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Working long hours has been associated with adverse health outcomes. However, a definition of long work hours

relative to adverse health risk has not been established. Repeated measures of work hours among approximately
2,000 patrticipants from the Panel Study of Income Dynamics (1986—-2011), conducted in the United States, were
retrospectively analyzed to derive statistically optimized cutpoints of long work hours that best predicted three
health outcomes. Work-hours cutpoints were assessed for model fit, calibration, and discrimination separately for
the outcomes of poor self-reported general health, incident cardiovascular disease, and incident cancer. For each
outcome, the work-hours threshold that best predicted increased risk was 52 hours per week or more for a mini-
mum of 10 years. Workers exposed at this level had a higher risk of poor self-reported general health (relative risk
(RR) = 1.28; 95% confidence interval (Cl): 1.06, 1.53), cardiovascular disease (RR = 1.42; 95% CI: 1.24, 1.63),
and cancer (RR = 1.62; 95% Cl: 1.22, 2.17) compared with those working 35-51 hours per week for the same dura-
tion. This study provides the first health risk—based definition of long work hours. Further examination of the predic-

tive power of this cutpoint on other health outcomes and in other study populations is needed.

cancer; cardiovascular disease; long work hours; self-reported general health; work hours; work schedule

tolerance

Abbreviations: AUC, area under the receiver operating characteristics curve; CVD, cardiovascular disease; LWH, long work
hours; PSID, Panel Study of Income Dynamics; SRGH, self-reported general health; WH/week, work hours per week.

Evidence that exposure to long hours of work increases the
risk of deleterious health conditions has been documented in
the scientific literature for more than 50 years (1). A growing
body of evidence has demonstrated positive associations
between long work hours (LWH) and numerous health condi-
tions of varying etiologies, including poor self-reported gen-
eral health (SRGH) (2), cardiovascular disease (CVD) (3),
musculoskeletal disorders (4), work-related injuries (5, 6),
depression (7), and sleep disruption (8). However, the number
of hours that place a worker at risk has not been established.
Prior studies have characterized LWH in terms of overtime
(9, 10), extended shift hours (11), or daily (12) or weekly
(13) hours of work, which have been categorized inconsis-
tently (3, 14, 15). Much of the LWH literature has defined the
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exposure as more than 40 work hours per week (WH/week)
or more than 8 hours per day. Typically, no justification is
provided for the use of these thresholds, with the exception
that 40 hours of work per week is a widely-accepted labor
standard for full-time work. Inconsistencies in the application
of work-hours cutpoints limit comparisons across studies.

A validated threshold for demarcating LWH risk categories
has been called for by numerous researchers (16—-19). Harring-
ton (19) proposed that increased risk might occur from working
more than 48 to 56 hours per week. In response, Folkard argued
that the existing evidence was not adequate to establish specific
recommendations but conceded that the newly established 48-
hour work week set forth in the European Community Working
Time Directive was acceptable, given what was known (Simon
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Folkard, University of Wales, unpublished data, 1994). Despite
this, 2 recent reviews of LWH—one of which focused on car-
diovascular outcomes (20) and the other on a variety of health
outcomes (14)—used 40 hours of work per week as the bound-
ary between standard and extended work hours, with standard
hours serving as the reference group, without providing justifi-
cation for the 40-hour boundary from a health standpoint. An
improved analytical approach that more accurately assesses the
risk associated with different durations of work hours is war-
ranted. However, there is currently little evidence on the predic-
tive validity of different LWH cutpoints relative to adverse
health risk.

Predictive cutpoints, which estimate the probability of future
health risks by maximizing classification accuracy over time,
are widely used to designate risk strata (21) and have been
applied to such diverse exposures as cancer biomarkers (22),
obesity (23), and fall-risk indices (24). The identification of a
statistically derived predictive cutpoint requires evaluating a set
of possible cutpoints using measures of calibration and discrim-
ination. Unlike diagnostic testing, which characterizes a cut-
point’s ability to discriminate patients with a disease from those
without, predictive models employ measures of calibration in
addition to discrimination in order to evaluate the agreement
between predicted probabilities and actual observed risk (25).

To address some of these existing limitations, we con-
ducted a retrospective cohort study among US workers to
identify the statistically optimized LWH exposure cutpoints
that best predicted 3 adverse health outcomes independent
of other factors (21, 26): 1) poor SRGH, which is widely
used as a composite measure of overall health and has been
shown to be a strong predictor of mortality (27-29); 2) inci-
dent CVD, the leading cause of death worldwide (30); and,
3) incident cancer, for which the limited evidence on the rela-
tionship with LWH is mixed (31-33), with 2 recent cohort
studies reporting conflicting results (31, 32). The goal of this
exploratory study was to identify working-hour thresholds
with the greatest predictive ability for 3 chronic conditions
with varying etiologies, with an emphasis on assessing the
utility of our approach.

METHODS
Study overview

We examined the effects of LWH on SRGH, incident
CVD, and incident cancer using data from the Panel Study of
Income Dynamics (PSID) during 1986-2011. The PSID is
an ongoing longitudinal survey of a representative sample of
US households with interviews performed annually from
study inception in 1968 until 1997 and biennially since 1997
to the present (34, 35). The PSID has captured work-hours
data since 1968, self-reported general health data since 1984,
and responses to a health survey pertaining to CVD and can-
cer since 1999.

The work-hours exposure variable was constructed from
data collected in each interview year on the number of jobs
the respondent worked, including start and stop dates for up
to 4 jobs. For each job, data were collected on: 1) the average
number of hours worked per week; 2) the average number of
hours of overtime worked per week; and 3) the number of

weeks not worked due to illness, vacation, strike, unemploy-
ment, or layoff. These data were used to calculate the aver-
age number of hours worked per week in the previous year
on all jobs by dividing the total annual hours spent working
per given year by 50 weeks, according to the definition by
the US Bureau of Labor Statistics of an annual full-time
worker (36). From this calculation, we determined the mean
of the average number of hours worked per week for each
participant across their period of time in the study. Work-
hours data for participants reporting incident cases were
censored in the year in which the incident case was reported
as well as for all subsequent years because they were no lon-
ger considered to be at risk.

This study protocol was approved by the University of
Texas Health Science Center Committee for the Protection
of Human Subjects.

Construction of study cohorts

Participants were included in the study if they reported
being at least 18 years of age at study baseline (1986) and re-
ported at least 10 total years of nonzero work-hours data over
the 25-year study period, either consecutively or noncon-
secutively (n = 8,251). Individuals who dropped out of the
study prior to the start of the disease outcome reporting
period in 1999 and for whom outcome data was never col-
lected (n = 1,696), individuals who dropped out of the study
after 1999 but before reporting any outcome data (n = 1,342),
and individuals who did not provide adequate data for deter-
mining outcome prevalence or incidence for any outcome
(n =1,764) were excluded from the analytical cohort. This re-
maining sample (n = 3,449) was used to develop 3 outcome-
specific cohorts for SRGH, CVD, and cancer. Due to health
differences between part-time and full-time workers, we fur-
ther restricted the outcome-specific study cohorts to full-time
workers (i.e., those averaging >35 work hours per week over
their study observation period) (37, 38). We also excluded
those who reported developing an outcome but who did not
report work hours for a total of at least 10 years prior to
reporting the incident case.

SRGH cohort.  Starting in 1986, SRGH was captured in
each interview, with participants asked to categorize their
health, in general, as “excellent, very good, good, fair, or
poor.” We dichotomized SRGH as good (excellent, very good,
good) or poor (fair or poor). An incident case of poor SRGH
was defined as the first report of poor SRGH following at
least 1 previous report of good SRGH and no previous re-
ports of poor SRGH. Prevalent cases were defined as those
whose first reported SRGH status was poor SRGH, including
those reporting poor SRGH at baseline.

The final SRGH cohort was comprised of 2,206 workers,
with 766 reports of incident poor SRGH (35%). From the
starting sample of 3,449, we excluded 174 participants who
were missing SRGH data over the study period, 170 preva-
lent cases, 309 participants who did not have at least 10 years
of work-hours exposure, and 590 who worked part-time.

CVD cohort. The observation period for CVD began in
1999, with data collected biennially thereafter. Participants
were asked whether a doctor had ever diagnosed them as
having had a heart attack, high blood pressure, hypertension,
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coronary heart disease, angina, congestive heart failure, or
stroke. A dichotomous CVD index variable was developed
for each interview year, with affirmative answers to any
CVD-related question defined as a positive CVD outcome in
that year. Incident CVD was defined as first reports of any of
the CVD-related outcomes following negative responses to
all CVD questions in the previous year. Prevalent cases were
defined as those who indicated having previously diagnosed
CVD at the start of the observation period in 1999.

The final CVD cohort included 1,698 participants, with
777 cases of incident CVD (45.8%). From the starting sam-
ple of 3,449, we excluded 305 participants who were missing
CVD data over the study period, 657 prevalent cases, 45 par-
ticipants who worked less than 10 years over the study
period, and 744 who worked part-time.

Cancer cohort. Cancer outcomes were treated similarly
to CVD, with the observation period beginning in 1999
when participants were asked whether a doctor had ever told
them that they had cancer or a malignant tumor, excluding
skin cancer. Cases were defined by an affirmative response
to this question in any year. Incident cancer was defined as
affirmative reports of cancer following the previous year’s report
of not ever having been diagnosed with cancer. A prevalent case
was defined as an affirmative response to ever having cancer at
the start of the observation period in 1999.

The final cancer cohort was comprised of 2,196 partici-
pants, with 263 cases of incident cancer (12.0%). From the
starting sample of 3,449, we excluded 191 participants who
were missing cancer data, 82 prevalent cases, 172 partici-
pants who worked less than the 10-year requirement, and
808 who worked part-time.

Statistical analysis

A series of univariate tests of model fit, calibration, and dis-
crimination were used to evaluate a comprehensive set of poten-
tial work-hours cutpoints from 36 WH/week to 65 WH/week.
Small cell sizes precluded the analysis of cutpoints above 65
WH/week. At each cutpoint, participants were defined as
exposed to LWH if the mean of their hours worked per
week across the study duration was equal to or greater than the
cutpoint being tested for the specific outcome being examined.

Model fit was assessed for each work-hours cutpoint using
the Bayesian information criterion, which does not require
that models being compared also be nested. Model calibra-
tion was evaluated using Somers D statistics, which provided
a measure of the performance of each LWH cutpoint as a pre-
dictor of the study outcomes (39), and relative risks for each
univariate cutpoint model were calculated using Poisson
regression, which indicated the probability of the outcome
given the exposure of each LWH cutpoint (25). To account
for unequal exposure durations, an offset variable was con-
structed by dividing the number of waves of work-hours data
that were reported by the number of possible study waves.
One-sided 95% confidence intervals were calculated for all
D statistics and relative risks; 1-sided analyses were per-
formed because the study question focused on the potential
effects of a positive association between LWH and adverse
health outcomes. Model discrimination was assessed by
calculating the Youden index (J) for each LWH exposure
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cutpoint model, which was maximized at the work-hours
threshold with optimized differentiating ability in terms of the
outcome, giving equal weight to sensitivity and specificity.
For the purpose of this study, the statistically optimized cut-
point was defined as the cutpoint that maximized the Youden
index, which is a commonly used measure of the overall effec-
tiveness of a cutpoint dichotomized from a continuous ex-
posure (26, 40, 41). Additional measures of discrimination
included sensitivity, defined as the percentage of the total
number of participants with the outcome who were classified
as exposed to LWH at the cutpoint being tested; specificity,
defined as the percentage of the total number of participants
without the outcome who were classified as unexposed; the
area under the receiver operating characteristics curve (AUC),
which indicated how well each cutpoint separated the cohorts
into those with and without the outcome; positive and negative
predictive values, which indicated the probability of disease
among participants who were exposed or unexposed (42); and
likelihood ratios, both positive and negative, which repre-
sented the probability of exposure among participants with the
outcome (i.e., positive likelihood ratio) and the probability of
exposure among participants without the outcome (i.e., nega-
tive likelihood ratio) (43). Likelihood ratios provide an alter-
native to the J statistic for identifying statistically optimized
cutpoints (i.e., the cutpoints that maximize the positive likeli-
hood ratio and/or minimize the negative likelihood ratio), and
agreement between the likelihood ratios and the J statistic was
noted (42, 44, 45). Additionally, we analyzed the exposure as
a continuous variable to determine the statistically optimized
cutpoint had it not been restricted to a natural number. A post-
hoc exploratory analysis of the relative risks and D statistic
confidence intervals and beta coefficients was performed to
assess statistical differences among the identified measures of
calibration and discrimination (46, 47).

We conducted univariate analyses to describe those who did
and did not work at or above the LWH threshold. We con-
ducted post-hoc descriptive analyses to examine the degree to
which the study cohorts overlapped in terms of the study out-
comes. We also examined whether differences existed between
respondents and nonrespondents with respect to hours worked
per week. All analyses were performed using Stata/SE, version
13.1 (StataCorp LP, College Station, Texas).

RESULTS

When combined, the 3 cohorts represented a total of 2,306
participants, of whom 62.0% were male and 72.6% were
white and non-Hispanic (results not shown). At study base-
line, participants had a mean age of 32.8 (standard error, 0.2)
years and the majority (52.6%) had attained at least some
level of postsecondary education. The combined population
reported working an average of 44.5 (standard error, 0.2)
hours per week over the study duration. Almost half of the
study population (48.0%, n = 1,107) reported at least 1 of the
outcomes of interest, with 29.9% (n = 690) of respondents
reporting only 1 outcome, 16.1% (n = 373) reporting 2 out-
comes, and 1.9% (n = 44) reporting all 3 outcomes.

The model fit and calibration information on LWH exposure
and the outcome of poor SRGH status is shown in Table 1.
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The cutpoint of 52 WH/week demonstrated the best model fit,
yielded the only statistically significant D coefficient, and pro-
duced the only relative risk that reached statistical significance
(relative risk = 1.28; 95% confidence interval: 1.06, 1.53).
All measures of discrimination also were maximized at
52 WH/week, although 51 WH/week performed equally
well in terms of the AUC.

For the outcome of CVD (Table 2), the work-hours cutpoints
of 52 through 56 WH/week demonstrated equivalent model fit.

Table 1.

Cases® = 766), Panel Study of Income Dynamics, United States, 19862011

The D statistic was maximized at 52 WH/week, with significant
relationships seen for exposure cutpoints from 49 WH/week to
62 WH/week. An increased risk of incident CVD was dem-
onstrated for cutpoints from 50 WH/week to 63 WH/week.
Although several cutpoints maximized the various measures
of discrimination, 52 WH/week was the best-performing cut-
point in terms of discrimination, as it was the only cutpoint that
maximized the J statistic and was one of 3 cutpoints that maxi-
mized the AUC and minimized the negative likelihood ratio.

Measures® of Model Fit, Calibration, and Model Discrimination for Long Work Hours and Self-Reported General Health (n = 2,206;

Measure of Model Fit and Calibration

Model Discrimination

Cutpoint Proportion

(v:::rlf(ly cﬁ::::;lizt, IangE';saiggn RR®  95% CI° SomersD Youden Sensitivity, Specificity, AUC LR LR % %
Hours) % Criterion ° Statistic  Index (J) % % (c) +) (<) PPV NPV
36 95.5 5.47E+07 0.87 0.64,1.19 -0.0062 0.000 95.0 4.3 050 099 1.15 346 620
37 88.4 5.46E+07 0.77 0.63,0.94 -0.0277 0.000 87.5 11.1 050 098 1.13 343 625
38 81.5 5.47E+07 0.88 0.74,1.05 -0.0138 0.003 81.7 18.6 050 1.00 0.98 34.8 657
39 74.0 5.47E+07 0.90 0.77,1.06 -0.0134 0.000 731 25.5 050 098 1.05 343 641
40 65.2 5.47E+07 0.91 0.78,1.05 -0.0141 0.000 63.8 34.1 050 097 1.06 340 639
41 571 5.46E+07 0.85 0.74,0.99 -0.0333 0.000 54.7 41.6 050 094 1.09 332 633
42 50.3 5.46E+07 0.87 0.75,1.01 -0.0263 0.000 47.8 48.4 050 093 1.08 33.0 636
43 44.8 5.47E+07 0.95 0.82,1.10 0.0006 0.000 43.9 54.8 050 0.97 1.038 34.0 647
44 40.0 5.47E+07 0.94 0.81,1.08 -0.0054 0.000 39.3 59.6 050 097 1.02 341 649
45 35.5 5.47E+07 0.92 0.79,1.07 -0.0103 0.000 34.3 63.9 050 095 1.03 336 647
46 31.3 5.47E+07 0.90 0.78,1.05 -0.0148 0.000 30.3 68.2 050 095 1.02 336 648
47 27.7 5.47E+07 0.94 0.81,1.09 -0.0052 0.006 28.1 72.5 050 1.02 099 352 655
48 24.0 5.47E+07 1.00 0.86,1.17  0.0097 0.022 25.5 76.8 0.51 110 097 36.8 66.0
49 21.0 5.47E+07 1.01 0.86,1.19  0.0093 0.026 22.7 79.9 0.51 113 097 375 66.0
50 17.7 5.47E+07 1.05 0.88,1.25 0.0135 0.029 19.6 83.3 0.51 117 097 384 66.1
51 15.0 5.46E+07 1.12 0.94,1.34 0.0223 0.032 171 86.1 052 123 096 396 66.2
52 12.9 545E+07 1.28 1.06,1.53 0.0400° 0.040 15.5 88.5 052 135 095 418 663
53 10.9 5.46E+07 1.16 0.95,1.42 0.0212 0.023 12.4 89.9 0.51 122 097 394 659
54 9.5 5.46E+07 1.21 0.98,1.51 0.0251 0.021 10.8 91.3 0.51 124 098 39.7 658
55 7.8 5.46E+07 1.20 0.95,1.52 0.0197 0.017 8.9 92.9 0.51 124 098 39.8 657
56 6.8 5.46E+07 1.22 0.97,1.54  0.0200 0.021 8.1 94.0 0.51 134 098 416 658
57 5.8 5.46E+07 1.21 0.95,1.56 0.0170 0.017 6.9 94.8 0.51 133 098 414 657
58 4.6 5.46E+07 1.22 0.92,1.61 0.0135 0.013 5.5 95.8 0.51 132 099 412 656
59 3.9 5.47E+07 1.15 0.84,1.57 0.0081 0.008 4.4 96.4 050 123 099 395 655
60 3.4 5.47E+07 1.02 0.71,1.47 0.0019 0.004 3.7 96.7 050 112 1.00 373 654
61 3.0 5.47E+07 1.05 0.71,1.54  0.0024 0.003 3.1 97.2 050 110 1.00 369 654
62 2.4 5.47E+07 1.13 0.75,1.71  0.0049 0.000 2.3 97.6 050 1.00 1.00 346 653
63 2.0 5.47E+07 0.98 0.60,1.60 -0.0003 0.000 1.7 97.8 050 079 1.00 295 652
64 1.8 5.47E+07 0.89 0.52,1.51 -0.0023 0.000 1.4 98.0 050 071 1.01 275 652
65 1.5 5.47E+07 1.02 0.60,1.74  0.0009 0.000 1.3 98.3 050 078 1.00 294 652

Abbreviations: AUC, area under the receiver operating characteristics curve; Cl, confidence interval; LR, likelihood ratio; NPV, negative predic-

tive value; PPV, positive predictive value; RR, relative risk.

2 All calculations take into account clustering and probability weighting.
b Incident cases of poor SRGH were defined as the first report of poor SRGH after 1986 following at least 1 previous report of good SRGH.
¢ Relative risk and corresponding 95% confidence interval from univariate Poisson regression.

4P <0.05.
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Table2. Measures® of Model Fit, Calibration, and Model Discrimination for Long Work Hours and Incident Cardiovascular Disease (n = 1,698;
Cases® = 777), Panel Study of Income Dynamics, United States, 19862011

Cutpoint  Proportion Measure of Model Fit and Calibration Model Discrimination

(Weekly Above Bayesian . i o o

Work Cutpoint, |nformation RR® 95% CI°® Somt_ers_ D Youden Sensitivity, Specificity, AUC LR LR % %

Hours) % Criterion Statistic  Index (J) % % (c) (+) (-) PPV NPV
36 94.6 5.66e+07 1.30 0.94,1.81 0.0225 0.015 95.5 6.0 051 1.02 075 46.1 61.1
37 87.4 5.66e+07 1.13 0.92,1.39 0.0278 0.028 89.7 13.1 051 1.03 0.78 46.6 60.2
38 79.6 5.66e+07 1.14 0.96,1.34 0.0439 0.032 82.4 20.8 052 1.04 085 46.7 584
39 71.9 5.66e+07 1.14 0.99,1.31 0.0538 0.046 75.7 28.9 052 1.06 084 473 585
40 63.4 5.66e+07 1.14 1.01,1.30 0.0623 0.056 68.7 36.9 053 1.09 085 479 583
41 55.6 5.66e+07 1.06 0.94,1.19 0.0395 0.025 58.3 442 051 1.04 094 46.8 557
42 48.5 5.66e+07 1.07 0.96,1.20 0.0413 0.027 52.3 50.5 051 1.06 095 437 522
43 42.7 5.66e+07 1.09 0.97,1.22 0.0494 0.028 46.6 56.2 051 1.06 095 473 555
44 37.9 5.66e+07 1.04 0.93,1.17 0.0312 0.024 41.6 60.8 051 1.06 096 472 552
45 34.2 5.66e+07 1.02 0.90,1.14 0.0191 0.009 36.6 64.4 050 1.03 099 464 546
46 30.1 5.66e+07 1.01 0.89,1.14 0.0158 0.012 31.9 69.3 051 1.04 098 46.7 547
47 26.3 5.66e+07 1.03 0.91,1.16 0.0196 0.023 29.1 73.2 051 1.08 097 47.8 55.0
48 22.8 5.66e+07 1.09 0.97,1.24 0.0387 0.033 26.0 77.3 052 1.15 096 49.1 553
49 19.6 5.66e+07 1.12 0.98,1.27 0.0416° 0.036 23.0 80.6 052 119 096 500 554
50 16.2 5.66e+07 1.21° 1.06,1.38 0.0594 0.045 20.2 84.3 052 128 095 520 556
51 13.4 5.65e+07 1.28° 1.12,1.47 0.0672° 0.051 17.8 87.3 053 1.40 094 541 557
52 11.1 5.64e+07 1.42° 1.24,1.63 0.0827° 0.058 15.7 90.1 053 159 094 573 559
53 9.7 5.64e+07 1.41° 1.21,1.63 0.0699° 0.048 13.3 91.5 052 157 095 569 556
54 8.3 5.64e+07 1.45° 1.25,1.69 0.0695° 0.051 121 93.1 053 1.74 094 595 556
55 6.7 5.64e+07 1.50° 1.28,1.77 0.0629° 0.050 10.3 94.7 052 194 095 620 556
56 5.6 5.64e+07 1.49° 1.26,1.76 0.0563° 0.046 9.1 95.4 052 2.00 095 628 555
57 4.7 5.66e+07 1.37° 1.12,1.66 0.0344° 0.029 6.7 96.2 051 176 097 59.8 55.0
58 3.6 5.66e+07 1.35% 1.09,1.67 0.0272° 0.022 5.5 96.6 051 164 098 58.1 548
59 3.1 5.66e+07 1.44° 1.15,1.80 0.0285% 0.023 4.8 97.5 051 191 098 61.7 548
60 2.6 5.66e+07 1.37% 1.07,1.76 0.0222¢ 0.018 41 97.7 051 1.81 098 604 547
61 24 5.66e+07 1.40° 1.09,1.80 0.0221¢ 0.018 3.9 97.9 051 1.87 098 612 547
62 2.1 5.66e+07 1.42° 1.08,1.87 0.0174¢ 0.013 3.0 98.4 051 1.82 099 605 54.6
63 1.8 5.66e+07 1.38% 1.02,1.87 0.0137 0.011 2.6 98.5 051 1.69 099 588 545
64 1.7 5.66e+07 1.29 0.91,1.82 0.0089 0.006 21 98.6 050 1.46 099 552 544
65 1.5 5.66e+07 1.38 0.97,1.96 0.0101 0.007 1.9 98.8 050 1.62 099 57.7 544

Abbreviations: AUC, area under the receiver operating characteristics curve; Cl, confidence interval; LR, likelihood ratio; NPV, negative predic-

tive value; PPV, positive predictive value; RR, relative risk.

2 All calculations take into account clustering and probability weighting.
® Incident cases of CVD were defined as the first report of any of the physician diagnosed CVD-related outcomes (e.g., heart attack, high blood
pressure, hypertension, coronary heart disease, angina, congestive heart failure, or stroke) after 1999 following at least 1 negative response to hav-

ing ever been diagnosed with any of the CVD-related outcomes.

° Relative risk and corresponding 95% confidence interval from univariate Poisson regression.

4P <0.05.
°pP<0.01.

For the outcome of cancer (Table 3), the best model fit was
observed for the work-hours cutpoints of 52 WH/week, 54
WH/week, and 56 WH/week. Although significant D statistics
were generated at several cutpoints, 52 WH/week maximized
the D statistic. The relative risk calculations demonstrated sig-
nificant increases in the risk of incident cancer for cutpoints
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from 50 WH/week to 57 WH/week. The cutpoint of 52 WH/
week maximized the J statistic, AUC, and negative predictive
value while minimizing the negative likelihood ratio. Although
other cutpoints yielded equivalent AUC values, no other cut-
point performed as well across all measures of model fit, cali-
bration, and discrimination as 52 WH/week.
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Table3. Measures?® of Model Fit, Calibration, and Model Discrimination for Long Work Hours and Incident Cancer (n = 2,196; Cases® = 263),
Panel Study of Income Dynamics, United States, 1986-2011

Measure of Model Fit and Calibration

Model Discrimination

Cutpoint Proportion

(V\\/Ive:rlﬂy cﬁz,ﬁﬁt, |ne2¥:§32n RR® 95% CI°® SomersD Youden Sensitivity, Specificity, AUC LR LR % %

Hours) % Criterion ° Statistic  Index (J) % % (c) (+) (=) PPV NPV
36 94.6 3.62E+07 0.69 0.45,1.04 -0.0192 0.000 91.6 5.0 050 096 167 116 815
37 87.4 3.62E+07 0.88 0.64,1.22 -0.0055 0.000 85.9 12.4 050 098 1.13 11.8 86.6
38 79.6 3.62E+07 0.86 0.65,1.13 -0.0145 0.000 78.3 20.2 050 098 1.07 11.8 873
39 71.9 3.62E+07 0.82 0.64,1.05 -0.0316 0.000 70.3 27.9 050 098 1.06 11.7 87.4
40 63.4 3.62E+07 0.97 0.77,1.23 0.0054 0.009 64.3 36.7 050 1.01 097 121 883
41 55.6 3.62E+07 1.06 0.85,1.34 0.0294 0.021 57.4 44.6 051 1.04 095 124 885
42 48.5 3.62E+07 1.00 0.80,1.25 0.0123 0.002 48.7 51.5 050 1.00 1.00 12.0 88.1
43 42.7 3.62E+07 0.99 0.79,1.24 0.0093 0.000 42.6 57.3 050 1.00 1.00 12.0 88.0
44 37.9 3.62E+07 1.04 0.83,1.31 0.0229 0.005 38.4 62.1 050 1.01 099 121 88.1
45 34.2 3.62E+07 1.06 0.85,1.34 0.0279 0.000 34.2 65.8 050 1.00 1.00 12.0 88.0
46 30.1 3.62E+07 1.15 0.91,145 0.0462 0.017 31.6 70.1 051 1.06 098 126 88.3
47 26.3 3.62E+07 1.22 0.96,1.55 0.0564 0.030 28.9 741 051 111 096 132 884
48 22.8 3.62E+07 1.27 1.00,1.63 0.0611° 0.035 25.9 77.7 052 1.16 095 13.6 885
49 19.6 3.62E+07 1.16 0.89,1.51 0.0355 0.023 21.7 80.7 051 112 097 132 883
50 16.2 3.62E+07 1.32° 1.01,1.74 0.0560° 0.036 19.4 84.2 052 123 096 143 885
51 13.4 3.61E+07 1.45° 1.10,1.92 0.0657° 0.051 17.9 87.2 053 1.40 094 16.0 88.6
52 111 3.60E+07 1.62° 1.22,2.17 0.0742° 0.055 16.0 89.5 053 153 094 172 887
53 9.7 3.61E+07 1.57% 1.14,2.16 0.0612° 0.045 13.7 90.8 052 149 095 169 88.6
54 8.3 3.60E+07 1.71° 1.23,2.38 0.0650°  0.052 12.9 92.3 053 168 094 18.6 88.6
55 6.7 3.61E+07 1.70° 1.18,2.46 0.0543% 0.036 9.9 93.7 052 158 096 17.7 88.4
56 5.6 3.60E+07 1.86° 1.27,2.70 0.0564%  0.041 9.1 94.9 052 1.80 096 19.7 885
57 4.7 3.61E+07 1.67% 1.12,2.48 0.0383% 0.033 7.6 95.7 052 175 097 19.2 88.4
58 3.6 3.62E+07 1.40 0.89,2.22 0.0182 0.015 4.9 96.5 051 143 098 16.3 88.2
59 3.1 3.62E+07 1.54 0.96,2.46 0.0212 0.017 4.6 97.1 051 157 098 17.6 88.2
60 2.6 3.62E+07 1.46 0.86,2.46 0.0157 0.013 3.8 97.5 051 153 099 172 88.2
61 2.4 3.62E+07 1.62 0.97,2.73 0.0193 0.016 3.8 97.8 051 1.75 098 19.2 88.2
62 21 3.62E+07 1.65 0.97,2.83 0.0162 0.016 3.4 98.1 051 1.84 098 20.0 882
63 1.8 3.62E+07 1.45 0.78,2.69 0.0097 0.010 2.7 98.3 051 161 099 179 88.1
64 1.7 3.62E+07 1.49 0.80,2.75 0.0102 0.011 2.7 98.4 051 166 099 184 88.1
65 15 3.62E+07 1.57 0.81,3.05 0.0099 0.009 2.3 98.7 050 1.70 099 18.8 88.1

Abbreviations: AUC, area under the receiver operating characteristics curve; Cl, confidence interval; LR, likelihood ratio; NPV, negative predic-

tive value; PPV, positive predictive value; RR, relative risk.

2 All calculations take into account clustering and probability weighting.

® Incident cases of cancer were defined as the first report of physician diagnosed cancer or malignant tumor (excluding skin cancer) after 1999
following at least 1 previous report of not ever having been diagnosed with cancer or a malignant tumor.
° Relative risk and corresponding 95% confidence interval from univariate Poisson regression.

9P <0.05.
P <0.01.

The analyses of the LWH exposure as a continuous vari-
able (results not shown) identified the optimal LWH cut-
points of 51.8 WH/week, 52.2 WH/week, and 52.1 WH/
week for poor SRGH, incident CVD, and incident cancer,
respectively. In the post-hoc analysis, we observed no signif-
icant differences between the relative risk or D beta coeffi-
cients for the cutpoints of 50 WH/week to 54 WH/week for

each outcome; however, significant differences between 50
WH/week and 52 WH/week at the 0.10 level for the out-
come of CVD (P = 0.08) were observed. While the compari-
son of the relative risk and D statistic confidence intervals
indicated an overlap across cutpoints, there was a clear pat-
tern of increasing magnitude up to 52 WH/week, with a
decline thereafter.

Am J Epidemiol. 2017;186(2):173-183
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Table4. Demographic Characteristics® at Study Baseline According to Work-Hours Exposure Category (35-51
Hours per Week vs. >52 Hours per Week) for Each Outcome-Specific Cohort, Panel Study of Income Dynamics,
United States, 1986

Average Work Hours per Week According to Outcome Cohort

CVD Cohort Cancer Cohort SRGH Cohort
(n=1,698) (n=2,196) (n =2,206)

35-51 Hours >52Hours 35-51Hours >52Hours 35-51Hours >52Hours
(n=1,485), (n=213), (n =1,952), (n=244), (n=1,921), (n = 285),
o, 0, L) L) L)

Characteristic

%o %o % % %o %o
Sex®°
Male 61.4 89.2 62.0 89.5 61.5 87.3
Female 38.6 10.8 38.0 10.5 38.5 12.7
Age, years® 325(0.3)° 34.3(0.8° 337(02) 345(0.7) 339(0.2) 35.0(0.7)

Educational level (highest
completed)®

Did not complete high 6.5 5.5 6.9° 5.9° 7.0 6.5
school

High-school diploma 61.3 51.0 61.7° 49.2° 61.2 52.2

College degree 32.2 43.4 31.4° 44.9° 31.8 41.3
Racial/ethnic category®

White, non-Hispanic 88.0 95.1 86.9 92.9 87.1 92.0

Black, non-Hispanic 7.2 2.4 8.6 3.0 8.2 4.3

Hispanic 3.3 1.5 2.9 2.8 3.0 2.6

Other 1.5 1.0 1.6 1.3 1.7 1.1
Marital status®

Married/cohabiting 76.9° 85.5° 75.6° 87.0° 75.8 85.5°

Not married or cohabiting ~ 23.1° 14.5° 24.4° 13.0° 24.2' 14.5'
Number of children in the 1.0(0.04) 1.2(0.09) 1.1(0.04) 1.2(0.08) 1.0(0.03° 1.2(0.08)°

household®

Employment status®®°

Self-employed 13.3 32.5 125 37.0 12.0 34.3

Employed by others 86.7 67.5 87.5 63.0 88.0 65.7
Industry®

Services 68.2 69.9 68.1 69.9 68.8 67.7

Nonservices 31.8 30.1 31.9 30.2 31.2 32.3
Occupation®

Manual 29.3 31.6 29.2 32.8 28.5 335

Nonmanual 70.7 68.4 70.8 67.2 71.5 66.5
Pay status™®

Salaried 46.8 55.4 46.5 52.3 47.2 51.4

Hourly 39.3 13.6 39.8 11.8 39.7 14.9

Other arrangement 13.8 31.0 13.7 35.9 13.1 33.7
Poor SRGH status®

Yes 275 257 32.8 32.6 32.9° 40.6°

No 72.5 74.3 67.2 67.4 67.1° 59.4°
Incident CVDP

Yes 42.6° 59.8° 54.9° 63.5° 55.0' 65.1'

No 57.4° 40.2° 45.1° 36.5° 45.0' 34.9'

Table continues
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Table4. Continued

Average Work Hours per Week According to Outcome Cohort

CVD Cohort

Characteristic (n=1,698)

SRGH Cohort
(n = 2,206)

Cancer Cohort
(n=2,196)

35-51 Hours >52Hours 35-51Hours >52Hours 35-51Hours >52Hours
(n=1,485), (n=213), (n=1,952), (n=244), (n=1,921), (n=285),
% % % % % %
Incident cancer®
Yes 12.2f 21.3f 14.5' 223 14.1° 21.4°
No 87.8' 78.7" 85.51 77.7" 85.9° 78.6°

Abbreviations: CVD, cardiovascular disease; SRGH, self-reported general health.
2 Proportions adjusted for probability weighting; statistical tests take into account clustering and probability

weighting.
b2 test.
°P <0.001.

9 Adjusted Wald test; values expressed as mean (standard error).

°pP<0.05.
fP<0.01.

Descriptive data on the study sample are presented in Table 4
by average WH/week, with the >52 WH/week category repre-
senting the exposure of LWH. Across all 3 outcome-specific
cohorts, those who worked 52 WH/week or more were more
likely to be male, married, self-employed, and paid through
nontraditional pay structures (defined as not paid hourly or sal-
aried) than were those not reporting LWH.

Among the 1,107 (48%) of study participants that reported at
least 1 study outcome, 15.9% (n = 176) worked an average of 52
hours or more per week (results not shown). At baseline, the parti-
cipants who would go on to develop any of the 3 health outcomes
reported working an average of 3 hours more per week than parti-
cipants who did not report poor SRGH, incident CVD, or incident
cancer (42.8 versus 40.9 hours, respectively; P < 0.005). These
differences in work hours remained present over the study dura-
tion; those who developed an outcome reported working approxi-
mately 1.5 hours more per week than those who did not (45.1
versus 43.7 hours, respectively; P < 0.005).

In our examination of overlap across outcome-specific co-
horts, we observed that approximately 71% (n = 1,627 of 2,306)
of participants were included in all 3 outcome-specific cohorts,
with 68% (n = 1,107) reporting at least 1 outcome. Of those,
29.2% (n = 373) reported 2 outcomes, and 3.9% (n = 44) re-
ported all 3. Among those reporting more than 1 outcome of
interest (n = 417), concurrent cases of CVD and poor SRGH
(79.9%:; 333 of 417) were most common.

In the examination of LWH exposure patterns of nonre-
spondents who did not provide outcome data, there were no
differences in the mean WH/week relative to respondents
(43.6 vs. 43.6 mean WH/week, respectively (P = 0.925)).

DISCUSSION

To our knowledge, there have been no published evaluations
of the predictive ability of specific LWH cutpoints for different

adverse health outcomes. In this study, we observed that the
dichotomized exposure cutpoint of 52 work hours per week or
greater, on average, over a minimum of 10 years was the opti-
mized cutpoint for predicting increased risk of poor SRGH,
incident CVD, and incident cancer. The 52 WH/week cutpoint
was more accurate in terms of calibration than discrimination
when compared with lower or higher cutpoints, showing good
model calibration but limited model discrimination.

Our findings that adverse health outcomes were associated
with working 52 hours per week or more are consistent with evi-
dence reported from previous cohort studies. For SRGH, a pre-
vious study showed a relationship between increasing overtime
hours and poor subjective health, but the level of work hours
was analyzed as a continuous measure and, thus, a specific range
of work hours beyond which the risk of poor SRGH increased
was not identified (48). Prior studies have demonstrated in-
creased risk of CVD at work-hours durations of 45 hours per
week (49), 50 hours per week (50), 55 hours per week (51), 11
hours per day (52), 11-12 hours per day (53), and 3—4 hours of
overtime per day (53). To our knowledge, only 3 previous stud-
ies have examined the relationship between LWH and cancer,
with contradictory results (31-33). Our findings are consistent
with those of a recent study reporting a significant dose-
response relationship between LWH and cancer incidence,
most notably among women, which analyzed a longitudinal
US cohort and employed similar exposure and outcome mea-
sures to those used here (31). Two additional studies examin-
ing LWH and cancer incidence reported mixed results, with
some evidence of an increase in incident breast cancer (32,
33). Because all 3 of these previous studies used different
LWH categories, the estimates are not directly comparable,
which could be remedied by a more consistent approach to
defining work hours in terms of health risk—based thresholds.

Each of the models used to test the cutpoints against the out-
comes of interest was univariate, as is standard practice for the
initial identification of predictive thresholds (54-57). Employing
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this approach highlighted the dichotomized work-hours cutpoint
that was the strongest predictive indicator of the outcome across
all members of each cohort, regardless of demographic, socio-
economic, or occupational characteristics. However, in each of
these analyses, the small values of J and AUC suggested that the
univariate cutpoint models had poor distinguishing ability,
which would likely be improved through multivariate modeling
(21, 40). Although no statistical differences were found for the
relative risk and D beta coefficients for the cutpoints of 50-54
WH/week, none were expected, as the assignment of exposure
status (and those participants who constituted the exposed por-
tion of the sample) varied little from one cutpoint to the next
larger cutpoint (46, 47). However, the suggestion of statistical
difference at a significance level of 0.1 and the trends demon-
strated by the confidence intervals increasing to and decreasing
from 52 WH/week supported our findings that 52 WH/week is
an appropriate starting point for defining LWH in more sophisti-
cated models that consider possible confounding effects as well
as the influence of mediators and moderators of the work hours—
health relationship.

The identification of the same LWH cutpoint (52 WH/
week) as the best predictor for each of the outcomes was
unexpected. Although a sizeable proportion of participants
were included in all 3 cohorts, the overlap in the cohorts was
primarily among those who did not develop the outcomes.
Given the high rates of CVD incidence in the US adult popu-
lation (58) and the broad criteria used when evaluating SRGH
(28), it was not surprising that some participants developed
incident cases of more than 1 outcome.

PSID provides limited information about why data are
missing with respect to loss to follow-up, refusal to answer,
or death. Our analysis of nonrespondents suggests that selec-
tion bias is unlikely, because participation was not differen-
tially related to exposure (59). It is possible that condition
severity precluded their further participation for health rea-
sons (60). In the event that cases went unreported by nonre-
spondents, our results would be biased towards the null.

The measures of association resulting from these analyses
are unadjusted, and we recognize that confounding may be
present. However, the goal of this study was to take this im-
portant initial step of identifying working-hour thresholds
with the greatest predictive ability for the outcomes of inter-
est. These estimates provide researchers with a starting point
(approximately 52 hours worked per week) for assessing
LWH in future multivariate models.

The longitudinal nature of this study in a large, representative
sample of US households allowed us to identify statistically opti-
mized cutpoints for LWH using repeated measures of working
hours. The PSID cohort is not specifically sampled to produce a
representative sample of US workers; therefore, we applied
PSID sampling weights to improve the generalizability of the
study findings to US workers. An additional strength is that we
had ample data to examine exposures over a minimum of 10
years, which we used as a criterion for inclusion. We recognize
that requiring a minimum of 10 years of work-hours data pre-
cluded our ability to draw conclusions for those reporting fewer
years of data. We chose to be conservative in our inclusion cri-
teria to ensure that participant work-hours averages reflected
long-term patterns and to allow adequate time for the onset of
the outcomes following exposure.

Am J Epidemiol. 2017;186(2):173-183

In 2006, a multidisciplinary team of experts argued that
flawed methodological approaches prevented the accurate
classification of health risks among those who work extended
hours (17), yet this approach to evaluating the effect of LWH
on workers’ health has not changed. Further research using
other representative data sets of US workers is necessary to
assess the predictive value of the exposure cutpoint of 52 WH/
week as a risk factor of detrimental health conditions as well
as to examine time-varying patterns of working long hours on
health outcomes.
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