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The authors prospectively investigated associations between potentially stressful work characteristics and type 2
diabetes incidence in 62,574 young and middle-aged women, aged 29–46 years at baseline in 1993, from the
Nurses’ Health Study II; 365 cases of type 2 diabetes accrued over 6 years of follow-up. Cox proportional hazards
regression was used to simultaneously evaluate associations of hours per week in paid employment, years of
rotating night-shift work, and job strain with incidence of type 2 diabetes. In multivariate-adjusted analyses, women
working less than 20 hours per week had a lower risk of diabetes (relative risk ¼ 0.80, 95% confidence interval:
0.50, 1.30), and those working overtime (�41 hours/week) had an elevated risk of diabetes (relative risk ¼ 1.23,
95% confidence interval: 0.98, 1.55) compared with women working 21–40 hours/week (referent) in paid employ-
ment (ptrend ¼ 0.03). In subsequent analysis, the elevated association appeared stronger in unmarried women
(pinteraction ¼ 0.02). A positive association between years in rotating night-shift work and diabetes was mediated
entirely by body weight. Job strain was unrelated to risk of type 2 diabetes. In conclusion, working overtime pre-
dicted a slightly elevated risk of type 2 diabetes in young and middle-aged female nurses.

diabetes mellitus, type 2; nursing staff; stress, psychological; women; work schedule tolerance

Abbreviations: CI, confidence interval; RR, relative risk.

Numerous studies have examined work characteristics,
particularly stress, and cardiovascular outcomes, mostly in
men. In men, overtime work has been linked to higher and
lower cardiovascular risk depending on occupational status
(1). In addition, job strain from work characterized by high
job demands and low job decision latitude has typically
been related to increased coronary heart disease (2), though
not uniformly (3). In women, studies of job strain have
generally found no association with coronary heart disease
(4, 5), though shift work has been related to an elevated risk
of this disease (6). Job strain has also been examined with

cardiovascular risk factors and has been both positively
(7, 8) and not (9, 10) associated with blood pressure or hyper-
tension in women. Similarly, job strain has been positively
associated with an adverse lipid profile (11), but not consis-
tently (12). Importantly, however, positive associations with
blood pressure or hypertension have come from longitudinal
studies of change in job strain.

There has been limited study of work characteristics and
metabolic regulation, particularly in women. Low job con-
trol has been cross-sectionally associated with a higher risk
of diabetes in women (13). Job strain and stressors including
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a lack of worksite social support have been associated with
elevated levels of glycosylated hemoglobin and markers of
metabolic dysregulation in nondiabetic populations (14, 15),
though only weakly with body weight (16). Shift work and
rotating night-shift work (1) have been linked to increased
serum glucose (17), higher body mass (18), and other signs
of metabolic dysregulation (6, 18).

The only prior studies of work hours and diabetes have
been in Japanese men, and findings are inconsistent. One
study of male industrial workers found a higher risk of type 2
diabetes among those working more than 50 hours versus
those working less than 25 hours per week or more than 11.0
hours versus less than 8.0 hours per day (19). A second
study by Nakanishi et al. (20), however, found a strong in-
verse association of hours of paid work and type 2 diabetes
in male office workers.

Type 2 diabetes, characterized by impaired secretion of
and resistance to insulin, affects over 9 million women in the
United States (21). Given that 60 percent of women and 80
percent of young women are in the US workforce (22) and
up to 17 percent of all full-time wage and salary workers
work alternating shifts (23), work-related stress could have
a substantial influence on the burden of type 2 diabetes
in the US population. Of course, this relation would be bet-
ter understood with more knowledge about the context
of women’s pattern of employment. Compared with men,
women may be more likely to work part-time and cycle in
and out of the workforce across the life span, and these
factors may moderate the effects on women’s health (24).
Nonetheless, we found no prior studies of work character-
istics and diabetes in women.

Because mandatory overtime for nurses has been reported
to be stressful (25, 26), consistent with an adverse effect of
stress, we hypothesized that high work hours (>40 hours per
week) would be prospectively associated with an increased
risk of type 2 diabetes compared with working 40 or fewer
hours per week in a cohort of nurses. We further hypothe-
sized that high job strain and rotating night-shift work
would be associated with a higher risk of diabetes.

MATERIALS AND METHODS

Study population

The Nurses’ Health Study II is a prospective cohort study
of 116,608 female nurses from 15 US states whowere 25–42
years of age at baseline in 1989. Ninety-four percent of the
Nurses’ Health Study II population is White. Participants
have provided detailed lifestyle and medical history infor-
mation biennially through mailed questionnaires. Of the full
cohort, 87,238 completed a psychosocial assessment in
1993. Women from the full cohort and those who responded
to the psychosocial assessment were similar with regard to
age, body mass index, waist:hip ratio, family history of dia-
betes, physical activity, caffeine, alcohol, trans-fat consump-
tion, glycemic load, aspirin use, postmenopausal status,
and parity (a proxy for number of children in the home).
However, compared with the full cohort, those who com-
pleted the psychosocial assessment were more likely to take
a vitamin supplement (45 vs. 36 percent), were less likely to

smoke (10 vs. 12 percent), and were more likely to be mar-
ried (80 vs. 65 percent).

We excluded women with prior diabetes (n ¼ 874). At
each time point, as information was updated, we excluded
additional women with any prior cardiovascular disease (de-
fined as myocardial infarction, angina, coronary artery by-
pass graft, or stroke) or cancer, those not reporting paid
employment or who indicated they were housewives or stu-
dents, and those missing information on work hours or body
mass index or reporting a bodymass index less than 16 kg/m2

or greater than 50 kg/m2. Those women who were miss-
ing information on paid employment or body mass index or
who indicated they were not engaged in paid employment
were reentered into the sample at the next time point if they
reported this information or became employed in paid work.
After exclusions, 62,574 women, aged 29–46 years in 1993,
who contributed a total of 351,364 years of person-time,
were included in the analysis. The average follow-up was
69.3 months.

Data collection

Ascertainment of type 2 diabetes. Cases of incident
type 2 diabetes, accrued between 1993 and 1999, were
ascertained by biennial mailing of the questionnaire to par-
ticipants and verified through a validated supplemental ques-
tionnaire (27). Women were additionally asked about the
date of diagnosis at the time of the survey. A case of diabetes
was considered confirmed if at least one of the following was
reported on the supplementary questionnaire: 1) one or more
classic symptoms (excessive thirst, polyuria, weight loss,
hunger, or pruritis) plus fasting plasma glucose of 140 mg/
dl or more (�7.8 mmol/liter) or random plasma glucose of
200 mg/dl or more (�11.1 mmol/liter); 2) at least two ele-
vated plasma glucose concentrations on different occasions
(fasting glucose of�140 mg/dl (�7.8 mmol/liter) or random
plasma glucose of �200 mg/dl (�11.1 mmol/liter) and/or
a concentration of�200mg/dl after�2 hours of oral glucose
tolerance testing) in the absence of symptoms; or 3) treat-
ment with hypoglycemic medication (insulin or oral hy-
poglycemic agent). Ninety-eight percent of a subsample
of these cases, defined using these criteria, were verified
through medical records (27).

Measurement of job characteristics. We collected data
on several job characteristics. In 1989, women were asked
how long they had worked rotating night-shift work (never,
1–2 years, 3–5 years, 6–9 years, 10–14 years, 15–19 years,
�20 years), and in 1991, 1993, and 1997, women were asked
how many months in the previous 2 years they had worked
rotating night-shift work (none, 1–4, 5–9, 10–14, 15–19,
�20 months). We assigned and added together midpoint
values in years and categorized the duration of shift work
as none, 1–<12 months, 1–<2 years, 2–<5 years, 5–<10
years, and 10 or more years. In 1991, women were asked
how many hours per week they spent sitting at work (0, 1,
2–5, 6–10, 11–20, 21–40, 41–60, 61–90,>90 hours). In 1993,
participants were asked, ‘‘How many hours per week do you
work, on average, in your job?’’ with the following response
options: <15 hours, 15–20 hours, 21–40 hours, 41–60 hours,
61–80 hours, and more than 80 hours. Women were further
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asked how long they had worked in their current job (<6
months, 6–11 months, 1–2 years, 3–4 years, 5–9 years, �10
years). In 1993 and 1997, women were asked what type of
employment they were in, including inpatient or emergency
room nursing, outpatient or community nursing, nursing ed-
ucation, nursing administration, other nursing, or nonnursing
employment.

Job strain was measured by the 27-item Karasek Job Con-
tent Questionnaire in 1993 and 1997 (28). The instrument
measures the psychological workload ‘‘demands’’ (the need
to work hard and fast with insufficient time to accomplish
job tasks) and the level of ‘‘control’’ (combined measure
of job decision authority and skill discretion) to manage
the workload. Jobs high in demands and low in control
(‘‘high strain’’ jobs) are posited to have the most deleterious
health effects. The remaining three categories of jobs are high
demands/high control (‘‘active’’), low demands/high control
(‘‘low strain’’), and low demands/low control (‘‘passive’’).
We further collected information on work-related social sup-
port from supervisors and coworkers.

Table 1 provides a summary of when collection of data on
work characteristics occurred.

Measurement of covariates. Data on numerous biomed-
ical, lifestyle, psychosocial, and hormonal factors have been
collected through previous Nurses’ Health Study II surveys.
Age was assessed at baseline in 1989. In 1993, women were
asked, ‘‘How many hours per week do you spend in house-
work (including cooking, cleaning, shopping for food, doing
laundry and dishes, doing repairs, paying bills, and making
arrangements and caring for children): 0–19, 20–39, 40–59,
60–79, 80–100 hours?’’ Women were asked about their mar-
ital status (married, divorced, widowed, separated, never
married) in 1993 and 1997. Dietary variables including al-
cohol (g/day), trans-unsaturated and saturated fat consump-
tion (g/day), glycemic load, and caffeine consumption (mg/

day) were assessed by food frequency questionnaire in 1991
and 1995. Physical activity was assessed in 1991 and 1997 in
terms of metabolic equivalent hours per week or the sum of
the average reported hours per week engaged in eight activ-
ities (walking or hiking outdoors, jogging (>10 minutes per
mile (1.6 km)), running, biking, racquet sports, lap swim-
ming, calisthenics, aerobics, and other aerobic activity) over
the past year multiplied by the assigned metabolic equivalent
score. Family history of diabetes was measured in 1989 and
1997. Other covariates including body mass index, smoking,
pregnancies, menopausal status, aspirin use, and multivita-
min intake were assessed biennially. Covariates were up-
dated by use of the most recent prior report in analyses.

Statistical analyses

Few women indicated working in the two highest catego-
ries of job hours (60–80 hours/week and >80 hours/week);
therefore, we collapsed these. To assess the association of
known or suspected risk factors for diabetes and poor glyce-
mic control with job hours, we regressed potential confound-
ing variables against categories of job hours, adjusted for age
as a continuous variable (table 2).

We used Cox proportional hazards regression to evaluate
the relative risk of incident type 2 diabetes in relation to
categories of hours worked reported by the nurses, the dif-
ferent job strain categories, and years of rotating night-shift
work, with updating of covariates. We also assessed the as-
sociations of incident type 2 diabetes with other work char-
acteristics including hours per week sitting at work, job
support, and work hours at home. In further analyses, we
simultaneously adjusted analyses of hours per week worked
with job strain and other work characteristics and years of
shift work. At each new time period, we updated expo-
sures and covariates to reflect the most recently measured
information.

We additionally explored possible modification of the as-
sociation between hours worked and risk of incident type 2
diabetes by categories of job strain, whether or not women
had ever engaged in rotating night-shift work, level of sup-
port at work, length of time at one’s current job (<5 years,
�5 years), type of nursing position (administration and
teaching vs. positions with patient contact), time sitting at
work (<20 vs. �20 hours/week), and amount of time spent
in household obligations (0–19, 20–39, �40 hours/week),
through stratified analysis. We used likelihood ratio tests
to test for effect modification, using a standard of signifi-
cance of p < 0.05.

To determine how to best model the covariates age and
body mass index, we examined the possibly nonlinear re-
lation between age and body mass index and the relative
hazard of diabetes nonparametrically with restricted cubic
splines (29). Tests for nonlinearity used the likelihood ratio
test. Age was linearly related to diabetes and therefore en-
tered as a continuous variable in models. Body mass index
was nonlinearly related, and we included two spline terms in
models.

Age-adjusted results were compared with those obtained
adjusting for multiple factors indicated in tables 3, 4, and 5.
Indicator variables were created and added to models to

TABLE 1. Work characteristics’ data collection, Nurses’

Health Study II, 1989–1997

Year

1989 1991 1993 1995 1997

Data on
rotating
night-shift
work
collected

Data on
rotating
night-shift
work
collected

Data on
rotating
night-shift
work
collected

Data on
rotating
night-shift
work
collected

Data on
sitting
at work
collected

Data on hours
per week
worked on
average at
a job

Data on type
of nursing
employment

Data on type
of nursing
employment

Data on job
strain
collected

Data on job
strain
collected
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TABLE 2. Selected characteristics across categories of work hours in 1993 among

62,574* subjects from the Nurses’ Health Study IIy

Work hours per week in 1993

<15 15–20 21–40 41–60 �61

No. in 1993* 3,093 6,255 29,441 18,816 1,482

Person-years, 1993–1999 (no.) 18,300 37,211 175,341 111,730 8,781

Incident diabetes cases, 1993–1999 (no.) 3 18 161 170 13

Mean age (years) 37 38 39 39 40

Family history of diabetes (%) 13 15 16 17 17

Postmenopausal (%) 3 3 4 5 6

Lifestyle factors

Body mass index (kg/m2) 24 24 25 26 26

Waist:hip ratio 0.78 0.78 0.78 0.78 0.77

Leisure-time physical activity
(metabolic equivalent hours/week) 21 21 21 22 25

Alcohol (g/day) 2 3 3 4 4

Saturated fat (g/day) 22 22 22 23 22

trans-Fat consumption (g/day) 3 3 3 3 3

Glycemic load (units/day)z 124 123 122 120 119

Aspirin (%) 7 8 9 10 10

Vitamin supplementation (%)§ 46 44 45 45 46

Current smoking (%) 6 7 10 13 13

Caffeine consumption (mg/day) 181 200 233 266 270

Home-related characteristics

No. of children 2 2 2 1 1

Married (%) 97 96 81 69 69

Housework (hours/week) 59 54 39 29 30

Sitting at home (hours/week) 20 20 19 17 18

Work-related characteristics

Ever shift work (%) 63 64 66 72 75

Sitting at work (hours/week) 9 10 13 16 17

Job strain

Low strain (%)§ 20 22 24 24 17

Passive (%) 47 40 31 14 15

Active (%) 8 12 18 38 48

High strain (%) 19 22 22 20 16

High support (%) 33 35 35 40 37

Job type{
Inpatient/emergency room nurse (%)# 6 13 60 20 2

Outpatient/community nurse (%)# 6 12 53 27 1

Operating room nurse (%) 3 9 46 40 2

Nursing education (%) 4 9 39 45 3

Nursing administration (%) 1 3 23 69 5

Other registered nurse (%) 6 11 51 30 2

Nonnursing employment (%) 8 10 35 40 7

* In 1993, 59,087 women contributed data. The number of study participants varied slightly

across time intervals. The total number of participants was 62,574.

y All variables except for age were age standardized.

zGlycemic load reflects the extent to which diet raises blood glucose levels.

§ Except for vitamin supplementation and low-strain job type, all age-adjusted covariates were

significantly associated with work hours (i.e., ptrend < 0.05 across categories of work hours in

1993). This was due mostly to the large Nurses’ Health Study II sample size.

{ Mantel-Haenszel v2: p < 0.01.

# Doesn’t sum to 100% because of rounding.
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represent missing covariate information. Less than 5 percent
were missing data for any covariate, and excluding women
with any missing data did not qualitatively alter analyses.
All tests of statistical significance were two sided. This re-
search was approved by the Institutional Review Board at
Brigham and Women’s Hospital in Boston, Massachusetts.

RESULTS

The incidence rate of diabetes in the study population was
103.9 per 100,000 person-years. Compared with women
working fewer than 40 hours per week in paid employment,
women who worked 40 hours per week or more tended to be

TABLE 3. Relative risk of incident type 2 diabetes between 1993 and 1999 by categories of 1993 work

hours in 62,574 young and middle-aged women, Nurses’ Health Study II

Hours worked per week in 1993
ptrend*

<15 15–20 21–40 41–60 �61

Person-years (no.) 18,300 37,211 175,341 111,730 8,781

Cases (no.) 3 18 161 170 13

Total

Age-adjusted relative risk 0.20 0.57 Referent 1.57 1.49 <0.001

95% confidence interval 0.06, 0.63 0.35, 0.92 1.26, 1.94 0.85, 2.63

Multivariate-adjusted relative risky,z 0.44 0.94 Referent 1.24 1.14 0.033

95% confidence interval 0.14, 1.40 0.56, 1.56 0.98, 1.57 0.63, 2.07

* p value, test for linear trend.

yMultivariate-adjusted model adjusted for age (continuous), body mass index (spline), family history of diabetes

(yes/no), rotating night-shift work (never (referent), 0–<1 year, 1–<2 years, 2–<5 years, 5–<10 years, �10 years),

job strain (low strain (referent), active, passive, high strain), job support (low support (referent), high support), hours

at work sitting (<20 hours/week (referent), �20 hours/week), hours per week of work at home (0–19 (referent),

20–39, 40–59,�60), leisure-time physical activity (quartiles), smoking (never (referent), past, current), alcohol intake

(0 (referent), 1–14, �15 g/day), trans-unsaturated fat intake (quartiles), glycemic load (quartiles), caffeine intake

(quartiles), marital status (married/other), number of children (0 (referent), 1, 2, �3), menopausal status (pre-

menopausal (referent), postmenopausal, unsure), vitamin supplementation (yes/no), and aspirin use (yes/no).

z In an evaluation of effect modification, the association of working overtime (vs. working �40 hours) with risk of

diabeteswasstronger in unmarriedwomen (relative risk¼1.48, 95%confidence interval: 1.07, 2.04) (pinteraction¼0.02).

TABLE 4. Relative risk of incident type 2 diabetes between 1993 and 1999 by categories

of job strain in 62,574* young and middle-aged women, Nurses’ Health Study II

Category of job strain

Low strain Passive Active High strain

Person-years (no.) 82,995 94,064 84,133 75,054

Cases (no.) 92 72 98 86

Total

Age-adjusted relative risk Referent 0.72 1.09 1.13

95% confidence interval 0.53, 0.99 0.82, 1.45 0.84, 1.51

Multivariate-adjusted relative risky Referent 0.84 1.01 1.11

95% confidence interval 0.60, 1.17 0.75, 1.37 0.80, 1.52

* A total of 15,118 missing person-years.

yMultivariate-adjusted models adjusted for age (continuous), body mass index (spline), family

history of diabetes (yes/no), work hours (<15 hours/week, 15–20 hours/week, 21–40 hours/week

(referent), 41–60 hours/week, �61 hours/week), rotating night-shift work (never (referent), 0–<1

year, 1–<2 years, 2–<5 years, 5–<10 years, �10 years), hours at work sitting (<20 hours/week

(referent), �20 hours/week), job support (low support (referent), high support), hours per week of

work at home (0–19 (referent), 20–39, 40–59, �60), leisure-time physical activity (quartiles),

smoking (never (referent), past, current), alcohol intake (0 (referent), 1–14, �15 g/day), trans-

unsaturated fat intake (quartiles), glycemic load (quartiles), caffeine intake (quartiles), marital status

(married/other), number of children (0 (referent), 1, 2, �3), menopausal status (premenopausal

(referent), postmenopausal, unsure), vitamin supplementation (yes/no), and aspirin use (yes/no).
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older, were less likely to be married, and spent less time on
household obligations. They had greater job latitude and sup-
port from coworkers and higher job demands. They drank
more alcohol, were more likely to smoke, spent less time sit-
ting at home, engaged inhigher amounts of leisure-timephys-
ical activity, and were more likely to report active job type.
Despite these characteristics and despite a lower glycemic
load diet, they weighed more than did women who worked
fewer hours per week and were more likely to report more
hours sitting at work. Differences in consumption of satu-
rated and trans-unsaturated fats across categories of work
hours were small (table 2).

Women working as inpatient/emergency room or out-
patient/community nurses were most likely to be working
fewer than 40 hours per week. Women working more than
40 hours per week were more likely to be operating room
nurses, educators, and especially administrators (table 2).

Job hours were positively associated with type 2 diabetes
risk in both age- and calendar time-adjusted andmultivariate-
adjusted models (table 3). In multivariate-adjusted analyses,
women working 20 hours per week or less had a lower
risk of diabetes (relative risk (RR) ¼ 0.80, 95 percent confi-
dence interval (CI): 0.50, 1.30), and those working 41 hours
per week or more had an elevated risk of diabetes (RR ¼
1.23, 95 percent CI: 0.98, 1.55) compared with women
working 21–40 hours per week (referent) in paid employ-
ment (ptrend ¼ 0.03). In contrast, job strain was unrelated to
diabetes (table 4).

Years of rotating night-shift work were positively associ-
ated with diabetes in age-adjusted analyses (ptrend < 0.001).
However, this linear association disappeared upon adjust-

ment for body mass index; results were similar with multi-
variate adjustment (ptrend ¼ 0.30) (table 5). Nevertheless,
because of the apparent positive linear association among
shift workers, we tested for possible linear and nonlinear
components with restricted cubic splines. Again, we found
no evidence for an association between years of rotating
night-shift work and type 2 diabetes (overall significance
of the curve: p ¼ 0.48). When we additionally excluded
women reporting no history of shift work, we still found
no apparent association (overall significance of the curve:
p ¼ 0.20). Because body mass may mediate the relation
between shift work and diabetes risk, we conducted an ad-
ditional multivariate-adjusted analysis, unadjusted for body
mass index. In this analysis, shift work was positively related
to diabetes, similar to age-adjusted analyses though some-
what attenuated (ptrend ¼ 0.001).

Inmodels simultaneously adjusted for multiplework char-
acteristics, neither adjustment for hours per week sitting at
work, rotating night-shift work, job strain, job support, nor
level of household obligations explained the positive associ-
ation of work hours with diabetes. Furthermore, there was
no significant modification of the relation between hours
worked and risk of diabetes by any of these factors or by
type of nursing position or time at one’s job (data not shown).

DISCUSSION

We found a positive relation of hours worked with in-
cidence of type 2 diabetes in a population of young and
middle-aged women. The association was independent of

TABLE 5. Relative risk of incident type 2 diabetes between 1993 and 1999 by categories of rotating night-shift work in 62,574* young

and middle-aged women, Nurses’ Health Study II

Duration of rotating night-shift work
ptrendy

None 1–<12 months 1–<2 years 2–<5 years 5–<10 years �10 years

Person-years (no.) 106,170 12,670 85,361 71,167 42,127 19,345

Cases (no.) 108 11 70 70 62 35

Total

Age-adjusted relative risk Referent 0.99 0.83 1.04 1.59 1.64 <0.001

95% confidence interval 0.53, 1.83 0.61, 1.11 0.76, 1.39 1.15, 2.16 1.11, 2.37

Multivariate-adjusted relative risk 1z Referent 0.92 0.87 1.04 1.50 1.41 0.001

95% confidence interval 0.49, 1.71 0.64, 1.17 0.77, 1.40 1.10, 2.05 0.96, 2.06

Multivariate-adjusted relative risk 2§,{ Referent 0.75 0.81 0.88 1.14 0.98 0.30

95% confidence interval 0.40, 1.46 0.59, 1.10 0.64, 1.20 0.82, 1.57 0.66, 1.45

* A total of 14,525 missing person-years.

y p value, test for linear trend.

zMultivariate-adjusted model 1 adjusted for age (continuous), family history of diabetes (yes/no), work hours (<15 hours/week, 15–20 hours/

week, 21–40 hours/week (referent), 41–60 hours/week, �61 hours/week), job strain (low strain (referent), active, passive, high strain), job support

(low support (referent), high support), hours at work sitting (<20 hours/week (referent), �20 hours/week), hours per week of work at home (0–19

(referent), 20–39, 40–59, �60), leisure-time physical activity (quartiles), smoking (never (referent), past, current), alcohol intake (0 (referent),

1–14, �15 g/day), trans-unsaturated fat intake (quartiles), glycemic load (quartiles), caffeine intake (quartiles), marital status (married/other), number

of children (0 (referent), 1, 2, �3), menopausal status (premenopausal (referent), postmenopausal, unsure), vitamin supplementation (yes/no),

and aspirin use (yes/no).

§ Multivariate-adjusted model 2 adjusted for body mass index (two spline terms) in addition to the covariates in multivariate-adjusted model 1.

{ In an analysis with restricted cubic splines, p ¼ 0.48 for significance of the overall curve.
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body weight. Adjustment for possible confounding variables
including hours at work sitting down, years of rotating night-
shift work, or job strain (control, latitude, and support) did
not explain these results. In contrast, the association between
rotating night-shift work and diabetes appeared to be medi-
ated by body weight, and job strain was unrelated to type 2
diabetes risk. This is the first prospective study examining
stressful work characteristics and diabetes in women.

Work stress may influence the development of diabetes
through effects on behaviors as well as through direct effects
on metabolic regulation. Stress activates the hypothalamic-
pituitary-adrenal axis and the sympatho-adrenal-medullary
axis, which leads to increases in blood pressure and blood
glucose, designed to aid in the fight-or-flight response. Fre-
quent cortisol release that occurs with chronic stress may
lead to persistently high cortisol levels (30), resulting in cen-
tral accumulation of body fat, dyslipidemia, hypertension,
and insulin resistance. The link between work stress and
diabetes may in part be mediated by body weight. Rotating
night-shift work and the associated stress and disruptions
in circadian rhythms may lead to overweight through in-
creases in intake of energy, fat, refined carbohydrate, and
sugar (31, 32) and possible reductions in physical activity
due to increased fatigue and disruptions in social activities.

If stress at work influences diabetes, there appear to be
other elements of the workplace besides job control, de-
mands, or lack of support at work, suggested by Karasek’s
job strain model, that explain our positive findings between
work hours and diabetes. In the current economy, nurses
face long work hours, mandatory overtime, double shifts
(33), and other unfavorable working conditions (25, 26).
Overtime work may be stressful, or long work hours may
reflect duration of exposure to stressful conditions.

Evidence linking long work hours to the risk of diabetes is
limited, in both men and women. The conflicting results in
the two studies in Japanese men (19, 20) are consistent with
a differential effect of work hours and diabetes by occupa-
tional and socioeconomic status. Lower occupational grade
and socioeconomic status have consistently been linked to
cardiovascular risk and metabolic disturbance (34, 35). Nev-
ertheless, it is difficult to compare our results directly with
these previous studies in men because socioeconomic status
in women may often be more strongly determined by mar-
ital status than job type (36), because the effects of status in
the workplace may differ for men and women in traditional
hierarchical structures (with males in top leadership posi-
tions) (37, 38), and because of the differing roles of women
and men at home.

In high-status positions, women who work many over-
time hours as a strategy to retain their jobs may have higher
cardiovascular risk than do women who work fewer hours
(37), counter to the relation seen in men. Still, though hours
per week at work were positively associated with risk of
diabetes overall, women who worked 60 hours per week or
more did not have the highest risk, albeit there were rela-
tively few women in this group. These women were more
likely to hold positions in teaching and administration than
those working fewer hours and may have had less exposure
to the stressful conditions that often occur at the same time
with patient contact. The healthy worker effect (39) might

also mask the relation between stress from overtime work
and risk of diabetes; only women who are healthy may be
able to work so many hours.

Women working overtime may have additional responsi-
bilities in the home that men do not have. Goode’s role strain
(40) perspective suggests that role combinations of work
and family may be detrimental to women’s well-being, in-
troducing competing demands on time, energy, and involve-
ment. We did not have sufficient data (e.g., time spent in
informal caregiving, percent of housework done by spouse)
to fully examine this hypothesis. Nonetheless, our data did
not lend support to this theory. In stratified analyses, the
combination of high hours of work per week at home and
high hours of work per week in paid employment was not
more predictive than paid work hours alone (p ¼ 0.89).
Some have reported that paid work in combination with
children is stressful, but we found no additional risk of di-
abetes among women with children compared with those
without (p ¼ 0.32). Interestingly, the association between
working overtime (vs. working �40 hours) and risk of di-
abetes appeared to be stronger among unmarried women
(RR ¼ 1.48, 95 percent CI: 1.07, 2.04) (pinteraction ¼ 0.02).
Social and instrumental support in marriage could serve to
buffer the adverse effects of stress at work.

The strengths of the study include the use of prospective
data and the use of updated covariates, providing control of
important confounding variables. Additional strengths are
the validation of diabetes diagnosis and the ability to explore
associations by several work characteristics.

A limitation is possible residual confounding by a third
variable such as time for self-care. Nevertheless, though
women working overtime hours were more likely to smoke
and had higher body mass indexes than women working
fewer hours, they also reported higher physical activity,
higher alcohol intake, and lower dietary glycemic load, fac-
tors related to lower diabetes risk. Furthermore, the lack of
additional risk with hours of work in the home suggests that
some aspect of the workplace rather than lack of time for
self-care may be more important.

Another potential problem is underascertainment of di-
abetes outcome. In the general population, much prevalent
diabetes is as yet undiagnosed (41). This is a serious concern
if there is differential detection of diabetes by categories
of work hours. However, when analyses were restricted to
symptomatic cases of type 2 diabetes, findings were not
materially altered, suggesting that surveillance bias by work
hours was unlikely. One of the benefits of this study is that
it is conducted in a group of health-care providers who may
be better at seeking appropriate medical care and reporting
diagnoses.

Among other limitations, work hours were assessed at
one time point only, and the reasons for long hours at work
were unknown. We were thus unable to explore specific
issues, such as the effects of mandatory overtime and double
shifts, or aspects of the psychosocial work environment.

Additionally, we did not have data on income prior to
diabetes outcome. However, we adjusted for marital status
as a proxy for socioeconomic status, since women’s socio-
economic status may be influenced by whether or not she is
married (36) and, if so, her husband’s education and income.
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Additional adjustment for husband’s education had little
effect on associations.

In summary, higher work hours in paid employment pre-
dicted an elevated risk of type 2 diabetes in young and
middle-aged female nurses, particularly in those who were
unmarried. Results were consistent with an impact of job
stress on diabetes outcome, and hours worked per week may
reflect the extent of exposure to stressful conditions. Further
development of stress models and research examining over-
time work in women and what conditions at work are stress-
ful may be warranted.

ACKNOWLEDGMENTS

This research was supported by grant CA87969 supplied
by the National Cancer Institute, National Institutes of
Health, Bethesda, Maryland, and by the Robert Wood
Johnson Foundation. C. H. K. is a Robert Wood Johnson
Health and Society Scholar at the University of California
in San Francisco and Berkeley, California.

The authors would like to thank Ellen Herzmark for her
invaluable statistical and programming expertise.

Conflict of interest: none declared.

REFERENCES

1. Spurgeon A, Harrington JM, Cooper CL. Health and safety
problems associated with long working hours: a review of
the current position. Occup Environ Med 1997;54:367–75.

2. Bosma H, Peter R, Siegrist J, et al. Two alternative job stress
models and the risk of coronary heart disease. Am J Public
Health 1998;88:68–74.

3. Hlatky MA, Lam LC, Lee KL, et al. Job strain and the prev-
alence and outcome of coronary artery disease. Circulation
1995;92:327–33.

4. Lee S, Colditz G, Berkman L, et al. A prospective study of job
strain and coronary heart disease in US women. Int J Epide-
miol 2002;31:1147–53; discussion 1154.

5. Wamala SP, Mittleman MA, Horsten M, et al. Job stress and
the occupational gradient in coronary heart disease risk in
women. The Stockholm Female Coronary Risk Study. Soc Sci
Med 2000;51:481–9.

6. Kawachi I, Colditz GA, Stampfer MJ, et al. Prospective study
of shift work and risk of coronary heart disease in women.
Circulation 1995;92:3178–82.

7. Markovitz JH, Matthews KA, Whooley M, et al. Increases in
job strain are associated with incident hypertension in the
CARDIA Study. Ann Behav Med 2004;28:4–9.

8. Brisson C, Laflamme N, Moisan J, et al. Effect of family
responsibilities and job strain on ambulatory blood pressure
among white-collar women. Psychosom Med 1999;61:
205–13.

9. Albright CL, Winkleby MA, Ragland DR, et al. Job strain and
prevalence of hypertension in a biracial population of urban
bus drivers. Am J Public Health 1992;82:984–9.

10. Cesana G, Sega R, Ferrario M, et al. Job strain and blood
pressure in employed men and women: a pooled analysis of
four northern Italian population samples. Psychosom Med
2003;65:558–63.

11. Niedhammer I, Goldberg M, Leclerc A, et al. Psychosocial
work environment and cardiovascular risk factors in an occu-
pational cohort in France. J Epidemiol Community Health
1998;52:93–100.

12. Greenlund KJ, Liu K, Knox S, et al. Psychosocial work char-
acteristics and cardiovascular disease risk factors in young
adults: the CARDIA Study. Coronary Artery Risk Disease in
Young Adults. Soc Sci Med 1995;41:717–23.

13. Agardh EE, Ahlbom A, Andersson T, et al. Work stress and
low sense of coherence is associated with type 2 diabetes in
middle-aged Swedish women. Diabetes Care 2003;26:719–24.

14. Kawakami N, Araki S, Hayashi T, et al. Relationship between
perceived job-stress and glycosylated hemoglobin in white-
collar workers. Ind Health 1989;27:149–54.

15. Chandola T, Brunner E, Marmot M. Chronic stress at work and
the metabolic syndrome: prospective study. BMJ 2006;332:
521–5.

16. Overgaard D, Gyntelberg F, Heitmann BL. Psychological
workload and body weight: is there an association? A review
of the literature. Occup Med (Lond) 2004;54:35–41.

17. Theorell T, Akerstedt T. Day and night work: changes in
cholesterol, uric acid, glucose and potassium in serum and in
circadian patterns of urinary catecholamine excretion. A lon-
gitudinal cross-over study of railway workers. Acta Med
Scand 1976;200:47–53.

18. Karlsson B, Knutsson A, Lindahl B. Is there an association
between shift work and having a metabolic syndrome? Results
from a population based study of 27,485 people. Occup En-
viron Med 2001;58:747–52.

19. Kawakami N, Araki S, Takatsuka N, et al. Overtime, psy-
chosocial working conditions, and occurrence of non-insulin
dependent diabetes mellitus in Japanese men. J Epidemiol
Community Health 1999;53:359–63.

20. Nakanishi N, Nishina K, Yoshida H, et al. Hours of work and
the risk of developing impaired fasting glucose or type 2 di-
abetes mellitus in Japanese male office workers. Occup Envi-
ron Med 2001;58:569–74.

21. American Diabetes Association. Diabetes facts & figures
among women. Alexandria, VA: American Diabetes Associ-
ation, 2003.

22. Costello C, Wight V, Stone A. The American woman 2003–
2004. Washington, DC: Women’s Research and Education
Institute, 2002.

23. Beers TM. Flexible schedules and shift work: replacing the
‘9-to-5’ workday? Mon Labor Rev 2000;123:33–40. (http://
www.bls.gov/opub/mlr/2000/06/art3full.pdf).

24. Overturf Johnson J, Downs B. Maternity leave and employ-
ment patterns: 1961–2000. Washington, DC: US Census
Bureau, 2005. (Current population report P70-103).

25. Lafer G, Moss H, Kirtner R, et al. Solving the nursing short-
age: best and worst practices for recruiting, retaining and re-
couping of hospital nurses. Eugene, OR: Labor Education and
Research Center, University of Oregon, 2003.

26. Gray-Toft P, Anderson JG. Stress among hospital nursing
staff: its causes and effects. Soc Sci Med [A] 1981;15:639–47.

27. Hu FB, Stampfer MJ, Haffner SM, et al. Elevated risk of
cardiovascular disease prior to clinical diagnosis of type 2
diabetes. Diabetes Care 2002;25:1129–34.

28. Karasek R, Theorell T. Stress, productivity, and the recon-
struction of the working life. New York, NY: Basic Books,
1990.

29. Durrleman S, Simon R. Flexible regression models with cubic
splines. Stat Med 1989;8:551–61.

30. Kirschbaum C, Prussner JC, Stone AA, et al. Persistent
high cortisol responses to repeated psychological stress in a

182 Kroenke et al.

Am J Epidemiol 2007;165:175–183

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/165/2/175/97738 by guest on 20 August 2022

http://www.bls.gov/opub/mlr/2000/06/art3full.pdf
http://www.bls.gov/opub/mlr/2000/06/art3full.pdf


subpopulation of healthy men. Psychosom Med 1995;57:
468–74.

31. de Castro JM. The time of day of food intake influences overall
intake in humans. J Nutr 2004;134:104–11.

32. Wardle J, Steptoe A, Oliver G, et al. Stress, dietary restraint
and food intake. J Psychosom Res 2000;48:195–202.

33. Berliner HS, Ginzberg E. Why this hospital nursing shortage is
different. JAMA 2002;288:2742–4.

34. Lawlor DA, Ebrahim S, Davey Smith G. Socioeconomic po-
sition in childhood and adulthood and insulin resistance: cross
sectional survey using data from British women’s heart and
health study. BMJ 2002;325:805.

35. Smith GD, Hart C. Life-course socioeconomic and be-
havioral influences on cardiovascular disease mortality:
the collaborative study. Am J Public Health 2002;92:
1295–8.

36. Morgan LA. Economic well-being following marital termi-
nation: a comparison of widowed and divorced women. J Fam
Issues 1989;10:86–101.

37. Light KC, Brownley KA, Turner JR, et al. Job status and high-
effort coping influence work blood pressure in women and
blacks. Hypertension 1995;25:554–9.

38. Steptoe A, Kunz-Ebrecht S, Owen N, et al. Socioeconomic
status and stress-related biological responses over the working
day. Psychosom Med 2003;65:461–70.

39. Baillargeon J. Characteristics of the healthy worker effect.
Occup Med 2001;16:359–66.

40. Goode WI. A theory of role strain. Am Sociol Rev 1960;25:
483–96.

41. Prevalence of diabetes and impaired fasting glucose in
adults—United States, 1999–2000. MMWR Morb Mortal
Wkly Rep 2003;52:833–7.

Work Characteristics and Type 2 Diabetes 183

Am J Epidemiol 2007;165:175–183

D
ow

nloaded from
 https://academ

ic.oup.com
/aje/article/165/2/175/97738 by guest on 20 August 2022


