not be the same for men and women. Indeed, some
studies suggest that cardiovascular responses to stress
differ in men from those in women (68), and there are
indications of differences in hormonal responses (64,
69). On the other hand, stress-related changes in health-
related behavior, such as substance abuse, seem to dif-
fer between men and women (47, 70). Therefore, future
research should investigate whether the associations be-
tween workhours and health-related outcomes that have
been found for men can be confirmed in mixed-gender
or all-female samples.

The third methodological flaw is that most of the
studies included in the review were cross-sectional.
Moreover, the longitudinal designs that were used were
suboptimal because they usually used workhours at the

baseline as a predictor of health complaints at the fol-
low-up some years later. As the follow-up period be-
comes longer, participants are more likely to have, for
example, changed jobs, and the predictive power of ex-
tended workhours at baseline is likely to decrease. One
study (35) reported a correlation of 0.35 between over-
time hours in two succeeding years. Future longitudi-
nal studies should measure all variables (ie, independ-
ent and dependent variables) at all measurement points
and test whether changes in workhours are associated
with changes in health-related variables. Furthermore,
in some types of jobs overtime work is seasonal (eg,
accountancy, agriculture) and therefore provides the
opportunity to make within-subject comparisons of out-
come variables in long workhour and short workhour
periods. Ideally, a group of workers in these types of
jobs should be followed from day to day for a prolonged
period of time in order to collect information about the
possible accumulation of health complaints and chang-
es in physiological indices and health-related behavior.
These “natural experiments” could provide rather strong
evidence for the existence or nonexistence of associa-
tions between long workhours and health-related out-
comes.
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