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ABSTRACT

JOB STRAIN AND ELECTROCARDIOGRAPH ASSESSED

PATHOPHYSIOLOGIC MECHANISMS

The goal of this dissertation was to assess the effect of stress in the work
environment on cardiovascular health through assessment of electrocardiograph data. The
hypothesis was that psychosocial stress from work affects cardiac regulation in a
pathogenic manner. The demand/control model was used to quantify work stress.
Cardiac regulation was measured by components of electrocardiogram output: high
frequency power (HFP) which represents the parasympathetic autonomic nervous system
(ANS); the ratio of low to high frequency power (lo/hi). residual heart rate as well as QT
interval variability (QTVI) as measures of sympathetic activity. Thirty-Six males
between the ages of 35 and 59 years and free of known heart disease were selected from a
larger longitudinal study of healthy subjects and cardiovascular risk based on responses
to a subset of questions from the Job Content Questionnaire (JCQ). Subjects were
monitored with an ambulatory Holter electrocardiograph. Monitoring began on the
morning of a workday followed for 48 continuous hours through the following rest day.
Subjects were classified as high and low job strain based on occupational code. responses
to the Job Content Questionnaire (JCQ) and a workday diary. High strain subjects

exhibited lower parasympathetic activation during the entire 48-hour monitoring period,
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while measures of sympathetic activation were elevated in the high strain subjects on the
workday. Multilevel modeling demonstrated that strain reported on the ambulatory diary
was significantly associated with reductions in parasympathetic activity within-subjects.
JCQ assessed decision latitude had a significant effect on this relationship with greater
within-subject reductions in parasympathetic activity with low decision latitude. One
implication of this study is that demands seem associated with short-term alterations in
cardiac regulatory control with long-term changes in parasympathetic activity being
associated with job control. Preliminary results support the use of ECG data for further
analysis of Karasek's Stress Disequilibrium Model. However. longitudinal studies on
- larger populations in a wide variety of occupations are needed to fully explore the
methods and theories presented. Implications of findings for physiological linkages
between strain and disease. testing new job strain based cardiac regulatory hypotheses, as

well as for future studies of occupational monitoring are discussed.



ACKNOWLEDGEMENTS

Only through the support. care and guidance of so many individuals has it been possible
to complete this dissertation. I am indebted to my advisor Robert Karasek: he has been an
invaluable mentor providing professional and personal guidance and insight. Kevin Costas has
plaved a critical role in the overall project; I would not have been successful without his support
and friendship. It was Professor Karasek's foresight, which led to the development of the HRV
Project, the platform which made this dissertation possible. Additionally, it has been Professor
Karasek's theoretical developments of the Stress Disequilibrium Theory that led to our
collaboration on the empirical investigations presented in Chapter Four, and my biological
reinterpretation proposed in Chapter One. As the author of this dissertation I plan on submitting
Chapters Two and Three for publication as the primary author with the co-author assistance of
Professor Karasek. Due to my respect for his work in the development of the theoretical basis for
Chapter Four, where [ provide initial empirical support for this theory. [ would like Professor
Karasek to be the primary author of this paper as we prepare it together for publication.

[ am very grateful for the work and time of my committee members, Bryan Buccholz and
David Kriebel, for their constant support and advice on so many diverse aspects of the of this
project. I would like to gratefully acknowledge the members of the University of Massachusetts
Medical Center and the SEASONS study, Dr. Ira Ockene, Philip Merriam, and Kathy Ruffino for
their technical assistance during the data collection process. I am deeply appreciative to the
Cardiovascular Electrophysiology Division at Columbia University Medical Center. specifically
Dr. Thomas Bigger and Richard Steinman, for their timely and professional processing of the
electrocardiogram data, and to the Cardiovascular Electrophysiology Division at Johns Hopkins

Hospital, both Dr. Ronald Berger and Barry Fetics for their incredible degree of collaboration.

vi



collegiality and hospitality in providing algorithms and training in signal processing of QT
intervals.

Throughout this process I have had the friendship, mentoring and support of so many
individuals from the College of Health Professions, Joseph Dorsey, Janice Stecchi, Susan
O~Sullivan, Claire Chamberlain deserve individual mention to the special and critical roles they
have each played in my development throughout my years at the university. No one could ask for
a more professionally oriented. teaching focused. caring group of colleagues and friends than
those that | have had the pleasure of knowing within the College of Health Professions.

From a very early age my parents, Nancy and Joseph, have instilled in me a deep sense of
respect for education. Many times throughout my life that they saw much more in me than I could
see. Their love and support, care and guidance, work ethic and admiration for the human spirit
have always been and continue to provide a safe beacon of light in my life.

Through the many years of my academic, professional and personal life my family has
provided me with the most love and support than it would seem humanly possible. [ have been
deeply touched by the love of my wife, Traci and my two sons, Timothy and Andrew. This
process has placed them under considerable strain and I have, on too many times to count, asked
for them to remain understanding of my work and time, which they have always done with
smiles. They have provided not only joy and happiness with their caring, understanding and

unconditional love, but they have also given me the desire to be a better man.

vii



TABLE OF CONTENTS

LIST OF TABLES . ... e X
LIST OF FIGURES . .. . e Xl
CHAPTERS

INTRODUCTION. ... e 1

I. FOUNDATIONS FOR THE USE OF ELECTROCARDIOGRAPH
MONITORING TO ELUCIDATE PATHOPHYSIOLOGIC

MECHANISMS OF JOB STRAIN. ...cuiiiii e 3
Heart Rate Variability Project.........ccoooiiiiiiiiiii 3
Overall Hypothesis: Heart Rate Variability Project...........................o. 3
Specific AIms: DISSETtation. .. ... .....ouiiiiiiiiiiiniriiie e 6
Background...........oooiiiii e, 7
The Method: Electrocardiography Analysis...........o.ooiiiiiiiiiiniiine . 16
Occupational Stress and Electrocardiograph Monitoring............................ 27

Theoretical Extension for the Expanded use of Electrocardiograph

Monitoring in Job Strain Research.................coii 34
SUMMATY. ... e e 46
Literature Cited........oeiuiiiin i 47

2. IMPACT OF JOB STRAIN ON HEART RATE VARIABILITY & QT

INTERVAL VARIABILITY INDEX ..., 59
ADSIIACT. ..ttt 39
INTrOAUCTION. . ..ot ee it e 61
MEthOdS. ..o e 65
RESUILS. ..o e 80

viil



| 3 T}« SO 86

COMNCIUSIONS . vttt e e e e 92
Literature Cited. ....oove it e 93

3. WITHIN SUBJECT CARDIAC VAGAL RESPONSES TO WORK

AND REST DAY STRESSORS. ..., 111
ADSITACT. .. ..ttt e 111
INtrodUCTION. ... et e, 113
Methods. ... .o 118
ReSUlts. ..., 128
DISCUSSION. ... ettt ettt 143
COonCIUSIONS. .. ce ettt 155
Literature Cited. ........coviiniit i 156
4. JOB STRAIN, EXHAUSTION AND CARDIAC REGULATION................ 165
ADSITACT. . ... et ittt 165
INtrodUCHION. ... et e, 167
Background..........oouiiiiii e, 168
Methods. .. .o 175
Part One: Validation..........oouuiuiiiiiii e 184
Part Two: Analysis Methods and Results.....................oooa, 192
DISCUSSION. .. ettt et 209
CONCIUSIONS. ...c ettt 218
Literature Cited. .........ooouiiiniiiiiin e, 219
5. OVERALL CONCLUSIONS. ...ttt e, 267

X



LIST OF TABLES

Page

Sociological Periods..........coovviiiiiiiiii 67
Job Strain Scales.......coiii 69
Emotion Scales.........oooiii 72
Standardized Coefficients from Regression Equations....................... 73
Comparison of JCQ and Weighted Job Strain Scales........................ 74
Dependent Variables Aggregated within Sociological Periods............. 78
Descriptive Comparison between Job Strain Groups........................ 80
Strain and Sociological Period Descriptive Statistics for High Frequency
POWeT. ..o e 81
Model Parameters for Heart Rate Vanability................................. 82
Model Parameters for High Frequency Power............................ .. 83
Model Parameters for QT V..., 84
Model Parameters for Lo/Hi Ratio..........c.cooooiiiiiiiiiiinin, 84
Model Parameters for Residual Heart Rate..........................el 85
Diary Entry Periods.......coeuiiiiiiiiiiiii e 120
QUESHIONNAITE SCalES. ...ttt e 121
Effect of Shifting Linkage Window.............oooiiiiiiiiiiii i, 124
Variable Levels.. ... 126
Descriptive StatIStICS. . .vuuuenie ittt e, 128
Diary Variable Correlations...........coooiieiiiiiiiiiiiiciicceieee 129
Fixed and Random Effects for Main Hypotheses............................. 131
Fixed and Random Effects for Strain and Support Hypotheses............ 136



4-4

Comparison between Model Predictions and Actual Measures............. 142
Estimates for Measure of Effect based on Independent Variables......... 144
Sociological Periods.......ccoovieiiiiiii 181
Validation Correlation MatriX..........ooooviiiiiiiiiiic e 188

Heart Rate. Sympathetic and Parasympathetic Control on the

WOTKAAY . .o e 198
Heart Rate. Sympathetic and Parasympathetic Control During other

RSt 200

Heart Rate, Sympathetic and Parasympathetic Control During Sleep...... 200

Xi



LIST OF FIGURES

FIGURES Page
1-1 Integrating Three Research Traditions....................ooa 55
1-2 Normal Electrocardiogram............cccoeiiiiniiiiiiniiiiiiiineeen, 56

1-3 Derivation of Electrocardiograph Variables for Testing Hypotheses.... 57

1-4 Systems Disequilibrium...............coo 58
2-1 Proposed Hierarchical Relationship between Job Strain Assessment
Methods......ooi 98

2-2 Psychological Demands: Correlation Coefficients between Job Strain
Assessment Methods. ..o 99

2-3 Decision Latitude: Correlation Coefficients between Job Strain
Assessment Methods........oooiiiiiii i, 100

2-4  High Job Strain Classification using U.S. Quality of Employment

Survey Tertiles. ..o 101
2-5 Heart Rate Variability by Job Strain....................o.oooa 102
2-6  Heart Rate Variability by Job Control ............cooviiiiiiiiiiiiinnn, 10
2-7 Heart Rate Variability by Job Demands............................ 104
2-8 High Frequency Power by Job Strain................ccooooil 105
2-9  High Frequency Power by Job Control...............ccooviiiiiiiinin, 106
2-10  High Frequency Power by Job Demands..................cocoeeiiial. 107
2-11 QTVIbyJob Strain........ccooiiiiiiiii e, 108
2-12 Low Frequency / High Frequency Ratio by Job Strain..................... 109
2-13  Residual Heart Rate by Job Strain..............c.ooooiii 110
3-1 Cut Points for Diary Strain Determination...................ocoveein.. .. 161

3-2 Individual Differences in High Frequency Response to Diary Strain.... 162

x1i



4.7

4-8

4-9

4-10

411

4-17

4-18

4-19

Pooled Sample Differences in Diary Strain while at Work vs. Home... 163

Diary Strain X Social Support Interaction: Predicted HFPnu............ 164
Calculation of EXertion........c.ocoouiiiiiiiii e 226
EXEITION. .. oou i 227
Personal Interaction: Categories..............coevveiviieiiiiinininn..... 228
Psychological Demands..............oooooiiiiiiiiiiiii i, 229

Sum of Demands (Exertion + Psychological Demands +

CommUNICAtION). ...c.uiuuiiiiieiie it e, 230
Percent of QTVI Data available during the Monitoring Period........... 231
Percent of QT VI Data available in Various Positions...................... 232
Percent of QT VI Data available with Increasing Exertion................. 233
QTVI During Wake and Sleep...........ccoeuveiiiiiiiiiiiiiiiiiieiii 234
QTVIWIth Posture........cooiviiii e 235
QTVIWith EXErtion.......oooiiiiiii e 236
QTVI with Personal Interaction Categories...............c.ccvueuneneenn.... 237
QTVI with Psychological Demands....................coccoooinian.. 238
QTVI (with Imputed Data) during Wake and Sleep........................ 239
QTVI (with Imputed Data) with Posture..................ccovevnenininl, 240
QTVI (with Imputed Data) with Exertion...................coooeevennn. 241
Residual Heart Rate with Wake and Sleep...................cooooiienin, 242
Residual Heart Rate with Position.........................o 243
Residual Heart Rate with Exertion...............c.oooooiin 244
Residual Heart Rate with Personal Interaction.............................. 245

Xiii



Residual Heart Rate with Psychological Demands.........................
Algorithm for Autonomic Space Categorization.............c.ce.eeuenen...
Sympathetic Reciprocal Control During the Monitoring Period..........

Non-Reciprocal Parasympathetic Control During the Monitoring
Period. . ..o

Reciprocal Parasympathetic Control During the Monitoring Period.....
Parasympathetic Non-Reciprocal Control: The Effect of Exhaustion....
Parasympathetic Reciprocal Control: The Effect of Exhaustion..........
Sympathetic Reciprocal Control: The Effect of Exhaustion...............
Sympathetic Non-Reciprocal Control: The Effect of Exhaustion.........
Workday Slope Coefficients of HR as a function of HFP.................
Workday Slope Coefficients of HR as a function of HFP.................
Rest Time Slope Coefficients of HR as a function of HFP................
Distribution of Vagal ACtiVity.........ccooeviniiiiiiiieiiieieeeeen
Standard Deviation of Vagal Cardiac Control...............................
Percentage of Vagal Cardiac Control Greater than 1 Std. Deviation.....
Sample Poincaré Plot for Entire Monitoring Period........................

Distribution of Residuals Displaying Short Term Variation in Vagal
ACHIVITY ..ottt e e

Sample Poincaré Plot for Workday (Low Strain Subject)..................
Sample Poincaré Plot for Workday (High Strain Subject).................
Sample Poincare Plot for Workday (Exhausted Subject)..................

Short Term Variations as Determined by Poincaré Plot Residuals.......

Xiv

246

247

248

249

250

[§°]
n
(OS]

258

259

260

261

262



INTRODUCTION

This dissertation is organized in a multi-monograph format. Chapter One
explains the goals. specific aims and background from which the dissertation is based.
The dissertation is a result of the Heart Rate Variability Project at the Department of
Work Environment at the University of Massachusetts Lowell and that project’s research
platform is discussed '. The chapter provides a general introduction to the Job Strain
literature and raises questions regarding Job Strain and heart disease etiological
mechanisms. A detailed description of ambulatory electrocardiograph output and the
physiological systems analyzed is included. The chapter introduces basic concepts of a
new theoretical model, Karasek's Stress Disequilibrium Model ? and a new extension of
this, focused on the physiological implications of environmental control that requires a
new set of monitoring skills, which ambulatory electrocardiograph assessment may
provide. Chapters two through four are stand-alone monographs each representing unique
portions of the increasingly complex. integrated, and interdependent analytical approach
used. Each chapter discusses the implications of its findings in furthering our
understanding of job strain cardiac disease mechanisms and the potential role of
ambulatory electrocardiograph in elucidating these mechanisms. Chapter Two reports on
what has now become a “traditional analysis™ of physiologically interpretable dependent
variables between high and low job strain subjects. It tests the hypothesis that high job

strain influences cardiac regulation in a manner suggestive of exhaustion, pathogenesis,



or deregulation depending on the dependent variable. Chapter Three reports on a within-
subject analysis of job strain during a 48-hour period on cardiac vagal regulation using
multilevel linear modeling. It expands on Chapter Two by analyzing associations
connecting within subject cardiac vagal regulation with diary-based reports of job strain
and a review of associations within selected sociological periods during the work and rest
days. Chapter Four validates the use of sympathetic nervous system indices prior to their
use, in the following chapter. for conducting analyses of autonomic nervous system
coordination and variation. These analyses provide preliminary support for Karasek's
Stress Disequilibrium theory showing coordination and adaptability differences in
subjects with job strain, as well as subjects with self-reported exhaustion. Chapter four
builds on the previous two chapters by extending the use of ambulatory
electrocardiograph monitoring in the workplace from that which has been previously
attempted by incorporating a new theoretical foundation based on previously
disconnected literatures in psychophysiology and systems principles. Finally, Chapter

Five summarizes conclusions and explicates recommendations for future work.



CHAPTER ONE

FOUNDATIONS FOR THE USE OF ELECTROCARDIOGRAPH MONITORING

TO ELUCIDATE PATHOPHYSIOLOGIC MECHANISMS OF JOB STRAIN

Heart Rate Variability Project

The overall goal of the Heart Rate Variability project is to assess the effect of
stress in the work environment on cardiovascular health via ambulatory
electrocardiograph (ECG) monitoring !. The project utilized well-understood measures
of psychosocial work stress and measures of cardiovascular function to analyze the
predictive combinations of measures that illustrate the association between work related
stress and cardiovascular function.

Professor Robert Karasek in the Department of Work Environment at the
University of Massachusetts Lowell initiated the Heart Rate Variability Project in 1996.
The project protocol was designed to collect occupation and ambulatory
electrocardiograph data on a population-based sample to allow contrasts for testing
numerous physiological hypotheses related to the Demand Control Model !, Subjects
were recruited from a sample participating in an ongoing study of seasonal variations in
cholesterol (SEASONS) under the direction of Dr. Ira Ockene at the University of

Massachusetts Worchester Medical Center °. The SEASONS study included a short



version of the Job Content Questionnaire (JCQ) to allow a pre-monitoring screening of
subjects fitting age and gender criterion to identify those most likely in high and low
strain jobs. The initial wave of data collection. performed by doctoral student Kevin
Costas, was performed during 1996 — 1997. At that time 23 subjects were successfully
monitored, however, only 3 of these subjects were categorized as high strain based on a
full JCQ assessment (completed at the time of monitoring) using national sample cut
points. Initial analyses illustrated that psychosocial response questions taken from the
JCQ. and the similar diary questionnaires, could show a fairly predictable association
with physiological indicators likely to be representative of general conditions of stress *.
The investigation identified that a 48-hour Holter monitor device could be used
successfully to gather real time ECG data in a work environment. However, after the
initial wave of data collection the study had a major limitation in its subject recruiting
method for high job stress subjects. These subjects did not participate in sufficient
numbers to allow analysis of the intended hypotheses. Selective recruitment bias
seemed to occur when high strain subjects were asked to participate in a complex study
protocol *.

I joined the Heart Rate Variability project team in September 1997 shortly after it
had been concluded that the project, despite having a successful monitoring protocol,
required modification to the recruitment strategies. Changes to the recruitment methods
were implemented to allow a greater participation yield of high strain subjects without

compromising monitoring rigor and are discussed elsewhere °.






