WORK HOURS, MUSCULOSKELETAL DISORDERS AND CVD RISK

GRANT NUMBER R01 OH 07577
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH

9/30/01-9/29/05

Paul Landsbergis, PhD, MPH, Principal Investigator
Associate Professor
Department of Community and Preventive Medicine

Mount Sinai School of Medicine

FINAL REPORT

Address for correspondence: Paul Landsbergis, Department of Community and Preventive
Medicine, Box 1043, Mount Sinai School of Medicine, One Gustave L. Levy Place, New York,

NY 10029-6574, 212-241-0591 (phone), 212-360-6965 (fax), paul.landsbergis@mssm.edu




TABLE OF CONTENTS

Page
SUMMARY/OVERVIEW
Table of Contents. ........voeiivreeiririiiiiiiiiii e e 2
List of Abbreviations..........c.ccvviveiiiiiviiiiniiiiiiine e 4
ADBSITACE. ...ttt e 5
Highlights/Significant Findings..................ccooviiiiiiiinnn.. 7
Translation of FIndings.........c.cceceveviiiiiniiiiiiinieieieneenen, 9
Outcomes/Relevance/Impact..........ccvoeiiiiiiiieinineeiininnenenennn. 10
Scientific REPOrt.......ovevieiniiriiii e e eaane 10
Publications............ccocveninennnnn. JE OO 11
Inclusion of Gender and Minority Study Subjects............c....... 12
Inclusion of Children............cooviiiiiiiiiiiiiniii e 12
Materials Available for other Investigators...............ccovvenenees 13
Enrollment Inclusion Report (STUDY #1).......cccvevvvivieninnenns 14
Enrollment Inclusion Report (STUDIES #2, 3, 4).......cccevveeen.. 15

STUDY #1: EXTENDED WORK HOURS, CARDIOVASCULAR DISEASE AND
MUSCULOSKELETAL DISORDERS AMONG HEALTH CARE WORKERS

Page
ADBSITACE. .o e et i aaas 2
INtrodUCtiON. .. uiuee st 3
Methods.......iviniiiii e 4
ReSUIS. ...t e 7
DSCUSSION. v vttt etirtie ittt ettt et rteeeieeetanaeneeeenaeneennan 16



Acknowledgements..........c.vuiiiinineiiii e 19

205 15 (=1 [0 T PPN 19

STUDY #2: EXTENDED WORK HOURS, ERGONOMIC RISK FACTORS AND
MUSCULOSKELETAL DISORDERS AMONG HEALTH CARE WORKERS: A CASE-

CONTROL STUDY

Page
ADBSITACE. ..ot e 2
INtroduction. .. ...c.vvevieiniiiin e 3
MethodsS.......ccviniiiniiii e 3
RESUILS. .. .tett it e e e 11
DASCUSSION. L1 veeeeeietine ittt e eeaenes 12
Acknowledgements...........couviiiiiiiiiniin e 15 .
References. ......vuirieiiiiii e 15

STUDY #3: OVERTIME, SHIFT WORK AND AMBULATORY BLOOD PRESSURE

AMONG FEMALE NURSES
Page
List of Tables and Figures..........ccovviiiiiinniniiiiiiieiiieiennaaens 2
Background............ooiveiiiiiiiniineannns e 5
Methods.....ccoiiii e 26
ReSUILS. ..ot rre e st e e e e e e e et e e as 33
COonNCIUSION. ... vv e e 51
AcknOwledgements. .......ocvvvueiineiiiiiir e 56
ReEfeTENCES. ... vttt 57




STUDY #4: LONG WORK HOURS, WORK STRESSORS, AMBULATORY BLOOD
PRESSURE, AND PSYCHOLOGICAL/PSYCHOSOMATIC DISTRESS AMONG HOSPITAL

WORKERS
Page
ADBSITACE. ... 2
INtroduction. .....coouiuiieit e e e 4
Methods. ....cuiviiiiiiiiri e 8
RESUIS. .. v e e 19
1D R R ()« ORI 44
Acknowledgements............couiiiiiiiiiiiii s 51
ReferenCeS. .. vttt e 51
APPENAIX. ..ottt e e 56
LIST OF ABBREVIATIONS

ABP ambulatory blood pressure

ACGME | Accreditation Council for Graduate Medical Education

BMI body mass index

BP blood pressure

CESDR | Center for Epidemiologic Studies Depression Scale Revised

CVD cardiovascular disease ’

DBP diastolic blood pressure

DHEA dehydroepi-androsterone sulfate

ERI effort-reward imbalance

HTN hypertension

hx history of disease

IT intervention team

JCQ Job Content Questionnaire

LPN licensed practical nurse

MSD musculoskeletal disorders

PAR participatory action research

QES Quality of Employment Surveys

RN registered nurse

SBP systolic blood pressure

SEIU Service Employees International Union

SES socioeconomic status

WSBPS | Work Site Blood Pressure Study




ABSTRACT

This research program, which included four studies, was designed to examine the impact
of long work hours and other job stressors on blood pressure (BP), cardiovascular disease (CVD)
risk, and musculoskeletal disorders (MSDs). CVD is the number one cause of illness and death
in the U.S., and high blood pressure is a common and powerful risk factor for CVD. Work-
related MSDs, such as low back pain, tendinitis, and carpal tunnel syndrome, account for a large
proportion of the cost of work-related illness in the U.S.

The first study involved analyses of medical claims filed by unionized hospital workers
in New York City to a joint union-management self-insured fund. In the three other studies, 431
hospital workers and 27 home health care workers from New York City completed
questionnaires and 276 had their BP measured while working using ambulatory (portable) blood
pressure (ABP) monitors, the gold standard in BP measurement. Nurses and nurses’ aides
participated in the study at Hospital A, while lower status employees participated at Hospital B.

Among employees at Hospitals A and B, there was no association between ABP and
usual work hours or work hours in the month before ABP measurement. However, data from the
medical insurance claim database revealed that registered nurses (RNs) working more than 40
hours per week (averaged over the previous 3 months) were nearly three times more likely to file
a medical claim for hypertension (high blood pressure) than RNs working 31-40 hours per week.

At Hospital B, in 2000, female nurses and nurses’ aides working 12-hour shifts had much
higher ABP at work, home and during sleep than those working 8-hour shifts, adjusting for age,
race, and other risk factors for high BP. ABP differences between shifts were 4-19 mm Hg
systolic and 3-8 mm Hg diastolic. However, this effect was not seen in 1995.

At Hospital A, evening, night and rotating shiftworkers had higher ABP than day workers
when controlling for age, race, and gender (6.3 mm Hg systolic, 4.5 mm Hg diastolic), but this
effect was smaller when controlling for other risk factors for high BP. At Hospital B, compared
to day shift nurses and aides, evening shift workers (4 pm-midnight) had higher ABP at work (0-
4.3 mm Hg systolic, -1.3-2.7 mm Hg diastolic), home (1.1-15.6 mm Hg systolic, 2.0-6.2 mm Hg
diastolic), and sleep (4.1-9.5 mm Hg systolic, 1.7-6.3 mm Hg diastolic) in both 1995 and 2000.

At Hospital A, among women, those with high demand-low control work (“job strain”) or
high efforts combined with low rewards at work had higher ABP (4.8-6.6 mm Hg systolic and
3.2-4.3 mm Hg diastolic) than those with job strain or effort-reward imbalance.

There was some suggestion, although not consistent, of interactions between work hours
and other stressors. At Hospital B, overtime worked in the past month was associated with higher
work ABP, but only for employees with job strain. At Hospital A, ABP was higher in employees
working overtime but only in the group with only a high school education.

Occult hypertension means normal office BP (<140/90), but high workday ambulatory
BP. In Hospital A, occult hypertension was seen in 16-23% of men and 19-20% of women with
normal office BP. Occult hypertension was more common in shiftworkers but not among those



working long hours. There was some suggestion of higher risk of occult hypertension among
workers facing job strain or high efforts combined with low rewards.

Some research has found that depression, anxiety, short sleep hours and fatigue are risk
factors for future heart disease. At Hospital A, employees working more than 40 hours per week
had higher levels of fatigue, but not more symptoms of anxiety or insomnia. Employees with
paid work plus home tasks totaling more than 57.5 hours per week were more than four times
more likely to report symptoms of depression (but not fatigue, insomnia or anxiety). Employees
facing job strain or high efforts combined with low rewards at work were also more likely to
report more symptoms of depression, anxiety, insomnia and fatigue.

Hospital service and maintenance workers and licensed practical nurses/nurses’ aides
(jobs with substantial ergonomic risk factors) were nearly two times as likely to file a medical
claims for a low back musculoskeletal disorder (MSD) than paraprofessional hospital workers
such as social worker, physicians’ assistant, emergency medical technician or pharmacist. Male
hospital workers working more than 50 hours per week (averaged over the previous 3 months)
were 50% more likely to file a medical claim for a low back MSD, and those working 46 or more
hours per week were more than four times more likely to file a medical claim for wrist/hand
MSDs. However, women working more than 50 hours per week were only half as likely to file a
medical claim for a neck MSD. Work hours were not related to shoulder MSDs. In case-control
analyses among a subset of participants who completed the study questionnaire, neither work
hours in the 1-3 month nor the 4-6 month periods prior to filing a medical claim were
significantly associated with claims for MSDs.

The results of these studies suggest that programs and policies to reduce employees’
exposure to work stressors, including long weekly work hours, 12-hour shifts, evening shifts,
high demand-low control work and high efforts combined with low rewards at work, can be
implemented in order to reduce the chance that employees will develop high BP, heart disease,
stroke, and work-related MSDs. Employer programs and policies need to carefully evaluated for
their health effects. Various programs and policies have been recommended by researchers and
government agencies (such as NIOSH) including: worksite surveillance (periodic surveys and
medical exams, screening for occult hypertension, and analyses of existing medical claim
databases); integration of health promotion (programs for exercise, healthy diet and smoking
cessation) with occupational health approaches (reducing sources of stress in the workplace), and
job redesign (for example, increasing employee participation and control and increasing work
rewards, which include respect, support, income, promotion prospects and job security).



HIGHLIGHTS/SIGNIFICANT FINDINGS

AIM 1) To determine the associations between extended work hours, ergonomic risk
factors, psychosocial job stressors, and low back and upper extremity musculoskeletal
disorders in the study population (STUDIES #1 AND 2). -

Hospital service and maintenance workers and licensed practical nurses/nurses’ aides
(jobs with substantial ergonomic risk factors) were nearly two times as likely to file a medical
claims for a low back musculoskeletal disorder (MSD) than paraprofessional hospital workers
such as social worker, physicians’ assistant, emergency medical technician or pharmacist. Male
hospital workers working more than 50 hours per week (averaged over the previous 3 months)
were 50% more likely to file a medical claim for a low back MSD, and those working 46 or more
hours per week were more than four times more likely to file a medical claim for wrist/hand
MSDs. However, women working more than 50 hours per week were only half as likely to file a
medical claim for a neck MSD. Work hours were not related to shoulder MSDs.

In case-control analyses among a subset of participants who completed the study
questionnaire, neither work hours in the 1-3 month nor the 4-6 month periods prior to filing a
medical claim were significantly associated with claims for MSDs.

AIM 2) To determine the associations between extended work hours, psychosocial job
stressors (including job strain and effort-reward imbalance), blood pressure elevation and
CVD risk in the study population (STUDIES #1, 3 AND 4).

Long work hours during the months preceding ambulatory blood pressure (ABP) measurement
Among employees at Hospitals A and B, there was no association between ABP and
usual work hours or work hours in the month before ABP measurement. However, data from a
medical insurance claim database revealed that registered nurses (RNs) working more than 40
hours per week (averaged over the previous 3 months) were nearly three times more likely to file
a medical claim for hypertension (high blood pressure) than RNs working 31-40 hours per week.

Long work hours on the day of ambulatory blood preésure (ABP) measurement

At Hospital B, in 2000, female nurses and nurses’ aides working 12-hour shifts had much
higher ABP at work, home and during sleep than those working 8-hour shifts, adjusting for age,
race, and other risk factors for high BP. ABP differences between shifts were 4-19 mm Hg
systolic and 3-8 mm Hg diastolic. However, this effect was not seen in 1995.

Shiftwork
At Hospital A, evening, night and rotating shiftworkers had higher ABP than day workers

when controlling for age, race, and gender (6.3 mm Hg systolic, 4.5 mm Hg diastolic), but this
effect was smaller when controlling for other risk factors for high BP. Compared to day shift
nurses 'and aides, Hospital B evening shift workers (4 pm-midnight) had higher ABP at work (0-
4.3 mm Hg systolic, -1.3-2.7 mm Hg diastolic), home (1.1-15.6 mm Hg systolic, 2.0-6.2 mm Hg
diastolic), and sleep (4.1-9.5 mm Hg systolic, 1.7-6.3 mm Hg diastolic) in both 1995 and 2000.



Other work stressors

At Hospital A, were lower status worked were enrolled in the study, among women
workers, those with high demand-low control work (“job strain”) or high efforts combined with
low rewards at work had higher ABP (4.8-6.6 mm Hg systolic and 3.2-4.3 mm Hg diastolic) than
those without job strain or effort-reward imbalance. ' '

Interaction between long work hours and other work stressors

At Hospital B, each overtime hour worked per week (in the previous month) was
associated with about 1 mm Hg higher systolic work and 0.2 mm Hg higher diastolic work ABP
—but only for employees with job strain (high demand-low control work). For those not facing
job strain, overtime work hours were associated with lower work ABP. While these significant
interactions were intriguing, they were not seen in data from 1995, nor with sleep ABP, nor with
work hours on the day of ABP measurement. At Hospital A, ABP was higher (8.7 mm Hg
systolic, 5.3 mm Hg diastolic) in employees working more than 40 hours per week in the group
with only a high school education, compared to no effect or even lower ABP when working
. more than 40 hours per week in employees with higher levels of education.

Occult (hidden) hypertension

Occult hypertension means normal office BP (<140/90), but high workday ABP. In
Hospital A, occult hypertension was seen in 16-23% of men and 19-20% of women with normal
office BP. Occult hypertension was more common in shiftworkers but not among those working
long hours. There was some suggestion of higher risk of occult hypertension among workers
facing job strain or high efforts combined with low rewards.

Psychological/psychosomatic distress

Some research has found that depression, anxiety, short sleep hours and fatigue can
predict future heart disease. At Hospital A, employees working more than 40 hours per week had
higher levels of fatigue, but not more symptoms of anxiety or insomnia. Employees with paid
work plus home tasks totaling more than 57.5 hours per week were more than four times more
likely to report symptoms of depression (but not fatigue, insomnia or anxiety). Employees facing
job strain or high efforts combined with low rewards at work were also more likely to report
more symptoms of depression, anxiety, insomnia and fatigue.




TRANSLATION OF FINDINGS

Results of this study suggest that programs and policies to reduce employees’ exposure to
work stressors, including long weekly work hours, 12-hour shifts, evening shifts, high demand-
low control work and high efforts combined with low rewards at work, can be implemented in
order to reduce the chance that employees will develop high blood pressure, heart disease,
stroke, and work-related musculoskeletal disorders. Employers’ programs and policies need to be
carefully evaluated for their health effects. Various programs and policies have been
recommended by researchers and government agencies (such as NIOSH) including worksite
surveillance, integration of health promotion with occupational health, and job redesign.

Worksite surveillance

Surveys can be periodically conducted (for example, once per year) that ask about
working conditions, such as long work hours, shiftwork, job strain, and effort-reward imbalance,
and symptoms of depression, anxiety, insomnia and fatigue. Changes in working conditions and
symptoms of psychological strain reported over time can provide valuable information about the
effects of efforts to improve the work environment. Periodic medical examinations of high-risk
employees can also be conducted. For example, employees exposed to shiftwork, job strain, or
effort-reward imbalance can receive annual ambulatory blood pressure (ABP) monitoring to
determine whether they have occult (hidden) hypertension.

Health insurance fund databases can also be useful for surveillance for occupational
diseases, particularly for diseases not typically considered work-related, such as heart disease or
hypertension. However, to be more useful, medical claim databases need to be merged with
company or union databases that contain detailed information about employee job title, work
history, and perhaps work conditions.

Integration of health promotion with occupational health

Worksite health promotion, including efforts to promote exercise, healthy diet and
smoking cessation, is an important component of programs to reduce high blood pressure and
risk of heart disease. Unfortunately, lower status workers are less likely to participate in such
programs, and often face greater job stressors. Programs that combine health promotion with
efforts to reduce hazards and sources of stress at work (integrated programs) appear to be
effective at reaching lower status workers. Integrated health promotion-occupational health
programs have shown positive results in studies in Massachusetts and in the Netherlands.

Job redesign
There are a variety of research studies that have examined the redesign of jobs to reduce

job stress and create a more healthy work organization. Examples include increasing worker
participation and employee control (to reduce job strain), making overtime voluntary rather than
mandatory (another way of increasing employee control and reducing the amount of overtime
worked), adequate staffing (to reduce the need for overtime hours), and increasing rewards at
work for employees facing high efforts plus low rewards. The “rewards” measured in the current
study (and in other studies of effort-reward imbalance) include respect, support, income,
promotion prospects and job security.



OUTCOMES/RELEVANCE/IMPACT

This was the first study of long work hours and blood pressure (BP) among women
workers, and the first to test the interaction between work hours and socioeconomic status on BP.
This was only the second study to examine work environment factors that predict occult (hidden)
hypertension (high BP while working but normal BP in the doctor’s office). Occult hypertension
has rarely been studied, but is of major clinical significance. Because people with occult
hypertension have an increased risk of developing heart disease compared to people with normal
BP, they need counseling, possibly treatment, and assessment of sources of stress on their jobs.
However, they rarely receive these because their office BP seems normal.

In the current study, BP was measured by ambulatory (ABP) monitoring, currently
considered the “gold standard” of BP measurement. ABP monitoring produces more reliable and
valid measures of a person’s true BP than single measurements using a standard
sphygmomanometer in a doctor’s office.

Employers’ administrative databases can provide objective information for research
studies on past work hours (for hourly workers). Health insurance fund databases can provide
large numbers of medical claims that allow us to conduct surveillance for occupational diseases,
particularly for diseases not typically considered work-related, such as cardiovascular disease.
Surveillance would be greatly improved by efforts to combine medical claim datasets with
company or union datasets that contain detailed information about employees’ job title, work
history, and perhaps working conditions.

These study results need to be repeated in larger groups of employees (to provide greater

statistical power), in employees outside the health care industry (to be able to generalize results
to a broader workforce), and in employees working longer hours than those in current study.

SCIENTIFIC REPORT

See four attached study reports containing detailed information on the methods, results
and conclusions of each of the four studies funded by this grant.
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PUBLICATIONS
Refereed journal articles (2)

Landsbergis PA: [2003] The changing organization of work and the safety and health of
working people. Journal of Occupational and Environmental Medicine 45(1):61-72.

The NIOSH NORA Organization of Work team commissioned this review paper on the

changing organization of work, including long work hours, based upon the PI’s reputation as an
expert in this field. The article contains a review of NIOSH’s publication “The Changing
Organization of Work and the Safety and Health of Working People” (Publication No. 2002-116)
and a detailed commentary on recent changes in the organization of work and their health effects.

Landsbergis P: [2004] Long work hours, hypertension, and cardiovascular disease. Cadernos
Satde Puablica 20(6):1746-1748.

This review of studies of long work hours, hypertension, and cardiovascular disease was an
update of the literature review provided in the grant proposal. It was invited by the editors of this
journal based upon the PI’s reputation as an expert in this field, and his work with Brazilian
shiftwork and work hour researchers with whom the PI is a colleague and co-author.

Conference presentations (14)

Janevic T, Landsbergis PA. [2002] Job stress, hypertension and cardiovascular disease risk
among autoworkers (poster). American Public Health Association, Philadelphia, PA, November

12

Janevic T, Landsbergis PA. [2003] Job stress, hypertension and cardiovascular disease risk
among autoworkers. APA-NIOSH Conference on Work, Stress and Health, Toronto, Ontario,

March 21

Gurnitz KL, Landsbergis PA, Dropkin J, Herbert R. [2003] Extended work hours, work
stressors, cardiovascular disease and musculoskeletal disorders among health care workers.
APA-NIOSH Conference on Work, Stress and Health, Toronto, Ontario, March 21

Gurnitz KL, Landsbergis PA, Dropkin J, Herbert R. [2003] Extended work hours,
cardiovascular disease and musculoskeletal disorders among health care workers (poster).
American Public Health Association, San Francisco, California, November 17

Gurnitz KL, Landsbergis PA, Dropkin J, Herbert R. [2004] Extended work hours,
cardiovascular disease, and musculoskeletal disorders among health care workers (poster). Long
Working Hours, Safety, and Health: Towards a National Research Agenda. University of
Maryland, Baltimore, MD, April 29

Paik J, Landsbergis PA, Gurnitz KL, Schnall P, Pickering T, Schwartz J. [2004] The association
of overtime work hours with ambulatory blood pressure in a cohort of female nurses (poster).
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Long Working Hours, Safety, and Health: Towards a National Research Agenda. University of
Maryland, Baltimore, MD, April 29

Landsbergis PA. [2004] Work organization, job stress and health promotion. NIOSH
Conference on Steps to a Healthier US Workforce 2004: Integrating Protection and Promotion,
Washington, DC, October 28

Landsbergis PA, Travis A, Schnall PL, Jauregui M. [2006] Job Stressors and ambulatory blood
pressure among health care workers. APA/NIOSH Conference on Work, Stress and Health 2006,

Miami, FL, March 2 '

Paik J, Landsbergis PA, Gurnitz KL, Schnall P, Pickering T, Schwartz J. [2006] The association
of overtime work hours with ambulatory blood pressure in a cohort of female nurses. NIOSH
NORA Symposium 2006, Washington, DC, April 18

Landsbergis PA. [2006] Work organization, stress, the changing nature of work, and
cardiovascular disease (keynote address). Partnership for a Heart Healthy Stroke Free
Massachusetts, Worcester, MA, June 2

Landsbergis PA, Travis A, Schnall PL, Jauregui M. [2006] Job Stressors and ambulatory blood
pressure among health care workers. International Congress of Occupational Health, Milan,

Italy, June 12

Landsbergis PA, Schnall P, Dobson M, Baker D, Belkic K. [2006] Evidence for the relationship
between job strain, hypertension and CVD. Cardiovascular Diseases and Work (ICOH 2006
symposium), Varese, Italy, June 17

Landsbergis PA. [2006] Organization of work, stress, the changing nature of work and
cardiovascular disease. ABERGO 2006, Curitiba, Brazil, October 30

Landsbergis PA. [2006] Organization of work, stress, the changing nature of work and
cardiovascular disease. Fiocruz Research Institute, Rio de Janeiro, Brazil, October 31

INCLUSION OF GENDER AND MINORITY STUDY SUBJECTS

See attached Enrollment Inclusion Reports, the first for analysis of existing medical claim
data, which involved no additional data collection from individuals (STUDY #1); the second for
studies which involved data collection from individuals (STUDIES #2, 3, 4). Data on race and
ethnicity were not available in STUDY #1. In addition, STUDY #1 contained six overlapping but
not identical medical claim databases. Data on gender is included in the Enrollment Inclusion
Report from the largest of the six databases (hypertension).

INCLUSION OF CHILDREN

All study participants were 21 years or age or older since the study eligible criteria were
employment as a hospital worker or home health care worker in New York City.
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MATERIALS AVAILABLE FOR OTHER INVESTIGATORS

The questionnaires developed for the study, as well as the protocols for ambulatory and
wrist blood pressure measurement monitoring in the workplace have been shared with several
other researchers, and are available upon request to the Principal Investigator
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Principal Investigator/Program Director (Last, First, Middle): Landsbergis, Paul A
Inclusion Enrollment Report

This report format should NOT be used for data collection from study participants.
Study Title: WORK HOURS, MUSCULOSKELETAL DISORDERS AND CVD RISK

Total Enroliment: Protocol Number: STUDY #1 (largest of 6 databases)

Grant Number: R0O1 OH 07577

PART A. TOTAL ENROLLMENT REPORT: Number of Subjects Enrolled to Date (Cumulative)
by Ethnicity and Race

Sex/Gender
Unknown or

Ethnic Category Females Males | Not Reported Total
Hispanic or Latino *x
Not Hispanic or Latino
Unknown (individuals not reporting ethnicity) 8427 3569 0 11996
Ethnic Category: Total of All Subjects* 8427 3569 0 11996 *

Racial Categories

American Indian/Alaska Native
Asian
Native Hawaiian or Other Pacific Islander
Black or African American
White
More Than One Race
Unknown or Not Reported 8427 3569 0 11996
Racial Categories: Total of All Subjects* 8427 3569 0 11996 *

PART B. HISPANIC ENROLLMENT REPORT: Number of Hispanics or Latinos Enrolled to Date (Cumulative)

Racial Categories Females Males #‘;k;::g:-tz; Total
American Indian or Alaska Native
Asian
Native Hawaiian or Other Pacific Islander
Black or African American
White
More Than One Race
Unknown or Not Reported 8427 3569 0 11996
Racial Categories: Total of Hispanics or Latinos** 8427 3569 0 11996 **

* These totals must agree.
** These totals must agree.

PHS 398/2590 (Rev. 09/04, Reissued 4/2006) Page 14 Inclusion Enroliment Report Format Page



Principal Investigator/Program Director (Last, First, Middle): Landsbergis, Paul A

Inclusion Enrollment Report

This report format should NOT be used for data collection from study participants.

Study Title:

WORK HOURS, MUSCULOSKELETAL DISORDERS AND CVD RISK

Total Enrollment:

Protocol Number: STUDIES #2, 3, 4

Grant Number: R0O1 OH 07577

PART A. TOTAL ENROLLMENT REPORT: Number of Subjects Enrolled to Date (Cumulative)

by Ethnicity and Race
Sex/Gender
Unknown or

Ethnic Category Females Males | Not Reported Total
Hispanic or Latino 59 23 0 g2 **
Not Hispanic or Latino 292 52 0 344
Unknown (individuals not reporting ethnicity) 21 11 0 32
Ethnic Category: Total of All Subjects* 372 86 0 458 *

Racial Categories

American Indian/Alaska Native 0 0 0 0
Asian 30 6 0 36
Native Hawaiian or Other Pacific Islander 0 0 0 0
Black or African American 172 36 0 208
White 20 10 0 100
More Than One Race 0 0 0 0
Unknown or Not Reported 80 34 0 114
Racial Categories: Total of All Subjects* 372 86 0 458 *

PART B. HISPANIC ENROLLMENT REPORT: Number of Hispanics or Latinos Enrolled to Date (Cumulative)

15

Racial Categories Females Males pﬁjo'ik;:,‘,':"nz; Total
American Indian or Alaska Native
|Asian ,
Native Hawaiian or Other Pacific Islander
Black or African American
White
More Than One Race
Unknown or Not Reported 59 23 0 82
Raclial Categories: Total of Hispanics or Latinos** 59 23 0 82 **
* These totals must agree.
** These totals must agree.
PHS 398/2590 (Rev. 09/04, Reissued 4/2006) Page 15 Incluslon Enroliment Report Format Page




STUDY #1

EXTENDED WORK HOURS, CARDIOVASCULAR DISEASE AND MUSCULOSKELETAL
DISORDERS AMONG HEALTH CARE WORKERS: AN ANALYSIS OF MEDICAL

INSURANCE CLAIM DATA

Paul Landsbergis, PhD, MPH
Karen Gurnitz, MPH

Jonathan Dropkin, MS

Department of Community and Preventive Medicine

Mount Sinai School of Medicine

Address for correspondence: Paul Landsbergis, Department of Community and Preventive
Mediéine, Box 1043, Mount Sinai School of Medicine, One Gustave L. Levy Place, New York,

NY 10029-6574, 212-241-0591 (phone), 212-360-6965 (fax), paul.landsbergis@mssm.edu




ABSTRACT

This study was designed to examine associations between work hours, socioeconomic
status and work exposures (measured by job category), and incident medical claims from union-
ized health care workers in the New York City metropolitan area to a joint union-management
self-administered and self-insured fund. Incident cases were the first claim within each of six
musculoskeletal disorder (MSD) and cardiovascular disease (CVD) disease categories, without a
previous MSD or CVD claim in the prior six months. Controls were all claimants with conditions
not presumed to have extended work hours or work stressors as etiological factors and without
| an MSD or CVD claim in the prior 6 months. 4,857 incident cases and 13,083 incidence density
matched controls had complete work hour data for three months before the medical claim.
Associated were tested using unconditional logistic regression controlling for age.

Men working 46+ hours per week were at significantly increased risk for wrist/hand
MSDs (OR = 4.58, 95% CI 1.04-20.21). Women working overtime were at significantly reduced
risk of neck MSDs. Both women working fewer hours and men working >50 hours per week had
a reduced risk of medical claims for hypertension. Service and maintenance workers (OR = 1.95,
95% CI 1.01-3.47) and LPNs/aides (OR = 1.95,95% CI 1.11, 3.435) were at significantly
increased risk of a low back MSD. However, despite some risk estimates substantially different
from the null value, no associations were significant for other MSDs or CVD.

This study suggests the utility of using medical insurance claim databases to conduct
occupational disease surveillance particularly for conditions not typically considered work-
related, such as cardiovascular disease. Surveillance would be greatly enhanced by further efforts
to combine medical claim datasets with demographic employees datasets that contain detailed

information about job title, work history, and perhaps other work exposures.




INTRODUCTION

Associations have been observed between extended work hours and a variety of health
outcomes (1-4), however, few studies have examined associations with musculoskeletal disor-
ders (MSDs) or blood pressure (BP) elevation, a risk factor for cardiovascular disease (CVD).
Two Japanese studies found evidence linking overtime work and BP among men working greater
than 55 hours per week (5, 6). However, no association was observed Between BP and work
hours in male Korean engineers (52-89 hours per week in the past month) (7) and another
Japanese study of male white-collar workers found an inverse association between hypertension
and >10 (vs. <8) work hours per day (8). A recent study in California found that employees
working more than 50 hours per week had a small increased risk of developing (self-reported)
hypertension (OR=1.29, 95% CI: 1.10-1.52) compared to those working 11-39 hours/week (9).

Work hours were associated with hand/wrist MSDs among newspaper employees (10)
and “extensive” overtime was associated with hand/arm discomfort among computer workers
(11). However, overtime was not associated with records of lost-time hand/wrist MSDs among
bank customer service workers (12). In Stockholm, overtime was a risk factor for low back pain
for men only in combination with poor social relations (13). On the other hand, a substantial
body of literature has linked increased levels of MSD symptoms and/or diagnoses with increased
duration of exposure to physical risk factors over a work day (11, 14-16), in particular for
computer workers (17-19), implying increased risk among workers facing overtime.

The current study was designed to examine associations between work hours,
socioeconomic status and work exposures (both measured by a proxy variable, job category), and
incident medical claims for CVD and low back, shoulder, neck and hand/wrist MSDs. Data was

available from a joint union-management self-administered and self-insured fund, which



includes medical claims from unionized health care workers in the New York City metropolitan
area. Methods of analysis of existing medical claim databases for the purpose of occupational
disease surveillance were originally developed by Park et al (20) and further developed by
Landsbergis and Janevic for studies of autoworkers (21).
METHODS

The 1199SEIU National Benefit Fund (NBF) is a joint union-management self-insured
fund that contains a computerized database with all medical, drug, hospital, disability and
workers’ compensation claims made by over 100,000 health care employees at all major New
York City hospitals. The Fund covers about two-thirds of all 1199SEIU members in New York
City (22). The database includes ICD9 codes and basic demographic data (age, gender, hours
worked per month, and job category).

Data was available for analysis from 45,379 current employees at 23 hospitals, 45,005 of
whom had work hour data available for the period July 1, 1998- June 30, 2001. 32,338 of these

employees filed a total of 765,559 medical claims between January 1, 1999 and June 30, 2001.

Case and control definitions

Case and control definitions aré listed in Table 1. ICD9 codes for MSD cases include
those used in a study of occupational disease surveillance at an automotive factory (20). ICD9
codes for CVD cases are those commonly examined in studies of stress-related CVD conditions
(23). ICD9 codes for controls include conditions that are not presumed to have extended work
hours or work stressors as etiological factors, including osteoarthritis, dermatological conditions,

congenital anomalies, benign gynecological conditions, and elective surgeries.




Table 1. Definitions of case and control conditions
Musculoskeletal Disorders ICD9 Code
Low Back 721.2-721.4X, 722.1X, 722.5X, 722.72, 722.73, 722.92,
722.93, 724 XX, 846.X, 847.2, 847.3, 847.4, 847.9
Neck 721.0,721.1,722.0. 722.4,722.71, 722.91, 723.X, 847.0
Shoulder 715.11, 726.0, 726.1X, 726.2, 727.61
Wrist/Hand 443.0, 354.0,354.1, 354.3,715.14, 726 .4, 727.01,
727.04, 727.05, 727.09, 727.4, 727.41, 727.42, 727.49
Cardiovascular Disease
Hypertension 401-404.9
Heart Disease and Stroke 410-414.9, 430-438.9, 440-440.9
Controls
Anemia 280-280-9
Congenital Anomalies 740-759.9
Dermatological Conditions | 680-709.9
Ear Conditions 380-382.9
Elective Surgery V50.00, V50.10, V50.20, V50.30, V50.90, V51.00
Genito-Urinary Conditions 580-629.9
Hepatitis 573-573.9
Hernia 550-550.9
Injuries 800-959.9
Neoplasms 140-239.9
Ocular Conditions 361-361.9, 365-365.03, 364.1-367.9
Pregnancy 650-651.9
Respiratory Conditions 460-519.9
Eligibility criteria

Incident cases were defined as the first claim within each of the six MSD and CVD
disease categories, without a previous MSD or CVD claim in the prior six months. Controls were
defined as all claimants with a control ICD9 code and without an MSD or CVD claim in the
prior 6 months. To be eligible, all cases and controls also had to have at least three months of
work hour data prior to date of medical claim available in the database.

Matching cases and controls

Controls were incidence-density-matched to cases by month of claim, that is, chosen at
the same time as cases to allow for estimation of relations among incidence rates (24). One

random control claim was chosen for each control member. Then, the ratio of control claims to



case claims by disease category and month of claim was determined. We chose the smallest ratio
of controls to cases for each disease category. Then, we randomly matched controls to cases
using the following disease specific control/case ratios: 2.9 for low back, 7.5 for neck, 15.5 for
shoulder, 20.4 for wrist/hand, 2.3 for hypertension and 8.7 for heart disease or stroke.

Work hour exposure

We identified hours worked per month during the three complete months before the
medical claim. Hours worked during the month that the claim was filed was not included in
analyses since it would be unknown whether overtime hours (if any) were worked before or after
the claim was filed. This exclusion also reduces the potential bias of illness leading to fewer
work hours. The number of MSD cases and controls with work hour and with job title data
available for analysis is provided in Table 2. (Data for CVD cases available upon request.)

Unfortunately, only about 17% of the sample had available job title information.

Table 2. Subject selection for analysis of MSDs
Cases Controls

Claimants 10,173 28,542
Claims ' 82,223 447,635
Incident Claims 6,930

Did not file an MSD claim 15,625
Claimants with valid work hour data

For 3 months prior to claim 4,857 13,083

With job title information 807 2,339

Job categories

The hospital workers union, 1199SEIU, created six job categories for their hospital-
employed members for administrative purposes. These categories, in order of increasing status,
are: service/maintenance, clerical, licensed practical nurse (LPN)/aide, technical, registered nurse

(RN) and paraprofessional. See Table 3 for detailed job titles included in each category.




Table 3. Examples of job titles within each hospital employee job category
Job category Examples of job titles

Paraprofessional social worker, physicians’ assistant, perfusionist, emergency medical
technician, pharmacist
Registered Nurse | registered nurse

Technical operating room, laboratory, radiology, ultrasound, tomography, other
diagnostic procedures technicians and technologists; rehabilitation,
physical, occupation, recreational and speech pathologists or therapists

LPN/aide Licensed Practical Nurse, certified nurse assistant, direct patient care
worker having minimal credentials
Clerical clerk, secretary, intake and discharge representative, accounts payable and

receivable representative, unit head, administrative assistant, receptionist,
telephone operator

Service/Maintenance | food service/preparation, housekeeper, janitor, groundskeeper,
storekeeper, porter, painter, plumber, carpenter, electrician

Data analysis

The association between case-control status for each of the six diagnostic groups and
gender, job category or weekly work hours was determined by unconditional logistic regression
controlling for age. Analyses of job category also adjusted for gender and while analyses for

weekly work hours stratified by gendér. Analyses were conducted using SAS v. 6.1.

RESULTS

The demographics of each of the six health outcome datasets available for analysis Were
similar (Table 4). Approximately 70% of the samples were female, about 27% were at least 50
years of age, and about 20% had worked more than 40 hours per week during the month before
the incident medical claim. About 7% had worked more than 50 hours per week. Job title data
was only available for about 17% of the sample.

Women were at increased risk of filing a medical claim for wrist/hand MSDs, however,
mén were at increased risk of filing a claim for a low back MSD, hypertension or heart
disease/stroke (Table 5). Service/maintenance workers (OR = 1.95, 95% CI 1.01-3.47) and

LPNs/aides (OR = 1.95, 95% CI 1.11, 3.435) were at significantly increased risk of a low back



Table 4. Number of cases, controls and demographics in each health condition data set
Low Back Neck Shoulder |Wrist/Hand Hypertension CVD
N 11,020 9984 8063 8072 11,996 10,254
Female | 7737 (70.2%) | 7175 (71.9%) | 5760 (71.4%)| 5865 (72.7%) | 8427 (70.3%) | 7242 (70.6%)
Male 3283 (29.8%) | 2808 (28.1%) |2303 (28.6%) | 2207 (27.35) | 3569 (29.8%) | 3012 (29.4%)
Case 2828 (25.6%) | 1180 (11.8%) | 377 (4.7%) | 472(5.9%) | 3595 (30.0%) | 1058 (10.3%)
Control | 8192(74.3%) | 8804 (88.2%) | 7686 (95.3%)| 7600 (94.2%) | 8401 (70.0%) | 9196 (89.7%)
Age: 18-49 [ 8051 (73.1%) | 7455 (74.7%) | 6051 (75.1%)| 6064 (75.1%) | 8002 (66.7%) | 7452 (72.7%)
yrs
50-59 yrs | 2158 (19.6%) | 1875 (18.8%) | 1484 (18.4%)| 1476 (18.3%) | 2786 (23.2%) | 2011 (19.6%)
60+ yrs 811(7.4%) | 654 (6.6%) | 528 (6.6%) | 532 (6.6%) | 1208 (10.1%) | 791 (7.7%)
Jobtitle data | 1888 (17.1%) | 1697 (17.0%) | 1360 (16.9%)| 1420 (17.6%) | 2010 (16.8%) | 1770 (17.3%)
*Hrs/wk: <40 | 9021 (81.9%) | 8166 (81.8%) | 6585 (81.7%)| 6658 (82.5%) | 9894 (82.5%) | 8347 (81.4%)
41-50 1296 (11.8%) | 1145 (11.5%) | 920 (11.4%) | 896 (11.1%) | 1307 (11.0%) | 1221 (11.9%)
51+ 703 (6.4%) | 673 (6.7%) | 558(6.9%) | 518 (6.4%) | 795 (6.6%) | 686 (6.7%)
* during 1 month before medical claim

Table 5. Risk of MSD or CVD by gender, age-adjusted odds ratios, July 1999-June 2001
Female gender

MSD OR 95% CI p

Low Back 78 (0.71, 0.85) <.0001

Neck 1.14 (0.99, 1.31) .07

Shoulder 79 (0.63, 0.99) .04

Wrist/Hand 1.70 (1.34, 2.15) <.0001

CvD

Hypertension 78 (0.71, 0.85) <.0001

Heart Disease and Stroke .70 (0.61, 0.81) <.0001

MSD (Figurel). However, despite some risk estimates substantially different from the null value,
no associations were significant for neck MSDs (Figure 2), shoulder MSDs (Figure 3),
hand/wrist MSDs (Figure 4), hypertension (Figure 5) or heart disease/stroke (Figure 6), in part,

due to the limited number of subjects with job title data.



Figure 1. Risk of Low Back MSD by Job Category

Age and gender-adjusted Odds Ratios, July 1999-June 2001
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Figure 2. Risk of Neck MSD by Job Category

Age and gender-adjusted Odds Ratios, July 1999-June 2001
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Figure 3. Risk of Shoulder MSD by Job Category
Age and gender-adjusted Odds Ratios, July 1999-June 2001
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Figure 4. Risk of Wrist/Hand MSD by Job Category
Age and gender-adjusted Odds Ratios, July 1999-June 2001

Odds Ratio

3.4

3.0

2.6

2.2

18

1.4

1.0

0.6

\._21‘/,\2.41
091 =160
Svc/Maint. Clerical LPN/Aide Technical RN Prof. (Ref)

10



Odds Ratio

Figure S. Risk of Hypertension by Job Category
Age and gender-adjusted Odds Ratios, July 1999-June 2001
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Figure 6. Risk of Heart Disease and Stroke by Job Category
Age and gender-adjusted Odds Ratios, July 1999-June 2001
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The larger sample of subjects and claims with available work hour data allowed for the
categorization of work hours into narrower groups (Figures 7-12). Male employees working >50
hours per week were at increased risk of filing a medical claim for a low back MSD (OR = 1.53,
95% CI 0.92-2.55, p =.099) (Figure 7). Women working overtime were at significantly reduced

Figure 7. Risk of Low Back MSD by Weekly Work Hours for 3 Months Before Claim
By Gender, Age-adjusted Odds Ratios, July 1999-June 2001
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Figure 8. Risk of Neck MSD by Weekly Work Hours for 3 Months Before Claim
By Gender, Age-adjusted Odds Ratios, July 1999-June 2001

1.40

1.4 /—
1.28
1.2 .\ 1.19
=]
g 10 —
& Who2 o9 —e—Female
g 0.8 A —8— Male
o ———-o10 0
0.78 0.76%  0.76*
0.6
0.60 \
0.45%
0'4 044| T 1 ¥ L] ] 1
<30 20-30 31-34 35 36-40 41-45 46-50 >50
(Ref)
*p<.05

12



Odds Ratio

risk of neck MSDs (Figure 8). Work hours were not significantly associated with shoulder MSDs
(Figure 9). Men working 46 or more hours per week were at significantly and substantially
increased risk for wrist’hand MSDs (OR = 4.58, 95% CI 1.04-20.21) (Figure 10). Women

Figure 9. Risk of Shoulder MSD by Weekly Work Hours for 3 Months Before Claim
By Gender, Age-adjusted Odds Ratios, July 1999-June 2001
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Figure 10. Risk of Wrist/Hand MSD by Weekly Work Hours for 3 Months Before Claim
By Gender, Age-adjusted Odds Ratios, July 1999-June 2001
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Odds Ratio

Odds Ratio

working fewer hours had a reduced risk of medical claims for hypertension: OR=0.71 (95% CI
0.53-0.95) for less than 20 hours per week and OR =.79 (.63, .97) for 20-30 hours per week
(Figure 11). However, men working over 50 hours per week also had a reduced risk: OR=0.71
(95% C1 0.53-0.96). Women working more or less than the reference category of 35 hours per
week had increased risk of filing a claim for heart disease or stroke (Figure 12).

Figure 11. Risk of Hypertension by Weekly Work Hours for 3 Months Before Claim
By Gender, Age-adjusted Odds Ratios, July 1999-June 2001
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Figure 12. Risk of Heart Disease and Stroke by Weekly Work Hours for 3 Months Before
Claim, By Gender, Age-adjusted Odds Ratios, July 1999-June 2001
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Interaction between work hours and job category

Since the work hour by gender analyses (Figures 7-12) may be confounded by job
exposures and socioeconomic status (SES), ideally both work hours and job category need to be
included in the same analysis. Due to the limited proportion of subjects with job title data, such
analyses will likely be underpowered. However, to improve statistical power, we collapsed our
prior eight work hour categories into two categories: >40 hours per week vs. 31-40 hours per
week (reference group). The combination of six health outcome measures and six job categories
yielded 36 comparisons. However, only one of those tests was significant at p<.05: RNs working
>40 hours per week were at increased risk of hypertension, OR= 2.87 (95% CI 1.29-6.37). An
additional six comparisons yielded an OR with a magnitude >1.6 or <0.6 (Table 6). LPNs
working >40 hours per week had an elevated risk of heart disease/stroke and technical employees
working >40 hours per week had an elevated risk of neck MSDs. On the other hand, four risk
estimates were below 0.6 suggesting decreased risk if working >40 hours per week: wrist/hand

MSDs for service/maintenance workers and LPNs, and hypertension and heart disease/stroke for

technical workers.

Table 6. Associations between risk of MSD or CVD and 241 hours worked per week (vs.
31-40 hrs/wk), by job title, age and gender-adjusted odds ratios (if >1.6 or <0.6,
minimum 10 cases)

Cases | Job category | Hours/wk | OR 95% CI p

Neck MSD 27 Technical 241 1.63 | 0.64-4.15 31
Wrist/Hand MSD 13 Service/maint 241 0.37 | 0.04-3.16 .36
Wrist/Hand MSD 18 LPN >41 0.15 | 0.02-1.13 07
Hypertension 81 Technical >41 0.53 | 0.25-1.12 | .096
Hypertension 54 RN >41 2.87 | 1.29-6.37 .01
Heart Disease/Stroke 34 LPN >41 1.87 | 0.80-4.37 15
Heart Disease/Stroke 28 Technical 241 042 | 0.14-1.22 A1

To further explore associations with work hours, we examined employees working <30

hours per week vs. 31-40 hours per week (reference group). Out of 36 comparisons, none were
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significant at p<.05, but nine estimates were >1.6 or <0.6 (Table 7). Reduced risk was observed
for neck MSDs and wrist/hand MSDs for LPNs, hypertension for professionals, and heart
disease/stroke for clerical and technical employees. However, increased risk was observed for
wrist/hand MSDs for service/maintenance and clerical workers, hypertension for RNs, and heart
disease/stroke for LPNs. Overall, half of the 16 comparisons in Tables 6 and 7 were in the

hypothesized direction and half were not.

Table 7. Associations between risk of MSD or CVD and <30 hours worked per week (vs.
31-40 hrs/wk), by job title, age and gender-adjusted odds ratios (if >1.6 or <0.6,
minimum 10 cases)
Cases | Job category | Hours/wk | OR 95% Cl1 p
Neck MSD 38 LPN <30 0.48 | 0.14-1.68 25
Wrist/Hand MSD 13 Service/maint <30 1.68 | 0.38-7.42 49
Wrist/Hand MSD 36 Clerical <30 1.84 | 0.72-4.68 20
Wrist/Hand MSD 18 LPN <30 0.40 | 0.09-1.84 24
Hypertension 54 RN <30 1.76 | 0.65-4.74 27
Hypertension 32 Professional <30 0.56 | 0.08-3.96 .56
Heart Disease/Stroke 39 Clerical <30 0.52 | 0.15-1.80 .30
Heart Disease/Stroke 34 LPN <30 1.62 | 0.61-4.28 33
Heart Disease/Stroke 28 Technical <30 0.25 | 0.05-1.22 .09
DISCUSSION

Based on incident medical claims filed by New York City hoépital workers, men were at
increased risk for low back MSDs, although national studies have shown similar prevalences for
men and women (25). Men were at increased risk for hypertension, heart disease and stroke
compared to women, consistent with other studies of hypertension (26), and CVD incidence (27)
among individuals less than 60 years of age. Female hospital workers in this data set were at
increased risk for wrist/hand MSDs, also consistent with prior studies (28).

Work hours. Increased weekly work hours were associated with low back and wrist/hand
MSDs among men, suggesting that the association observed between MSDs and greater duration

of exposure to physical risk factors over a work day (11, 14) would also apply to long work
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weeks. However, contrary to expectations, there was a tendency toward decreased MSD and
CVD risk associated with longer work hours among women.

Job categories. Employees in job categories with higher levels of ergonomic risk factors
tended to have higher MSD risk. Service/Maintenance workers and LPN/aides were at increased
risk for low back MSDs. In addition, several associations, while not statistically significant were
substantially elevated (OR~3.0), that is, Service/Maintenance workers and Clerical workers were
at increased risk of wristhand MSDs. There were no clear patterns for associations between job
categories and hypertension and CVD, not consistent with studies showing increased risk of
hypertension (26) and CVD incidence (29) among workers with lower SES.

Work hours by job category. It has been hypothesized that long weekly work hours

would increase risk of MSDs primarily among workers facing ergonomic stressors (13, 30).
Similarly, long weekly work hours would increase risk of CVD primarily among workers facing
psychosocial stressors (31-33). Thus, the interaction between job category (a proxy for
ergonomic and work stress exposures) and work hours should yield the most valid patterns of
results. Unfortunately, those analyses were limited in the present study due to the low proportion
of subjects with availabie job title data. Only one of the 36 comparisons of overtime work (vs. a
“normal” work week) was signiﬁéant at p<.05. RNs had a substantially increased risk of filing a
medical claim for hypertension (OR=2.87, 95% CI 1.29-6.37, p=.01). However, the remaining
patterns of association could be compatible with both the long work hours > disease (increasing

exposure-increasing disease risk) hypothesis, or the disease> shorter work hours (health worker

effect) hypothesis.
Strengths of study

The major strengths of the study were its use of objective measures of work exposures
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(work hours and occupational status) as well as disease. Hours worked per month is a valid
indicafor of the employees’ work hours since the employees are hourly employees. Use of
administrative data bases avoids the burden of convincing subjects to complete surveys or
undergo medical tests in epidemiologic studies The results are also representative of all hospital
workers in a major metropolitan area. A major value of analyses of medical claim databases is in
hypothesis generation, not only hypothesis testing. The current study identified hospital worker
job categories at increased risk of disease that need further epidemiologic and intervention
research.

Limitations of study

Findings not consistent with prior research might be explained by the study’s limitations.
As with all studies of administrative data bases not initially designed for health research, few
confounders or work exposures are available. In this data set, the limited number of individuals
with job title data prevented us from fully examining job by work hour interactions.

Exposure misclassification due to lack of data on second job or part-time/full-time status
would be differential, biasing results to the null. In any study of long work hours, there is the
inherent difficulty in disentangling overtime effects from the healthy worker effect. For example,
the possible reduction of work hours due to early stages of illness would bias results to the null
(although we reduced this bias by not counting hours worked in the same month as the claim).

The inclusion of claims for diseases that may not have been work-related also introduced
(non-differential) disease misclassification, with a resulting bias to null.

Future Research on Extended Work Hours

This study, and the other studies included in this Final Report, were the first studies of

long work hours and hypertension and CVD risk in women. This was also one of the few studies
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of hospital worker health not primarily focused on nurses, but focusing on other hospital
workers. Our future studies will address these issues by collecting self-report data on job title,
hours worked in second job, and potential confounders. We will also be able to collect individual
data on CVD risk factors such as blood pressure. In addition, the database used in the present
study also contains data on disability, pharmacy use and hospital visits.

There remains a great potential for the usé of medical insurance claim data bases in
occupational disease surveillance, particularly for conditions not typically considered work-
related, such as cardiovascular disease. Surveillance would be greatly enhanced by further efforts
to combine medical claim datasets with demographic employee datasets that contain detailed

information about job title, work history, and perhaps other work exposures.
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ABSTRACT

This study was designed to examine associations between work hours and work-related
musculoskeletal disorders (MSDs) among hospital workers in New York City, using data from
joint union-management self-insured fund, which includes medical claims from unionized
hospital workers in the New York City metropolitan area.

Potential incident cases were the first claim for any upper extremity or low back MSD,
without a previous MSD, cardiovascular disease (CVD) or surgery claim in the prior six months,
Potential controls were incidence-density-matched to cases by month of selection, and included
all claimants with conditions not presumed to have extended work hours as etiological factors.
Potential controls were excluded if they had an ICD9 code, in the 6 months prior to the index
claim, for any MSD, CVD, or surgery. To be eligible, potential cases and controls also had to
have 12 prior months of work hour and claim history in the insurance fund database. 1737 cases
and 1737 controls meeting these criteria were identified from the database. 50 cases and 45
controls were contacted, agreed to participate, and completed a questionnaire.

Controls participating in the questionnaire study had significantly greater work hours in
. the 4-6 month period than the original pool of potential controls, suggesting that selection bias
was operating against the hypothesis of an association between work hours and case status.
Neither work hours in the 1-3 month tifne périod nor the 4-6 month time period before the claim
date were significantly associated with case-control status in age- and gender-adjusted analyses.

These results provide stronger support for the hypothesis that a developing injury led to
shorter work hours (healthy worker effect) rather than longer work hours increasing disease risk.
Future analyses will assess additional time windows prior to filing a medical claim, as well as

self-reported ergonomic and psychosocial work stress exposures and additional confounders.




INTRODUCTION

Associations have been observed between extended work hours and a variety of health
outcomes (1-4), however, few studies have examined associations between weekly or monthly
work hours and musculoskeletal disorders (MSDs). Work hours were associated with hand/wrist
MSDs among newspaper employees (5) and “extensive” overtime was associated with hand/arm
discomfort among computer workers (6). However, overtime was not associated with records of
lost-time hand/wrist MSDs among bank customer service workers (7). In Stockholm, overtime
was a risk factor for low back pain for men only in combination with po.or social relations (8).
On the other hand, a substantial body of literature has linked MSD symptoms and/or diagnoses
with increased duration of exposure to physical risk factors over a work day (6, 9-11), in
particular for computer workers (12-14), suggesting increased risk in employees working longer
work weeks or months.

The current study was designed to examine associations between work hours and low
back and upper extremity MSDs. Participants were recruited from claimants to a joint union-
management self-administered and self-insured fund, which includes medical claims from

unionized hospital workers in the New York City metropolitan area.

METHODS
The 1199SEIU National Benefit Fund (NBF) is a joint union-management self-insured
fund that contains a computerized database with all medical, drug, hospital, disability and
workers’ compensation claims made by over 100,000 health care employees at all major New
York City hospitals. The Fund covers about two-thirds of all 1199SEIU members in New York

City (15). The database includes ICD9 codes and basic demographic data (age, gender, hours



worked per month, income and job category for some members).

Potential study participants were recruited from all hospital workers working at 22
hospitals in New York City that had filed claims with the NBF for payment of expenses due to
visiting a health care provider, including those whose claims were referred to the workers’
compensation system due to apparent work-relatedness of the injury or illness. The NBF
provided study staff with a list of all claimants during four periods of time: Auéust—Septem(ber
2003 (cohort 1), October-December 2003 (cohort 2), January-March 2004 (cohort 3), and
August-September 2004 (cohort 4). Study staff produced a roster of all potential cases and
controls meeting eligibility criteria, and then attempted to recruit and screen participants from
this roster using procedures described below. Data files provided to study staff from the NBF
included ID number, ICD9 code, claim date, age, gender, hire date, and monthly work hours for

each of the 12 months preceding the claim date.

Case and control definitions

Case and control definitions are listed in Table 1. ICD9 codes for MSD cases include
those used in a study of occupational disease surveillance at an aufomotive factory (16). ICD9
codes for cardiovascular disease (CVD) cases are those commonly examined in studies of stress-
related CVD conditions (17). ICD9 codes for controls include conditions that are not presumed
to have extended work hours, ergonomic risk factors or work stressors as etiological factors,

including dermatological conditions, congenital anomalies, and benign gynecological conditions.

Eligibility criteria

Potential incident cases were defined as all claimants for MSD ICD9 codes (Table 1) who



Table 1. Definitions of case and control conditions
Musculoskeletal Disorders ICD9 Code

Low Back 721.2-721.4X,722.1X, 722.5X, 722.72, 722.73, 722.92,
722.93, 724.XX, 846.X, 847.2, 847.3, 847.4, 847.9

Neck 721.0,721.1, 722.0. 722.4, 722.71, 722.91, 723.X, 847.0

Shoulder 715.11, 726.0, 726.1X, 726.2, 727.61

Wrist/Hand 354.0, 354.1, 354.3, 443.0, 715.14, 726.4, 727.01,
727.04, 727.05, 727.09, 727.4, 727.41, 727.42, 727.49

Other Upper Extremity 337.21, 353, 354.2, 354.4-9, 715.12-14, 726.3, 726.39,
726.4, 726.9, 726.91, 727.03, 727.2, 727.43

Cardiovascular Disease
Hypertension 401-404.9
Heart Disease and Stroke 410-414.9, 430-438.9, 440-440.9
Controls

Anemia 280-280-9

Congenital Anomalies 740-759.9

Dermatological Conditions | 680-709.9

Ear Conditions 380-382.9

Genito-Urinary Conditions 580-629.9

Hepatitis 573-573.9

Hemia 550-550.9

Acute injuries 800-959.9

Neoplasms 140-239.9

Ocular Conditions 361-361.9, 365-365.03, 364.1-367.9

Pregnancy 650-651.9

Respiratory Conditions 460-519.9

had 12 prior months of work hour and claim history. Potential incident cases were ineligible if
they had an ICD9 code, in the six months prior to the index claim, for an MSD in the same
anatomical region (to define incident cases), other MSDs (since other MSDs may be related to
claim of interest), CVD (which may be related to exposure of interest, work hours), and surgery
(which may be cause of mﬁsculoskeletal pain).

Potential controls were defined as all claimants for control ICD9 codes (Table 1)
incidence-density-matched to cases by month of selection, that is, chosen at the same time as
cases to allow for estimation of relations among incidence rates (18). When more than one

potential control existed for a single case, a single control was randomly drawn for the case. To



be eligible, potential controls also had to have 12 prior months of work hour and claim history.
Potential controls were excluded if they had an ICD9 code, in the 6 months prior to the index
claim, for any MSD, CVD, or surgery. Potential cases and controls at the hospital employing
study staff were oversampled 2:1 to facilitate recruitment and survey administration.

Hours worked during the month that the claim was filed was not included in analyses
. since it would be unknown whether overtime hours (if any) were worked bgfore or after the
claim was filed. This exclusion also reduces the potential bias of injury or illness leading to

fewer work hours.

Recruitment procedures

Study staff prepared a roster of individuals (by ID) whose ICD9 codes met the definitions
for potential case and control and provided it to the NBF. The NBF notified all potential study
participants by mail about the study and requested that the individuals contact the NBF if they
did not wish to be contacted by study staff. After deleting information for those who chose not to
participate (very few individuals), the NBF provided study staff with a roster of names, addresses
and pﬁone numbers of all potential cases and controls. A total of 50 cases and 50 matched
controls were selected from cohort 1, 386 cases and 386 controls from cohort 2'(of which we
attempted to contact a random sample of 133 cases and 133 controls), 794 cases and 794 controls
from cohort 3, and 507 cases and 507 controls from cohort 4; a total of 1737 potential cases and
1737 potential controls. Study staff attempted to contact those individuals by phone, administer
informed consent, and administer a screening questionnaire to further determine eligibility for
the study. Due to the time consﬁming nature of attempting to reach those individuals by phone,

study staff was only able to attempt to contact 665 cases and 701 controls (Table 3).



Telephone eligibility screen

Potential participants were asked a number of questions to confirm electronic data
provided by the NBF regarding the index medical claim (Table 2). Potential cases were
considered ineligible if they did not report any pain or discomfort in the upper extremity or low
back in the past year (including the date of the medical claim); if the anatomical area of pain and
discomfort did not match the area identified by the medical claim; if they had not seen a doctor,
nurse or other health care provider because of the pain or discomfort; if the date of the doctor’s
visit they provided was more than 6 months different from the date of the medical claim,; or if the
pain or discomfort was due to major surgery, acute injury, arthritis, sports, hobby or pregnancy.

Potential controls were considered ineligible if they had seen a doctor, nurse or other
health care provider because of upper extremity or low back pain or discomfort in the past year;
if the pain or discomfort was experienced once per week or more; if the pain or discomfort was

described as >4 on a scale of 1 to 10; or if the pain or discomfort was “due to your work”.

Table 2. Telephone screen for study eligibility
: Potential cases Potential controls
Q1: upper Yes o If same body part as claim —» o Ask QS, frequency, Q6,
extremity, low Eligible, continue with work-related intensity: If Q5 =
back pain in questions once/month or less AND if -
past 12 months: e If several body parts, must include Q6 <3 — Eligible;
claim for body part — Eligible, e If Q5> once/month OR if
continue w/ work-related questions Q6 >4 — Ineligible
No e Ineligible e Eligible
Q7:symptoms Yes e Ineligible e not applicable
due to injury or
surgery No e Ellgll.)le, continue w/work-related not applicable
questions
Q8,9,10,11:  Yes o Ifyestoany of four questions » o Ifyesto Q8, due to your
work- Eligible work — Ineligible
relatedness
No e Ineligible e not applicable




Summary of participant selection

A total of 50 cases and 45 controls were found to be eligible, agreed to participate and
completed the study questionnaire (Table 3). The participation rate was 27.3% for cases and

19.4% for controls.

Table 3. Summary of participant selection

Cases | Controls

N N

Potential cases and potential controls 1737 1737
-Bad address from NBF mailin -23 -34

-No longer eligible for NBF | -22 -26
-Refused to participate | -32 -26
-Removed duplicates from earlier cohorts |  -42 -38

-Randomly chosen not to be selected from cohort 2 | -352 -352

Total phone numbers given to study staff 1266 1261
Total individuals called by study staff 665 701
-Disconnected phone | 49 70

-No answer | 104 106

-Bad phone number | 124 109

Total assumed correct phone numbers 388 416
-Left message, no reply (passive refusal) | 86 112
-Refused to participate | 122 141
Agreed to participate 180 163
Ineligible | 95 72
Eligible | 85 91
Eligible and completed questionnaire | 50 45
Proportion of agreed + eligible who completed questionnaire (p;) | 58.8% | 49.5%
Participation rate , 27.3% | 19.4%

| (agreed to participate*(p;))/correct phone numbers)

Note: Participation rate is based on the assumption that if ineligibles who agreed to participate were
eligible, they would have completed the questionnaire at the same proportion (p;) as the eligibles.
For cases, rate=180*0.588)/388=27.3%,; for controls, rate=163*0.495)/416=19.4%.

Symptom and demographic questionnaire

Following screening by phone for eligibility, participants were mailed and completed a
questionnaire packet, which included questions on MSD symptoms and demographics.
The hospital workers union, 1199SEIU, had created six job categories for hospital work

for administrative purposes. These categories, in order of increasing status, were service/




maintenance, clerical, licensed practical nurse (LPN)/aide, technical, registered nurse (RN) and
paraprofessional. See Table 3 for detailed job titles included in each category. Participants were

asked to write their job title and record into which job category it fit.

Table 4. Examples of job titles within each hospital employee job category
Job category Examples of job titles

Paraprofessional social worker, physicians’ assistant, perfusionist, emergency medical
technician, pharmacist
Registered Nurse | registered nurse

Technical operating room, laboratory, radiology, ultrasound, tomography, other
diagnostic procedures technicians and technologists; rehabilitation,
physical, occupation, recreational and speech pathologists or therapists

LPN/aide Licensed Practical Nurse, certified nurse assistant, direct patient care
worker having minimal credentials
Clerical clerk, secretary, intake and discharge representative, accounts payable and

receivable representative, unit head, administrative assistant, receptionist,
telephone operator

Service/Maintenance | food service/preparation, housekeeper, janitor, groundskeeper,
storekeeper, porter, painter, plumber, carpenter, electrician

A symptom checklist was derived from the questionnaire used by the Mount Sinai Center
for Occupational and Environmental Medicine, a modification of a questionnaire initially
developed by the National Institute for Occupational Safety and Health (19). Participants were
asked whether they had any long-lasting discomfort in their hands, wrist, fingers, arms,
shoulders, neck or low back, including pain, numbness or tingling, during the last year. If yes,
they were asked, for each anatomical region, during the month they filed the medical claim, the
level of pain (none, mild, moderate, severe, unbearable), the frequency of symptoms (daily, once
a week, once a month), whether the pain caused by or made worse by work (yes/no), when did
the symptoms first develop (month/year) and how many workdays did you lose in the last year,
due to this pain?

Questions on demographics (gender, race/ethnicity, age, education, income, and marital



status), smoking, height and weight were derived from the New York City Work Site Blood
Pressure Study (WSBPS) questionnaire (20, 21). Body mass index (BMI) was computed as
weight (kg)/height (m)2. Current smoking was based on one question (“do you smoke
cigarettes?” (yes/no)), which had a three-year test-retest reliability of 0.69 (kappa) in the New
York City WSBPS. Based on the Mount Sinai Center for Occupational and Environmental
Medicine questionnaire, participants were asked if they had ever been told by a doctor that they
had any of a list of medical conditions (including diabetes, kidney disease, thyroid problem) that
could contribute to the development of an MSD.

Computation of work exposures

Work hours. Based on data provided by the NBF on hours worked per month, total hours
worked in the 3 months prior to the medical claim (for cases) and for the corresponding 3 months
(for controls) was computed. In addition, cumulative work hours during the 4-6 month period
prior to the medical claim were computed since symptoms may have developed weeks or months
before the date of the visit to a health care provider with a corresponding reduction in work hours
due to symptoms. We expect that the work hour level 4-6 months prior to the medical claim will
be more strongly associated with case-status than the 1-3 month total.

Dafa analysis

Missing data were imputed using “hot deck” method, which draws imputed values at
random from the cohort. Unlike substitution by means, the standard deviation of data sets
imputed with hot deck method is, on average, the same as the standard deviation calculated from
the data set excluding missing data. Because the sample standard deviation is not artificially
deflated as it is using substitution by means, hypothesis testing using hot-deck imputed data is

more conservative, meaning a Type [ statistical error because of artificially reduced variance
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estimates will not occur.

Assessing potential selection bias. In order to assess whether the participant selection
process introduced bias into the selection of the final group of 50 cases and 45 controls, we
compared the original group and the final group on exposure (work hours) and on available
demographic measures, age and gender. Comparisons between the original sample of potential
cases and controls and the final group of cases and controls for age and work hours were
conducted by Mann-Whitney U test and for gender by chi-square test.

Bivariate analyses. Odds ratios expressing the association between work-hours

(categorized into quartiles) and case-control status are computed using logistic regression.

Multivariate analyses. Multivariate-adjusted odds ratios expressing the association

between work hour quartile and case-control status are computed using logistic regression.

Analyses are adjusted for age and gender.

RESULTS

There were only one significant difference between potential and final cases or potential
and final controls on the exposure of interest (past work hours), or age or gender (Table 5). The
controls participating in the questionnaire study had significantly greater work hours in the 4-6
month period than the original pool of potential controls. This suggests. that selection bias was
operating against the hypothesis of work hours being positively associated with case status for
the 4-6 month time window.

Neither work hours in the 1-3 month time period nor the 4-6 month time period before
the claim date were significantly associated with case-control status in age- and gender-adjusted
analyses (Table 6). However, this null result was not due to limited statistical power. In fact, on

average, controls worked longer hours during these time periods than cases.
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Table 5. Assessment of selection bias _
Cases Controls
Potential Final p | Potential | Final p
N 1737 50 1737 45

Monthly work
hours prior to
claim date (mean)

1-3 months prior 137.5 133.2 72 141.7 137.2 56

4-6 months prior 123.6 118.3 35 119.6 1334 | <01
Age (mean) 45.9 46.4 .80 43.4 46.7 32
Gender (% female) 72.6% 82.0% 14 77.7% 71.1% 29
Comparisons for age and work hours were tested using the Mann-Whitney U test;
comparisons for gender were conducted using the chi-square test.

Table 6. Risk of being an MSD case, by monthly hours worked be fore a
medical claim was filed (50 cases and 45 controls)

Crude Adjusted for age, gender
OR [95%CI | p OR 95%CIL| p
Work hours 1-3months | | |\ | g75160| 62| o082 |034-1.98| .65
prior to claim date
Work hours 4-6 months | ) 137089 01| 076 |035163| 46
prior to claim date

Note: Odds ratios reflect the change in risk of being an MSD case due to increasing work
hours by quartile of the work hour distribution.

DISCUSSION

New York City hospital workers who filed medical claims for low back or upper

extremity MSDs did not work longer hours in the 1-3 month and 4-6 month periods before their
medical claim, than hospital workers filing claims for respiratory, dermatological, neoplasms, or

other conditions not thought to be associated with long work hours or work stress. These findings

do not provide support for the hypothesis that the association observed between MSDs and

duration of exposure to ergonomic risk factors over a work day (5, 6, 9) would also apply to long
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work weeks or months. Patterns of association for the six months before the medical claim date
are more compatible with or the disease-> shorter work hours (healthy worker effect) hypothesis
than the long work hours - disease (increasing exposure-increasing disease risk) hypothesis.
Despite the small number of participants who could be reached by phone, who were
eligible, who agreed to participate and who completed the questionnaire, there was no evidence
of selection bias, except for hours worked in the 4-6 month time window before a medical claim
was filed. For that measure of exposure, selection bias was operating against the hypothesis of

work hours being positively associated with case status. -

Strengths of study

The major stréngths of the study were its use of objective measures of work hours and
MSDs. Hours worked per month is a valid indicator of the employees’ work hours since the
employees are hourly, not salaried, employees. The results are also representative of all hospital
workers in a major metropolitan area. This study was one of few studies of hospital worker

health not primarily focused on nurses, but focusing on other hospital workers.

Limitations of study

Possible explanations for the null results are the study’s limitations. As with all studies of
administrative data bases not initially designed for health research, few confounders or work
exposures are available. (Only age, gender and work hours were available in the medical claim
database.) Exposure misclassification due to lack of data on hours worked on a second job would
be non-differential, biasing results to the null. In any study of long work hours, there is the

inherent difficulty in disentangling overtime effects from the healthy worker effect. For example,
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the possible reduction of work hours due to early stages of illness would bias results to the null
(although we reduced this bias by not counting hours worked in the same month as the claim,
and by examining work hours in the 4-6 month period prior to a medical claim).

An additional limitation was the fact that poten;cial cases and controls worked at 22
different hospitals in New York City, thus preventing study staff from being able to recruit them
to the study in person. Our experience was more positive in study #4 in which all hospital
participants worked at one hospital and therefore could be approached and study details
discussed in person.

Our participant telephone-screening questionnaire did reduce one potential source of bias.
We eliminated from the smaller sample MSD cases for conditions that may not have been work-

related, and eliminated control conditions that may have been work-related.

Future analyses

Funding was not available to complete an assessment of ergonomic (occupational and
non-occupational physical demands), psychosocial risk factors, and other risk factors in the
smaller sample that completed the study questionnaire. Funding will be raised in the future to
complete such analyses. Future analyses will assess additional time windows prior to filing a
medical claim, for example, 3-9, 6-9 and 6-12 months before exposure. For example, it has been
hypothesized that long weekly work hours would increase risk of MSDs primarily among
workers facing ergonomic stressors (8, 22). Thus, the interaction between work hours and self-
reported ergonomic and psychosocial work stress exposures should yield more valid results for

the impact of work hours on MSD risk.

There remains a great potential for the use of medical insurance claim databases in
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occupational disease surveillance. Surveillance would be greatly enhanced by further efforts to
combine medical claim datasets with demographic employee datasets that contain detailed
information about job title, work history, and perhaps other work exposures. This would permit
analyses of existing merged data sets and eliminate the time consuming work of attempting to
reach individual study participants. Such merged datasets would primarily be used for hypothesis
generation. However, the collection of detailed information on exposure and confounders needed
for hypothesis testing will necessarily require a great deal more resources given the large burden

on study staff to recruit participants and administer questionnaires on an individual basis.
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BACKGROUND

This section provides an overview of past research on the effects of long work hours, and
in particular, their cardiovascular-related effects, including hypertension and myocardial
infarction. The methodological issues encountered in conducting research on long work hours
and the evidence supporting the superiority of ambulatory blood pressure (ABP) monitoring over
casual blood pressure monitoring in the measurement of blood pressure are also described. Next,
an overview of a related topic — the cardiovascular effects of shift work — is provided to explore
the implications of that body of research for research on long work hours. With this background,
the paucity of research on the effects of long work hours in women and the suitability of nurses
as an occupational group for this type of research is established. At the end of this section, study
hypotheses are described: the association of ABP in female nurses and nurses’ aides work hours
on the day of ABP monitoring, during the two-week period of ABP monitoring and during the 2-

4 weeks immediately prior to the ABP monitoring.

Overview of Research on Long Work Hours

In the United States, the average annual number of hours worked per person now exceeds
the average number of hours worked in Japan and most of Western Europe (1). A growing body
of research haé demonstrated that long work hours affect workers negatively in numerous ways,
including job safety, by increasing the risk of injury (2) and accidents (3), decreasing cognitive
and executive function (4), lowering productivity (5), creating job dissatisfaction (6),
necessitating a longer recovery period from work (7), and resulting in a poorer quality of life (8).

Extended work hours also have a negative impact on workers’ mental and physical health.



Research has linked overtime hours to decreased psychological well-being (9) and depression
(10), as well as physical health effects such as increased neck and musculoskeletal discomfort
(11, 12), alcohol use (13), decreased sleep (8, 14), disturbed sleep, and chronic fatigue (15).
Long-term health effects include the development of coronary artery disease (16), non-insulin—
dependent diabetes (17, 18), obesity (19), changes in womens’ menstrual cycles (20), and

~ increased mortality (21).

As productivity among workers continues to increase in industrialized countries and work
hours lengthen (22), it is important to determine the effects of long work hours on workers.
However, any study of long work hours faces several methodological issues. First, the definition
of long work hours varies by country, study, and industry. For example, European studies and
reviews define “long work hours™ as greater than 50 hours per week, whereas some Japanese
studies define it as greater than 60 hours per week. There are also different components to the
work schedule, including the shift time (day, evening, or night), whether the shift is fixed or
rotating, shift length, weekend work, weekly overtime, degree of worker control over work
times, number of consecutive workdays before a rest day, number of rest days, and number of
weekends off (22), all of which can complicate efforts to isolate the effect of overtime work from
the effects of shift work, length, and number of days worked, as well as other components of the
job such as workload and occupational stress (23). Steenland suggests that the assessment of
long work hours as a risk factor for heart disease is difficult to separate from the more general
literature on occupational stress since overtime work by its very nature is considered stressful
(24).

In addition, commute time is usually not factored in as part of the number of hours

worked, but it can lengthen the workday and contribute to the effects of long work hours.



Kageyama et al. (25) examined overtime and commuting time and found that the groups with the
longest overtime hours (60 hours or more overtime per month) and the groups with the longest
commuting time (90 minutes or more) were in a sympathodominant state, as measured by their
heart rate variability, suggesting a possible mechanism by which long work hours and
commuting times can induce cardiovascular abnormalities related to the onset of heart disease.
Studies on overtime also have a difficult time capturing the complete overtime history
from participants. For example, although Nylen et al. (21) found that lengthy working hours
were associated with increased mortality in Swedish men and women, even after controlling for
confounders such as age, marital status, children, smoking and alcohol use, sleeping pills, stress,
shift work, personality, and illness, their measure of overtime work gives a poor sense of
participants’ overtime history since the survey only asks about overtime at one point in time
(1973), and the participants were not asked how many years they had worked overtime or if they
had worked overtime hours prior to 1973. The study had a 24 year follow-up to assess all-cause
mortality. Given the positive findings despite the poor overtime history, the actual association
between overtime work and mortality could actually be stronger than that found by Nylen et al.
In addition to varying definitions of overtime work, other methodological issues include
selection bias, study design, outcome measures, and control for possible confounders (20). First,
the study population can be a self-selected population based on their voluntary willingﬁess to
work long hours. As time passes, the remaining workers who work overtime are more likely to
be a survivor population. Second, past studies examining the effects of overtime have usually
been cross-sectional in design. More studies are needed that are longitudinal to determine the
causal association between overtime hours and its effects. Third, outcome measures in long

work hours research have been “soft” measures such as fatigue, mood, or job performance. The



complex interplay of outcome measure determinants such as gender, individual characteristics
(e.g. personality type) and situational factors (e.g. work type, work-home interface) can further
complicate the study of outcome measures associated with overtime hours. Lastly, studies need
to better control for potential confounders. In a review of the literature on long work hours, van
der Hulst (26) found that the evidence for the association between extended work hours and
health is usually inconclusive because many studies do not control for possible confounders such
as demographic variables, work characteristics, home characteristics, and personality that can

affect the health outcome measures.

Effect of Overtime Work Hours on Cardiovascular Risk

Cardiovascular disease presents a major public health burden as it is the leading cause of
morbidity and mortality for both men and women in the United States. The Centers for Disease
Control estimates that 370,000 American women of all races and ethnic groups die from heart
disease each year (27). While the morbidity and mortality associated with coronary heart disease
in men is well-recognized, the magnitude of the problem in women has often been overlooked
(28). An association has been observed between long work hours, cardiovascular disease and
elevated blood pressure in men, but few studies have included women. However, a growing
body of research has emerged, such as the Framingham study (29) and a study in Gothenburg,
Sweden (30), demonstrating that psychosocial characteristics such as low socioeconomic status,
low educational attainment, the double loads of work and family, chronic troubling emotions,
lack of social support, and psychosocial work strain are major risk factors for heart disease in

women. In general though, these factors still have not been studied as extensively as in men (31,

32).



Of the research on overtime hours and cardiovascular risk conducted on men, the
negative cardiovascular effects of long work hours were suspected as early as the 1950s, when
Buell and Breslow examined Census data to determine the association between long work hours
and mortality risk from coronary artery disease in California men (16). They found an increased
risk in men less than 45 years old who worked more than 48 hours per week at jobs with light
physical activity.

Among industrialized countries, Japan has studied the effects of work hours in men most
extensively (33), most likely because long work hours have been common among Japanese
workers and the phenomenon of “karoshi” (a sociomedical term whose literal translation is
“death from overwork”) is well recognized. In the 1980s, Japanese men worked the longest
hours of any industrialized country (2,159 hours in 1989) and the number of male workers who
worked more than an average of 60 hours per week had increased from 15% of employed male
workers in 1975 to 24% of employed male workers in 1988 (34). However, the phenomenon of
“karoshi” was recognized as early as 1969, and refers to sudden death that occurs from
cardiovascular disease in men working under physiologically demanding work conditions such
as long working hours, which have been a deeply embedded cultural norm in Japan (35). Major
medical causes of karoshi are myocardial infarction and stroke,’ including subarachnoid or
cerebral hemorrhage, cerebral thrombosis or infarction, myocardial infarction, heart failure and
other causes (36). In general though, the phenomenon of karoshi and overwork have not been
subjected to rigorous study designs and more research is required on this phenomenon.

Cardiovascular research has also looked specifically at the association between long work
hours and acute myocardial infarction and hypertension. Past research has demonstrated that

long working hours increase the risk of acute myocardial infarction, although this research has



been conducted mainly in men. The nature of this association between long work hours and
acute myocardial infarction is still unclear. In one case-control study of Japanese men, Sokejima
et al. (37) found a U-shaped relation between mean working hours per day and the risk of non-
fatal acute myocardial infarction. The risk of myocardial infarction was increased two-fold for
working longer mean hours (greater than 11 hours per day) but also for working shorter than
average hours (less than 7 hours per day). Also, at the top end of the curve, a greater increase in
mean working hours (more than 3 hours a day in the recent past) resulted in an increase in
myocardial infarction risk. The explanation provided by Sokejima et al. for the U-shaped curve
is that for the men working longer mean hours, work-induced tension increased sympathetic
nervous system activity and blood pressure, but for the men working shorter than average hours,
the shorter hours could indicate the presencé of a premorbid condition prior to the onset of a
myocardial infarction, or alternatively, the shorter hours could be a causal factor in the
development of a myocardial infarction, as with unemployment or deterioration in lifestyle.

Unlike Sokejima et al.’s study, Liu et al. (38) found the relation between work hours and
acute myocardial infarction to be monotonic. In their case-control study of 705 Japanese men,
Liu et al. found that overtime work (defined as greater than 61 hours per week) and insufficient
sleep (less than 5 hours per day) increased the risk of nonfatal myocardial infarctions. In
addition, lack of sleep and few days off in the recent past increased the risk of myocardial
infarctions more than experiencing lack of sleep and few days off over the past year,
demonstrating an acute effect.

However, some studies have found no association between long work hours and
cardiovascular risk factors. In a cross-sectional study, Sasaki et al. (39) found no significant

relationship between work hours and the cardiovascular system. After measuring heart rate
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variability, blood pressure, serum magnesium, dehydroepi-androsterone sulfate (DHEA), and
cholesterol levels, they found no significant relationship between work hours and the
cardiovascular variables, but they did find that sleep hours were negatively related to work hours
and DHEA was positively related to sleep hours. However, their study sample consisted of a

very young cohort with a mean age of 36.7 years.

Overtime Work Hours and Hypertension

The research conducted to date on the association between overtime work hours and
hypertension has also demonstrated mixed results. Two excellent studies by Hayashi et al. (40)
and Iwasaki et al. (41) have demonstrated that long work hours can increase blood pressure. The
most closely related study to our current study, Hayashi et al. (40), found that long hours can
increase a worker’s average blood pressure over 24 hours. The researchers obtained 24-hour
blood pressure measurements (recorded hourly) among several groups of male white collar
workers at an electrical goods manufacturing corﬁpany: men with normal blood pressure, men
with mild hypertension, and a third group with normal blood pressure who periodically worked
overtime and were measured both during periods of normal work hours and periods of overtime
hours. Participants were placed in the overtime category if they worked more than 60 overtime
hours per month. The groups with normal blood pressure and slightly elevated blood pressure
were further subdivided into a group working overtime and a group not working overtime.

Hayashi et al. found that the 24-hour average blood pressuré of the overtime group (both
in men with normal blood pressure and mild hypertension) was higher than the average blood
pressure of the control group. For the group with normal blood pressure who periodically

worked overtime, their 24-hour blood pressure and heart rate increased only during the busy
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period. For the group with normal blood pressure, both systolic and diastolic blood pressure
increased in the overtime subgrpup. For the mildly hypertensive group, only the diastolic blood
pressure was increased in the overtime subgroup. However, one caveat to the interpretation of
these results is that these groups were measured at different times of the year, introducing the
possibility of variability due to seasonal influences.

Iwasaki et al.’s study in salesmen also supports Hayashi et al.’s findings by
demonstrating that overtime work hours increase blood pressure as well as heart rate. In their
cross-sectional study of 71 salesmen in a machinery manufacturing company, Iwasaki et al.
stratified the sample by age and number of work hours. On average, the men in the long working
hours group worked 64.5 hours per week and the men in the shorter working hours group worked
57.2 hours per week. Iwasaki et al. found that the systolic blood pressure of the salesmen was
significantly higher in the 50-60 year old age group working longer hours. The group that
complained of greater fatigue (although fatigue was measured very crudely) had higher systolic
blood pressure, leading the researchers to conclude that long work hours resulted in fatigue
which in turn resulted in higher systolic blood pressure. Of note, although Iwasaki et al. did not
find significant blood pressure increases associated with overtime hours in the younger age
groups, the control group also worked comparatively long hours each week, which could explain
the lack of an observed effect in the younger age groups. In a more recent study on a different
population, emergency room residents, Fialho et al. (42) found that residents who worked a 24
hour continuous shift had abnormally high mean blood pressure readings as well as sleep
diastolic blood pressure, compared to when the residents worked an eight hour day.

Some studies have found no association or a negative association between long work

hours and hypertension (43). However, the study design and definitions of overtime hours varied
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by study. For example, Nakanishi et al. (44) found in their five-year prospective cohort study of
Japanese white collar men that long work hours were negatively associated with the risk of
hypertension, but this study had several limitations. These include the measurement of blood
pressure only annually over a five year period, use of a standard sphygmomanometer, work
hours measured subjectively by questionnaire, unknown overtime hour history, and lack of
information about work hours during follow-up. In a cross-sectional study of 238 male
engineers with blood pressure measurements taken on a single day, Park et al. (45) found that
after controllipg for age and sleep hours, there was an association between long work hours
(defined as greater than 52 hours per week) and the low frequency component of heart rate
variability, but no significant association between long work hours and blood pressure.
However, blood pressure measurements in this study were only made twice during the day, after
which the mean of the two readings was used in the statistical analysis.

Several mechanisms have been proposed to explain how long work hours can lead to
their cardiovascular effects, including disruption of circadian rhythms (20) and greater
sympathetic nervous system activity. In one study that examined the effects of sleep deprivation
due to overtime work on blood pressure and heart rate variability in normotensive people,
Tochikubo et al. (46) found that lack of sleep resulted in increased sympathetic nervous system
activity the following day as measured by increased heart rate and blood pressure. However, the
study sample was small (n=18) and male only. In another study which looked at insufficient
sleep in patients who already had mild to moderate hypertension, Lusardi et al. (47) found that
the subjects’ blood pressure and heart rate increased significantly during the morning after sleep
deprivation, and the subjects also had increased urinary excretion of norepinephrine during

nights of sleep deprivation. However, the sample size was also small (n=36) with 20 men and 16
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women. Based on these results, the authors suggest that lack of sleep results in increased
sympathetic nervous system activity during the night and following morning which in turn
increases heart rate and blood pressure. Both of these studies had interesting positive findings,
but because their sample sizes were small and predominantly male, studies that use larger
samples and include women are needed to explore how sleep deprivation due to overtime work

affects sympathetic nervous system activity.

Ambulatory Blood Pressure Monitoring and Blood Pressure Measurement

The gold standard in the measurement of blood pressure has been the Korotkoff sound
technique using a mercury sphygmomanometer by a doctor or other health care professional in
the clinic setting. However, this method of blood pressure measurement is problematic and
unreliable for several reasons: inaccuracies in the method of measurement, observer bias, the
inherent variability of blood pressure, and the tendency for blood pressure for some people to
increase in the presence of a physician (“white coat hypertension™) (48). “White coat
hypertension” refers to an acute elevation in a patient’s blood pressure in response to the anxiefy
and stress of being in the doctor’s office. This phenomenon is relatively benign but leads to a
false positive diagnosis of hypertension and has low prognostic value, particularly in the
prediction of cardiovascular risk (49). However, Belkic et al. (50) suggest a more ominous
phenomenon, that of “occult hypertension in the workplace” in which measurements of casual
blood pressure are normal in the clinic setting, but are high during work, and unlike “white coat
hypertension”, this phenomenon has significant diagnostic and prognostic implications.

Ambulatory blood pressure monitoring has undergone numerous technological advances

that have enabled it to surpass casual office blood pressure measurements in both the diagnostic
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and prognostic evaluation of hypertension. The current generation of monitors are small, fairly
easy to use, mechanically reliable, and reasonably accurate (51). As a result, the first major

~ advantage of ambulatory blood pressure monitors over casual clinic blood pressure
measurements is their reliability and accuracy, which is derived from repeated measurements, the
ability to capture blood pressure variations over a 24-hour period, and removal of observer bias
and the white coat effect, since measurements are made away from a medical environment (52).
The ability of ambulatory blood pressure monitors to capture blood pressure fluctuations not
only contributes to their accuracy, but also allows them to discover subtleties in blood pressure,
such as the diurnal rhythm of blood pressure (48, 53).

Second, ambulatory blood pressure monitors are useful in the diagnosis of hypertension
(54). For example, in a recent randomized controlled trial of antihypertensive treatment,
Staessen et al. (55) found that ambulatory blood pressure monitoring as well as self-monitoring
was useful in the diagnosis of white coat hypertension. In addition, ambulatory blood pressure
monitoring is able to identify patients at risk who are not identified through casual clinic blood
pressure readings (56), implying that casual clinic blood pressure readings are not sufficient in
the identification of patients at risk for hypertension.

Third, ambulatory blood pressure monitoring holds prognostic significance by correlating
better than casual clinic blood pressure with cardiovascular measures such as left ventricular
mass (57-59), left ventricular function (60), and target organ damage (61), and very importantly,
predicting cardiovascular risk in individual patients (62-64). In one of the first prospective
studies on ambulatory blood pressure and cardiovascular risk, Perloff et al. (65) followed 1,076
patients recruited between 1962 and 1976 with essential hypertension and found that ambulatory

blood pressure was a better predictor of cardiovascular risk than casual clinic blood pressure
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measurements and at the same time was an independent prognostic indicator in the participants’
cardiovascular risk profile.

In a recent prospective study, Clement et al. (66) studied the association between
ambulatory blood pressure and the development of cardiovascular events in 1,963 patients with
treated hypertension with a median follow-up of 5 years and found that a higher ambulatory
systolic or diastolic blood pressure was a significant independent predictor of cardiovascular
events, even after adjustment for classic risk factors such as age, sex, smoking status, diabetes,
cholesterol, body mass index, use of lipid lowering drugs, presence or absence of a history of
cardiovascular events, and office measurement of blood presstire. In a different study population
of 295 untreated hypertensive patients, Fagard et al. (67) recently studied the relationship
between ambulatory blood pressure and clinic blood pressure after 6 months of follow-up, and
the incidence of cardiovascular events in relation to these two pressures, and found that the
baseline ambulatory blood pressure was a better predictor of cardiovascular events than the 6-
month follow-up clinic blood pressure.

The disadvantages of ambulatory blood pressure monitoring include: measurements made
in an uncontrolled setting, the introduction of unreliability if measurementé were made on an
atypical day, technical requirements, and cost. Since charges for ambulatory blood pressure
monitoring range from $100 to $450, Appel and Stason (68) determined that on a societal level,
ambulatory blood pressure monitoring would cost approximately $6 billion per year, assuming
each of the estimated 50 million people with hypertension had one ambulatory monitoring test
per year (at a cost of $120 per test). Currently, ambulatory blood pressure monitoring has

limited usefulness as a clinical diagnostic tool, especially since the Centers for Medicare and
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Medicaid Services, which sets federal reimbursement policies, has approved it only for the
diagnosis of white-coat hypertension (69).

More research is still needed on the clinical significance of various aspects of ambulatory
blood pressure measurements, including the cyclic components of 24-hour blood pressure
variability, behavioral factors, the magnitude and speed at which blood pressure fluctuations
occur, and assessment of the efficacy of antihypertensive drug treatment (70). Despite these
limitations, ambulatory blood pressure monitoring is still much better suited than casual clinic
blood pressure readings for the investigation of the effects of environmental exposures, various
daily activities, psychological burden, and work home responsibilities on blood pressure (50),

and for the purposes of the current study, the effects of overtime hours on blood pressure.

Shift Work and its Implications for the Effects of Overtime Work

Shift work has been studied more extensively than overtime work hours, but that body of
research can provide insights into methodological approaches for studying the effects of
overtime hours and the possible physiologic mechanisms by which overtime hours affect the
cardiovascular system, since it shares some similarities and overtime hours can often be
inextricably linked to shift work (24). Methodological issues in shift work research include
selection bias, exposure classification, outcome classification, and the appropriateness of
comparison groups. Some of the proposed mechanisms for shift work leading to the
development of cardiovascular disease include: disruption of circadian rhythms (71), disturbed
sociotemporal patterns, lack of social support, job stress (72), behaviors such as smoking (73),
diet, alcohol consumption, and lack of exercise, and biochemical changes (e.g. cholesterol,

triglycerides) (74, 75).
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One of the few early prospective studies examining shift work and cardiovascular disease

by Knutsson et al. (76) found the relative risk for cardiovascular disease in shift workers to be
1.4 times the risk for non-shift workers. Prior to this study was a 1972 prospective cohort study
by Taylor and Pocock (77) using a national registry, but the study results were limited by the
“healthy worker effect”. Knutsson’s 1986 study is methodologically one of the better studies on
shift work and cardiovascular risk since older studies, which had reported negative findings had
not controlled for age. Studies since then have controlled for age, especially since age is a major
risk factor for cardiovascular disease. In the Helsinki Heart Study, which included males only,
Tenkanen et al. (78) found a dose-response relationship between shift work and coronary heart
disease: the relative risk for coronary heart disease increased with more adverse life-style risk
factors (smoking, obesity, sedentary life style) in addition to shift work, even after controlling for
socioeconomic status. Since the authors found a significant association despite the lack of
rigorous measurement of blood pressure and the dichotomization of risk factor variables, the
actual association between shift work and coronary heart disease may be stronger than that
reported by the authors.

In a recent case-control study conducted in Sweden, Knutsson et al. (79) found an
association between shift work and myocardial infarction. Interestingly, for participants in the
45-55 age group, the relative risk was 1.6 in men, but 3.0 in women. The results could not be
explained by job strain, age, job education level, or smoking, and no interaction was found
between job strain and shift work. However, socioeconomic status was not controlled for in this
study and participants were classified as shift workers if they had completed shift work within

the previous five years.
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In a recent large prospective cohort study, Fujino et al. (80) found a significant
association between rotating shift work and ischemic heart disease among Japanese male
workers, with this association more pronounced in subjects who already had cardiovascular risk
factors, including hypertension, obesity, habitual alcohol consumption, and smoking. The study
included 17,649 men and asked participants which shift they had worked most regularly: day
shift, rotating-shift, or fixed-night shift. While the rotatiﬁg-shift workers had a higher risk of
death from ischemic heart disease, this association was not found among fixed-night shift
workers. Other recent prospective studies have also found an association between shift work and
coronary heart disease (81-83). The mortality of the cohort in Karlsson’s study (83) was
monitored from 1952 to 2001 and the authors found that a longer duration of shiftwork (in years)
was associated with an increased risk of mortality from coronary heart disease, with the greatest
risk conferred to shiftworkers who had worked more than thirty years of shiftwork.

However, Inoue et al. (84) emphasize the importance of distinguishing among different
job types of shift work and their associations with cardiovascular risk factors. In their study of
male Japanese blue collar shift workers, Inoue et al. found a positive association between job
type of shift work and hypertension, therefore suggesting that shift workers who work differentl
types of jobs, particularly the amount of work-related physical activity, should not be combined
together in studies on the effects of shift work on blood pressure.

To address the methodological problem of selection bias among shift workers or the
“healthy worker effect”, Kivimaki (85) examined whether shift workers with diabetes or
cardiovascular disease were more likely to leave an organization or switch to day shifts. In their
study of 7,037 female nurses working in 21 Finnish hospitals, Kivimaki found that nurses with

diabetes or CVD were more likely to leave an organization regardless of the shift they worked
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and those risk factors did not predict a change from shift work to day work, leading the authors
to conclude that selection out of shift work is unlikely to be a major source of bias in research on
shift work and cardiovascular disease.

The majority of studies on shift work and cardiovascular disease have been conducted on
men, since shift work is generally performed by men (e.g. firefighters, factory workers; taxi
drivers, cooks, security guards) (86). The large number of female nurses is an exception, and
therefore this occupational group in particular is an ideal one to study the effects of shift work in
women. In a large prospective study on female nurses, the Nurses Health Study, Kawachi et al.
(86) examined the association between shift work and coronary heart disease and found that even
after controlling for coronary heart disease risk factors, 6 or more years of shift work resulted in
a modest increase in coronary heart disease risk (relative risk of 1.51) in these nurses.
Limitations of this study included lack of a detailed work history and nurses’ current shift work
status. However, a significant association was still found, so that the actual association between
shift work and coronary heart disease could actually be greater than that reported by Kawachi et
al.

Other shift work studies have produced contradictory results. In one British study,
McNamee et al. (87) found that shift work did not increase the risk of ischemic heart disease, but
shift work was defined broadly as having worked at least one month or more of shift work.
Based on his prospective cohort study of males with a 4-year follow-up in Denmark, Tuchsen
(88) raises the question of whether it is working nights or shifts that is the risk factor for
developing ischemic heart disease. Using participants’ documented occupation to determine
their work hours and a national registry of hospitalizations, he found that working nights rather

than shifts increased the risk of ischemic heart disease. However, limitations of the study
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include poor exposure information, since it was based on occupational group rather than
individual data, and also possible misclassification of participants’ occupations, since

. occupations were recoded only during one year of the 4 year study. In a study on healthy nurses,
Munakata et al. (89) found that psychologic disturbances (decreased vigor and greater confusion)
after night work were associated with altered cardiovascular and endocrine responses.
Specifically, systolic blood pressure and heart rate were decreased during the night shift rather
than the day shift, both the systolic and diastolic blood pressures were lower outside the hospital
following the night shift, and plasma ACTH and cortisol were also lower after the night shift.
However, this study had a very small sample size of 18 nurses with an average age of 29 so the
results are difficult to generalize to a larger population. In their study on heart rate variability in
male Japanese shift workers, Murata et al. (90) also found a selective reduction in sympathetic
drive in the shift workers compared to the day workers.

To further complicate the issue, Yamasaki et al. adds the dimension of race as well as
working nights in the associaﬁon between shift work and cardiovascular disease. In a study on
nurses (the same study sample as our current study), Yamasaki et al. (91) found that nurses who
worked the evening/night shift or were African-American were significantly more likely to be
“nondippers” (less than 10% drop in systolic blood pressure during sleep) in their diurnal blood
pressure rhythm. Nurses who worked the evening/night shift were 6.1 times more likely and
African-American nurses were 7.1 times more likely than day shift workers to be nondippers.

The research on the effects of shift work on hypertension also shares similarities to the
research on overtime work hours and hypertension. In one Japanese study, Ohira et al. (92)
demonstrated that shift workers had a greater increase in their blood pressure, heart rate

variability, and long-term blood pressure than day workers. However, this study had several
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limitations, including a small sample size (n=53), male participants only, different types of jobs
for the day and shift workers, longer hours worked per shift by the shift workers than the day
workers, although the total number of hours per week were the same, and finally, shorter sleep
time per night for the shift workers than the day workers, which could be an alternate cause for
| greater sympathetic nervous system activity and higher blood pressure in the shift workers.
Despite these limitations, Ohira et al. still reported a blood pressure increase in shift workers,
suggesting that further standardized studies should be undertaken to explore whether the
association between shift work and hypertension is actually greater than that reported by the
authors.

In a prospective cohort study of Japanese male workers with a 5-year follow-up,
Morikawa et al. (93) also found an association between shift work and elevated blood pressure.
In their study on manual workers who worked rotating shifts, Morikawa et al. found that within
the younger age group, the relative risk for hypertension was increased in the rotating shift
workers compared to the day workers. For the older age group, the relative risk for hypertension
was increased if the workers converted from a rotating shift séhedule to day work rather than
staying on a day work or shift work schedule. Despite its study limitations, such as including
males only, health exams occurring only annually over the 5-year follow-up period, blood
pressure measured only at these annual health examis with a sphygmanometer, and the
introduction of bias due to lack of information regarding the participants who were lost to
follow-up after resignation from the company for unknown reasons, the study found a significant
association between shift work and elevated blood pressure. For shift workers who already have
hypertension, shift work can contribute to the progression from mild to severe hypertension. In

Oishi et al.’s (94) cohort study of 6495 Japanese male workers, shift work was found to be a risk
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factor in the progression of hypertensive disease. These studies demonstrate the need for further
studies, particularly in women, to determine the strength of the association between shift work

and elevated blood pressure.

Overtime Hours, Women and Nurses

The previous summary of the research demonstrates that overtime work can be associated
with cardiovascular disease and hypertension, but this association has not been studied as
extensively in women as in men. However, it has been suggested that women can be at
increased risk for the health effects of overtime work because of their additional domestic
responsibilities (23). One study by Galambos and Walters (95) reveals the importance of adding
the number of hours spent fulfilling domestic responsibilities in the calculation of work hours to
determine its effects. They found that in households with dual-earner spouses, long work hours
and inflexible schedules for the husband resulted in stress in the husbands, but not wives,
whereas long work hours in the wives resulted in role strain in the wives as well as anxiety and
depression in the husband.

Nurses are a particularly suitable occupational group for long work hours research,
especially given the current climate for hospitals and the nursing workforce. Nursing in the
1990s underwent a crisis due to systemic understaffing and shortages. In March 2001, there
were approximately 2.7 million registered nurses (RNs) in the United States (96). While the
demand for nurses is expected to grow over the first twenty years of the 21 century, the total
number of full-time registered nurses is expected to peak around 2007 and subsequently decline
so that by 2020, the supply of nurses will be nearly 20% below the projected workforce

requirements (97). In a retrospective cohort analysis of employment trends, Buerhaus et al. (97)
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found that the average age of working registered nurses increased by 4.5 years between 1983 and
1998 and within the next 10 years, the average age will be 45.4 years. The older average age of
nurses reflects two phenomena: the largest cohort of nurses in the future will be between 50 and
69 years of age and more importantly, there has been a decline in the number of younger women
choosing nursing as a career. In 1980, 40% of the nurses were age 35 or younger, and now 18%
belong to that cohort.

The nursing shortage and chronic understaffing have contributed to longer work hours,
greater stress, chronic fatigue and work-related injuries in the nurses . Female nurses also face
the burden of meeting domestic responsibilities in addition to the hours they work at their job.
Buerhaus (98) found that male registered nurses, nonwhite registered nurses, and registered
nurses with associate degrees were more likely to work longer hours than registered nurses with
young children at home. Previous research on shift work in nurses has found poorer job
performance and higher job stress in nurses working rotating shiﬁs versus day shifts (99), lower
job satisfaction and higher job stress in nurses working longer shifts (12 hours versus 8 or 10
hour shifts) (100), and a greater risk for substance abuse in nurses working longer night shifts
(greater than 8 hours) and rotating shifts (18). Research on the cardiovascular effects of work
hours in nurses has usually been on aspects of shift work (Kawachi et al. (86), Munakata et al.
(89), Yamasaki et al. (91)) and there has been very limited research on the effects of overtime
work hours in nurses. More generally, most of the research to date on the cardiovascular effects
of long work hours have been conducted in men and there have been very few prospective

studies using objective measures of blood pressure and work hours.
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Study Hypotheses

The objective of our study is to examine the association between overtime hours, shift
worked and ambulatory blood pressure (ABP) among female nurses and nurses’ aides. We
hypothesize that ambulatory blood pressure is positively associated with work hours on the day
the ambulatory blood pressure monitor was worn, during the 2-week period of ambulatory blood
pressure monitoring and during the 2-4 weeks immediately prior to the ambulatory blood
pressure monitoring. We also hypothesize that nurses and nurses’ aides working an evening or

night shift will have higher ABP than nurses working a day shift, controlling for hours worked

on the shift.
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METHODS

Study Sample

The sample consists of 97 female nursing staff (registered nurses, licensed practical
nurses, and nurse aides) from a New York City hospital who participated in the New York City
Work Site Blood Pressure Study, a prospective cohort study, in 1995 (Wave 3) and 73 who were
re-evaluated in 1999-2000 (Wave 4). The Study began in 1985 (Wave 1) as a case-control study
of 215 men at 7 sites in New York City to investigate the relationship of work stress to
hypertension and ambulatory blood pressure. The original study is described in detail elsewhere
(101-104). The nursing staff were included in the study in 1995.

The study sample selection process for the nurses has been described by Yamasaki et al.
and Kario et al. (91, 105). At Wave 3, in 1995, blood pressure screening was conducted on 727
of the 764 nursing staff of the medical/surgery, child/maternity, and critical care departments.
After the initial screening, 232 nurses were eligible for the study. Eligibility criteria were: aged
30-60 years, employed full-time at the hospital for at least 1 year, able to speak and read English,
body mass index less than 30 kg/m?, and a screening blood pressure less than 160/105 mm Hg.
Exclusion criteria were: taking antihypertensive medications or medications affecting blood
pressure, evidence of cardiovascular disease based on self-report and/or an electrocardiogram,
history of secondary hypertension or renal disease, working a second job for at least 15 hours per
week, and pregnancy (91).

The 232 nurses were then stratified into 7 groups to ensure comparable representation of
nurse aides and nurses over 40 years old who would have been underrepresented without

stratification. One stratum was composed of nurse aides and licensed practical nurses, and the
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remaining 6 strata were composed of registered nurses. The registered nurses were subdivided
into the 6 strata by 10-year cohorts and the shift they worked (day versus evening/night). From
this group, a total of 166 nurses were invited to participate in the study, with 105 participants (99
women and 6 men) ultimately completing the protocol (63%). Written informed consent was
obtained for all participants. Two of the 99 female nurses later withdrew (one after termination
from her job, the other chose not to complete the psychosocial questionnaire or undergo the
cardiovascular diagnostic exam), resulting in 97 female nurses participating in the study in 1995.

Yamasaki et al. (91) found that in comparison to the 61 eligible subjects who chose not to
participate in the study, the 105 participants (99 women and 6 men) who completed the protocol
did not differ significantly with respect to age, length of employment, height, arm circumference,
screening diastolic blood pressure, race/ethnic group, and having been born in the United States.
The participants differed slightly from thye non-participants in educational level (non-participants
had 0.4 years more eduqation [p=0.07]), screening systolic blood pressure (participant blood
pressures were 2.6 mm Hg lower [p=0.09]), work shift (evening shift workers were
overrepresented due to stratified sampling [p=0.12], but this difference was not Signiﬁcant after
evening and night shift workers were combined), and job title (nurse aides and licensed practical
nurses were slightly overrepresented due to stratified sampling [p=0.12]). The only two
variables that differed significantly (p<0.05) between participants and non-participants were
BMI (participants were 6 lbs heavier, p=0.04) and marital status (partiﬂcipantsv were more likely to
be single/divorced (p=0.05).

In 2000 (Wave 4), 73 of the 97 nurses were re-evaluated and wore an ambulatory blood
pressure monitor. 61 of the nurses met all the criteria to be included in the overtime work hours

data analysis: they participated in the study at Wave 3, continued to work at the New York City
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hospital in 1999-2000, and thus had work hours data available. While additional nurses
participated at Wave 4, they had left the New York City hospital to work for other employers. In
the interim between 1995 and 2000, the New York City hospital underwent organizational
restructuring. Of the 36 nursing staff who did not participate in 1999-2000, 26 were no longer
full-time employees at this hospital, 9 chose only to answer a brief questionnaire, and one
completed the full protocol but chose not to wear the ambulatory blood pressure monitor because

of her multiple sclerosis.

Blood Pressure Measurement

The study participants wore ambulatory blood pressure monitors (SpaceLabs 90207) for a
24-hour period, including a work shift, in 1995 and 1999-2000. A blood pressure cuff was
initially placed on the participants’ non-dominant arm and calibrated five times against a
standard mercury sphygmomanometer (averages had to be within 5 mm Hg of each other to be
considered in concordance with each other) by a technician. Throughout the 24-hour period,
blood pressure readings were recorded every 15 minutes. The readings were divided into work,
home and sleep time based on the information provided in the participants’ diary entries in which
they recorded their activity, posture, location, and mood. A minimum of 5 blood pressure
recordings at eaéh location (work, home, and sleep) were required for participants to be included
in the analysis for each location. For statistical analyses, mean ambulatory blood pressure
readings were computed for the six different combinations of location and type of blood
pressure: work systolic and diastolic pressure, home systolic and diastolic pressure, and sleep

systolic and diastolic pressure.
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Work Hours

The hospital provided work hour records by two-week pay periods for the six-month
period prior to and during the measurement of the participants’ ambulatory blood pressure in
1995 and 2000. Shift work data was obtained for the day the nurses wore the monitors in 1995
and 2000. For purposes of analysis, the work hour data was divided into 8 different time
periods: the two-week period the ambulatory monitor was worn, 2 weeks before the ambulatory
monitor was worn, 4 weeks before, 2 months before, 3 months before, 4 months before, 5
months before, and 6 months before the ambulatory monitor was worn. “Overtime” was defined
in this study as any time worked over the standard work week of 37.5 hours . Shift work on the
day the monitor was worn was categorized as day, evening, or night, and varied in length, with
each shift lasting 8, 10, or 12 hours. The work shifts were as follows: day shift (7JAM-7PM or

8AM-4PM), evening shift (4PM-12AM), and night shift (7PM-7AM or 11PM-7AM).

Measurement of Other Variables

Participants underwent a medical examination and completed multiple questionnaires
(106). Variables measured included: occupational status, educational level, marital status,
leisure time physical exercise, BMI, smoking, alcohol, job physical exertion, as well as variables
related to job characteristics, including job demands, job decision latitude and job strain. The
nurses had one of three occupational categories: registered nurse, licensed practical nurse, and
nurse aide. Educational level was determined from a questionnaire and measured as total years
of education. Marital status was categorized as: married; divorced or separated; or never
married. Leisure time physical exercise was ascertained from a questionnaire with the following

question: “Do you exercise pretty regularly at the present time?” During the medical
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examination, height and weight intake was completed and BMI was calculated using the
following formula: weight (kg)/height (m?). Alcohol and smoking behavior were determined by
questionnaire. Alcohol consumption was ascertained by two questions measuring frequency and
quantity of intake. Regular drinking was defined as binge drinking or drinking greater than or
equal to 4-6 days per week. The three-year test-retest reliability using kappa was 0.55 (p<.001).
Current smoking status was determined by the question: “Do you now smoke cigarettes?” The
three-year test-retest reliability using kappa was 0.69 (p<.001)(106)(7).

The nurses also completed the Job Content Questionnaire (JCQ) which measured job
characteristics and has been previously validated in other studies (107, 108). Job demands was
defined by five items: excessive work, conflicting demands, insufficient time to do the work,
work fast, and work hard. Internal consistency reliability was 0.71 (Cronbach’s alpha). Job
decision latitude was calculated by the sum of two subscales: skill utilization (consisting of six
items: keep learning new things, can develop skills, job requires skill, job involves task variety,
job is repetitious (reverse scored), and job requires creativity) and decision authority (consisting
of three items: have freedom to make decision, can choose how to perform the work, have a lot
of say on the job). The internal consistency reliability was 0.71 (Cronbach’s alpha) for the
decision latitude scale (sum of skill utilization and decision authority subscales). Job strain was
defined as job demands greater than the study sample median combined with job decision

latitude less than the sample median (a dichotomous variable).

Statistical Analysis

Cross-sectional data analysis was completed for both Wave 3 and Wave 4 using SPSS

12.0 and 13.0. Multiple regression analyses were conducted separately for each of the 6 blood
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pressure variables as dependent variables and for 3 of the overtime work periods (derived from
employer records) as independent variables, that is, during the 2-week period the ambulatory
monitor was worn, 2 weeks before the monitor was worn, and 4 weeks before the monitor was
worn in 1995 and 2000. In addition, hours worked on the day the monitor was worn and shift
worked (self-reported data) were examined as independent variables. All regression models
controlled for age on the first step. On the second step, models examining shift worked included
control for hours worked on the day the monitor was worn. Similarly, models examining hours
worked on the day the monitor was worn included control for shift worked. On the third step,
race, and body mass index were included.

Finally, the backwards elimination method was used to control for potential confounders
in addition to shift worked, age, race, and body mass index. This method was chosen because of
the small sample size and large number of potential confounders. The backwards elimination
method allowed for the inclusion of all independent variables in the equation and removal of
insignificant variables one-by-one using the conservative criterion of p >0.20. The following
covariates were removed from the final model if the p-value of their coefficient was >0.20:
education, smoking, alcohol, job physical exertion, leisure-time exercise, occupational status and
marital status. The overtime work hour data and shift work data were analyzed both at Wave 3
and Wave 4 for all nurses and registered nurses only, because of the large number of registered
nurses in the sample.

In post-hoc analyses, a third sub-group, nurses with valid home blood pressure readings,
was analyzed at Wave 3 and Wave 4. Two sets of cohorts were analyzed with valid home blood
pressure readings: all nurses with valid Wave 4 home blood pressure readings (n=47) and

registered nurses only with valid Wave 4 home blood pressure readings (n=37). This analysis of
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nurses with valid home blood pressure readings was undertaken after it was determined that there
were fewer nurses with home blood pressure readings than work or sleep blood pressure readings
at Wave 4 and the association between overtime work hours and blood pressure was found to be
stronger for nurses with valid home blood pressure readings than for all nurses who had
participated at Wave 4. Correlations were computed for the restricted sample (n=47 for all
nurses, n=37 for registered nurses only) to determine whether the correlations were consistent
across work, home and sleep blood pressures and whether the nurses with valid home blood
pressure readings were different in some way from the nurses with valid work or sleep blood
pressure readings.

In other post-hoc analyses, we examined the interaction between past overtime hours (for
Wave 4), hours worked on the day the monitor was worn (for Waves 3 and 4) and a known risk
factor for blood pressure elevation, job strain. We stratified the 61 nurses who participated at
Wave 4 by those who reported job strain (n=25) and those with no reported job strain (n=36),
and the 85 nurses who participated at Wave 3 by those who reported job strain (n=35) and those
with no reported job strain (n=50). We then created a new job strain—work hours interaction
variable by multiplying job strain by the work hour variable of interest. The new interaction
term was added as the last step of the regression analysis after the backwards elimination method

was completed.
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RESULTS

Sample Characteristics

Descriptive statistics for the samplé of 97 female nurses at Wave 3 (1995) and the 61
nurses who also participated at Wave 4 (1999-2000) and had work hour data available from their
employer are shown below in Table 1. The average age of all nurses who participated at Wave 3
was 40.3 years (range 30 to 59 years). Of the 97 nurses who participated in the study at Wave 3,
73 nurses were re-evaluated and wore an ambulatory blood pressure monitor at Wave 4 in 1999-
2000. 61 nurses met all the criteria at Wave 4 to be included in the overtime work hour data
analysis: they participatéd in the study at Wave 4, continued to work at the New York City
hospital in 1999-2000, and thus had work hour data available. Féur nurses participated at Wave
4 and wore an ambulatory blood pressure monitor, but had left the New York City hospital to
work for other employers and thus did not have available official work hour data.

The 36 nurses who participated at Wave 3 only and the 61 nurses who participated at
both time periods and had work hour data available are compared below in Table 1. There were
no significant differences between the two groups during Wave 3, thus no evidence of selective
attrition. Table 1 also compares the 61 nurses who participated during both time periods at
Wave 3 and Wave 4. There were statistically significant increases within the group of 61 nurses
between the two time periods with regards to education, body mass index, work, home and sleep

systolic and diastolic blood pressure.
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Table 1. Comparison of Cohort Sample of
Nurses at Wave 3 who Participated at Wave 3 but Not Wave 4 (n=36), and
Nurses who Participated at Both Wave 3 and Wave 4 at Wave 3 (n=61) and Wave 4 (n=61)

Variable WAVE 3 but not WAVE 3° WAVE 4°
WAVE 4° (n=36) (n=61) (n=61)
Mean (SD)  p° Mean (SD) P Mean (SD)
Age (years) 39.5(7.4) 40.7 (7.4) e 45.5 (7.6)
Education (years) 15.3 (2.4) 15.2 (1.9) * 15.6 (1.6)
BMI (kg/m?) 24.4 (3.7) 245 (3.1) e 26.1 (3.7)
Work ABP
Systolic (mm Hg) 116.4 (7.5) 117.2 (9.4) ok 121.5 (10.7)
Diastolic (mm Hg) 77.1(6.3) 77.2 (6.8) > 79.2 (7.5)
Home ABP
Systolic (mm Hg) 113.9 (9.5) 115.1 (9.6) ok 120.4 (12.8)
Diastolic(mm Hg) 73.8(6.7) 74.2 (7.6) * 76.2 (8.2)
Sleep ABP
Systolic (mm Hg)  99.5 (6.8) 103.1 (106) ** 106.7 (9.8)
Diastolic (mm Hg) 59.7 (5.9) 61.5 (7.5) 62.8 (6.4)
% % %
Race/Ethnicity
White 33.3% 44.3% -
Black 41.7% 34.4% -
Asian 16.7% 19.7% -
Hispanic 8.3% 1.6% -
Occupational Status
Nurses Aide 11.1% 8.2% 6.6%
LPN 11.1% 11.5% 13.1%
RN 77.8% 80.3% 80.3%
Marital Status
Married 44.4% 47.5% 52.5%
Div/Sep 36.1% 16.4% 19.7%
Never Married 19.4% 34.4% 27.9%
Current Smoker 19.4% 11.5% 13.1%
Regular drinker 13.9% 8.2% 9.8%
NOTES:

*p< .05; **p<.01; ***p<.001.
® For subjects at Wave 3 who only participated at Wave 3 but not Wave 4: home ambulatory blood

ressure (n=34) and sleep ambulatory blood pressure (n=35).

. For subjects at Wave 3 who participated at both Wave 3 and 4: home and sleep ABP (n=60).
¢, For subjects at Wave 4 who participated at both Wave 3 and 4: home ambulatory blood pressure
$n=47) and sleep ambulatory blood pressure (n=56).

. p-value of the significance test (independent samples t-test for age, education, BMI, work ambulatory
blood pressure and chi-square test for race, occupational status, marital status, smoking and alcohol use)
for the difference at Wave 3 between nurses who participated only at Wave 3 (n=36) and nurses who
participated at both Wave 3 and Wave 4 (n=61).
®. p-value of the significance test (paired t-test for age, education, BMI, work ambulatory blood pressure;
McNemar's chi-square test for smoking and alcohol use; Kendali's W test for occupational status and
marital status) for the change in variables between Wave 3 and Wave 4 for the nurses who participated at
both Wave 3 and Wave 4 (n=61).

! Race was not measured at Wave 4.
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The number of overtime hours worked per week (>37.5 hours) during the 2-week pay
period the monitor was worn in 1995 and 2000 are described in Figure 1 below. 56% of
participants in 1995 and 60.7% of participants in 2000 did not work any overtime hours during
the 2-week period the monitor was wormn. The mean number of overtime hours in 1995 during
the 2-week period the monitor was worn was 1.97 hours per week (standard deviation 3.34 hours
per week) and in 2000 was 2.34 hours per week (standard deviation 4.15 hours per week). Table
2 presents mean overtime hours worked per week in 1995 and 2000 for the 3 work periods
included in the statistical analysis and Table 3 describes the variety of shift schedules and
lengths of shifts worked by the nurses in 1995 and 2000. The actual shift times were previously

described in the Methods section.

Figure 1. Overtime Hours per Week (=37.5 hours) During
the Two Week Pay Period that the Ambulatory Monitor was Worn
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Table 2. Mean Overtime Hours Worked per Week in 1995 and 2000
for All Nurses (based on employer data from 2 week pay periods)

Wave 3 N Mean Standard Deviation
2 weeks including ABP measurement 96 1.97 334
2 weeks before ABP period 96 2.05 439
1 month before ABP period 96 1.11 312
Wave 4 N Mean Standard Deviation
2 weeks including ABP measurement 61 2.34 415
2 weeks before ABP period 61 1.895 4.02
1 month before ABP period 60 1.14 3.13

Table 3. Number of Hours Worked on Shift and Shift Worked
by Occupational Status on the Day the Monitor was Worn in 1995 and 2000

1995
SHIFT CHARACTERISTICS

JOBTITLE TOTAL N SCHEDULE LENGTH (Hrs) N
Murses' Aide 7 Day ] 2
Evening ] 4
Might B 1
Licensed 7 Day 12 5
Practical Nurse Evening 8 1
Night 12 1
RN 71 Day 8 5
10 7
12 34
Evening 8 2
10 3
Night 8 4
12 16
2000
SHIFT CHARACTERISTICS
JOB TITLE TOTALN  SCHEDULE LENGTH (Hrs) N
MNurses' Aide + 8 Day ] 5}
MNon-hospital clerks Evening & 2
Licensed 8 Day 12 B
Practical Nurse Might 12 2
RN 57 Day 8 8
12 25
Evening 8 4
Might 12 20
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Overtime hours during these 2-week periods were positively correlated with age,
negatively associated with occupational status (i.e. nurse aides worked longer hours than licensed
practical nurses and registered nurses), and were mixed for body mass index, education and

exercise (see Table 4).

Table 4. Correlations between Overtime Hours and Occupational Status, Age,
Education, BMI, and Regular Exercise

Wave 3
Age Education Body Mass Index
N r P N r p M r P
Hours worked the day monilor was worn 85 -0.20 E00EEE B5 015 017 BS D10 036
2 weeks inciuding ABP measurement 91 pO0 099 91 000 100 91 001 096
2 weeks before ABP period 91 04 072 1 013 022 91 -001 094
1 month before ABP period 91 007 050 91 005 082 91 009 041

Reqular Exercise
Yes No t P
N mean M mean
Hours worked the day monitor was worn 23 104 81 1085 047 064

2 weaks including ABP measuremeant 23 1.9 &7 217 108 028
2 weaks befare ABP penod 23 118 67 220 143 016
1 month before ABP pericd 23 0.80 67 100 028 077

Occupational Status
RM LPN Nurse Alde F V]
N mean M mean N mean

Hours worked the day monitor wasworn 71 1110 7 1143 7 800 1515 F0000
2 weeks including ABP measuremenit 73 186 =] 189 9 250 015 0885
2 weeks befare ABP period 73 157 g 250 9 447 153 0N
1 month before ABP period 73 058 g DE1 9 335 429 FOREE
Wave d
Age Education Body Mass Indox

N r p ] r p M r P
Hours worked the day monitor was worn 73 -0.30 [T 73 004 D75 73 006 054
2 weeks including ABP measurement 61 017 020 61 002 0B85 61 014 027
2 weeks before ABP period 61 014 027 61 -0.03 085 61 0082 048
1 moenth before ABP perod 60 016 022 61 009 050 60 015 025

Regular Exercise
Yes Mo t p
W mean N mean
Hours worked the day monitar was warm 21 1029 52 1115 174 Q.09

2 weoks inciuding ABP measuremeant 17 241 44 231 -00% 0493
2 weeks before ABP penod 17 173 44 203 026 080
1 month before ABP pericd 17 1.49 43 1.00 054 0559

Occupational Status
RM LPN Hurse Ajde* F p

N mean M mean N mean
Hours worked the day monitor wasworn 57 1116 8 1200 8  B00 1866 040
2 wesks including ABP measurement 49 218 8 353 4 188 038 068
2 weeks before ABP period 43 2N 2 088 4 000 1068 D35S
1 manth bafore ABP period 43 113 T 1.61 4 047 017 085

*Mote: For Hours worked the day monitor was worn at Wave 4, Nurse Aide category includes
4 Nurse aides and 4 Non-hospital clerks
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Associations Between Overtime Hours during 2-Week Pay Periods and Ambulatory Blood
Pressure

Multiple regression analyses using the backwards elimination method were conducted to
determine associations between blood pressure and overtime worked during three time periods
(the 2-week period the blood pressure monitor was worn, 2 weeks before, and 1 month before the

monitor was worn). Table 5 presents the results of regression analyses for all nurses and Table

6 for registered nurses only.

Table 5. Association between Overtime Work Hours during 2-week Pay Periods and
Ambulatory Blood Pressure (ABP) for All Nurses

Wave 3 (n=85), 1995

N B P N B o N B P
2wk pay period induding ABP messurement B85 a1 0296 Tk B4 066 0351
2 vk pay perind before ABP measurement 85 00 067 B 0142 0524 B4 0248 0274
1 month before ABP measurement B5 D484 01 B 029 0554 B4 0370 0322
Azsoriations with: Work Ambulatory DEP Home Ambulatony DEP Sleep Ambulatory DEP

N B p N E p N ]
2weeh pay penod induding ABP messuement 5 40,255 0.242 a3 0156 0 84 0as7 0.35
2week pay peniod before ABF measurement a5 0,008 (961 B3 018 0,329 84 027 ;."ﬁ;}' )
1 month hefore ABP measurement B5 .35 (.185| B3 Q601 B i B4 0.261 0,309

Mote: Coefficient B represants the estimatad increase in blood pressure (mimibg) associated with each addiional hour of overime worked,

Wave 4 (n=61), 2000

Associations with: Work Ambulatory SB8P Home Armiwdatory SBP Sleep Ambulatary SBP
N B p N B p N B P
2woek pay period inclucking ABP moasurement [ 61 0045 05 a7 0441 0347 | 0312 03

.

2 week pay penod before ABP measurernent 61 028 056 47 opas [OOERTE 6 0404 02N

1 ot befone ABP messunement (4] -0 266 053G A5 0,690 I}.lﬁi" 55 0AGT (0. 584
Aasociations with: Waork Ambulatory DEP Hoime Ambulatony DEP Sleop Ambulatory DBEP
M B P N B p H B

2 vesk pay period induding ABP measurement [ 61 0072 0708 | 47 D019 0953 55 020 0395 |
2 week pay peniod befone ABP measunement &1 D244 032 47 0191 0.598 56 0.058 07886
{ month before ABP messurement B0 D604 O = D18 0728 55 4081 0T

Mo, Coefhioent B represents the estirmated increasa in Bood pressure (mmrg) assooated with each addtional hour of averteme worked.

Note: All models controlied for shift worked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohol consumption, job physical
exertion, and marital status. |
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Table 6. Association between Overtime Work Hours during 2-week Pay Periods and
Ambulatory Blood Pressure (ABP) for Registered Nurses Only

Wave 3 (n=T1), 1995

Associations with: Work Ambudastony SBP Home Ambuiatory SBP Sleep Ambulatory SBP
M B p M B p M B p
2 week ey penod including ABP measurement 71 0084 0,866 i} 0242 0487 70 0048 0831
2 week pay penicd before ABP measurement Fal 0,023 0.529 o 0048 0 BG1 70 Q109 Q&7
1 month befors ARP messurement Ik L.472 0435 70 0351 0L EED 0 Q413 0523
N B p M B p N__ B p
2wesk pay period incuding ABP messuneent T D17 DEA2 0 -0.360 0. 165 i} 0116 O.BaT|
2 woek pay penicd before ABP measurement 1 0008 0 0 om0 P R i
1 month before ABP messunement 71 0280 0,551 7 172 072 70 0728 0123

Moter Coefficend B napreserts the estmated increass in biood presswune { mmiHg) assocated with each additional hour of cuentine worked.

Wave 4 (n=49), 2000

Associations wil Work Ambulatory SEP Home Ambulatory SBP Sleep Ambulatory 58P

W B p M B 1] M B P__
2 wieek; pary period including ABP measurement 43 005 0297 a7 D2a7 IJ.EZ;I 43 0462 D265
Zwoek pay period before ABP measurement 448 025 ﬂﬁuzl 37 Ds0s 012 45 Qa0 03a2
1 morth befone ABP measunerment 43 D478 0343 3 D28 ngaj 45 0081 0 B&0

N a P i) =] 2] N B P__,
2wk pary penod incluckng ABP measurement 48 0056 0.858 a7 -0.035% 0924 45 0162 0.565
2wk pay pariod before ABP measurement 43 203 0452 ar oz 0.585 45 0.0s8 0881
1 month before ABP measurement 48 01 644 5 37 0021 0978 45 0025 0554

Mote: Coefficent B represents the estimated increase in blood pressune (rmmibg) assocated with sach addtional hour of ocwvesntime worked.

Note: All models controlled for shift worked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohol consumption, job physical

| exertion, and marital status.

Overtime hours in the one month before the monitor was worn was significantly
associated with home diastolic ABP, a magnitude of +0.6 mm Hg for each overtime hour worked
(p=.039). Three additional associations were positive and below the p<0.10 level of
significance. However, given that 36 tests of association were conducted, it is possible that these
positive associations could have arisen solely due to chance. Also, non-significant findings were

not solely due to small sample size. Sixteen of the 36 regression coefficients, listed in Table 5,
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were not in the expected direction. Similar results were observed when restricting the sample to
RNs only (Table 6); there were no significant positive associations, and only two associations

below the p<0.10 level.

Associations Between Work Hours on the Day the ABP Monitor was Worn and
Ambulatory Blood Pressure

Table 7 presents associations between work hours on the day the ABP monitor was worn
and ambulatory blood pressure (ABP). Significant positive associations were found between
hours worked on the day the monitor was worn and work, home and sleep systolic blood
pressure as well as home diastolic blood pressure at Wave 4. Associations for work and sleep
diastolic blood pressure were in the expected direction but did not reach the p<.05 level of
significance. On the other hand, positive associations were not observed at Wave 3. In fact, at
Wave 3, 2 of 6 associations (controlling for age only) were significant (p<.10) and not in the
expected direction — that is, greater work hours were associated with lower blood pressure.
However, after controlling for shift worked and other potential confounders, these associations
were no longer statistically significant.

The magnitudes of associations at Wave 4 were substantial. Twelve-hour shift workers’
ABP was 4-19 mm Hg systolic and 3-8 mm Hg diastolic greater than 8-hour shift workers’
systolic and diastolic ABP, respectively (Figure 2). Restricting the samples to RNs only slightly

reduced these effect estimates.
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Table 7. Associations between Hours Worked on the Day the Monitor was Worn
and Ambulatory Blood Pressure

Wave 3 (n=85)
Work SBP Home SEP S SBP
N B P N B p B p
Hours Worked, contrlling for ags orly 85 -0.801 0186 B3 0226 0721 B84 08 0174
Hours Worked, contredling for shift, age 0588 0382 0453 0516 0101 0.889
Hours Worked, controlling for all variables 063 0353 0412 0552 0676 0359
Work DBP Home DBP Sleap DBP
N B p N B <] B P
Hours Worked, controling for age 85 -08TEDOSE 83 o040 082 84 -0.966ED0ES
Hours Worked, controlling for shift, age 0806 0117 0414 045 0510 0319
Hours Worked, controlling for all vanables D735 015 0623 0313 0B85 0185

Note: Coefficent B reprosonts the estimated increass in blood pressure (mmHg) assacinied with each additional Bour of ovenime worked,

Wave 4 (n=73)

Work SEP Home SBP Sleep SBP
N B p N B p B p
Hours Worked, controlling for age 73 67 1.481 00
Hours Worked, controlling for shift, age 2.085E%
Hours Worked, controlling for all variables 1.187 0.159
Work DBP Home D Sleep DBP
N B p N B 1] B p
Hours Worked, controlling for age 73 0735 0189 57 67 0589 0189
Hours Worked, controlling for shifl, age 0782 0225 0.748 0167
Hours Worked, contrefling for all variables 0801 0.255 0.232 0673

Note: Coetficient B represents the estimated increasa in blood pressure (mmibg) assoclated with each addiionst howr of overtime worked.

Note: All models controlled for shift worked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohol consumption, job physical

exertion, and marital status.
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Figure 2. Blood Pressure of 12-hour Shift Workers (vs. 8-hour
Shift Workers) on the Day the Monitor was Worn
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Associations Between Shift Worked and Ambulatory Blood Pressure

Nurses who worked the evening shift (versus the day shift) had substantially higher
elevations in work, home, and sleep ambulatory blood pressures (ranging from 0.05 to 15.6 mm
Hg systolic and -1.3 to 6.3 diastolic) in both 1995 and 2000, associations which reached
statistical significance for home blood pressure (see Table 8 and Figure 3). Nurses who worked
the night (versus day) shift did not have substantially or significantly higher ambulatory blood

pressures than workers on day shifis.
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Table 8. Blood Pressure in Nurses Working the Evening Shift (vs. Day Shift)
on the Day the Monitor was Worn

Controlling for age only
Controlling for hours worked, age
Centroling for all variables

Controlling for age only
Controliing for hours worked, age
Controling for all variables

Controling for age only
Caontrolling for hours worked, age
Confrolling for all variables

Controlkng for age only
Contralkng for hours worked, age
Controlling for all variables

Wave 3 (n=85)

Work SBP Home SBP Sleep SBP
M B p N B P B p
85 4.042 01949 B3 B4 9,307 &5
2633 0.458] 8.055 Ea0
0.632 086 6.314 8
Work DBEP Sleep DBP
M B p N B p
85 2673 0.259 83 84  6.335 5%
0.742 0.778 5.064 S
-0. 546 0.835 2,914
Wave 4 (n=73)
Work SBP Home SBP Sleep SBP
N B p N B p B B
73 00580 0592 a7 5.007 . 0,376 &7 4529 : U.?Eﬁ
4,338 0407 14.340 EE 012 9.541 {50043
2733 0624 15.647 © 1 D.008] 4144 0423
Work DEP Home DBP Slee
N B p M B p B p
73 -1.304 0.704 57 2085 0570 & 1.887 0.505
0,615 0.87 6207 0112 3.685 0.236
-0.295 0,84 6078 011 1.693 0614

Note: Coefficient B represents the difference in ABP between evening shift workers (n=10 in
1995 and n=6 in 2000) and day shift workers (n=53 in 1995 and n=45 in 2000}).

Note: All models controlled for shift worked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohol consumption, job physical

exertion, and marital status.
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Figure 3. Blood Pressure on the Day the Monitor was Worn in
Nurses who Worked the Evening Shift in 1995 and 2000
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Exploratory Analyses: Interaction between Overtime Work Hours and Job Strain at Wave

4

At Wave 4, 47 nurses had valid home ABP averages and 14 did not have valid averages
(a minimum of 5 ABP readings per location was required for averages to be considered valid).
Therefore, in exploratory analyses, we examined differences between these two groups. The
only substantial difference was the prevalence of job strain. We observed that nurses with valid
Wave 4 home blood pressure readings (n=47) had a higher prevalence of job strain than the
remaining nurses at Wave 4 (n=14) as well as the 36 other nurses who had participated at Wave

3 but not Wave 4. This suggested that the effect of overtime hours might be modified by job
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strain. Therefore, in additional exploratory analyses, we stratified our sample by job sirain status

and performed separate multiple regression analyses in each group (see Table 9 and Figures 4-

7).

Table 9. Estimated Difference in Ambulatory Blood Pressure Associated with each
Additional Hour of Overtime, Stratified by Job Strain at Wave 4

Variable

Work SBP

During measurement period
2 weeks before

4 weeks before

Work DBP

During measurement period
2 weeks before

4 weeks before

Home SBP

During measurement penod
2 weeks before

4 weeks before

Home DBEP

During measurement period
2 weeks before

4 weeks befora

Sleep SBP

[uring measurament penod
2 weeks before

4 weeks before

Sleep DBP

During measurement period
2 weeks before

4 weeks before

(n=28)

{n=27)
{n=28)

(n=27)
(n=25)

(n=24)
{n=25)

(n=24) 0.652

{n=25)

(n=24)
(n=25)

(n=24)

Job Strain (+)
B* p* B#  p#

0.513 0.241
0.995 F1083)
1279 0.112

0.408 0.37T0

0.998 (0064

1,388 0.152

0206 0477 0148 0.624
0,383 0.268 0.205 0.505
0.546 0.283 0.145 0.799

1.260 f0/038 0668 0230
0968 0111 1.090 0080

1,367 0.137 0.788 0.406

0.181 0.068 0.862
0615 -0.383 0.345
0.238 -0.136 0.817

0.529
0.198

0.021 0.950 -0.354 0.360
F0i082 -0.212 0.721

0.900 {01082
0904 0.252 -1.175 0.180

-0.120 0.557 -0.336 0.143
0.101 0671 -0.575 0094
0065 0.872 -0.766 0.150

*Controlling for Age, Shift worked, and Hours worked per shift
#Caontrolling for all variables, including shift warked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohaol consumption, job physical exertion,

and marital status.

Job Strain {-)

B* p*
(n=32)

B# p#

-1.250 101035} -2 267 0,003

-0.528 0.288
-0.601 0.265

(n=22)
0,539 0.486
0.121 0.956
-0.296 0.931
(n=22)

-0.239 0.690
0.582 0.728
0.491 0851
(n=31)

-0.403 0.545
-0.145 0.766
0,032 0,952
(n=31)

-0.361 0.460
-0.062 0.862
0.007 0.985

-0.581 0.267

-0.682 0192

-0.206 0.707
-2.323 0.288
-1.361 0.592

-0.360 0.519
2.175 /0,072
0.503 0.776

-0.883 0.267
0.186 0.737
0.227 0687

-1.300 (01025
0.377 0351
0.371 0.354
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Figures 4-7. Estimated Difference in Ambulatory Blood Pressure Associated with each
Additional Hour per Week of Overtime, Stratified by Job Strain at Wave 4
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A significant interaction between overtime work during the month before the monitor
was worn and job strain in predicting work ambulatory blood pressure was observed in 2000

(Table 10).

Table 10. Significance of Overtime x Job Strain Interaction Term
at Wave 4 (adjusted for all variables)

Work SEP Work DEP Home SBP Home DBP Sleep SBP Sleep DBP

During measurement period 0.155 0272 0.160 0.106
2 weeks before 0.943 0.194 0467 0.870
4 weeks before 0713 0.874 0877 0. BE9

Note: All models controlled for shift worked, hours worked on shift, age, race and body mass
index. The following variables were also assessed for inclusion in the final model by backwards
elimination: occupational status, education level, smoking, alcohol consumption, job physical

exertion, and marital status.

For nurses and aides reporting job strain (n=28), each overtime hour was associated with
approximately 0.4 mm Hg greater work systolic blood pressure and 0.1 mm Hg greater work
diastolic blood pressure. However, for those not reporting job strain (n=32), each overtime hour
was associated with lower blood pressure: -2.3 mm Hg for work systolic blood pressure (Figure
4) and -1.5 mm Hg for work diastolic blood pressure (Figure 5). The p-values of the interaction
terms were statistically significant for all three measurement periods for work systolic blood
pressure and for the 2 weeks including ABP measurement and 2 weeks before ABP measurement
for work diastolic blood pressure). The pattern of interaction between job strain and work hours,
although not significant, was also observed for home systolic ABP for all three time periods and
for home diastolic ABP, but only for the two weeks during which the ambulatory monitor was
worn (see Figures 6-7), somewhat consistent with work ABP at Wave 4. However, such

interactions were not found at Wave 3 (in 1995).
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Exploratory Analyses: Interaction between Hours Worked on the Day the Monitor was
Worn and Job Strain

As in the original analyses of hours worked on the day the monitor was worn (Table 7),
analyses stratified by job strain showed strong and often significant associations between work
hours and ABP at Wave 4 both for nurses reporting job strain and those not reporting job strain

(Table 11).

Table 11. Associations between Hours Worked on the Day the Monitor was Worn
and Ambulatory Blood Pressure, Stratified by Job Strain

Wave 3
Variable Job Strain {+) Job Strain (-}
n B* p* B# p# n B [ B# p#
Work SBP 35 147 0.74 033 08B0 50 -0.37 0.64 -0.83 0.30
Home SBP 33 2ed 010 3.41 5 .'-'-fl.‘ 50 0.30 0.70 014 0.87

Sleep SBP 35 124 042 2697004 49 014 0B7 051 056
Work DBP 35 22205008 148 014 50 028 066 -083 019
Home DBP 33 095 048 282000Ff S0 066 030 088 022
Sleep DBP 3% 050 065 105 032 49  -027 D067 -067 031
Wave 4

Variable Job Strain (+) Job Strain (-)

n B* p* B# p# n B* g B# P
Work SBP 35 247 1H00 190 024 38 136 027 043 073
Home SBP 30 3460002 190 018 27  435FE00T .56 F000
Sleep SBP a0 208 011 180 016 37 2025008 135 028
Work DBP 34 101 0286 036 0.72 38 036 071 043 0865
Home DBP 30 14885008 073 042 27 197 040 364 001
Sleep DBP 30 073 032 029 071 37 067 039 123 026

Mote: Coefficient B represents the estimated increase in blood pressure (mm Hg) associated with each hour
of overtime worked beyond 8 hours on the day of monitoring.

*Controlling for Age, Shift worked

#Controlling for all variables, including shift worked, age, race and body mass index. The following
variables were also assessed for inclusion in the final model by backwards elimination: occupational
status, education level, smaking, alcohol consumption, job physical exertion, and marital status
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Previously, at Wave 3, no significant positive associations had been observed (Table 7).
However, in stratified analyses, associations between work hours and ABP among nurses
reporting j.ob strain were of greater magnitude than those not reporting job strain (Table 11).
Three of the six adjusted associations among nurses reporting job strain at Wave 3 were
statistically significant (home and sleep systolic BP and home diastolic BP). However, none of
the interaction terms between work hours on the day the monitor was worn and job strain at

Wave 3 or Wave 4 were statistically significant.
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CONCLUSION
Study Findings

This study contributes to the body of research on the cardiovascular effects of long work
hours and is one of the few studies in this area of research on women. We found evidence of
associations between work, home and sleep ambulatory blood pressure (ABP) in female nurses
and nurses’ aides and work hours on the day the ABP monitor was worn. The magnitudes of
associations at Wave 4 (1999-2000) were substantial. Twelve-hour shift workers’ ABP was 4-19
mm Hg systolic and 3-8 mm Hg diastolic higher than 8-hour shift workers. However, such
associations were not replicated at Wave 3 (1995).

In addition, nurses and aides who worked the evening shift had substantially higher work,
home, and sleep ABP at both Wave 3 and Wave 4 compared to day shift nurses and aides. These
associations reached statistical significance for home ABP for some models.

This study of female nurses and nurse aides did not provide evidence of an association
between overtime work hours in the weeks preceding blood pressure measurement and ABP.
While several significant associations were observed, given the number of tests conducted, these
findings could be due solely to chance. However, associations between overtime hours in the
weeks preceding blood pressure measurement and work systolic and diastolic ABP at Wave 4
(2000) were observed among employees reporting job strain. In the absence of job strain,
overtime work hours were associated with lower work ABP. While these significant interactions
are intriguing, they were not replicated at Wave 3, nor with sleep ambulatory blood pressure, nor
with work hours on the day the monitor was worn.

These findings add to the evidence that work stressors can increase the blood pressure of

women workers, and that various work stressors may interact with each other in increasing blood
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pressure. Prior studies which showed an association between long work hours and blood

pressure were conducted only in men (109, 110).

Study Advantages and Limitations

This study had several methodological advantages. First, administrative data from the
employer on past work hours was available for analyses. Thus, we did not have to rely on
participants’ memory of past work hours.

Second, blood pressure was measured by ambulatory monitoring, currently considered
the “gold standard” of measuring blood pressure. The literature has demonstrated that ABP
monitoring produces more reliable and valid measures of a person’s blood pressure than single
casual clinical measurements using a standard sphygmomanometer (53).

Third, data was available on shift worked (day versus evening/night) by study
participants during the 24-hour period of ABP monitoring in 1995 and 2000. Since the health
and cardiovascular effects of extended work hours and shift work are related, controlling for shift
work in multivariate analyses allowed us to ascertain the independent effects of extended work
hours and shift work on blood pressure.

There were also several limitations to this study. First, the sample size was relatively
small, limiting statistical power, especially for interaction effects. For example, we did not test
for interaction between overtime and age. In one prior study among men, with a larger sample
size (n=264), effects of job strain were greater among older workers (102). Second, findings are
specific to the health care sector. Further research is needed to determine to what extent the

findings apply to women workers in other sectors.
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Third, the definition of “overtime” as hours per week in excess of 37.5 hours per week is
much lower than definitions used in other studies, which typically defined “overtime” as time
worked greater than 50 or 60 hours per week (22, 23). In prior studies of long work hours and
blood pressure, the exposed group was working >61 hours (41) or >55 hours per week (40).

In the current study, the average number of overtime hours worked during the 2-week
pay periods during ABP monitoring, immediately before monitoring, and four weeks before
monitoring ranged from 1.11 hours to 2.34 hours per week. Thus, the average number of hours
worked per week remained under 40 hours, and more than half the study participants did not
work any overtime hours during the 2-week period of ABP monitoring. A small percentage of
nurses (12.1% in 1995 and 16.4% in 2000) worked more than 4 overtime hours per week during
the 2-week pay period that the ambulatory monitor was worn, but the size of this subset of nurses
was too small to have adequate power to test comparisons with the remainder of the nurses at
Waves 3 or 4.

Most of the studies with statistically significant cardiovascular effects have defined
overtime work hours as greater than 60 hours per week (22). Further research is needed with
nurses and other primarily female populations that work a greater number of overtime hours than

worked in this study to determine whether there is a threshold of effect of work hours on blood

pressure.

Control for Confounders and/or Mediators

In cardiovascular disease research, some of the variables controlled for as potential
confounders may, in fact, be mediators, that is, in the causal pathway between exposure and

health outcome (74). Variables assessed in the current study which may be in the causal
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pathway between overtime and blood pressure include unhealthy behaviors which may increase
as aresult of long work hours (smoking, alcohol, and lack of leisure-time exercise) and body
mass index (which may increase as a result of stress-induced overeating and lack of leisure-time
exercise). If this is truly the case and these variables are actually mediators rather than
confounders, then the results of this study based on age-adjustment alone would have been a
more accurate representation of the association between overtime work hours and blood
pressure, and the effect size reported in this paper would be a conservative estimate. However,
smoking, alcohol and exercise are not at issue in this analysis. These variables were not retained
in the final regression model since their p value was <0.20. In most models, there was very little
reduction in effect estimates after controlling for BMIL. Therefore, the data do not support the
hypothesis of mediation of the effects of work hours and shifts on blood pressure by BMI,
smoking, alcohol use, or exercise.

One recent study by Goldstein et al. (111) suggests that age-adjustment alone is
preferable to adjustment for other potential confounders since age contributes greatly to blood
pressure changes over time. Goldstein et al. (111) examined changes in ambulatory blood
pressure over five years in healthy older adults and found that age contributed to the variance of
blood pressure over five years, but none of the other standard cardiovascular risk factors that
they examined — gender, education, body mass index, hours of exercise, alcohol intake, caffeine
intake, lipid level, or glucose level — contributed to the variance in ambulatory blood pressure.
In our study, there was a statistically significant increase in ambulatory blood pressure over the
five year study period (1995-2000), but our study was not designed to address the factors
associated with the large increase in blood pressure in our cohort of nurses, although Goldstein et

al.’s study provides one direction for future research on this issue.
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Interaction between Overtime Hours and Job Strain

Immediate overtime (work hours on the day the ABP monitor was worn) was
substantially and consistently associated with blood pressure while past overtime was not,
suggesting an acute effect of overtime work on blood pressure. The effect of past overtime hours
appears only in interaction with job strain. Along with previous studies showing a main effect of
job strain on blood pressure in men and women (112), this suggests that modest levels of
overtime may increase duration of exposure to job strain, among workers already facing job
strain. Among workers not facing job strain, modest levels of overtime do not have a pressor

effect. The main effect of job strain remains to be tested in this sample.

Directions for Future Research

An important area for future research is the interplay of overtime hours with the hours
spent fulfilling domestic responsibilities and resulting effects on cardiovascular health. Women
spend more hours than men fulfilling domestic responsibilities; thus, the impact of this “double
burden” faced by women on blood pressure and other cardiovascular risk factors needs to be
examined (113).

In addition, work hours are not adequately integrated into current models of occupational
stress. For example, Nishiyama (36) suggests that Karasek’s job strain model does not
adequately measure long work hours. Therefore, models of occupational stress should more

adequately integrate extended work hours.
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Implications for Prevention

The results of this study suggest that programs and policies to reduce work organization
stressors, such as 12-hour shifts and job strain, particularly among nurses and nurse aides, should
be implemented. Since the United States has now surpassed Japan as having the longest work
hours of any developed country (114), this study also suggests the importance of determining the
threshold number of hours above which work hours can have a detrimental effect on workers’
blood pressure in particular and cardiovascular health in general. Several states have passed
legislation to address these issues related to overtime work hours, at least for healthcare workers.
For example, New Jersey passed a law in February 2004 prohibiting mandatory overtime, except
in emergencies, for healthcare workers (115), making it the second state, after Washington state,
to pass such legislation. Legislation prohibiting mandatory overtime for nurses is also pending
in New York State (116). Work hours reform also went into effect July 1, 2003 for medical
residents, limiting work hours to eighty hours per week, although this change was made within
the medical profession through the Accreditation Council for Graduate Medical Education
(ACGME) and not by government legislation (117). While these changes may help to address
the negative impact of overtime hours on healthcare workers, further research with larger
samples is needed to adequately understand thresholds of effect and possible interactions with

other job stressors and demographic measures — in order to inform future prevention efforts.
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ABSTRACT

The effect of long work hours, shiftwork, and other work stressors were examined in
relation to blood pressure (BP) and symptoms of depression, anxiety, fatigue and insomnia. The
study sample included 239 hospital workers in lower status job titles and 27 home health aides in
New York City who completed a psychosocial questionnaire. In addition, 175 of the participants
volunteered to wear an ambulatory blood pressure (ABP) monitor for a complete work shift and
had at least 5 valid BP readings. ABP monitoring is considered more reliable and valid and more
highly correlated with target organ damage and cardiovascular disease than are casual (clinic) BP
measurements.

No association was observed between long work hours and BP. However, ABP was
elevated among employees working >41 (vs. <41) per week in the group with only a high school
education (8.7 mm Hg systolic, 5.3 mm Hg diastolic), compared to no association or an inverse
association among those with higher levels of education (interaction term, p>.10). Education was
an independent predictor of BP. Participants with a high school education had ABP 18.4 mm Hg
systolic and 12.1 mm Hg diastolic (p<.001) higher than those who had attended graduate school.
Participants who had attended college but had not completed a four-year degree had ABP 10.4
mm Hg systolic (p=.02) and 5.9 mm Hg diastolic (p=.06) higher than those who had attended
graduate school. Shiftworkers had significantly higher ABP only in models adjusted for age,
race, and gender, 6.3 mm Hg systolic (p=.04) and 4.5 mm Hg diastolic (p=.03), but not in models
adjusted for‘all demographic and biomedical risk factors. In analyses restricted to women (76%
of participants), associations between job strain and effort-reward imbalance and ABP were
statistically significant and in the range of 4.8-6.6 mm Hg systolic and 3.2-4.3 mm Hg diastolic.

Occult hypertension, that is, office BP <140/90, but elevated ABP, was observed in 16-




23% of men and 19-20% of women with office BP <140/90. Shiftwork was significantly
associated with occult hypertension, however, long work hours were not. Modest elevations of
risk of occult hypertension due to job strain or effort-reward imbalance in the range of 1.5-2.5
were observed, however, due to small sample size, most had a significance level of p>.10.

Work hours 241 per week were significantly associated with fatigue, but not with anxiety
or insomnia. Work plus home hours >57.5 per week were associated with a substantially
increased risk of depression (OR=4.34, 95% CI 1.80-10.47, p=.001). Job strain and effort-reward
imbalance were associated with elevated risk of depression, anxiety, insomnia and fatigue.

This study adds to the literature on the effects of work stressors such as job strain, effort-
reward imbalance and shiftwork on BP and on psychological/psychosomatic distress. It suggests
that employees exposed to shiftwork, job strain, and effort-reward imbalance in particular need
targeted ABP monitoring to determine whether they have occult hypertension. These findings
need to replicated using larger samples, and with samples with a wider range of work hours and
job titles.

This is the first study to test interactions between work hours (or effort-reward
imbalance) and socioeconomic status on BP, and the first study to examine the association
between long work hours and fatigue, as measured by Sluiter et al’s “need for recovery” scale.
This was only the second study to examine predictors of occult hypertension in the work
environment. While rarely studied, occult hypertension is of major clinical significance. Because
individuals with occult hypertension have a significantly increased risk of developing CVD
compared to normotensives, they require counseling, possibly treatment, and workplace stressor
assessment, but rarely receive these because their office BP appears normal. The current study

helps to identify risk factors for the development of occult hypertension.



INTRODUCTION

This study was designed to examine the impact of long work hours and other sources of
job stress on blood pressure, depression, anxiety, insomnia and fatigue among hospital and home
health care workers. There is a growing body of research on long work hours and a wide variety
of health effects, including work accidents and injuries, musculoskeletal disorders, fatigue,
psychological symptoms, health behaviors, cardiovascular risk factors (such as high blood
pressure (BP)) and cardiovascular disease (CVD) (1-4). However, many research questions
remain on how overtime and extended work shifts influence worker health and safety (4).

Blood pressure elevation

Two Japanese studies found evidence linking overtime work and BP among men working
greater than 55 hours per week. Iwasaki et al. found significantly elevated systolic BP among
salesmen aged 50-60 years whose combined commute and work hours exceeded 61 hours per
week as compared to those working 57 hours or less (5). However, no BP differences were
reported in younger workers. Hayashi et al. observed higher BP in a group of white-collar
employees working more than 60 hours of overtime per month as compared to those working
less than 30 hours overtime per month (6). In addition, Hayashi et al. found that within another
group of white-collar workers folloWed longitudinally, their BP was significantly higher and

their sleep hours significantly lower when working more overtime (average 96 hours/month) as
compared to a “control” period (average 43 hours/month of overtime). In contrast, Nakanishi et
al. found that white-collar workers reporting 10 or more hours of work per day had a lower risk
for developing hypertension when compared with workers reporting less than eight hours of
work per day (7). In addition, Park et al. reported no correlation between BP and work hours in

Korean engineers whose work hours during the previous month ranged from an average of 52



hours to 89 hours per week (8). A recent US study analyzed self-reported data from the
California Health Information Survey and found that employees working more than 50 hours per
week had a 29% increased risk of developing hypertension (OR=1.29, 95% CI: 1.10-1.52)
compared to those working 11-39 hours per week (9). Only the study by Hayashi et al. (6)
measured BP by averaging multiple readings at work using ambulatory monitoring methods.

Work-related psychosocial stressors have also been associated with BP. Employees
reporting high effort combined with low reward at work have been found to have higher systolic
ambulatory BP (10), increased risk of hypertension (11) and with a co-manifestation of
hypertension and high LDL-cholesterol in men (12).

As of 2000, 10 cross-sectional studies of job strain (or its components) and ambulatory
blood pressure (ABP) among men have been published. Many reveal significant positive
associations with work BP (13). In the five studies where measurements were also made outside
of work, job strain was associated with leisure time systolic ABP. Of the six cross-sectional
studies of job strain and ABP améng women, four indicate a significant positive association with
work systolic ABP (14). Work systolic ABP among employees facing job strain is typically 4-8
mm Hg higher than those without job strain.

| In the New York City Work Site Blood Pressure Study (WSBPS), the only long-term
prospective study of psychosocial factors and ABP, at the first round of data collection (Time 1),
men employed in "high strain" jobs had higher levels of work (6.7 mm Hg systolic, 2.7 mm Hg
diastolic), home and sleep ABP, controlling for potential risk factors (15, 16). The group exposed
to job strain both at Time 1 and three years later (chronically exposure) exhibited an 11-12 mm

Hg higher systolic and 6-9 mm Hg higher diastolic work ABP than the group unexposed at both

times.



Effect modification

Several studies have suggested that work stressors may interact with each other in
producing ill health. For example, the cross-sectional association between job strain and BP was
substantially greater for men with lower socioeconomic status (SES) in New York City (17), as
well as men and women in Framingham (18). The impact of long work hours on health may be
greater for older workers (2, 5), shift workers (4) and workers in stressful jobs, such as
professional drivers (19). Therefore, the proposed study will examine the interaction between

long work hours, job strain and effort-reward imbalance and between SES and both Iong work

hours and other job stressors.

Ambulatory blood pressure monitoring

While few studies of job strain and casual clinic BP have shown significant associations
(13, 20), with the exception of a very large study (n=8395) (21), strong evidence of an
association is found in studies where BP is measured by an ambulatory (portable) monitor (13).
This difference in findings may be explained, in part, by the imprecision and possible biases of
taking “casual” BP measurements. For example, relaxation can occur when people are away
from work resulting in lowef BP. There are also various atypical psychosocial stimuli present in
a clinic that can affect BP, such as anxiety due to seeing a doctor. An alternative method of
measuring BP is ambulatory monitoring, in which a person wears an automatic monitor on his or
her arm throughout the workday (22). Compared to casual BP measurements, ambulatory
monitoring provides a more reliable measure of BP, since there is no observer bias and the
number of readings is increased. It is also a more valid measure of average BP, since BP is
measured during a person's normal daily activities and exposure to the daily stressors that

influence persistent increases in BP. Ambulatory BP is also a better predictor than casual clinic




BP of target organ damage (23), and CVD (24). Therefore, ABP monitoring was used in the
current study.

Occult hypertension

ABP monitoring allows for the identification of occult (also known as hidden or masked)
hypertension, i.e., elevated BP while working or over 24 hours, but normal in an office setting.
Occult hypertension is a rarely studied entity, but of major clinical significance. People with
occult hypertension have levels of target organ damage, such as left ventricular mass index (25,
26) or carotid plaque (25), similar to diagnosed hypertensives and significantly higher than
normotensives. Patients with occult hypertension have a significantly increased risk of
developing CVD (24, 27).

People with occult hypertension, and no previous diagnosis of hypertension, require
counseling, possibly treatment, and workplace stressor assessment, but rarely receive these
because their office BP appears normal. Little evidence exists on the prevalence and predictors
of hidden hypertension, however its prevalence in the general population could be as high as
10% (28). Among Kent, Ohio women, 28/103 (27%) had ambulatory systolic BP >= 140 mm
Hg, but clinic systolic BP <140 (29), and hidden hypertension was more prevalent in blue-collar
women (39%) than in clerical (28%) or white-collar (21%) women. Other studies, with a variety
of criteria %or determining occult hypertension and a variety of study populations found the
following prevalences: 17% among Italian hypertensive patients (24); 11% among normotensive
Italians in a population-based study (26); 23% among Canadian normotensive volunteers; and
10.2% borderline plus 3.2% definite hypertension in Japanese community-based volunteers (30).
Several studies have identified predictors of occult hypertension, including male gender (24, 31,

32), cigarette smoking (24, 31, 32), coffee (24), alcohol (32), and older age (32). However, no




published studies have examined work organization predictors of occult hypertension. Therefore,
associations of occult hypertension with long work hours, job strain and other job stressors are
examined in the current study.

Psychological/psychosomatic health impacts

In several studies, associations have been found between job stressors and anxiety (33-
35) and depression (33, 36-38). Therefore, associations between these health outcomes, along
with fatigue and insomnia, with long work hours and other job stressors, are examined in the

current study.

METHODS

Assemblv of study sample

Study volunteers were recruited from employees at one hospital and from home health
care workers in New York City between September 2004 and September 2005. Volunteers were
recruited through announcements at meetings of the 1199SEIU United Healthcare Workers East
union, personal contacts/word of mouth, fliers distributed throughout the hospital, hospital
newsletter articles, and fliers mailed to home health care workers. Volunteers were eligible for
the study if they had worked at the hospital or as a home health aide for at least one year and
were at least 18 years of age. Study staff organized two focus groups of home health aides in
February and March 2004, and a focus group of hospital workers in September 2004, to discuss
issues of concern to them regarding working conditions and workplace health and safety.
Questions were added to the study questionnaire based on issues raised by members of the focus
groups. Participants completed a questionnaire, then had their BP monitored throughout a work-

shift, and were compensated $25 for their time and effort.



Of 82 home health care volunteers, two did not meet eligibility criteria, two later decided
not to participate, and 51 never completed the questionnaire, leaving 27 eligible employees with
complete survey information (a response rate of 35% (27/78) of eligible volunteers). All 27
home health care workers with complete survey data were members of 1199SEIU. Of the 27, 10
wore an ambulatory BP monitor, 10 wore a wrist BP monitor, and 7 wore both monitors on a
work shift. Two workers who attempted to wear the ambulatory monitor decided not to continue
the monitoring, one who did not feel well due to pregnancy, and the other “could not tolerate”
the ambulatory BP monitor.

Of 314 hospital volunteers, four did not meet eligibility criteria, 14 later decided not to
participate, 4 could be contacted, and 53 never completed the questionnaire, leaving 239 eligible
employees with complete survey information (a response rate of 77% (239/310) of eligible
volunteers). 191 (80%) of the 239 participants with complete survey data were members of
1199SEIU. Of the 239 employees with complete survey data, 175 wore the ambulatory BP
monitor and 161 wore the wrist BP monitor, 138 wore both monitors and 186 wore one of the
two monitors. Fifty-three employees who were scheduled to wear the monitors could not
because funding for the studyl terminated. None of the 239 participants with complete survey
data refused to wear a BP monitor.

The median time between return of the completed survey and BP monitoring was 28 days
(rangé 0-147, n=187). Study participant recruitment procedures were approved by the Mount
Sinai Institutional Review Board.

Blood pressure monitoring

On the day that their BP was to be monitored, hospital participants met with a trained

technician either at the study office (in the hospital) or at their work location. Home care



participants met the technician either at their agency or at their own home.

Participants had their BP taken three times, in a seated position, simultaneously using an
upper arm aneroid sphygmomanometer and a Spacelabs 90207 or 90217 portable ambulatory
(ABP) monitor connected to the same upper arm cuff. After each upper arm reading, after a
delay of one minute, a wrist measurement was obtained using the OMRON HEM-637 wrist
monitor. To be acceptable for the study (to be considered valid), readings from the upper arm
Spacelabs ABP monitor and the Omron HEM-637 wrist monitor each had to be within £10 mm
Hg of the aneroid sphygmomanometer (22). In total, each participant had his or her BP taken 6
times (3 aneroid sphygmomanometer and ABP readings simultaneously and then 3 wrist monitor
readings) before the start of a work shift. The aneroid sphygmomanometer readings served as
the “casual office” BP readings for the study.

The ABP monitor is worn under the clothes and attached to a participant’s upper arm
through a cuff that inflates automatically at pre-determined intervals. During a participant’s work
shift, the ABP monitor was programmed to take a reading automatically every‘ 30 minutes.
Unlike wrist monitors, ABP monitors are not removed between readings, and do not have to be
activated by the participant. As participants felt the upper arm cuff inflate, they were told to keep
their arm as still as possible. (However, ‘some arm movement will usually not interfere with the
" monitor’s ability to take a valid reading.) Once the cuff had deflated, participants were asked to
wait one minute and then put on and trigger the wrist monitor by pressing the “on” button and
holding it at heart level. They were also asked to complete a short written diary in which they
wrote down the time of the reading, their location (work or home), and their position (standing,
sitting, or lying down). This information was used to compute work averages of both systolic and

diastolic BP. Both the ABP monitor and the wrist cuff digitally store BP measurements.
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Participants were asked to return the ABP and wrist cuffs and the diary to the study office after
their shift or the next day. For home care workers not in the immediate vicinity of the hospital,
study staff traveled to their location the following day to retrieve the equipment and diary.
Following these measurements, participants were mailed a sealed envelope containing the
average of their ABP readings. The letter stated that the study results were not a medical
diagnosis, but that “If your readings are above normal, you should have your pressure checked
again, and see your primary care provider. Please note that as an 1199 member, you can receive a
free and confidential follow-up at thel1199 Worksite Wellness Program at xxx Hospital.”
Participants were warned that if their readings were over160/100 mm Hg, they should seek

immediate medical attention.

Psychosocial questionnaire

Before blood pressure measurements, participants completed a questionnaire packet,
which included the Job Content Questionnaire (JCQ), a widely used, well-validated instrument,
based, in part, on questions drawn from the 1969-77 national U.S. Quality of Employment
Surveys (39-41). The following three JCQ scales/items were used:

Job decision latitude was considered the sum of two equally weighted subscales: 1) skill

utilization (keep learning new things, can develop skills, job requires skill, job involves task
variety, job is repetitious (reverse scored), job requires creati\}ity) and 2) decision authority (have
freedom to make decisions, can choose how to perform the work, have a lot of say on the job).

Psychological job demands were defined by five items (excessive work, conflicting

demands, insufficient time to do the work, work fast, work hard). Internal consistency reliability
(Cronbach’s alpha) was 0.58 for job demands and 0.71 for job-decision latitude. In the New

York City WSBPS, the three-year test-retest reliability was r=0.64 for both of these scales (42).
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Physical job demands was measured by a single item (job requires lots of physical effort).

In the New York City WSBPS, this item had a three-year test-retest reliability of r=0.67 (43).

| Participants also completed another widely used but more recent instrument, Siegrist’s
effort-reward imbalance (ERI) questionnaire (44, 45). The following two equally weighted ERI
scales were used:

Effort at work was defined by six items: time pressure due to work load; interruptions
and disturbances; responsibility; pressure to work overtime; physically demanding; and
increasing job demands (Cronbach’s alpha=0.69).

Rewards from work is defined by 11 iterris, including adequate income, “esteém reward”
(respect from superiors and coworkers, adequate support, unfair treatment (-), deserved prestige)
and “status control” (poor promotion prospects (-), poor job security (-), undesirable change in
work situation (-), current occupational position adequately reflects education) (Cronbach’s
alpha=0.74).

Questions on work schedules included hours worked per week on main health care job
and on second job (if any), shift schedule, and hours worked per week on tasks at home.
Demographic questions included gender, race/ethnicity, age, education, income, marital status,
and job category. The hospital workers union, 1199SEIU, had created six job categories for
hospital work for administrative purposes. These categories, in order of increasing status, were:
service/maintenance, clerical, licensed practical nurse (LPN), technical, registered nurse (RN)
and paraprofessional.

Biomedical and behavioral questions were derived from the New York City WSBPS
questionnaire (42, 46) and included hours per week of leisure time physical exertion, height,

weight, current pregnancy (yes/no), current or past diabetes (yes/no), current medication for high

12




blood pressure (yes/no), ever diagnosed with hypertension (yes/no), and family history of
hypertension (either mother or father died before age 60 from or was diagnosed with high blood
pressure). Body mass index (BMI) was computed as weight (kg)/height (m)?. Quantity of alcohol
consumption was the sum of the number of glasses of wine, bottles or cans of beer (12 o0z.), and
mixed drinks (1 shot of liquor) usually consumed per week (47). Current smoking was based on
one question (“do you smoke cigarettes?” (yes/no)), which had a three-year test-retest reliability
of 0.69 (kappa) in the New York City WSBPS.

The following measures of psychological and psychosomatic strain were also obtained by
questionnaire and analyzed as health outcome variables:

Depression was measured by a version of the 20-item Center for Epidemiologic Studies
Depression Scale revised by Eaton et al. (CESDR) (48). The CESDR also had very good internal
consistency reliability (Cronbach’s alpha=.91). Items asked about symptoms of depression
during the past week. Response options were: “Not at all or less than once/day” (0), “1-2 days”
(1), “3-4 days” (2), “5-7 days” (3), “nearly everyday for 2 weeks” (4). Caseness of depression
was defined as the sum of the 20 items 216 (48).

Anxiety. The 4-item Anxiety subscale of the General Well-Being Schedule had very
good internal consistency reliability (Cronbach’s alpha=.87) (49). Items were: “during the past
month, bothered by nervousness or “nerves”; felt under strain, stress, or pressure; anxious,
worried, or upset; how relaxed or tense have you been (on a scale from 1-10). Anxiety scores
were categorized into low (0-6), moderate (7-12) and high (13-25) based on the method of Jonas

and Lando (50).

Sleeping problems were measured by seven questions from the Sleep Heart Health Study:

a. Have trouble falling asleep; b. Wake up during the night and have difficulty getting back to
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sleep; c. Wake up early in the morning and be unable to get back to sleep; d. Feel unrested
during the day, no matter how mariy hours of sleep you had; e. Feel excessively (overly) sleepy
during the day; f. Do not get enough sleep; g. Take sleeping pills or other medication to help you
sleep (51). Response options were: “never”, “rarely” (1/month or less), “sometimes” (2-4
times/month), “often” (5-15 times/month), or “almost always” (16-30 times/ month). “insomnia”
was defined as a response of “often” or “almost always” to any one of questions a, b, ¢, or g (51).
Fatigue was measured by the sum of 11 dichotomous items from the “need for recovery”
scale originally developed by Van Veldhoven and Meijman and translated by Sluiter et al. (52).
Items refer to the time period of the end of a work day and include: “hard to relax”, “really
feeling worn-out”, “exhausted”, “still feeling fresh” (-), “able to relax only on a second day off™,
“trouble concentrating”, “hard to show interest in other people”, “takes me over an hour to feel
fully recovered”, “people should leave me alone for some time”, “too tired to start other
~ activities”, “cannot optimally perform my job because of fatigue sometimes”. Each question is

scored “1” (yes) or “0” (no). Internal consistency reliability was good (Cronbach’s alpha=.87).

Psychological/psychosomatic distress. For the current study, a dichotomous summary

measure of “psychological/psychosomatic distress” was created. Study participants were coded
as “1” (yes) if they scored above the threshold for depression (48), high anxiety (50) or insomnia
(51). Otherwise they were coded “0” (no).

Computation of work exposures

Job strain. The combination of high psychological job demands and low job decision
latitude, which defines “job strain”, was modeled using the previously reported job strain
"quadrant" term (16, 46, 53). National averages for all employees from the 1969-1977 U.S. QES

were used as reference points (41). Job strain based on these cutpoints was defined as job
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demands >30.9 and decision latitude <70.34.

Effort-reward imbalance. The interaction between job efforts and rewards was computed
using the formulas of Siegrist and Peter (44, 54). The sum of the six effort items equaled E and
the sum of the 11 reward items equaled R. The formula E/(R*6/11) produces a ratio score, which
equally weights efforts and rewards. Higher values represent more job stress, that is, greater
effort combined with lower reward. This ratio was dichotomized so that “effort-reward

imbalance” is defined as E/(R*6/11) > 1.

Job strain plus effort-reward imbalance. For the current study, a dichotomous summary

measure of “job strain plus effort-reward imbalance” was created to determine the health effects
of combined exposure to two well studied job stress constructs. Study participants were coded as
“1” (yes) if they met the definition for both job strain and effort-reward imbalance.

Work hours. Hours usually worked per week on the participant’s health care job and on a
second paid job (if any) were summed into a measure of “total paid hours/week”. This work hour
measure was then summed with hours worked per week on tasks at home to create a measure of
“total paid + home hours/week”.

Shiftwork. Since about 75% about the sample worked regular day shifts, for the purposes
of data analysis, participants reporting work on evening or night shifts, or rotating shifts, were

classified as having ‘shiftwork”.

Computation of measures of blood pressure

Systolic and diastolic ABP and wrist readings obtained during work hours for each
participant (as defined by diary records) were averaged. When fewer than five readings were
obtained at work, the corresponding average was treated as missing data. Five readings are

considered minimally sufficient to produce reliable estimates of mean work BP (55). Five or
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more work readings were obtained from 175 ABP participants, 134 wrist BP participants and
118 participants who wore both monitors. On average, the number of valid work readings was
15.8 6.5 ABP and 12.7 8.7 wrist. Calibration (office) BP readings were available for 174
participants.

High blood pressure. The National Heart, Lung and Blood Institute currently defines a

“normal” blood pressure for an adult at rest as 120/80 mmHg or less. “Pre-hypertension” is the
name given to BP between 121/81 and 139/89, and “hypertension” is defined as BP equal to
140/90 or higher (56). Therefore, the proportion of participants in each of these categories (as
well as mean BP) was computed for ABP, wrist and calibration BP readings.

Comparisons between ABP and wrist readings. To help determine the validity of the
newer wrist BP monitor, the difference between ABP and wrist work BP averages for each
participant was computed. In addition, mean differences between ABP‘and wrist work BP were
categorized as either within +5 mm Hg or not, and within +10mmHg

Occult hypertension has been defined in different ways in the literature. Therefore, three

varied definitions of occult hypertension were utilized in the current study: SBP >136 or DBP
>87 (for men) or SBP 2131 or DBP >86 (for women) (57); SBP 2135 or DBP >85 (24, 32); and
SBP 2140 or DBP 290 (58). When assessing work, demographic, or biomedical variables that
might be considered predictofs of occult hypertension, we would expect that associations with

the predictor would be observed across definitions.

Data Analysis

Data entry and correction. All questionnaire data was double entered. Missing or

ambiguous electronic data on gender, work hours, and job category was compared to written

questionnaire data by study staff and corrections made to the electronic data set. Thus, there was
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no missing data on gender, work hours or job category for purposes of data analyses. The
number of participants with missing data on other variables is presented in Tables 1-4.

Missing data. For the purposé of multivariate data analyses, participants with missing
values on age, BMI, physical job demands and for questions used to define the components of
job strain (job demands and job decision latitude) and the components of ERI (efforts and
rewards) were assigned the mean value. For the same purpose, participants with missing values
on potential confounders, diabetes, pregnancy, hypertension diagnosis, hypertension medication,
family history of hypertension, hours of leisure time exercise per week, smoking, or alcoholic
drinks per week were assumed to have a value of “0”. For categorical variables where this
assumption could not reasonably or logically be made, participants with missing values were
assigned the modal value (“African American” for race/ethnicity, “some college” for education,
“married” for marital status, and “day” for shift worked).

Multiple linear regression. Associations between work stressors (long work hours, shift

work, job strain and effort-reward imbalance), job category, education and work systolic and
diastolic blood pressure were examined by multiple linear regression. The first step of regression
analyses for blood pressure included the stressor and potential confounders, age (years), gender
and race/ ethnicity (Caucasian, Black, and Hispanic and other). The second step included
additional confounders, education (5 categories), job physical demands, marital status (married
vs. not married), family history of hypertension (yes/no), pregnancy (yes/no), and current use of
hypertension medication (yes/no). The third stép included potential mediators of the associations,
BMI, current smoker (yes/no), number of alcoholic drinks per week, hours per week of leisure
time exercise (4 categories), and diabetes (yes/no). An additional step included the stressors (job

strain, ERI, shiftwork) and socioeconomic status (job category, education) in the same model.
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One psychological/psychosomatic health outcome measure (fatigue) was continuous and
thus a similar regression model was used for analysis, but with a shorter list of control variables.
The first step of regression analyses included the stressor and potential confounders, age, gender
and race/ethnicity. The second step included education, marital status, pregnancy, BMI, current
smoker, alcoholic drinks/week, and leisure time exercise.

To assess potential interactions between exposure measures, six interaction terms were
created between stressors (job strain, effort-reward imbalance, job strain plus effort-reward
imbalance, shiftwork, paid work hours >41/week, and paid plus home hours >57.5/week) and
natural categories of education (high school, some college and college graduate). Similarly, four
interaction terms were created between stressors (job strain, effort-reward imbalance) and
dichotomized work hours (paid work hours >41/week, and paid plus home hours >57.5/week).
Six dummy variables were created for interaction with education, and four dummy variables
were created for interactions with work hours, to assess the pattern of interaction. The reference
group was the one with the least hypothesized health effect, i.e., low levels of a job stressor and
higher SES. The statistical significance of the hypothesized interaction was assessed by
multiplying stressor variables with education or with work hours, adding the product terms to the
model that already includes main effects and examining the F-statistic for the change in RZ

Multiple logistic regression. Associations between work stressors, education and the three
definitions of occult hypertension were examined by multiple logistic regression. The first step
of regression analyses included the exposure variable and potential confounders, age, gender and
race/ethnicity. The second step included education, physical job demands, marital status, family
history of hypertension, current use of hypertension medication, pregnancy, BMI, current

smoker, alcoholic drinks/week, leisure time exercise, and diabetes
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Associations with dichotomous psychological/psychosomatic health outcome measures
(depression, anxiety, insomnia, and distress) were also assessed by multiple logistic regression,
but with a shorter list of control variables. The first step of regression analyses included the
stressor and potential éonfounders, age, gender and race/ethnicity. The second step included
education, marital status, pregnancy, BMI, current smoker, alcoholic drinks/week, and leisure

time exercise. Analyses were conducted using SPSS v. 13.

RESULTS

Demographics of study sample

The study sample consisted of 266 health care workers, and 75.6% of whom were female
(Table 1). The average age of study participants was 44.5 years (range 21-76). Nearly half were
African-American and about one-quarter had only a high education. The most frequent job
category was clerical (38.7%), which consisted of jobtitles such as clerk, secretary, intake and
discharge representative, accounts payable and receivable representative, administrative
assistant, unit head, receptionist, and telephone operator. Only about one-third of the study
sample was involved in direct patient care, in jobtitles such as registered nurse (6.0%), licensed
practical nurse and certiﬁed nurse assistant (17.3%) and home health care worker (10.2%).

Work hours and other work stressors

Evening, night or rotating shifts were worked by 24.8% of the sample (Table 3), and
shiftwork was more common among men (x*=5.76, df=1, p=.02) and among workers with lower
levels of education (x2=14.86, df=4, p=.005). Job strain and effort-reward imbalance were highly

prevalent, being reported by more than half of the participants with non-missing data. The

combination of job strain and effort-reward imbalance was reported by about one-third of the
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Table 1. Demographics of study sample (n=266)

Hospital workers | Home care workers Total
N % N % N %
Total 239 100% 27 100% 266 100%
Gender: Female 178 74.5% 23 85.2% 201 75.6%
Male 61 25.5% 4 14.8% 65 24.4%
Race/Ethnicity:
Black 111 46.4% 17 63.0% 128 48.1%
White 29 12.1% 4 14.8% 33 24.8%
Hispanic 65 27.2% 1 3.7% 66 12.4%
Asian 12 5.0% 0 0.0% 12 4.5%
Other 20 84% | 4 14.8% 24 9.0%
Missing 2 0.8% 1 3.7% 3 1.1%
Education:
Some high school 10 4.2% 2 7.4% 12 4.5%
High school diploma 54 22.6% 7 25.9% 61 22.9%
Some College 114 47.7% 13 48.1% 127 47.7%
BA 35 14.6% 2 7.4% 37 13.9%
Graduate School 22 9.2% 1 3.7% 23 8.6%
Missing 4 1.7% 2 7.4% 6 2.3%
Household income last yr:
< $25,000 11 4.6% 10 37.0% 21 7.9%
25,000-$40,000 94 39.3% 11 40.7% 105 39.5%
$40,000-$55,000 40 16.7% 4 14.8% 44 16.5%
$55,000-$70,000 38 15.9% 0 0.0% 38 14.3%
$70,000-$85,000 18 7.5% 0 0.0% 18 6.8%
>$85,000 23 9.6% 0 0.0% 23 8.6%
Missing 15 6.3% 2 7.4% 17 6.4%
Hospital jobtitle:
Service/Maintenance 31 13.0% -~ -- 31 13.0%
Clerical 103 43.1% -- - 103 43.1%
LPN 46 19.2% - -- 46 19.2%
Technical 31 13.0% -- -- 31 13.0%
RN 16 6.7% -- -- 16 6.7%
Paraprofessional 12 5.0% -- -- 12 5.0%
Marital status:
Married 103 43.1% 11 40.7% 114 42.9%
Divorced/separated 42 17.6% 7 25.9% 49 18.4%
Widowed 7 2.9% 1 3.7% 8 3.0%
Living as married 21 8.8% 1 3.7% 22 8.3%
Never married 61 25.5% 6 22.2% 67 25.2%
Missing 5 2.1% 1 3.7% 6 2.3%
N mean |s.d [N mean |s.d. N mean | s.d.
Age 222 | 444 |11.83| 26 |454 | 948 | 248 | 44.5 | 11.60
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Table 2. Potential confounders (risk factors for blood pressure elevation) (n=266)

Home care
Hospital workers workers Total
N % N % N %
Total 239 100% 27 100% 266 100%
Current smoker 36 15.1% 6 22.2% 42 15.8%
Alcohol use:
non-drinker ' 139 58.2% 17 63.0% 156 58.6%
Light drinker 77 32.2% 5 18.5% 82 30.8%
Light to moderate drinker 12 5.0% 3 11.1% 15 5.6%
Moderate+ drinker 9 3.7% 2 7.4% 11 4.2%
Missing 2 0.8% 0 0.0% 2 0.8%
Alcoholic drinks/week:
0 160 66.9% 20 74.1% 180 67.7%
1-2 38 15.8% 1 3.7% 39 14.6%
3-4 27 11.3% 4 14.8% 31 11.6%
5-9 12 4.9% 0 0.0% 12 4.6%
10+ 2 0.8% 2 7.4% 4 1.6%
Diabetes 10 4.2% 3 11.1% 13 3.9%
Pregnancy 22 9.2% | 3.7% 23 8.6%
Hypertension:
family hx 142 59.4% 17 63.0% 159 59.8%
medication 58 24.3% 6 22.2% 64 24.1%
diagnosis 59 24.7% 8 29.6% 67 25.2
Leisure-time exercise/week:
<1 hr 120 50.2% 15 55.5% 135 50.8%
1-3 hrs 73 30.5% 5 18.5% 78 29.3
4-6 hrs 29 12.1% 5 18.5% 34 12.8
>6 hrs 17 7.1% 2 7.4% 19 7.1%
‘ N [mean| sd. | N |mean| s.d. N | mean | s.d.
Body mass index 228 | 28.5 | 5.84 | 24 | 325 | 8.61 | 252 | 289 | 6.25
Job physical demands (1-4) [239| 2.7 | 0.88 | 27 | 3.2 | 0.72 [ 266 | 2.7 | 0.87
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Table 3. Work hours and work or

anization exposures (n=266)

Hospital workers | Home care workers Total
N % N % N %
Total 239 100% 27 100% 266 100%
Shift:
day 179 74.9% 15 55.6% 194 72.9%
evening 34 14.2% 5 18.5% 39 14.7%
night 2 0.8% 6 22.2% 8 3.0%
rotating 18 7.5% 1 3.7% 19 7.1%
missing 6 2.5% 0 0.0% 6 2.3%
Job strain 111 46.4% 9 33.3% 120 45.1%
missing 32 13.4% 5 18.5% 37 13.9%
Effort/Reward >1 102 42.7% 12 44.4% 114 42.9%
missing 55 23.0% 11 40.7% 66 24.8%
Job strain and E/R>1 64 26.8% 3 11.1% 67 25.2%
missing 55 23.0% 10 37.0% 65 24.4%
Total paid hrs/wk
32 or fewer 11 4.6% 2 7.4% 13 4.9%
351040 178 74.5 17 63.0% 195 73.3%
40.5 to 48 31 13.0 4 14.8% 35 13.2%
50+ 19 7.9 4 14.8% 23 8.6%
Total paid+home hrs/wk:
<41.5 57 23.8% 7 25.9% 64 24.1%
41.5 10 47.9 71 29.7% 6 22.2% 77 28.9%
48 to 60 68 28.5% 7 25.9% 75 28.2%
>60 43 18.0% 7. 25.9% 50 18.8%
N | mean | s.d. | N [mean| s.d. N | mn | s.d.
Job demands 216| 33.8 | 5.76 | 26 | 30.3 | 4.52 |242 |334 ]| 573
Job decision latitude 213 | 63.1 |11.15| 23 | 582 | 12.08 | 236 | 62.6 | 11.30
Effort 211| 164 | 293 | 20 | 173 | 2.51 |231 |165 | 2.90
Reward 201 | 28.7 | 461 | 20 | 26.5 | 3.62 | 221 | 28.5 | 4.57
ERI 184| 1.1 035 |16 | 1.2 026 |200| 1.1 | 0.35
Total paid hours per week [239| 39.7 | 6.93 | 27 | 41.0 | 7.94 | 266 | 39.8 | 7.03
Health care 239| 386 | 480 | 27 | 382 | 743 |266 | 385 | 5.11
Second job 239 1.1 441 | 27 | 2.9 513 266 | 1.3 | 4.51
Home hours per week 239| 114 |1236| 27 [ 11.2 | 14.08 | 266 | 11.3 | 12.52
Total paid plus home hours |[239| 51.1 [14.08 | 27 | 52.2 | 16.28 | 266 | 51.2 | 14.29
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participants with non-missing data. Long work hours, on the other hand, were not common in the
study sample. Only 8.6% typically worked 50 or more hours per week. When work hours were
combined with hours performing tasks at home, 18.8% of the sample reported working at least
60 hours per week in paid work and home activities. Gender was not significantly associated
with work hours, home hours, education, job strain, or effort-reward imbalance.

Psychological/psychosomatic distress

Depressive symptoms greater than the CESDR threshold were reported by 11.3% of
participants, high levels of anxiety by 28.6%, insomnia by 3 1..6%, and the measure of depression
or high anxiety or insomnia by nearly half of the sample (47.0%) (Table 4).

Blood pressure

Hypertension (BP >140/90) was evident in 20.6% of the sample using work ABP
readings, but only in 13.2% using calibration (office) BP readings (Table 5). Current use of
hypertension medication was reported by 24.1% of the sample (Table 2). Mean work systolic BP
readings using the ABP monitor and the wrist monitor were within +£5 mm Hg of each for 42.4%
of the sémple, and within +£10 mm Hg for 71.2% of the sample. |

Occult hypertension

ABP (minimum of 5 work readings) ana calibration data was available for 164
participants, and 134 had calibration BP <140 systolic and <90 diastolic. The prevalence of
occult hypertension varied depending upon the definition used. The prevalence using ABP
readings varied from 4.5% using the most restrictive definition (SBP =140 or DBP 290 (58)) to
20.1% using the definition of Pierdomenico et al. (SBP 2135 or DBP 285 (24)). Prevalences
were similar for men and women, and prevalences were slightly lower when using the wrist BP

monitor to determine the presence of occult hypertension (Table 6). When participants taking
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antihypertensive medication were excluded from analysis, the prevalence of occult hypertension

was slightly higher for men and slightly lower for women than in the total sample (Table 7).

Table 4. Psychological/psychosomatic distress (n=266)
Home care
Hospital workers workers Total
N % N % N %
Total 239 100% 27 100% 266 100%
Depression:
caseness (=16) 25 10.5% 5 18.5% 30 11.3%
missing 18 7.5% 7 25.9% 25 9.4%
Anxiety: :
high 68 28.5% 8 29.6% 76 28.6%
medium 94 39.3% 7 25.9% 101 38.0%
low 72 30.1% 9 33.3% 81 30.5%
missing 5 2.1% 3 11.1% 8 3.0%
Insomnia:
frequent symptoms 76 31.8% 8 29.6% 84 31.6%
missing 4 1.7% 2 7.4% 6 2.3%
Depression case, high
anxiety or frequent insomnia| 110 46.0% 15 55.6% 125 47.0%
N |mean | sd. | N l'mean| sd. | N | mean | s.d.
Depression (0-80) 221 | 6.6 | 822 |20 | 13.1 |16.10(241 | 7.1 9.26
Anxiety (0-25) 234 | 98 | 542241104 | 585 |258 | 99 | 545
B Fatigue (0-11) 213 | 47 28322 | 52 | 250 [235]| 48 | 2.80
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Table 5. Ambulatory, wrist and calibration blood pressure readings |
]

Home care
Hospital workers workers Total
N % N % N %
* Ambulatory BP: <120/80 67 40.6% 6 60.0% 73 41.7%
121/89-139-89 64 38.8% 2 20.0% 66 37.7%
140/90+ 34 20.6% 2 20.0% 36 20.6%
Total: ABP readings >5 165 100% 10 100% 175 100%
#Wrist BP: <120/80 57 44.5% 3 50.0% 60 44.8%
121/89-139-89 40 31.3% 2 33.3% 42 31.3%
140/90+ 31 24.2% 1 16.7% 32 23.9%
Total: wrist readings >5 128 100% 6 100% 134 100%
~ Calibration BP: <120/80 73 44.2% 3 33.3% 76 43.7%
121/89-139-89 59 35.8% 4 44.4% 63 36.2%
140/90+ 33 20.0% 2 22.2% 35 13.2%
Total: calibration readings 165 100% 9 100% 174 100%
** Ambulatory—wrist work
systolic within+5 mm Hg 47 41.2 3 75% 50 42.4%
** Ambulatory—wrist work
diastolic within+5 mm Hg 61 53.5% 3 75% 64 54.2%
** Ambulatory—wrist work
systolic within+10mmHg 81 71.1% 3 75% 84 71.2%
** Ambulatory—wrist work
diastolic within+10mmHg 101 88.6% 3 75% 104 88.1%
N | mean | s.d. | N mean| sd. | N | mean | s.d.
* Ambulatory work systolic | 165 | 123.5 [15.12[10]119.3]13.08 [ 175 | 123.3 | 15.01 |
* Ambulatory work diastolic | 165 | 79.7 [10.03]10] 15.7 [1251][175] 79.5 | 10.18 |
Calibration systolic 165 | 123.6 [17.47| 9 [125.0|10.49 | 174 | 123.7 | 17.16
Calibration diastolic 165 | 77.3 |[11.43| 9 | 76.7 | 10.10| 174 | 77.2 | 11.34
#Wrist work systolic 128 | 124.0 [15.27] 6 |128.8]25.45| 134 | 124.2 | 15.75
#Wrist work diastolic 128 | 783 |10.57| 6 |79.57|17.37| 134 | 78.31 | 10.86
** Ambulatory — wrist work
systolic difference 114 | 046 |10.65| 4 | 32 | 9.82 | 118 | -0.34 | 10.60
** Ambulatory — wrist work
diastolic difference 114 | 12 | 646 |4 | 55 | 606 | 118 | 1.3 6.47

*Minimum of 5 ambulatory readings; **Minimum of 5 ambulatory and 5 wrist readings;
# Minimum of 5 wrist readings
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Table 6. Prevalence of occult hypertension, total sample
Work blood |Prevalence Work blood pressure cutpoints
pressure

% N
Ambulatory {19.4% |26/134 |SBP >136 or DBP 287 (men)

SBP >131 or DBP >86 (women) (57)
20.1% |27/134 |SBP >135 or DBP >85 (24, 32)
4.5% [6/134 |SBP 2140 or DBP 290 (58)

Wrist 16.0% 115/94 |SBP >136 or DBP 287 (men)

SBP >131 or DBP >86 (women) (57)
12.8% [12/94 |SBP >135 or DBP >85 (24, 32)
53% |5/94 |SBP >140 or DBP 290 (58)

Men

% N
Ambulatory |16.7% |5/30  |SBP 2136 or DBP >87 (57)
23.3% [7/30 |SBP >135 or DBP >85 (24, 32)
33% |1/30 |SBP >140 or DBP >90 (58)

Wrist 15.4% |4/26  |SBP 2136 or DBP >87 (57)
23.1% |6/26 |SBP >135 or DBP >85 (24, 32)
7.7% |2/26 |SBP >140 or DBP >90 (58)

Women

% N
Ambulatory |202% |21/104 |SBP >131 or DBP >86 (57)
19.2% |20/104 [SBP >135 or DBP >85 (24, 32)
4.8% |5/104 |SBP >140 or DBP >90 (58)

Wrist 16.2% |11/68 |SBP >131 or DBP >86 (57)
8.8% |6/68 |SBP =135 or DBP >85 (24, 32)
44% |3/68 |SBP >140 or DBP 290 (58)

Note: n=134 with a minimum of 5 ambulatory work readings and calibration BP <140
systolic and <90 diastolic; n=94 with a minimum of 5 wrist work readings and calibration BP

<140 systolic and <90 diastolic
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Table 7. Prevalence of occult hypertension, excluding pregnant subjects and those
taking antihypertensive medication (n=116)
Work blood |Prevalence Work blood pressure cutpoints
pressure

% N
Ambulatory [17.8% |18/101 |SBP >136 or DBP >87 (men)

SBP >131 or DBP >86 (women) (57)
17.8% [18/101 |SBP >135 or DBP >85 (24, 32)

5.0% |5/101 |SBP 2140 or DBP >90 (58)

Wrist 16.9% (12/71 |SBP =136 or DBP >87 (men)

SBP >131 or DBP >86 (women) (57)
15.5% [11/71 |SBP 2135 or DBP >85 (24, 32)

5.6% |4/71  |SBP >140 or DBP >90 (58)

Men

% N
Ambulatory |20.0% |5/25 |SBP >136 or DBP >87 (57)
24.0% [6/25  |SBP >135 or DBP >85 (24, 32)
40% [1/25 [SBP >140 or DBP 290 (58)

Wrist 19.0% [4/21  |SBP >136 or DBP >87 (57)
28.6% |6/21  |SBP >135 or DBP >85 (24, 32)
9.5% |2/21 |SBP >140 or DBP >90 (58)

Women

% N
Ambulatory |17.1% |13/76 |SBP >131 or DBP >86 (57)
15.8% |12/76 [SBP >135 or DBP >85 (24, 32)
53% [4/76 |SBP >140 or DBP 90 (58)

Wrist 16.0% |8/50  |SBP =131 or DBP >86 (57)
10.0% [5/50  [SBP >135 or DBP >85 (24, 32)
4.0% [2/50 |SBP >140 or DBP >90 (58)

Note: n=116 with a minimum of 5 ambulatory work readings and calibration BP; n=101 with
a minimum of 5 ambulatory work readings and calibration BP <140 systolic and <90
diastolic; n=71 with a minimum of 5 wrist work readings and calibration BP <140 systolic

and <90 diastolic
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Associations between work hours, work stressors and ambulatory blood pressure

Longer work hours were not associated with higher levels of ABP (Table 8a). In fact,
participants working more than 50 hours per week had 4.3 mm Hg lower ABP (ns) than the
reference group (35-40 hours per week) in the fully adjusted Model III. This (non-significant)
trend towards lower ABP when working longer hours was also observed when paid and home
hours were combined, although the magnitudes were smaller

Modest associations were observed between job strain, effort-reward imbalance and
shiftwork and systolic ABP (3-4 mm Hg). However, these associations reached the level of
statistical significance only for shiftwork in Model I (Table 8a). In the fully adjusted Model III,
the 40% (70/175) of participants facing the combination of job strain and effort-reward
imbalance had systolic ABP 4.6 mm Hg higher (p=.06) than those without this combination of

' stressors.

Substantial and significant associations with ABP were observed for our primary measure
of socioeconomic status, education. The systolic ABP of health care workeré with only a high
school education was 18.4 mm Hg higher (p<.001) than the reference group, those who had
attended graduate school (Model III). Those with some college education also had significantly
higher systolic ABP (10.4 mm Hg, p=.02) than the reference group. When job strain, effort-
reward imbalance and shiftwork were combined into the same model with job category and
veducation, education retained its substantial and significant association with systolic ABP, but
none of the other exposures were associated with ABP.

Similar patterns were observed for diastolic ABP (Table 8b). The combination of job
strain and effort-reWard imbalance (3.1 mm Hg, p=.047) and shiftwork (4.5 mm Hg, p=.03) were

significantly associated with diastolic ABP in Model I, but associations were no longer
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Table 8a. Associations between ambulatory systolic blood pressure and measures of work

organization and socioeconomic status (n=175)

Adjusted for + education, job + BMI, current + other job
age, gender, physical demands, | smoker, alcoholic stressors (job
race/ethnicity marital status, drinks/wk, leisure strain, ERI,
family hx of HTN, time exercise, shift) and SES
pregnancy, current diabetes (job category,
use HTN meds education)
N | mmH p mm Hg p mm Hg p mm Hg p
Job strain 96 3.1 18 2l 123 3.0 20 0.9 74
Effort/Reward >1 90 27 23 4.0 L2 4.2 10 4.4 2
Job strain + E/R>1 | 70 Bl ia08s i 0o 06| — | -
Evening, night shift | 29 | 4.1 18 4.2 18 319 24
Paid hrs/wk:
32 or less 6 |10 09 5.9 34 5.9 35 " i
35t0 40 1334 REE -- ref -- ref -- -- --
40.5 to 48 24 0.1 .98 1.2 .70 1.0 .76 -- --
50+ 12| -6.3 16 -4.0 .36 -4.3 34 -- --
Paid + home hrs/wk:
<41.5 41 2% 137 32 .29 3.0 20 -- --
41.5t047.9 55| REE -- ref -- et -- -~ --
48 to 60 33 8E20 48 -0.4 .89 0.2 .95 -- -=
>60 26 | -0.7 85 1.1 .20 2 73 -- --
Job category:
Home care 10] -0.1 99 -1.6 81 0.7 92 -1.2 .87
Service/Maintenance | 20 | 6.8 o il 40 5.7 8 4.1 Sl
Clerical 74 4.3 43 31 35 4.4 41 3.1 D0
LPN 30 7.0 .24 3.1 .60 4.6 44 3.1 61
Technical 25 1.4 81 30 .61 4.0 .50 157 78
RN i -0.8 91 4.8 53 4.5 .56 5.6 47
Paraprofessional 9 Ref -- ref - ref - et --
Education:
High school 51 | DRER 001 | < [8:1%%%|.001
Some College | 82 [FHOFER 02 FERTOIS% 100 "1 104 = 00 | T 02"
BA 26 2.8 ok 3.6 44 2 58 3.0 53
Graduate School 16 | Ref -- ref -- ref -- ref --

#p<.10, *p<.05, **p<.01, ***p<.001
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Table 8b. Associations between ambulatory diastolic blood pressure and measures of work
organization and socioeconomic status (n=175)
Adjusted for + education, job + BMI, current + other job
age, gender, physical demands, | smoker, alcoholic | stressors (job
race/ethnicity marital status, drinks/wk, leisure strain, ERI,
family hx of HTN, time exercise, shift) and SES
pregnancy, current diabetes (job category,
use HTN meds education)
N | mm Hg p mm Hg p mm Hg p mm Hg P
Job strain 96 2 10 1o 33 L5 33 03 .88
Effort/Reward >1 90 |° 1009| 1.8 28 2; 1 21 2.6 18
Job strain+ E/R>1 | 70 |& g 2.0 21 2.2 S0 -- --
Evening, night shift | 29 |& 2.7 19 2.9 ;17 2.6 25
Paid hrs/wk:
32 or less 6 RIS 34 L 45 - -
35 to 40 133 ] e -- fef -- ref -- -- --
40.5 to 48 24 | -1.0 .64 -0.4 .85 -0.4 .86 -- --
50+ 12 |'2848 21 -2.6 38 -2.9 33 -- --
Paid + home hrs/wk:
<41.5 41 | -0.1 .98 0.4 .84 0.7 5 -- --
41.5t047.9 55 et -- ref -- ref -- -- --
48 to 60 53 [AiAEEEE00 N s 0T a8 09 ] - ==
>60 26 | 225 o0 -1.3 .58 -1.3 59 -- --
Job category:
Home care 10 0.3 .96 -2.6 .58 -2.5 .60 -3.8 43
Service/Maintenance | 20 | 4.1 0 23 .54 2.4 .56 1.1 .80
Clerical 74 3.4 34 29 40 2.8 43 1:9 .61
LPN 30 [T ', 37 K 4.1 31 2.7 150l
Technical 23 2.9 48 4.4 .26 3.6 37 2.0 .62
RN 7 3.6 48 6.3 21 e 31 3:8 ol
Paraprofessional 9 it -- 16k -- ref -- ref --
Education:
High school 51 01
Some College 82 1 6.6 0
BA 26 1.5 .63 .
Graduate School 16 ref -- el -- rof’ -- ref --
#p<.10, *p<.05, **p<.01, ***5<. 001
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significant in the fully adjusted Model III. Participants with high school education had diastolic
ABP 12.1 mm Hg higher (p<.001) than those with graduate education.

When the sample was restricted to women (n=133), similar patterns were observed for
work hours, job category and education (data not shown). However, associations between ABP
and job stressors were of a larger magnitude. In the fully adjusted Model III, the ABP of women
with job strain was 4.8 mm Hg systolic (p=.08) and 3.2 mm Hg diastolic (p=.08) higher than
women not reporting job strain. Similarly, the ABP of women with effort-reward imbalance was
6.5 mm Hg systolic (p=.03) and 4.3 mm Hg diastolic (p=.03) higher than women not reporting
effort-reward imbalance. The ABP of women with both job strain and effort-reward imbalance
was 6.6 mm Hg systolic (p=.02) and 4.0 mm Hg diastolic (p=.04) higher than women not
reporting either stressor. However, shiftwork among women was not significantly associated
with ABP. Effort-reward imbalance retained a significant association with systolic ABP (6.0 mm

Hg, p=.06) and diastolic ABP (4.2 mm Hg, p=.046) when adjusted also for job strain and
shiftwork.

Interactions between job stressors and education. None of the six interaction terms

between work exposures and education were significant at p<.05 for either systolic ABP (Table
9a) or diastolic ABP (Table 9b). However, a pattern of interaction for systol.ic ABP was observed
for job strain, effort-reward imbalance, the combination of job strain and effort-reward
imbalance, and work hours >41/wk. Among those with a high school education, associations
with systolic ABP were of the following magnitudes: job strain (6.0 mm Hg) (interaction term,
p=.07, adjusted for age, race, gender, p=.11, full model), effort-reward imbalance (8.6 mm Hg),
job strain and effort-reward imbalance (10.2 mm Hg) and work hours >41/week (8.7 mm Hg).

For employees with higher levels of education, associations between these stressors and systolic
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Table 9a. Associations between ambulatory systolic blood pressure and combined

measures of work organization and education (n=175

N | mm Hg p N mm Hg p Effect of stressor
at each stratum
Education level Job strain No job strain
High school 30 [18.50*** | <.001| 21 | 12.52* .01 5.98
Some college 44 | 9.07* | .03 | 38 6.83 11 2.24
College graduate |22 | -1.00 | .83 | 20 ref -~ -1.00
Effort/Reward>1 Effort/Reward<=1
High school 25 |23.10%**|<.001| 26 |14.46** | .003 8.64
Some college 42 | 11.30* | 013 | 40 | 9.58* 027 1.72
College graduate | 23 | 3.94 39 | 19 ref -- 3.94
Job strain + E/R>1 | No job strain or E/R<1
High school 18 124.94*%**/ <001 | 33 | 14.70** | .001 10.24
Some college 36 | 11.39** | .006 | 46 | 9.49* 016 1.90
College graduate 16 | 5.61 24 | 26 ref -- 5.61
Shiftwork No shiftwork
High school 17 119.65*%**| <.001| 34 |15.58***| <001 4.07
Some college 7 | 13.38* | .038 | 75 | 8.63* 011 4.75
College graduate 5 2.63 g1 | 37 ref -- 2.63
Work hrs >41/wk Work hrs <41/wk
High school 7 [23.34%%*|<001| 44 |[14.64***| <.001 8.70
Some college 12| 336 |.532| 70 | 8.96* 015 -5.60
College graduate 15| -0.69 | .881 | 27 ref -- -0.69
Work+home hrs Work-+home hrs
>57.5/wk <57.5/wk
High school 6 | 13.28 | .051 | 45 [18.12***| <001 -4.84
Some college 22 | 10.53* | .018 | 60 | 9.23* 016 1.30
College graduate | 12 | 321 | .531 | 30 ref -- 3.21

#p<.10, *p<.05, **p<.01, ***p<.001

Multiplicative interaction terms, p<.10: job strain and education, adjusted for age, race, gender,

p=.07 (full model, p=.11).

Adjusted for age, gender, race/ethnicity, physical job demands, marital status, family history of
hypertension, pregnancy, current use of medication for hypertension, BMI, current smoker,
alcoholic drinks/wk; leisure time exercise, and diabetes.
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Table 9b. Associations between ambulatory diastolic blood pressure
measures of work organization and education (n=175

and combined

N | mm Hg p N mm Hg p Effect of stressor
at each stratum
Job strain No job strain
High school 30 |11.91***|<.001| 21 | 9.98** | .003 1.93
Some college 44 | 5.74* | .042 | 38 3.81 19 1.93
College graduate | 22 | -0.61 85 | 20 ref -- -0.61
Effort/reward>1 Effort/reward<=1
High school 25 |15.69***| <.001| 26 |10.58** | 001 5.11
Some college 42 | 6.66* | .029 | 40 | 6.74* .021 -0.08
College graduate | 23 | 3.05 33 | 19 ref -- 3.05
Job strain + E/R>1 | No job strain or E/R<1
High school 18 |15.75%**|<.001| 33 [10.87***| <001 4.88
Some college 36 | 6.86* | .014 | 46 | 5.90* .028 0.96
College graduate 16 | 3.42 29 | 26 ref - 3.42
Shiftwork No shiftwork
High school 17 [12.56***|<.001| 34 [11.90***| <001 0.66
Some college 7 | 9.62* | .027 | 75 | 5.53* .015 4.09
College graduate 5 4.80 31 | 37 ref -- 4.80
Work hrs 241/wk Work hrs <41/wk
High school 7 [15.72***%1<.001| 44 [10.47***| <001 5.25
Some college 12| -022 | 95 | 70 | 6.14* .013 -6.36
College graduate 15 57 85 | 27 ref -- 0.57
Work+t+home hrs Work+home hrs
257.5/wk <57.5/wk
High school 6 | 495 27 | 45 [13.45%**| <001 -8.50
Some college 22| 6.73* | 023 | 60 | 5.93* .020 0.80
2.70

College graduate 12 | 2.70 43 | 30 ref --

#p<.10, *p<.05, **p<.01, ***p<.001

Multiplicative interaction terms, p<.10: total hours >57.5/wk and education, adjusted for age,

race, gender, p=.07, full model, p=.06.

Adjusted for age, gender, race/ethnicity, physical job demands, marital status, family history of
hypertension, pregnancy, current use of medication for hypertension, BMI, current smoker,

alcoholic drinks/wk, leisure time exercise, and diabetes.
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ABP were much lower. These results suggest that statistically significant interactions would be

observed if the sample size was larger. The pattern of interaction was less evident for diastolic

blood pressure.

Interactions between work hours and job stressors. One interaction term between long

work hours and a job stressor was significant for systolic ABP (total hours >57.5/wk and
effort/reward>1, p=.04, adjusted for age, race, gender, p=.14, full model). However, the direction
of the interaction was the opposite of that hypothesized (Table 9¢). Two interaction terms
between long work hours and job stressors were significant for diastolic ABP (total hours
>57.5/wk and effort/reward>1, p=.02, adjusted for age, race, gender, p=.12, full model; total
hours >57.5/wk and job strain, p=.05, adjusted for age, race, gender, p=.27 full model). However,
the direction of these interactions was also the opposite of that hypothesized (Table 9d). Long
work hours were associated with lower ABP (with some exceptions) whether employees were

facing job strain or effort-reward imbalance or not.
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Table 9¢c. Associations between ambulatory systolic blood pressure and
combined measures of work organization and education (n=175)

N | mm Hg p N mm Hg p Effect of stressor
at each stratum
Work hrs 241/wk Work hrs <41/wk
Job strain 201 0.78 | 85 | 76 3.78 .16 -3.00
No job strain 14| -191 | .67 | 65 ref -- -1.91
Effort/Reward>1 23 [ -033 | 93 | 67 | 548" | .065 -5.81
No Effort/Reward>1 11 162 | .75 | 74 ref -- 1.62
Work+home hrs Work+home hrs
257.5/wk <57.5/wk
Job strain 23 | 2.78 48 | 73 4.67 .10 -1.89
No job strain 17 | 2.81 | 53 | 62 ref -- 2.81
Effort/Reward>1 25 | 1.01 79 | 65 | 6.24* .036 -5.23
No Effort/Reward>1 15| 6.54 A5 1 70 ref -- 6.54

#p<.10, *p<.05, **p<.01, ***p<.001

Multiplicative interaction terms, p<.10: total hours >57.5/wk and effort/reward>1, adjusted for age, race,

| gender, p=.04 (full model, p=.14).

Adjusted for age, gender, race/ethnicity, physical job demands, marital status, family history of
hypertension, pregnancy, current use of medication for hypertension, BMI, current smoker, alcoholic
drinks/wk, leisure time exercise, and diabetes.

Table 9d. Associations between ambulatory diastolic blood pressure and combined

measures of work organization and education (n=175)

N | mm Hg p N mm Hg p Effect of stressor
at each stratum
Work hrs 241/wk Work hrs <41/wk
Job strain 20 | 0.37 99 | 76 1.56 39 -1.19
No job strain 14 | -3.57 | 24 | 65 ref -- -3.57
Effort/Reward>1 23| -097 | 71 67 2.57 .20 -3.74
No Effort/Reward>1 |11 | -1.19 | .73 | 74 ref -- -1.19
Work+home hrs Work+home hrs
257.5/wk <57.5/wk
Job strain 23] 011 | 97 [ 713 | 3.22° .09 -3.11
No job strain 17 ] 233 | 44 | 62 ref - 2.33
Effort/Reward>1 25| -023 | .75 | 65 3.65 .07 -3.88
No Effort/Reward>1 15| 3.82 21 70 ref -- 3.82

#p<.10, *p<.05, **p<.01, ***p<.001

Multiplicative interaction terms, p<.10: total hours >57.5/wk and education, adjusted for age, race, gender,
p=.07, full model, p=.06; total hours 257.5/wk and job strain, adjusted for age, race, gender, p=.05 (full
model, p=.27); total hours >57.5/wk and effort/reward>1, adjusted for age, race, gender, p=.02 (full model,
=.12).

Adjusted for age, gender, race/ethnicity, physical job demands, marital status, family history of
hypertension, pregnancy, current use of medication for hypertension, BMI, current smoker, alcoholic
drinks/wk, leisure time exercise, and diabetes.
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QOccult hypertension

Modest elevations of risk of occult hypertension in the range of odds ratio of 1.5-2.0 were
observed for job strain and the combination of job strain and effort-reward imbalance for some
definitions (Table 10). Work hours tended to be associated with reduced risk. However, perhaps
in part due to the low prevalence of occult hypertension, none of these associations reached the
level of statistical significance. On the other hand, associations between shiftwork and occult
hypertension were substantially elevated for all three definitions, and was significantly
associated with occult hypertension using the definition of Pierdomenico et al (24), both in
Model I (OR=3.16, 95% CI 1.06-9.44) and in the fully adjusted Model (OR=3.62, 95% CI 1.05-
12.45).When employees who were pregnant or on medication for hypertension were excluded
from analyses, magnitudes of association for shiftwork, the combination of job strain and effort-
reward imbalance, and education were larger than in the overall sample (Table 11). Shiftwork
was significantly associated with occult hypertension in Model I for the definition of Verdecchia
etal (57) (OR=4.61, 95% CI 1.07-19.87) and for the definition of Pierdomenico et al (24)
(OR=6.91, 95% CI 1.59-29.99) and in the fully adjusted model for the definition of

Pierdomenico et al (24) (OR=5.61, 95% CI 1.03-30.57).
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| Table 10. Work organization and socioeconomic predictors of occult hypertension
. (n=164) [
Adjusted for age, gender, | + education, physical job
race/ethnicity demands, marital status, |
family hx HTN, current
| use HTN meds, pregnancy,| Definition of occult
BMI, current smoker, HTN (if calibration
aleoholic drinks/wk, leisure| SBP <140 or DBP <90)
time exercise, diabetes
OR | 95%Cl | p | OR | 95%ClI p
SBP =136 or DBP 287 (m)
Job strain 136 | 0.56-3.31 | .51 | 1.46 | 0.53-4.04 | .47 |SBP 2131 or DBP 286 (w)_
168 | 0.68-4.18 | 26 | 1.69 | 0.63-4.53 | 30 [SBP 2135 or DBP 85
0.63 | 0.11-3.56 | .60 | 0.83 | 0.11-6.60 SBP 2140 or DBP =90
SBP =136 or DBP =87 (m)
Effort/reward>1 | 0.87 | 0.36-2.09 | .76 | 1.20 | 0.40-3.66 'SBP 2131 or DBP 286 (w)
L 1.09 | 0.45-2.61 | .85 [ 1.28 | 0.43-3.80 SBP 2135 or DBP 285
1.68 | 0.28-9.99 | .57 | 2.87 | 0.23-35.26 SBP =140 or DBP 290
SBP =136 or DBP =87 (m)
| Job strain + E/R>1 | 1.17 | 0.48-2.85 | .74 | 1.49 | 0.50-4.47 | 47 |SBP =131 or DBP 86 (w)
1 L76 10.73-425 | .21 | 2.12 | 0.74-6.09 | .17 [SBP=1350r DBP 285 |
1.40 | 0.26-7.71 | .70 | 2.43 | 0.21-27.80 | .48 |SBP 2140 or DBF 290
Evening, night, SBP =136 or DBP =87 (m)
rotating shifiwork | 2.11 | 0.68-6.52 | .20 | 2.57 | 0.67-9.86 | .17 |SBP 2131 or DBP 286 (w)
dqaas SBP =135 or DBP =85
592 |0.72-48.42| .10 | 6.81 |0.34-135.67| .21 [SBP =140 or DBP 290
SBP =136 or DBP =87 (m)
Work hrs >41/wk | 0.72 | 0.22-2.32 | .59 | 0.58 | 0.15-2.18 | .42 |SBP 2131 or DBP >86 (w)
0.69 | 0.21-2.25 | .54 | 0.66 | 0.19-2.38 | .53 |SBP 2135 or DBP 285 '
0.69 | 0.07-6.62 | .74 | 0.36 | 0.02-7.03 | .50 |SBP =140 or DBP 290
Work+home hrs SBP =136 or DBP =87 (m)
>57.5/wk 1.42 | 0.52-3.88 | .49 | 0.90 | 0.28-2.91 | .86 [SBP =1310r DBP 286 {w)
1.17 | 0.42-3.20 | .77 | 0.74 | 0.24-235 | .61 |SBP 2135 or DBP 285
1.76 |0.28-11.03| .55 | 1.21 | 0.10-14.56 | .88 |SBP =140 or DBP 290
"Education (g] 2 yIs ' “|SBP 2136 or DBP =87 (m}
vs >12 yrs) 132 | 0.50-3.48 | .58 [ 2.19 | 0.73-6.63 | .16 [SBF 2131 or DBP 286 (w)
0.87 | 032242 | .79 | 1.08 | 0.36-3.25 | .89 [SBP =135 or DBP 285
0.57 | 0.06-5.84 | .64 | 0.98 | 0.06-16.80 | .99 |SBP =140 or DBP 250
#p<.10, *p<.05, **p<.01, ***p<.001 ]
Note: Other predictors, p<.10: Definition 1, full model: “Asian + other™ race (5/16, 31.3% vs. 26/164,
15.9%), OR=7.04 (1.01-48.83); HTN meds, OR=0.11 (0.02-0.59); BMI, OR=0.90 (0.79-1.02) (p=.08):
pregnancy, OR=3.93 (0.85-181.10) (p=.08); alcoholic drinks/wk, OR=1.25 (0.96-1.62) (p=.098).
Definition 2, full model: “Asian + other” race; HTN meds

Definition 3, full model: none
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Table 11. Work Brganizatiun and socioeconomic predictors of occult hypertension

(excluding if pregnant or on medication for hypertension) (n=116)

iRl Adjusted for age, gender, | + education, physical job
race/ethnicity demands, marital status, |
family hx HTN, current
| use HTN meds,
pregnancy, BML current
smoker, alcoholic Definition of occult HTN
| drinks/wk, leisure time | (if calibration SBP <140
o exercise, diabetes __orDBP=90) |
OR | 95%Cl [ p | OR | 95%CI | p
— | |SBP 2136 or DBP 287 (m)
Job strain 1.20 | 0.41-3.51 | .74 | 1.09 | 0.29-4.14 | .90 [SBP =131 or DBP 286 (w) |
1.96 | 0.64-6.00 | .24 | 1.74 | 0.43-7.08 | 44 |SBP=1350rDBP =85
1.11] 0.16-7.80 | 92| 1.15 [0.12-10.73 .90 [SBP 2140 or DBP 290
SBP 2136 or DBP =87 (m)
Effort/reward>1 | 0.90 | 0.31-2.63 | .85 | 1.13 | 0.27-4.72 | .87 |SBP =131 or DBP =86 (w)
1.57 | 0.53-4.67 | 42| 1.64 | 0.37-7.38 | .52 |SBP =135 or DBP 285
1.56 | 0.23-10.40 | .65 | 231 [0.16-33.94] .54 |SBP =140 or DBP 90
SBP =136 or DBP =87 {(m)
Job strain + E/R>1 | 1.19 | 0.40-3.57 | .76 | 1.31 | 0.30-5.71 | .72 |SBP =131 or DBP 286 (w)
- 2.61°| 0.87-7.82 | .09 | 3.15 |0.67-14.93| .15 |SBP 2135 or DBP 285
2.44 | 036-16.58 | 36 | 4.86 |0.27-86.72| .28 |SBP =140 or DBP 290
Evening, night, SBP =136 or DBP 287 (m)
rotating shiftwork 3.78 |0.69-20.78| .13 [SBP 2131 or DBP 286 (w) |
: SBP =135 or DBP =85 )
5.52 [028-107.74 ) .26 | 2.30 |0.07-79.75| .65 |SBP =140 or DBF =90
[ SBP =136 or DBP 287 (m)
Work hrs 241/wk | 51 | 0.10-2.52 | 41 | 0.34 | 0.06-1,93 | .22 |[SBP =131 or DBP =86 (w)
49 | 0.10-245 | .39 | 045 | 0.08-2.55 | .37 [SBP 2135 or DBP =85
00 - Ea A0 e -~ |SBP =140 or DBP =90
Work+home hrs SBP =136 or DBP =87 (m)
>57.5/wk 0.95 | 0.27-3.36 | 94 | 0.73 | 0.18-3.01 | .67 |SBP =131 or DBP 286 (w)
1.16 | 0.35-3.88 | .81 | 0.89 | 0.23-3.53 | .87 |SBP =135 or DBP 285
0.83 | 0.08-8.59 | .88 | 0.93 [0.06-14.44| 96 |SBP =140 or DBP 290
Education (<12 yrs . i I | |SBP =136 or DBP 287 (m)
vs>12yrs) | 2.17 | 0.66-7.10 | .20 | 3.11 |0.78-12.47] .11 |SBP 2131 or DBP 286 ()
135 | 039475 | .64 | 1.97 | 0.47-825 | 36 [SBP>135or DBP>85
0.93 | 0.08-1058 | 95| 1.61 |0.10-26,90| .74 |SBF =140 or DBF 290

Hp<.10, *p<.05, **p<.01, ***p<.001
Note: Other predictors, p<.10: Definition 1, full model: Age, OR=1.05 (0.99-1.10) (p=.097);

BMI, OR=0.87 (0.75-1.03) (p=.099).
Definition 2, full model: Alcoholic drinks/wk, OR=1.35 (0.96-1.90) (p=.085).

Definition 3, full model: none
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Psychological/psychosomatic distress

Several work stressors and work hour variables were significantly associated with
measures of psychological/psychosomatic distress. Work plus home hours >57.5/week were
associated with depression both for Model I (OR=3.57, 95% CI 1.61-7.93) and for the fully
adjusted Model (OR=4.34, 95% C1 1.80-10.47) (Table 12).

Effort-reward imbalance was associated with high levels of anxiety both in Model I
(OR=2.77, 95% CI 1.50-5.00) and the fully adjusted Model (OR=2.70, 95% CI 1.47-4.95) (Table
13). Having only a high school education was associated with reduced risk of reporting high
anxiety both in Model I Education (OR=0.34, 95% CI 0.16-0.72) and in the fully adjusted Model
(OR=0.30, 95% CI 0.14-0.65).

The association between insomnia and job strain and effort-reward imbalance was
modest and significant only at the p<.10 level of significance (Table 14). The association of job
strain and insomnia was OR=1.64, 95% CI 0.94-2 86 (Model I) and OR=1.64, 95% CI 0.93-2.90
(in the fully adjusted model. The association of effort-reward imbalance and insomnia was
OR=1.65, 95% CI 0.96-2.86 (Model 1) and OR=1.69, 95% CI 0.97-2.95 (in the fully adjusted
Model).

The combined measure of psychological/psychosomatic distress (either depression, or
high anxiety or insomnia) was associated with effort-reward imbalance in Model | (OR=2.25,
95% CI 1.35-3.75) and in the fully adjusted Model (OR=2.28, 95% CI 1.36-3.84). Distress was
also associated with the combination of job strain and effort-reward imbalance in Model |
(OR=1.72, 95% CI 1.04-2.87) and in the fully adjusted Model OR=1.70, 95% CI 1.01-2.85).

Finally, the continuous measure of fatigue (need for recovery after work) was

significantly associated job strain, effort-reward imbalance, the combination of job strain and
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effort-reward imbalance, work hours =41/wk and work + home hours =57.5/week (Table 16).

Table 12. Work organization and socioeconomic predictors of depression (n=241)

+ education, marital status,
pregnancy, BMI, current

#p<.10, *p<.05, **p<.01, ***p<.001 _

Adjusted for age, gender, smoker, alcoholic drinks/wk,
race/ethnicity leisure time exercise
OR 95% C1 p OR 95% CI1 p
Job strain 1.50 | 0.66-3.38 | .33 1.55 | 0.67-3.63 B: £ |
Effort/reward>1 1.60 | 0.70-3.61 | .26 1.60 | 0.69-3.67 e
Job strain + Effort/reward=>1 147 10.67-3.24 | 34 1.51 |0.66-3.44| .33
Shiftwork 1,18 _“ﬂ_,iﬂ:_z.g'l | 71 1.34 | 0.51-350| .55
Work hrs =41/wk 0.88 |0.33-234| .80 0.80 |0.93-221| .67
Work + home hrs >57.5/wk |
Education (212 vs >12 yrs) 042 [0.14-1.30 | .13 ﬂ.42—l 0.13-1.33 | .14

Definition: CES-D-rev =16 (48). Prevalence of depression = 11.3% (30/241).
No demographic or biomedical predictors of depression significant at p<.10.

Table 13. Work organization and socioeconomic predict_ors of anxiety (n=258)

Adjusted for age, gender,
_ race/ethnicity

+ eduecation, marital status,
pregnancy, BMI, current
smuoker, alcoholic drinks/wk,
leisure time exercise

OR OR | 95% CI
Jobstrain | .85-2.79
b Effort/reward=>1
| Job strain + Effort/reward>1 3 ¢
Shiftwork 057-2.14 [ 76 | 113 [0.57-2.24 [ .72
Work hrs =241/wk 1.10 | 0.60-2.15 | .79 1.09 | 0.52-2.10] .89
Work + home hrs >57.5/wk 122 10.66-226 | .52 | 136 |0.72-2.59 | .35
| Education (<12 vs >12 yrs) | 014065

fip<.10, *p<.05, **p<.01, ***p<.001

OR=0.96 (0.94-0.99) (p=.005).

Definition: 213 on the Relaxed vs. Anxious scale from the General Well-Being Schedule (50},

Prevalence of high anxiety = 29.5% (76/258).
The only demographic or biomedical predictor of anxiety significant at p<. 10 was age: fully adjusted
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Table 14. Work organization and socioeconomic predictors of i __msumma (n=259)
+ educathu marital status,
pregnancy, BMI, current

Adjusted for age, gender, smoker, alcoholic drinks/wk,
race/ethnicity leisure time exercise
ORrR 95% Cl1
Job strain ] B 0.93-
Effort/reward>1 )’ ).
Job strain + Effort/reward>1 1.53 213 1.55 | 0. 89 291 [ .
Shiftwork 1.25 {} 6? 2 34 | 46 1.15 | 0.60-2.21 67
Work hrs>41/wk | 115 [ 0.61-1.03 | 67 | 1.34 [0.68-2.62] .40
~ Work + home hrs 257.5/wk 102 | 0.56-185] 95 | 1.30 |0.69-2.46 42
Education (<12 vs >12 yrs) 1.09 |0.59-199| .79 | 099 |0.53-1.87| .99

#p=.10, *p<.05, **p<.01, ***p=<.001 i
Definition: response of “often (5-15/month)” or “almost always (16-30/month)” to any of the
following questions from the Sleep Heart Health Study: “have trouble falling asleep” “wake up during
the night and have difficulty getting back to sleep”, “wake up too early in the morning and be unable
to get back to sleep” or “take sleeping pills or other medication to help you sleep™ (51). Prevalence of
insomnia = 32.4% (84/259).

Thﬂ only demngraphm or hiemcdical prcdlctﬂr of insomnia significant at p<.10 was pregnancy: fully

pininiiialinl

Table 15. Work organization and socioeconomic predictors of psychological/
___psychosomatic distress (n=266)

Tﬂﬁitﬁn; l_ria.nﬁiaistatlis,
pregnancy, BMI, current
Adjusted for age, gender, smoker, alcoholic drinks/wk,
o race/ethnicity leisure time exercise
OR [ 95% CI OR [95%CIL[ p
: .Fub strain 1.51 | 0.90-2.54 A2
" Efforﬂrﬂw&rd}l
| Job strain + Effort/reward>1
Shiftwork 1.27 (0.71-2.28 | 43 1.30 | 0.70-2.39 40
Work hrs =41/wk 1.28 | 0.69-2.36 | .44 1.37 | 0.72-2.60 M
Work + home hrs >57.5/wk 131 |0.75-2.28] 35 | 1.44 |0.80-2.60 | .22
Education (<12 vs >12 yrs) 072 |040-1.28| .26 0.70 | 0.38-1.27 24

#p<.10, *p=<.05, **p<.01, ***p<.001
Met definitions for depression caseness (48) or high anxiety (50) or insomnia (51). Prevalence of

distress = 47.0% (125/266).
The only demographic or biomedical predictor of psychological/psychosomatic distress significant at
p=.10 was age: fully adjusted OR=0.97 (0.95-0.995) (p=.02).
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. Table 16. Work organization and socioeconomic predictors of fatigue (n=235)
+ education, marital status,
Adjusted for age, pregnancy, BMI, current
gender, smoker, alcoholic drinks/wk,
racefethnicity | _leisure time exercise

Job strain 133

__ Efforvreward>1 134

Job strain + Effort/reward=>1 100
Shiftwork 58

Work hrs >41/wk | 50

__ Work + home hrs 257.5/wk 64

Education (=12 vs >12 yrs) 65

#p<.10, *p<.05, **p=.01, ***p<.001 e
Definition: Sum of 11 yes/no items on “need for recovery™ after work (52). Possible range of scores,
0-11, mean=4.8, standard deviation=2.80. The only demographic or biomedical predictor of fatigue
significant at p=<.10 was age: fully adjusted B=-0.045 (-0.077 - -0.013) (p=.006).

Associations between exposure measures and health outcomes are summarized in Table
17,

Working conditions (from open-ended questions in questionnaire)

Additional details about working conditions and recommendations for improving
conditions are provided by study participants’ answers to open ended questions such as “What is
the best part of your job?”, “What is the most difficult aspect of your job?” and “What are some
actions that could be taken .m improve working conditions at your current job?” (Appendix A).

For example, 105 participants described “Satisfaction in Being a Caregiver/Helping |
Patients, Clients, Students™, 45 described *“Satisfaction Working with Co-Workers™, 37 described
that the job provided “Fulfillment of Career Interests or Goals”, and 21 described enjoying the
“Autonomy/Flexibility on the Job”. On the other hand, 57 participants described “Overwhelming
Demands (being understaffed)”, 37 described “Difficulty with Colleagues/Lack of teamwork”,
29 described “Difficulty with patients/family members/customers”, and 22 described “Lack of

organization on the job".
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The following recommendations for improving working conditions were also described

by the study participants: improvements in “Physical Condition of Work Environment/Condition

of Equipment” (described by n=50), “Increased Staff” (n=48), better “Teamwork/Work

Organization” (n=44) and “More Respect from Supervisors/Better Supervision” (n=29).

Table 17. Summary of study results: Fully adjusted associations between work hours,
work stressors, socioeconomic status, blood pressure, occult hypertension and
nsychological/psychosomatic distress

Sys
ABP

Dias
ABP

Occult
HTN

Depress
-ion

Anxiety

Insomnia

Dis-
tress

Fatigue

Main effects:

Job strain

Effort/reward>1

Job strain + Effort/reward>1

Shiftwork

Work hrs >41/wk

Work + home hrs >57.5/wk

S+ |o|lo|o

+ | olo|o|o|o

OO+ |+ |O

olIo|o|o|+H|+

O|Io(Oo|+ [+ |O

+|+lo|+|+|+

Job category

olo|lolo|o|lo|o®

Education (<12 vs >12 yrs)

Tlojo|olo|+|oleo®

[«

[«

Interactions (ABP):

Job strain x low education

E/R>1 x low education

Job straint+E/R>1 x low educ

Shiftwork x low educ

Work hrs 241/wk x low educ

+lo|+]|+|+

Sl £=J [=] (=] [~

Work+home hrs 257.5/wk x
low educ

[«

Work hrs >41/wk x job strain

S

Work hrs >41/wk x E/R>1

(=] fan ) o)

Work+home hrs >57.5/wk x
job strain

Work+home hrs >57.5/wk x
E/R>1

++strong positive association; +positive association (p<.10); 0 no association; - inverse association

(p<.10); -- strong inverse association

@In analyses restricted to women workers, positive associations were seen between systolic and
diastolic ABP and job strain, effort-reward imbalance, both job strain and effort-reward imbalance, and

high school education.
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DISCUSSION

Ambulatory blood pressure

Long work hours. This study did not find an association between long work hours and BP

elevation. In fact, participants working long hours (either paid work hours or paid work plus
home hours) had slightly lower BP than the reference group (35-40 hours paid work per week or
41.5-47.9 paid work plus home hours per week). One possible explanation is the healthy worker
effect for those working longer hours, suggested by BP elevations in those working part-time (32
hours or less). Education was associated with paid work hours (r=.25, p=.001, n=175) and paid
work plus home hours (r=.21, p=.006, n=175) and lower BP. However, inverse associations
between work hours and BP were also observed in models not controlling for education. This
study was not designed to assess such a selection bias or possible interaction between work hours
and education, since the total sample size was not large, and only 7% (12/175) of the participants
in ABP analyses worked 50+ hours per week. Half of the 12 participants working 50+ hours per
week had completed college, and only two had a high school diploma. Nonetheless, when paid
work hours were dichotomized at 241 (vs. <41) per week, a substantial association of overtime
with ABP among those with only high school education was observed (8.7 mm Hg systolic, 5.3
mm Hg diastoiic), compared to no association or an inverse association among those with higher
levels of education (interaction term, p>.10). However, a stronger association among employees
with high school education was not observed for long paid work plus home hours. Nor was a
stronger effect of work hours observed among employees facing job strain or effort-reward
imbalance. Such interaction effects would likely be sensitive to cutpoints chosen for long work
hours, which, in these tests of interactions, were chosen based on the distribution of hours in the

sample, not based on a threshold of weekly hours (e.g., >50) presumed to have effects on BP.
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This is the first study to test an interaction between work hours and SES on BP.

Socioeconomic status. The strong dose-response relationship between decreasing

education and increasing ABP in this sample could not be explained by other variables.
Controlling for demographic, biomedical, and job stressor variables caused little change in the
substantial association between ABP and lower education levels. The 18 mm Hg systolic BP
difference between workers with high school and graduate education in this study is far greater
than population differences that are usually only about 2-3 mm Hg between the highest and
lowest SES groups (59).

Work stressors. Associations between job strain, effort-reward imbalance, shiftwork, and
ABP were modest and reached statistical significance only in models adjusted for age, race, and
gender (and not education). In analyses restricted to women (76% of the sample with ABP
readings), associations were stronger for job strain and effort-reward imbalance, in the range of
4.8-6.6 mm Hg systolic and 3.2-4.3 mm Hg diastolic. These effect estimates are similar in
magnitude to the four (of six) ABP studies in women that found effects of job strain (14) and to
effects observed among men facing job strain in the New York City WSBPS (15, 42). Shiftwork,
which was more common among men in this sample, was no longer significantly associated with
ABP after restricting the sample to women. Stronger effects of job strain and effort-reward |
imbalance were observed among workers with only a high school education (range 6-10 mm Hg
systolic and 2-5 mm Hg diastolic) thén among workers with higher education (interaction terms,
job strain and education, systolic ABP, p=.07, adjusted for age, race, gender, p=.11, full model;
job strain and education, diastolic ABP, and effort-reward imbalance and education, p>.10),
consistent with two previous job strain studies (17, 60). This is the first study to assess

interactions between effort-reward imbalance and SES on BP.
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BP effects seen in this study are also clinically significant. An elevation of 8-10 mmHg
in systolic blood pressure is associated with a 20-25% increased risk of coronary heart disease
mortality and a 34-43% increased risk of stroke mortality (61).

Occult hypertension

The prevalence of occult hypertension in the current study (16-23% in men and 19-20%
in women) was similar to other studies using two of the common definitions of occult
hypertension (24, 32, 57). Prevalence was lower (3.3% for men and 4.5% for women) using a
more restrictive definition (58). Its prevalence in the U.S. general population could be as high as
10% (28). Confounding did not appeé.r to be a major issue. The prevalence of occult
hypertension was similar after excluding participants who were pregnant or using
antihypertensive medication.

The current study was not designed to answer the question of what is the most valid
definition of occult hypertension. Further research on sequelae of occult hypertension, including
CVD, will be needed to adequately answer that question. Since ABP is a necessary component of
the definition of occult hypertension, one issue is the time period covered by ABP monitoring.
The current study analyzed data on ABP only during work hours. Only 22 participants had >5
home ABP readings, thus, home ABP was not analyied. Other studies that provided definitions
of occult hypertension used either mean 24-hour ABP (including the most restrictive definition
(58) and Verdecchia et al. (57)) or mean daytime (work and home) ABP (24, 32). There is
currently no accepted definition for high ABP during work.

The current study found associations between occult hypertension and age and alcohol
use, consistent with other studies (24, 31, 32). However, we did not find significant (p<.10)

associations between occult hypertension and male gender or cigarette smoking as in other
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studies (24, 31, 32). These null results were perhaps due to limited statistical power since the
sample size in the current study was much smaller than the other studies. The current study did
not ask questions about coffee intake, which was associated with occult hypertension in the study
by Pierdomenico et al. (24). The current study found a modest (p=.08) inverse association
between BMI and occult hypertension, which has not been previously reported.

This was only the second study to examine predictors of occult hypertension in the work
environment. We found that evening, night or rotating shiftwork was significantly associated
with occult hypertension. At least a doubling of risk due to shiftwork was seen for all models and
definitions of occult hypertension. Long work hours were not associated with occult
hypertension consistent with its inverse association with ABP in this study. Modest elevations of
risk due to job strain or effort-reward imbalance primarily in the range of 1.5-2.5 were observed.
However only the combination of job strain and effort-reward imbalance for Model 1, and
excluding parficipants who were pregnant or on medication for hypertension, produced a risk
estimate significant at the p<.10 level. These results are consistent with unpublished data from
the New York City WSBPS., In the WSBPS, the prevalence of occult hypertension was 27.8%
(10/36) for participants exposed to job strain, and 17.9% (26/145) if no job strain exposure -- a
prevalence ratio of 1.55 (95% CI 0.82-2.91).

While rarely studied, occult hypertension is of major clinical significance. Because
people with occult hypertension have a significantly increased risk of developing CVD compared
to normotensives (24, 27), they require counseling, possibly treatment, and workplace stressor
assessment, but rarely receive these because their office BP appears normal. The current study
suggests that employees exposed to shiftwork, job strain, and effort-reward imbalance in

particular need targeted ABP monitoring to determine whether they have occult hypertension.
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Psychological/psychosomatic outcomes

This is the first study to examine the association between long work hours and fatigue, as
measured by Sluiter et al’s “need for recovery” scale (52), finding a significant association. Long
work plus home hours were associated with a substantially increased risk of depression. How-
ever, long weekly work hours were not associated with anxiety or insomnia, not consistent with
earlier research that observed sleep decrements in those working long daily shifts (62). J ob strain
and effort-reward imbalance were associated with elevated risk of depression, énxiety, insomnia
and fati gue, consistent with other studies that have found associations between job stressors and
depression (33, 36-38), anxiety (33-35), sleep disturbances (63, 64), and fatigue (65-67).

Some evidence exists that anxiety (68), depression (69, 70), insufficient sleep (71) and
fatigue(72) are risk factors for the development of heart disease. Job stressors (and perhaps long
work plus home hours) may increase the risk of CVD, in part, by influencing negative affect.
Many emotions “are responses to power and status differentials embedded within social
situations” (73, p. 55). The current study also adds to the evidence that job stressors and long
work hours may increase risk of heart disease through psychosomatic pathways, that is, increases
in fatigue and Sleep disturbances.

Study strengths

The validity of our findings was enhanced by usé of the state-of-the-art technique of ABP
monitoring, which is more reliable and valid and more highly correlated with target organ
damage and CVD than are casual (clinic) BP measurements (28). We also used standard
measures of depfession, anxiety, fatigue and insomnia with good reliability and validity.

The potential exists for self-reported work exposures to overestimate associations,

particularly for psychological job demands or job efforts, inherently more subjective measures
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than decision latitude or job rewards. However, participants in the current study did not
undertake ABP monitoring until after they had completed the psychosocial questionnaire. Did
some participants exaggerate their responsibility and authority levels (decision latitude) because
of the prevailing popular belief in “executive stress”? If so, then they would have underreported
“job strain”, and associations between job strain and ABP would have been underestimated. In
the New York City WSBPS, there was no association between case-control status (or mean
ABP) and personality/ psychological measures that might have influenced reporting (46, 74).

Could the observed association be due to employees with higher BP selecting into jobs
with greater job strain, effort-reward imbalance or shiftwork? There is little evidence to support
such a hypothesis. In the New York City WSBPS, no association was found between case-
control status (or mean ABP) and personality/psychological measures such as anxiety, hostility,
anger, or Type A behavior that might influence job selection (46, 74). In fact, in national studies
(75), as in the WSBPS (43), the opposite pattern is observed—people tend to select out of high
stress/strain jobs over time.

The prevalence of insomnia in the current study (31.6%) was nearly identical to that
observed among 5,850 participants in the Sleep Heart Healthy Study (32.7%), a community-
based prospective cohort study (51). The prevalence of depression scores 216 in the current
study (11.3%) was lower than that observed in a pilot study of the CES-DR among parents of
teenage children in Baltimore (21%) (48). These data suggest that the current study sample was
not exaggerating their symptoms and provide evidence for the validity of their self-reports.
Study limitations

Restrictions to the range of variation in exposure due to study design might have reduced

the statistical power available to detect main effects of long work hours, shiftwork, job strain, or
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effort-reward imbalance. Despite the fact that lower status and stressful health care occupations
were represented in the sample, most participants were members of a labor union, and therefore
likely have better working conditions than non-union workers, or workers in “sweatshops”.
Thus, extremes of stressful work or very long work hours were not observed in this sample.

Thg internal consistency reliability of the job demands scale of the JCQ (one component
of job strain) was low in this sample (alpha=0.58). This may have introduced error in the
measurement of job strain and therefore biased associations with outcome variables to the null.
In international studies, internal consistency reliability ranged from .51-.72 for this scale (39).
Future research and intervention

These findings need to replicated using larger samples, and with samples with a wider
range of work hours and job titles. However, this study does add to the literature on the effects of
work stressors such as job strain, effort-reward imbalance and shiftwork on BP and on
psychological/psychosomatic distress. Intervention research, which evaluates the impact of
interventions designed to reduce these workplace risk factors, needs to be conducted. A good
model is a participatory action research (PAR) study conducted by Bourbonnais et al. at an acute
care hospital in Québec, Canada that included assessment of job strain, psychological distress
and used both qualitative and quantitative methods (76). A 12-month follow up evaluation of the
intervention program had positive results. There was a reduction in a number of adverse
psychosocial factors, and study participants reported improvements in sleeping problems and
“work-related burnout” (77). Such interventions (and their evaluation) are an important
component of a public health strategy to address the health effects of workplace stressors, which
include worksite surveillance, the development of the field of occupational cardiology, the

integration of health promotion with occupational health approaches, and job redesign (78).
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APPENDIX A

RESPONSES TO OPEN-ENDED QUESTIONS

Of the 239 total participants, listed below in parentheses is the number of participants providing
an answer in each category; examples of responses provided are listed within each category.

“What is the best part of your job?”

A. Satisfaction in Being a Caregiver/Helping Patients, Clients, Students (n=105)

i. “Caring for patients.”

ii. “I love to work and care for the children.”

iii. “Helping people with their needs.”

iv. “I love to help people.”

V. “Being confident in knowing that I have helped a human being.”

Vi, “Helping people feel better, putting a smile on a sick person’s face, educating people

about their illness/treatment, learning about medicine.”
vii.  “The students.”

B. Satisfaction Working with Colleagues (n=45)

i. “The people I work with.”

ii. “T work together with my co-workers and we respect each other. There is team
work.”

iii. “Support from my colleagues.”

iv. “The staff is great and we get along well.”

V. “The opportunity to work with may different departments; learn new things; very
pleasant co-workers.”

Vi “Being part of a team.”

C. Fulfillment of Career Interests or Goals (n=37)

i “Completing my job at the end of the day with satisfaction.”

ii. “The aspect of continuing education and learning new information daily.”

iii. “Doing a good job.”

iv. “Self-satisfaction in accomplishing goals I set for myself.”

V. “Learning and teaching new instrumentation and responsibilities.”

Vi. “Being paid to think and not just function.”
vii.  “The opportunity to learn new things.”

D. Autonomy/Flexibility on the Job (n=21)

i. “Do my own work.”

ii. “I can make decisions independently.”

iii. “Self-direction.”

iv. “Independence.”

V. “Responsibilities and freedom to decide how to do my work.”.

E. Being Employed/Benefits (n=11)
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i. “Job security.”

ii. “Getting paid.”

iii, “Collecting a paycheck every week.”
iv. “Healthcare.”

V. “The union benefits.”

F. Work hours/Location (n=10)
i. “It’s not far from home.”
ii. “The best part of my job is my hours.

2

G. Leavmg Work (n=8)

i “Quitting time.”
ii. “End of the day.”
iii. “Going home.”

H. Happy at Work (n=5)
1. “I enjoy work.”
ii. “Working environment.”

“What is the most difficult aspect of your job?”

A. Overwhelming Demands (being understaffed) (n=57)

I “Dealing with management and constant unfair work demands due to our department

belng understaffed.”
1. “Too much work for one person.”
ii. “Cannot complete workload on time, cannot attend to all the phone calls in a
timely manner.”
ii. “The pressure to get work done, the rushing, the contradictions, the
inconsistencies.” :
iv. “Being understaffed.”
\2 “Level of stress endured in one day. Balancing constant time pressure and work
load.”
Vi. “Overwhelming number of patients to take care of in a given shift.”
B. Difficulty with Colleagues/Lack of teamwork (n=37)
i. “No teamwork.”
ii. “Working with my co-workers.”
iii. “Trying to get along with other workers.”
C. leﬁculgy with patients/family members/customers (n=29)
i “Dealing with patient [sic] attitudes and emotions.”
il “Having to see people suffer.”
iii. “Losing patients due to serious health problems.”

D. Lack of organization on the job (n=22)
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i “Working in a disorganized and disrespectful environment.”

ii. “There is a lack of communication within the department; management does not
[sic] inform you what’s next or what’s going on.”
iii. “To overcome persistence of incompetent management on all levels, to see Mount

Sinai wasting money.”

. Problems with Lifting (n=16)

i. “Lifting patients.”
. Problems with a supervisor (n=13)
i. “Dealmg with unfriendly/moody supervisors. Being treated unequally by
supervisor.”
ii. “My boss is often difficult and unyielding on certain issues; i.e. working hours,
time off.”

. Inadequate working condition (n-l 1)
i “It’s not very sanitary.”
ii. “Standing long hours in different areas of lab work.”

. Frustration with job tasks (n=10)

i “Poor documentation via the charts.”

ii. “Keeping track of miniscule details.”

Inadequate or Unfamiliar Equipment (n=7)

1. “My inability to provide equipment/supplies because of Mount Sinai’s financial
issues.”

Tasks too repetitive (n=6)

i. “The monotony of my task.”

ii. “Repetitive nature of tasks, in particular paperwork.”

iii. “I’m so used to the job that none of it is difficult. Just doing the same things over and

over gets annoying.”

. Lack of recognition and respect (n=4)
i. “Maintaining my own sense of value since I don’t believe I’m valued by Mt. Sinai.”

ii. “Not being recognized or appreciated for your efforts.”

. Work hours/Location (n=4)
i “Long hours—sometimes it can be a long day.”

. Poor Pay (n=4)

i. “The salary is below standard for the work we do.”
. Other (n=2)

L “Not being able to get my pomt across.”

ii. “Lack of communication.”
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“What are some actions that could be taken to improve working conditions at your current
job2”

A. Physical Condition of Work Environment/Condition of Equipment (n=50)

i “Better and more updated equipment.”

ii. “More up to date technical tools (computer software) and necessary books.”
iii. “Cleaner environment.”

iv. “Adequate ventilation.”

B. Increased Staff (n=48)
1. “More staff.”
ii. “Hire more workers.”

C. Teamwork/Work Organization (n=44)

1. “We need more teamwork.”

ii. “Fair job responsibilities.”

iii. “Have more freedom and autonomy.”

iv. “Training classes [for promotion].”

\2 “More creative tasks...More interaction with other departments.”

D. More Respect from Supervisors/Better Supervision (n=29)

i. “Treat employees with respect and dignity.”

ii. ‘“More appreciation from administration”

iii. “Improve supervisor relationship with staff.”

iv. “Upper management should listen to feedback from technical people.”
v. “Less favoritism and equal treatment.”

E. Communication (n=13)
i. “Better communication.”
ii. “Communication, respect for one another.”
iii. Communication between staff and management.”

F. Other (n=11)
i. Not Sure/No Comment
ii. “I don’t know, because it’s just not one thing; it’s many.”

G. Increased Pay (n=8)
i. “Higher pay.”
ii. “Higher wages.”

H. Patient/Consumer Relations with Staff (n=8)
i. “Family members should participate in care instead of complaining.’
ii. “Getting family members more involved.”

b

I. No Action Needed (n=5)
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