“Self-rated health, an individual and subjective conception that is related to
the strongest biological indicator, death, constitutes a cross-road between the
social world and psychological experiences on the one hand, and the biological world, on the other” p.308, Jylhä, 2009[1]
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Prologue

The Black Report, published in 1980 [2], was part of the public health course
curriculum at medical school. The authors of the report had by the British
government been given the task to describe and investigate trends in social
inequalities in health, and to relate these trends to the policies intended to
support health. In the report they concluded that despite death-rates having
reached the lowest points in the history of human society, lowest as compared to highest socioeconomic position was associated with a more than
two-fold higher risk of dying before reaching retirement. A core question
raised concerned what, in terms of life circumstances, may account for these
striking differences in health? Explanations posed by the authors were categorised as artefact, natural/social selection, materialist/structuralist, and cultural/behavioural. During the decades which followed, increasing research
also came to investigate the potential importance of social and psychological
factors for inequalities in health [3, 4].
Around the time of the publication of the Black Report, a single question,
in which participants are asked to assess their health in general, was intriguingly found to predict subsequent mortality [5, 6]. The observation triggered
extensive research concerned with what, of importance to subsequent health,
these simple subjective assessments of health capture. A number of theories
have been put forward in the quest for an answer, a basic premise of which
has been that self-ratings of health (SRH) are thought to capture information
on health in a more inclusive, complex, and dynamic way than is possible
through specific measures of health status or health risk factors [7]. One line
of hypotheses, has suggested that the observed association between SRH and
subsequent mortality may reflect limitations in our ability to measure disease
and methodological limitations inherent to the use of specific health measures. Another line of hypotheses has been concerned with the association
between behavioural health risk factors and SRH. Research has clearly supported the importance of health status and health risk factors for SRH. Associations between SRH and subsequent health however remain, although attenuated, when objective health and health risk factors are adjusted for, and
mechanisms linking SRH to subsequent health are still poorly understood [1,
7].
A third line of hypotheses has suggested that SRH may reflect the presence or absence of resources of importance to health [7], and, based on a
stress-theory perspective, that psychobiological factors may explain part of
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the association between SRH and subsequent health [8]. Psychobiological
responses are essential in the regulation of the diurnal cycle of rest and activity. Responses to mild daily life stressors of time-limited duration are moreover not only essential, but also potentially beneficial to wellbeing and
health. Growing evidence has, however, suggested that sustained responses
in terms of prolonged over- or under-activity of the stress response systems
may be associated with increased risk of a wide range of disease processes
[9-14].
Much still remains to be understood concerning what, of importance to
future health, these simple SRH capture. The present thesis takes its departure-point in a multidimensional concept of health, and a basic interest in
questions concerning the importance of social and psychological factors for
health and well-being.
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Introduction

Development of the concept of health
“The boundaries between health and disease, between well and sick, are far
from clear and never will be clear, for they are diffused by cultural, social,
and psychological considerations” p.132, Engel, 1977 [15]

Dualistic philosophy, a school of thought among the ancient Greeks, which
came to dominate the western world for centuries to come, perceived of
physical health as a material, one-dimensional construct, separate from psychological health and not affected by psychological factors. Ancient Greek
holistic philosophers, on the other hand, viewed health as a multidimensional
construct. Physical health and illness were thought to be a result of interactions between the body, mind, and environment [16].
Medical science has during the past centuries predominantly been based
on a dualist, one-dimensional, biomedical model of health and disease [17].
Based on the conceptual framework of the biomedical model, health has
traditionally been defined in negative terms as absence of disease, and disease defined in terms of objective signs and symptoms agreed upon by
medical health professionals as constituting diagnoses [18]. The biomedical
model is mechanistic, i.e., the body is viewed in terms of a machine, and
disease as a defect that needs to be put right [19], and furthermore, reductionist, i.e., based on the view that complex phenomena such as disease ultimately can be explained and understood in terms of simpler primary biological principles. Medical research has, based on the assumption that disease
ultimately can be fully accounted for in terms of deviations from the norm of
measurable biological variables, primarily focused on identifying the underlying biological pathogenesis of disease [17].
During the first half of the 20th century, biomedical knowledge concerning treatment and prevention increased rapidly, and there was widespread
belief, that health of individuals and of populations primarily was determined by the quality, availability, and use of medical health care [18].
Chronic non-communicable disease came to replace infectious disease as a
primary cause of morbidity and mortality, a transition which, though augmented by medical progress was determined primarily by social and economic conditions [20].
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In 1948, the World Health Organization (WHO) in its constitution chose
to define health in positive and multi-dimensional terms, as “a state of complete physical, mental, and social wellbeing, and not merely the absence of
disease and infirmity” [21, 22]. Despite the controversy this definition provoked, it also gave impetus to a broader discussion on and conceptualisation
of health as a multidimensional concept.
During the second half of the 20th century, despite investments in extensive health care systems, needs for health care were perceived as everincreasing, and attained health gains, in relation to levels of health care expenditure, perceived as modest [2, 18]. Increasing research furthermore
pointed towards the importance of social and psychological factors for
health, ill-health, and disease [23-25]. Theories of disease aetiology gradually started to shift from one in which disease was perceived of as caused by
a single factor, to theories of multiple causation. A multi-dimensional biopsycho-social model of health was proposed [15, 17, 26], based on a systems-theory perspective, i.e., on the fundamental premise that all levels of
organisation are linked in such a way that changes in one level (biological,
psychological, social) affect the other [17]. Though initially criticised as
being un-measurable, the multidimensional model of health gradually gained
wide acceptance [27]. The present thesis is based on a multidimensional biopsycho-social concept of health (Figure 1).

Health measurement
“How a problem is framed will determine which kinds of evidence are given
weight, and which are disregarded” p.1348, Evans, 1990 [18]

How health is measured influences, and is influenced by, conceptions of
health. Measures used for monitoring of public health reflect what are perceived as major health issues, and furthermore, reflect issues related to
methodological, practical and economical constraints.
Monitoring of population health has traditionally been based on mortality
data. With the change in disease patterns and the expansion of the health
care sector during the first half of the 20th century, an increased need to
monitor effects of non-fatal health outcomes on population health, and a
need for information of importance for health service planning and delivery,
evolved. Based on a biomedical perspective on health, health measures developed were primarily based on indicators such as, for example, morbidity,
physical condition, symptoms, or biochemical tests. Gradually, during the
20th century, as multidimensional concepts of health, and increasing expecta-
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Figure 1. Health: a multidimensional concept

tions on health evolved, additional health measures, based on broader measures of health status and measures of health-related quality of life were developed and have become increasingly used [27, 28].
Health measures can be classified according to the underlying dimension
or dimensions of health the measure is intended to capture. The multidimensional WHO-definition of health, for example, encompasses physical, psychological and social dimensions of health [21], and the WHO Ottawa Charter for Health of 1986, defining health as “a resource for everyday life, a
positive concept emphasizing social and personal resources, as well as
physical capacities”, is based on the concept of health as a resource [29].
Measures of health can also be classified according to function, scope,
and methodology. Functional classification concerns classification of health
measures in terms of, for example, monitoring either health status or change
in health status, and as monitoring health for individuals, or for groups. Classification based on scope concerns the breadth of the concept being measured, a common distinction used being that between general, and specific
instruments. Regarding methodological classification, a number of distinctions can be made, a complex distinction being that between objective and
subjective measures, where measures which in the collection and processing
of information do not require judgement are characterised as objective, and
measures which are based on judgement are categorised as subjective [27].
Subjective assessments are based on multiple psychological processes
which involve conscious and unconscious processing of information and
interpretation of meanings, processes which are influenced by cognitive,
sensory, emotional, and contextually related factors [30-32]. Subjective
health measures are thus explicitly constructed to catch something which
cannot be observed and measured directly. The scientific base for considering subjective measurements as a valid approach to measurement initially
15

came from psychophysics, a branch of psychology in which relations between physical stimuli and mental phenomena are investigated. Based on
experimental data, research suggests that people make estimates of subjective physical phenomena in a remarkably consistent manner, even when the
comparisons are abstract [27].

Self-rated health
“Self rating of health cannot serve as a substitute for epidemiologic diagnoses. These ratings clearly measure something more – and something less –
than objective health ratings” p.92, Maddox, 1973 [33]

The concept of self-rated health (SRH) refers to an individual’s assessment
of his or her own health. SRH have, during the past decades, become increasingly used in national and international public health monitoring and
recommended as a standard part of health surveys [34, 35], been used as an
outcome measure in epidemiological and medical research [1, 7, 36], and
suggested as a tool in clinical assessment [1, 37-40] and in primary prevention screening procedures [41].

Measures of self-rated health
Questionnaire-based assessments of SRH can be characterised as specific or
global, and can be based on single-item instruments, such as the Gothenburg
Quality of Life instrument (GQL) [42], or on multi-item scales, such as for
example the Short-Form Health Survey [43]. Specific measures of SRH focus on one or a number of specific dimensions of health, and may be population-, or disease specific. Global SRH refer to measures in which individuals
are asked to assess their health status in general, phrased for example as “In
general how would you say your health is?” [8].
Single-item measures of global SRH are commonly categorised into three
main groups; global non-comparative, global age-comparative, and global
time-comparative. Non-comparative phrasings ask respondents to rate their
health in general. In age-comparative phrasings, individuals are asked to rate
their health in comparison to others of the same age. In time-comparative
phrasings, respondents are asked to compare their present general health
with their health at a specified earlier time-point [44]. Response alternatives
are commonly based on a Likert 3- to 7-point scale, or on a visual analogue
scale. The present thesis is based on analyses of global, non-comparative,
SRH.
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Validity of self-rated health
SRH have been used in sociological, epidemiological and medical health
research since mid 20th century [45]. Within medical science, SRH was initially perceived as a questionable substitute for objective health status.
When, however, in the beginning of the 1980’s, clear associations with future mortality were demonstrated, interest in SRH increased rapidly. Mossey
and Shapiro in 1982 reported a relationship between SRH and mortality,
which was independent of objective health status or self-reports of medical
conditions [5]. Kaplan and Camacho 1983, in the Alameda County study,
reported a nearly two-fold increase in mortality risk among participants who
rated their health poor, as compared to excellent, after adjusting for significant covariates [6].
During the past decades extensive research based on different designs,
study-populations, follow-up periods, and with differences in range and
number of covariates included, has been performed. Independent associations between SRH and subsequent mortality, which remain after controlling
for age, socioeconomic status, chronic conditions, and selected medical risk
factors, have repeatedly been observed [1, 7, 46]. The odds of mortality for
poor, as compared to excellent, SRH has often been reported to exceed those
for smokers when they are reported in the same study [7]. Results have been
remarkably consistent, despite differences in the phrasing of the question and
differences in response options posed to the respondents, suggesting that
different versions of global SRH represent parallel assessments of the same
basic phenomenon [44, 47].
Furthermore, SRH has been found to hold predictive validity not only in
relation to mortality, but also in relation to functional ability [48-50], health
care utilization [51-53], morbidity [50, 54, 55], has been associated with risk
for long-term sick-leave and disability pension [56, 57], and been reported to
modify the effects of biomedical risk factors in the prediction of myocardial
infarction and stroke [58, 59].

Determinants of self-rated health
“Individuals may be better at integrating relevant information into a global
summary judgement than any score could be on a detailed symptom of health
status measure. People intuitively weigh, integrate and summarize relevant
information from various internal databases” p.88, Knäuper, 2003 [60]

A basic premise of the hypotheses put forwards concerning mechanisms
explaining the predictive validity of SRH, is that global SRH are thought to
capture information on health in a more inclusive, complex, and dynamic
way than is possible through specific measures of health status or health risk
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factors, which by necessity are constrained in range and number of health
variables and measures that can be included [1, 7].
Global SRH clearly encompass assessments of health status and health
risk factors [61-64]. Associations between SRH and mortality are attenuated
when health status and health risk factors are included as covariates, and
seem to be affected by the comprehensiveness of health status measures
included in the models [1, 61, 64, 65].
SRH have been found to carry predictive validity in relation to future
mortality not only among diseased, but also among healthy individuals [40,
66]. A relationship between SRH and as yet undiagnosed disease has been
suggested, but found to provide at most a partial explanation to the association between SRH and subsequent health [5-7]. Based on a stress-theory
perspective, it has been suggested that psychobiological mechanisms may
explain part of the predictive validity of SRH in relation to subsequent health
[7, 8]. As to date, however, mechanisms explaining the relationship between
SRH and subsequent health are poorly understood [1, 7, 8, 67].
Moreover, associations between SRH and subsequent mortality seem to
differ between groups. Stronger associations between SRH and mortality
have been observed in younger than in older people [68-70], and in men as
compared to women [7, 71], though no gender related differences, and
stronger associations in women as compared to men, have also been reported
[51, 69, 72]. Knowledge concerning associations between SRH and outcomes other than mortality in different groups is furthermore sparse.

Age, year of investigation, and self-rated health
“Although an individual, subjective process, it is embedded in a given social
and cultural environment and makes use of conceptual resources and patterns
of representations provided by this environment” p.308, Jylhä, 2009 [1]

Age reflects effects of contextually determined factors of importance to
health and well-being, as well as effects of biological processes of aging
internal to the individual [73]. Results concerning associations between age
and SRH vary. Global non-comparative SRH have been inversely [74-78]
and directly associated with age [78-81]. Differences in the extent to which
health status variables have been adjusted for have been suggested to explain
the seemingly paradoxical results [1, 65, 78].
It has moreover been suggested that age-related changes in SRH may not
be great, while contextually determined effects related to secular trends or
cohort effects may be present, but are generally overlooked [73, 82]. Patterns
of morbidity, and life-style related health risk factors may change over time as
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Figure 2. SRH: health and well-being, an orthogonal position

may concepts of health, and knowledge and expectations concerning health
and health care. Studies investigating potential effects of year of investigation on SRH are few, and results inconsistent. Direct and inverse associations between year of investigation, or cohort, and SRH have been reported
[73, 81-84].

Psychological well-being and self-rated health
Measures of psychological well-being “represent the psychological counterpart of Selye’s notion of stress, the non-specific element common to diverse
disorders that warns the observer that something is wrong without specifying
what it might be” p.27, McDowell, 2006 [27]

SRH encompass assessments of psychological, as well as of physical, health
and well-being (Figure 2). SRH has been directly associated with coping
resources [78, 88-92], i.e., social and psychological resources upon which an
individual may draw when dealing with daily life stressors, and inversely
associated with psychological strain [78, 85-90]. During the past decades,
growing evidence has suggested that over- or under-activity of the stress
response systems may increase vulnerability towards a wide variety of disease processes [9-14] and it has been hypothesized that psychobiological
processes may explain part of the predictive validity of SRH in relation to
subsequent health [6-8]. Studies investigating the hypothesized stress-theory
based relationship between psycho-endocrine variables and SRH are however as to date few [89, 93-98].
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A psychobiological perspective on health
Development of the concepts of stress and strain
“Perhaps the single most remarkable historical fact concerning the term
‘stress’ is its persistent, widespread usage in biology and medicine in spite of
almost chaotic disagreement over its definition” p.6, Mason, 1975 [99]

The concepts of stress and strain have evolved over the past 2500 years.
Ancient Greek philosopher Heracleitus (540-480 BC) proposed that intrinsic
to all matter is an ability to undergo constant change, and that change in one
direction is balanced by corresponding change in another direction, thus
introducing the concept of dynamic equilibrium. Hippocrates (460-375 BC)
extended this concept, by equating harmonious balance between mind, body
and environment with health, and disequilibrium between these elements
with disease. He used the term stressors to denote causes of disease, ascribed
disease a natural cause, and introduced the concept of ‘nature as healer of
disease’ thus referring to what he conceptualised as healing forces inherent
to the organism [100, 101].
In the 17th century, physicist and biologist Robert Hooke (1635-1703), using terminology concerned with how man-made structures should be constructed in order to withstand heavy loads, came to influence 20th century
stress-theory based models in biology, psychology and sociology. Hooke
used the term load to denote the external pressure applied to a structure,
stress referring to the ratio of the internal force brought into play in relation
to the area upon which load is impinged, and the term strain in reference to
effects created by the interplay of load and stress on the structure in question
[102].
In the mid 18th century, Claude Bernard (1813-1878), one of the founders
of experimental medicine, introduced the concept of the ‘milieu interieur’
and the principle importance of maintaining stability in the internal physiological environment in response to changes in the external environment.
Early in the 20th century, physiologist and neurologist Walter Cannon (18711945) expanded this theory, and suggested that the term physiological homeostasis be used to denote steady states in the organism [103]. Cannon
linked adaptive responses involved in maintaining homeostasis to the sympathetic-adrenal system of the body, described the “fight or flight” reaction,
and suggested the existence of critical stress levels above which a breaking
strain in the homeostatic mechanisms would be induced [104]. The homeostasis model came to dominate medicine throughout the 20th century.
In the 1930’s, endocrinologist Hans Selye introduced the term biological
stress to denote “the non-specific response of the body to any demand”, and
the term stressor to include anything that stimulates a stress response. Selye
recognized the main physiological systems involved in the body’s response
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to stressors, and suggested that mild, brief and controllable stressor exposure
(‘eustress’) could be perceived as positive and of benefit to development and
growth, whilst prolonged or severe, uncontrollable stressor exposure (causing ‘distress’) may lead to disease. He introduced the concept of “diseases of
adaptation” and the concept of a “general adaptation syndrome” (GAS)
which he described as consisting of (1) an initial “stage of alarm” characterised by increased sympathetic-adreno-medullary activity, (2) a “stage of
resistance” characterised by increased pituitary-adrenal activity, and (3)
should stressor load persist finally a “stage of exhaustion”. In retrospect he
stated that it would have been preferable had he used the terms strain and
stress, instead of stress and stressor, since they were already established and
defined, within the discipline of physics, by Hooke [105].
In the 1960’s it was virtually unanimously acknowledged that psychological stressors are among the most potent stimuli of the hypothalamicpituitary-adrenal-axis (HPA-axis). Not only severe psychological stressors,
but also more subtle psychological stimuli of everyday life had been found
to be reflected in HPA-axis activity. Marked individual differences in HPAaxis response to any one given psychological stressor were observed. Situations characterised by novelty, uncertainty or unpredictability were identified
as especially potent to psychologically based HPA-axis stimulation. Increasing evidence furthermore suggested the involvement of multiple endocrine
systems in physiological responses to psychological stressors [106].
In the 1970’s, John Mason, based on research investigating the effects of
different psychological and physical stressors on HPA-axis activity, called
for a revision of Selye’s concept of a general non-specific endocrine response and suggested that stress should not primarily be regarded as a
physiological concept, but rather as a behavioural concept, emphasizing that
a higher level of nervous system control may be involved in the integration
of neuroendocrine responses than had previously been acknowledged [107].
In the 1980’s the term allostasis, “to re-establish stability through
change”, was introduced by Sterling and Eyer to denote regulatory mechanisms involving the whole brain and body occurring in response to daily
stressors, and to thus differentiate these reactions from the reactions of systems considered to be truly homeostatic in terms of being immediately essential to life. Sterling and Eyer thereby further underlined the fundamental
importance of the brain in controlling human physiology [108, 109].
In the 1990’s the concept of allostatic load, defined as “the wear and tear
that results from chronic over-activity or under-activity of allostatic systems”
p.171 [110], was coined by Bruce McEwen. He underlined the fundamental
importance of our ability to respond to the physical requirements and external challenges of daily life and equally the ability to inactivate, i.e., return to
baseline levels, when activation no longer is required. McEwen described
four situations associated with allostatic load; physiologically ‘too frequent’
an exposure to stressors, lack of adaptation to repeated stressors of the same
21

kind, an inability to end the stress response when stressor exposure is over,
and finally, inadequate ability by some allostatic systems to respond to
stressors triggering compensatory increases in others [110]. During the past
decades increasing evidence has come to support the basic principles of the
allostasis model. Psychobiological responses are clearly essential in the
regulation of the diurnal cycle of rest and activity, and in terms of responses
to mild daily life stressors of time-limited duration not only essential, but
also potentially beneficial to wellbeing and health. Growing evidence however suggests that sustained responses in terms of prolonged over- or underactivity of the stress response systems are associated with increased risk of a
wide range of disease processes [9-14]. In the present thesis, the term strain
will be used to denote symptoms potentially related to responses to daily life
stressors.

Psychological resources
Three basic perspectives of research concerned with psychological stress
emerged during the 1900’s; the stimulus perspective which emphasized the
role of the characteristics of the environment, the response perspective focusing on psychological as well as biological responses to adaptive demands
of the environment, and the cognitive-transactional perspective [111].
In cognitive-transactional stress theory, stress is viewed as a transactional
process, a dynamic relationship between an individual and his/her environment. Two concepts are central to the cognitive transactional theory; appraisal and coping. Appraisal represents the process of conscious or unconscious evaluation of the significance of the perceived stressor. Primary appraisal, according to Lazarus, denotes the evaluation of the significance of a
potential stressor, that is, the question of what is at stake; does the situation
involve a challenge with a potential for gain, an anticipated harm, or an actual harm? Secondary appraisal concerns the question of what/which coping
options or coping resources are available to handle the situation in question.
Coping, finally, is defined as any conscious or unconscious activity that occurs in response to internal or external stressors, in order to enhance adaptation [112]. The early transactional view of psychological stress and coping
has been followed by a research perspective in which the importance of situational as well as individual determinants of appraisal and coping are emphasized. This research perspective lays emphasis on the premise that encounters with stressors may influence aspects of personality as well as potentially affect future coping efforts [113].
Resource theories, finally, focus on psychological and contextual factors
protective of well-being in the face of stressor exposure. Research includes
focus on psychological constructs, such as self-esteem, mastery, and sense of
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Figure 3. Health: a stress-theory based bio-psycho-social model

coherence which are perceived of as resources [114]. The concept of selfesteem refers to relatively stable sense of overall self-worth; a sense of being
a person of value, and an acceptance of personal strengths and weaknesses
[28, 115]. Mastery refers to generalised beliefs of control in terms of “the
extent to which people see themselves as being in control of the forces that
importantly affect their lives” p. 340, [116]. Finally, the concept of sense of
coherence (SOC) refers to a stress-theory based construct developed by Antonovsky, who conceived of SOC as a global orientation which reflects the
extent to which stressors in the internal and external environment are perceived as, 1) structured, predictable and comprehensible, as, 2) challenges,
worthy of engagement and investment and, 3) the extent to which internal or
external resources needed to handle stressors are perceived as available
[117].
The present thesis takes its departure-point in a stress-theory based biopsycho-social model (Figure 3).

Psychological strain
Measurements of transitory psychological states began during the first half
of the 20th century with development of checklists capturing behavioural and
somatic symptoms of distress. In the next generation of state measures, influenced by the WHO concept of positive health, affect scales aimed at capturing positive and negative feelings of well-being were developed. More
recent approaches combine the checklist and questionnaire-approach [27],
for example the Goldberg General Health Questionnaire (GHQ), which was
designed to detect psychiatric disorders in population studies, and to identify
two main types of problems: “inability to carry out one’s normal ‘healthy’
functions, and the appearance of new phenomena of a distressing nature”
[118].
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Endocrine responses to psychological strain
“It is evident that any disease process, and in fact any process within the living organism, might be influenced by the reaction of the individual to his social environment or to other people” p.43, Hinkle, 1973 [102]

All stressors, physical and psychological, exert effects on the central nervous
system. Two main peripheral pathways are involved in the adaptive responses to centrally perceived stress; the sympathetic-adrenal-medullary
(SAM) system and the HPA-axis. The central nervous system centres of the
HPA-axis and the SAM-system innervate and reciprocally stimulate each
other. The SAM-system responds rapidly and has mainly been associated
with active responses to stressor exposure. HPA-axis reactions are relatively
slower and more persistent in action and activated in situations characterized
by loss of control and feelings of distress. The main central regulation of the
activity of the HPA-axis occurs at the level of the hypothalamus where release of corticotropin-releasing hormone (CRH) stimulates synthesis and
secretion of adrenocorticotropic hormone (ACTH). Secretion of ACTH into
the general circulation stimulates synthesis and secretion of the steroid hormone cortisol from the adrenal cortex [10]. During basal conditions cortisol
is secreted in a circadian pulsatile manner. Secretion increases during the
second half of nocturnal sleep, peaks in the early morning, levels thereafter
steadily decline reaching a nadir around midnight [119, 120].
HPA-axis activity occurs partly in response to the basal diurnal cycle of
rest and activity, partly in response to internal and external, physiological
and psychological stressors of different kinds [10, 121]. Cortisol plays a key
role in the regulation of basal activity of the HPA-axis, in responses to
stressors, and in the termination of the stress response [10]. Ubiquitously
distributed mineralcorticoid (type I) and glucocorticoid (type II) receptors,
mediate the effects of cortisol on target tissues. Cortisol has widespread
catabolic, anti-anabolic, anti-reproductive and immunosuppressive effects
[122]. A wide range of disease processes have been associated with hyperor hypo-activity of the HPA-axis [10, 123]. Growing evidence has during the
past decades suggested that sustained responses in terms of prolonged overor under-activity of the stress response systems may be associated with increased risk of a wide range of disease processes [9-14].
A majority of studies investigating associations between psychological
stress and endocrine measures have been based on measures of cortisol [124,
125].Associations between physical and psychological stress and testosterone have been reported, though studies to date are few [126-128]. Prolactin,
secreted from the anterior pituitary as well as from extra-pituitary sites, has,
though its role is far from understood [129] been associated with psychological stress [130]. Increased levels of prolactin have been associated with
feelings of helplessness and passive coping strategies [131].
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Aims of the thesis

This thesis is based on a multidimensional, bio-psycho-social concept of
health, and the premise that global SRH reflect complex summary statements
of health and well-being. The overall aim is to investigate determinants and
consequences of global SRH.

Specific aims
• to investigate the effects of age and year of investigation, on SRH
• to investigate associations between endocrine measures and SRH
• to investigate associations between stress-theory based measures of psychological well-being and SRH
• to model inter-relationships between determinants of SRH
• to investigate associations between SRH and register-based information
concerning sick-leave, disability pension, hospital admission and mortality, during follow-up
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Methods

Study population
Paper I and IV
Analyses were based on data from eight ongoing Swedish cohort studies,
with baseline investigations performed between 1973 and 2003. The study
population has previously been described in detail [132, 133]. Briefly, random samples based on predefined specifications concerning age, sex, and
area of residence, were drawn from the national population register. Cohort
characteristics, in terms of year of investigation, age range, sample sizes,
response rates and investigation procedures are presented in Table 1. The
samples consisted of 20,160 subjects of whom 3,590 were part of more than
one subpopulation. Overall, 14,470 (71.8%) observations were obtained,
based on 11,880 unique subjects.

Paper II and III
The study was part of a longitudinal project focussing on globalization of
work [134]. Participants were recruited from ten multinational corporations
and organisations. Employers provided names of potential participants, who
received written information concerning the aim and scope of the study.
Participation was voluntary. No financial incentives were offered to participants. Two of the initially approached families declined participation. The
remaining study-population consisted of 212 participants (107 women, 105
men), 131 of which with planned relocation abroad, and 81matched nonmoving controls. A theoretical departure-point of the study was the empirically supported assumption that subjectively determined appraisals are the
main determinants of psychobiological responses to daily life stressors. In
analyses performed, the study population was thus treated as one cohort,
without regard for whether or not participants initially had been recruited
due to having planned relocations abroad or recruited as non-moving controls. Moreover, taking group assignment into account did not affect the
results.
Participants responded to a written questionnaire and had blood samples
drawn at baseline and at one year intervals during the follow-up period.
Number of follow-up measurements performed varied and depended on the
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1997 Gothenburg

1995 Uppsala

BEDA II

Uppsala-Örebro
Women Study

Total

Women and men born
in 1953

2003 Gothenburg

1993 Gothenburg
2003 Gothenburg

women
men

1993 Uppsala

Public Health Cohort

Men born in 1943

25-99
25-94

men

1986 Eskilstuna

ESKIL

50
60
50

women
men

35-64

56-82

70

men
men

women

women

30-54

men

1993 Gothenburg

65

57

men

50

80

men

men

1993 Gothenburg

75

67

1988 Gothenburg

men

1988 Gothenburg

1980 Gothenburg

men

1980 Gothenburg

60

Age
range

men

men

place

Sex

1973 Gothenburg

year

Investigation

1973 Gothenburg

Men born in 1923

Men born in 1913

Sub-populations

20,160

994
993

1,463
749

4,200

994

2,999
3,001

625

226

265

278

292

447

702

923

1,009

n

Sample
size

14,470

668
595

798
655

2,991

908

2,249
2,156

459

143

162

188

226

272

463

707

830

n

Responders

71.8

67.2
59.9

54.5
87.4

71.2

91.3

75.0
71.8

73.4

63.3

61.1

67.6

77.4

60.9

66.0

76.6

82.3

%

Response
rate

Table 1. Characteristics of the cohorts included in the study population in Papers I and IV

Postal questionnaire

Questionnaires + medical examination
Questionnaires + medical examination

Postal questionnaire

Questionnaires + medical examination

Postal questionnaire

Postal questionnaire

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Questionnaires + medical examination

Investigation procedure

Invited to participate
Accepted invitation

(n=107+105)
(n=107+105)
Lost to study, for unknown reasons (n=1+1)

Participated in baseline measurement (n=106+104)

Observations
Participants (n, women+men)
Baseline + 3 follow-up
48 + 47
Baseline + 2 follow-up
38 + 40
14 + 12
Baseline + 1 follow-up b)
Baselineª)
6+ 5
106 + 104=210

Measurement points
192 + 188
114 + 120
28 + 24
6+ 5
340 + 337=677

b)

a)

Participation discontinued (n,w+m)
1. Unknown
3 +1
2. Assignments cancelled
2 +1
3. Included too late during the
study period for follow-up
to be possible
1+3
6+5

Participation discontinued
(n, w+m)
1. Declined further participation,
unknown reasons
4+1
2. Divorce, death, death of spouse 3 + 3
3. Unknown
3+2
4. Participation discontinued for
technical reasons
2+4
5. Assignment abroad cancelled
1+1
6. Emigrated permanently, excluded 1 + 1
14 + 12

Figure 4. Loss of follow-up

length of the assignment abroad for the participants in the moving group,
with the non-moving group followed for a corresponding period of time. A
maximum of three follow-up measurements were included in the study.
Analyses were based on the 210 participants (106 women, 104 men) for
whom data concerning global SRH were available from one or more measurement occasions. Eighty-six women (81.1%) and 87 men (83.7%) participated in two or three follow-up measurements. Participation was discontinued for 20 women (18.9%) and 17 men (16.3%), for reasons described in
Figure 4.
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Questionnaire and register data
Paper I and IV
The data used in this report was in some of the studies obtained by questionnaire in connection with medical examinations performed, in others by
postal questionnaires. Educational level was classified on a four-point scale
ranging from ‘compulsory education only’ (=1), to ‘college or university
level education’ (=4). Occupational status was measured on a four-point
nominal scale as ‘gainfully employed’ (including students), ‘unemployed’,
‘on sick leave or disability pension’, or ‘old age retirement’. Marital status
was classified as married/cohabiting or not (the latter including response
alternatives never married, divorced, and widowed).
SRH was measured with the Well-being subscale of GQL [42]. Respondents were asked to rate their health on a seven-point Likert scale with response alternatives ranging from ‘very bad’ (=1) to ‘excellent, could not be
better’ (=7), and with no verbal labels of the intervening steps. Symptom
reporting was assessed based on the Complaint Score subscale of the GQL,
in which subjects are asked “Have you been troubled by any of the following
symptoms during the past three months?”, followed by a list of 30 symptoms
with response alternatives ‘yes’ (=1) or ‘no’ (=0) given for each symptom.
The Complaint score was obtained as the sum across the 30 symptoms. Leisure time physical activity was reported on a four-point ordinal scale with
response alternatives ‘sedentary’, ‘moderately active’, ‘active’, or ‘vigorously active’ [135]. Smoking habits were classified as ‘current smoker’ or
‘non-smoker’ (including never smoked and ex-smoker). In addition, in some
of the cohort studies a five-point smoking variable was available, where
smoking habits were classified as ‘never smoked’ (=1), ‘ex-smoker’ (=2),
‘currently smoking 1-14 grams of tobacco per day” (=3), ‘smoking 15-24
grams per day’ (=4), or ‘smoking 25 grams or more per day’, one cigarette
equalling 1 gram, one cheroot 2 grams, one cigar 5 grams, and pipe tobacco
50 grams divided by the number of days the pack lasted [135].
Register-based data included information on sick-leave, disability pension, hospital admission and death. Data concerning sick-leave and disability
pension were obtained from The Swedish Social Insurance Agency Database, which administers all sick leave and disability pension benefits. The
database is a complete account of official sick leave compensation and disability benefits granted. Information was obtained concerning all compensated days of sick leave for each individual in the study populations from 1
January 1986 until 31 December 2002. The data included the first and last
day of each sickness spell, the type of sick leave benefit (compensation for
sickness, work injury, or rehabilitation), and information on whether the
subjects had been granted a disability pension at any time from 1971 until
2001, including data on decision date, diagnoses, and type of disability pen29

sion (temporary or permanent). Data on all hospital admissions from 1971
until December 31, 2002 was obtained from the National Hospital Inpatient
Register. The data obtained included day of admission, and day of discharge.
Data on cause-specific mortality from 1971 until December 31, 2002 was
obtained from the National Causes of Death Register. The data used here
were date of death.

Paper II and III
The written questionnaire included questions concerning age, educational
level, employment status, life-style factors, SRH, personal coping resources,
psychological strain, somatic symptoms, life-style factors, and medication.
Educational level was classified as ‘compulsory or vocational school only’
(=1), ‘college’ (=2), ‘university level’ (=3), or ‘other’ (=4). Employment
status was classified on a three-point nominal scale as working ‘full-time’
(=3), ‘part-time’ (=2), or as ‘no gainful employment’ (=1). Life-style related
variables were measured using one-item questions, phrased according to
following: “How often do you exercise?”, with response alternatives ranging
from ‘never’ (=1) to ‘regularly, more than once a week’ (=4), “How would
you rate your fitness, in comparison with other people of the same age?”,
with response alternatives ‘very poor’ (=1) to ‘very good’ (=5), and concerning alcohol “Do you use wine, beer or any other alcoholic beverage in order
to relax after work?”, with the response alternatives ‘less than once a month’
(=1) to ‘daily’ (=4). Smoking habits, finally, were classified as currently
being a smoker (=1) or a non-smoker (=0).
SRH was measured using a one-item global question phrased “How
would say your general health has been during the past year?” Response
alternatives ranged from ‘bad’ (=1), to ‘excellent’ (=5). The selection of the
main psychological resource, and psychological strain variables, was stresstheory based. Psychological resources were assessed using a 7-item mastery
scale, measuring generalised beliefs about control [116], a 10-item scale
assessing self-esteem [136], and a 13-item scale for assessment of sense-of
coherence [117]. Psychological strain was measured using a 12-item version
of The Goldberg’s General Health Questionnaire (GHQ-12) which combines
measures of psychological well-being and distress [137]. Furthermore, the
21-item version of the Maastricht Questionnaire [138] was used for assessment of Vital exhaustion (VE), a state of exhaustion thought to occur in response to prolonged psychological stressor exposure. Assessment of sleep
was based on a subscale of The Karolinska Sleep Questionnaire [139] consisting of one question concerning general sleep quality, with possible responses ranging from ‘very good’ (=1) to ‘very poor’ (=5), and five questions concerning difficulties falling asleep, repeated night-time awakenings,
nightmares, restless sleep, and premature awakenings, with possible responses ranging from ‘never’ (=1), to ‘every night’ (=5). All instruments
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have previously been validity tested [134]. Assessment of somatic symptoms
was based on a 14-item instrument with questions concerning frequency of
gastro-intestinal symptoms (feeling sick, epigastralgia, heartburn, diarrhoea,
constipation, flatulence, decreased/increased appetite) and upper respiratory
complaints (cough, colds, other respiratory infections, nasal congestion and
runny eyes or nose) during the past three months [134]. Possible response
alternatives ranged from ‘never’ (=1), to ‘daily’ (=5).

Blood samples
Paper II and III
Sampling included analyses of cortisol, testosterone and prolactin, and lipids. Venous blood samples were drawn between 08.00 and 10.00 am, following an overnight fast. Blood samples were centrifuged and frozen at -20°
C for later analysis at the Karolinska University Hospital laboratory, which
has an approved QC/QA programme. Serum levels of prolactin and cortisol
were analysed using time-resolved fluorescence immunoassay kits (AutoDELFIA). Serum testosterone levels were analysed using a RIA kit from
Diagnostic Products Co. The coefficient of variation was; 6.2% for prolactin,
8.2% for cortisol and 12.8% for testosterone, respectively. Plasma cholesterol and HDL-C were analysed based on cholesterol oxidase method and
triglycerides based on glycerol phosphate oxidase method (Ectachem Vitro).
LDL-C was calculated using the Friedewald equation. ApoA and ApoB were
measured nephelometrically (Beckman Image).

Miscellaneous
Paper II and III
An ordinal time variable was created to identify when blood and questionnaire data were collected (measurement occasion 1, 2, 3 and 4). Female participants were categorised as pregnant, breast-feeding, or non-pregnant/nonbreastfeeding at each measurement occasion, based on information concerning pregnancy collected verbally from each participant in connection with
blood sampling, on questionnaire data from each measurement occasion with
information concerning number of children presently living in the household, and on levels of oestrogen and prolactin in blood samples performed.
BMI was calculated as weight (kg)/height (m2), based on measurements
performed in connection with blood sampling.
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Statistical considerations
Data were analyzed with the SPSS software, version 16.0 [140] and with the
SAS software, version 9.1 [141]. Descriptive statistics in terms of means,
medians, and measures of variability were based on standard methods. Simple (crude) differences between groups, concerning continuous variables,
were based on Student’s t-test, and analysis of variance. Differences between
ordinal variables were analysed based on Mantel Henzel chi-square test.
Comparisons of paired continuous data were based on paired t-tests. Normal
distribution was assessed visually or based on the Kolmogorov-Smirnov test.
Endocrine data, and some of the questionnaire data in paper II and paper III,
were skewed, and therefore log transformed before analyses.
In order to make full use of SRH as a five-level ordinal variable, multivariate ordinal logistic regression were used in all analyses with SRH as
dependent variable, providing cumulative odds ratios (OR) across the five
SRH levels for each independent variable, confidence intervals, and Wald’s
chi-square estimates. The latter is the test parameter and may therefore be
used to rank the impact, or importance, of the independent variables on SRH,
and to assess the contribution of the various levels to the total variance in
multivariate analyses. All tests were two-tailed.

Paper I and IV
Data concerning age, sex and examination year were complete, except for
one individual where age was missing. All variables were not measured in
all subpopulations. The overall proportion of missing data in subpopulations,
where the variables were measured, was less than 2%. Missing data were not
replaced.
Possible non-linearity of the effect of age and year of investigation on
SRH was tested by inclusion of the variables age and year of investigation,
respectively, raised to the power of 2 and to the power of 3. Moreover, potential effect of interaction between age and year of investigation was tested,
but found not significant.
Multiple linear regression was used in the analyses of the outcome variable number of sick leave days during follow up, entered as the dependent
variables, and SRH and the covariates age, examination year, marital status,
smoking habits, physical activity during leisure time, educational level, being unemployed, and complaint score as independent variables, with backward elimination of non-significant variables.
Proportional hazards regression (Cox’s analysis) was used in the analyses
of the effects of SHR at baseline on the outcome variables survival, admission to hospital, and being granted a disability pension, with the outcome
entered as the dependent variable and SHR and the same covariates as mentioned above and being on sick leave or disability pension (in analyses of
32

survival and hospital admissions) as independent variables. The analyses of
hospital admission and disability pension were adjusted for non-exposure by
censoring subjects at time of death. Significance levels were set at p<0.10 in
screening analyses performed, and at p<0.05 or p<0.005 in the final analyses
performed.

Paper III
SRH did not increase or decrease consistently over time, and furthermore,
number of measurement occasions varied between study participants. To
make full use of available data a cross-sectional analytical approach was
therefore used, based on a concatenated data arrangement of the 677 observations produced by the 210 participating women and men. The average
number of measurement occasions was 3.2 for both women and men.
A potential problem with an analytical approach based on concatenated
data is data dependence, since concatenated data are treated as if all measurements are independent, although up to four data lines may refer to the
same subject. Four methods were therefore employed to assess degree of
data independence between measurement occasions. To start with, an ordinal
logistic regression based multilevel analysis of concatenated data, with
measurement occasion entered as first level and individual measurements
entered as the second level was performed. Results from these multilevel
analyses indicated a high degree of independence. Furthermore, a crosssectional analysis of baseline data only, an analysis based on mean values
across time for each variable, and an analysis based on individual regression
coefficients for the dependent variables across time all showed similar results as those based on concatenated data, the only difference being that the
concatenated data based analysis had the best statistical power. The latter
was therefore used in this study.
Variables significantly and independently associated with SRH were
identified according to following: potential determinants were in the first
screening step entered separately, one at a time, as independent variables, in
ordinal regression analyses, with five-level SRH as dependent variable. To
reduce the risk for model overload, variables surviving this step were in a
second step included in regression analyses, performed separately for each
theoretically based group of potential predictor variables. All variables
which remained significantly associated with SRH in the second step of
analyses were, together with potential confounders and variance reductors,
identified based on Spearman correlation analyses (p<0.10), in the third and
final step, entered simultaneously into multivariate ordinal logistic regression with backward elimination of non-significant covariates. Interactions
between variables significantly associated with SRH were tested, based on
multiplicative interaction terms, but none were found significant. Signifi33

cance level was set at p<0.05 in the screening analyses and at p<0.01 in the
final analyses model, to account for multiple testing.
Post hoc power analyses based on the association of vital exhaustion and
sense of coherence, on the one hand, and SRH on the other showed a beta of
>90%, given the size of the study population, and an alpha of 0.05. For the
effects of cortisol on SRH the statistical power was just short of 80%, while
the power analyses of testosterone and prolactin on SRH indicated low
power due to small effect size.

Modelling inter-relationships between determinants of self-rated
health
Inter-relationships between determinants of SRH were based on data from
the study-population in Paper II and III. The purpose of the modelling was to
find evidence, or clues, to the possible chains of causation leading to SRH.
Suppose a causal chain leading to SRH has the following shape,
factor D → factor C → factor B → factor A → SRH
where presence of factor D influences factor C, that influences factor B, that
influences factor A, that influences SRH. If this chain is causal then factor A
is the factor closest correlated with SRH, whereas correlations between SRH
and other factors diminishes with the “distance” from SRH. The correlation
between factor B and SRH is then the product of the correlation between
factor A and SRH, and factor B and factor A. Suppose the correlation coefficient for factor A-SRH is 0.25 and the correlation coefficient for factor Bfactor A is 0.25 then the correlation coefficient for factor B-SRH is
0.25x0.25=0.0625. This means that the relationships between SRH and the
various factors in the chain are diluted for each link in the chain of causation.
This circumstance may be utilised in a puzzle laying technique to unfold
possible chains of causation. Obviously, firm statements on cause and effect
require longitudinal studies with frequent re-examinations. However, with
this technique a possible chain of causation may be arrived at also in a crosssectional design. Therefore, a set of multivariate regression analyses were
performed, according to a pre-fixed schedule.
First, a step one analysis was performed with SRH entered as the dependent variable and all exposure, or determinant variables and covariates, entered as dependent variables. The significant variable/variables in this step
were then regarded as ‘factor A’ variables, i.e., closest related to SRH, and
the non-significant variables regarded as factors possibly located further
down the proposed chain of causation.
In the second step, each of the ‘factor A’ variables was entered as dependent variables in a new analysis and the non-significant independent variables
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from the step one analysis were entered as independent variables. The significant variables in this step were then regarded as ‘factor B’ variables and
the non-significant variables as factors possibly located further down the
proposed chain of causation.
The procedure was then repeated with the significant independent variables in each step entered as dependent variable in the next step and the remaining non-significant variables as independent variables until the model
was satisfied. All analyses based on ordinal dependent variables were based
on ordinal logistic regression technique. For continuous, normally distributed, dependent variables, multiple linear regression analyses were performed. Significance level was set at p<0.05.

Ethics
Paper I and Paper IV are based on a study which was ethically approved by
the Research Ethics Committees at Uppsala University and Gothenburg University, and during the later phases of the study also by the National Research Ethics Board.
Paper II and paper III are based on a study which was ethically approved
by the local research ethics committee at the Karolinska Institute, Stockholm.
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Table 2. Characteristics of the study population in Paper I and Paper IV
Women
N
Number of observations
Mean follow-up time, years
Person-years during follow up
Age
Education
University/collage
Upper secondary school
Vocational school
Compulsory school
Occupational status
Employed
Unemployed
Sick-leave/disability pension
Old age retirement
Married/cohabiting
Smoking habits
Never smoked or ex-smoker
Current smoker
Leisure time physical activity
Vigorously active
Active
Moderately active
Sedentary
Complaint score (range 0-30)
Self-rated health
7 “Could not be better”
6
5
4
3
2
1 “Very bad”
Outcome during follow up
Days of sick leave/year
Disability pension, %
Admitted to hospital, %
Deceased, %
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14,470

14,469
14,120

14,187

14,338
14,330

13,787

11,365
14,020

6,291
9,561
9,561

n
6,816

Men

Mean SD
or %
47.1
8.6

27,034
6,816
6,722
1,605
1,286
1,608
2,223
6,575
4,444
271
713
1,147
4,990
6,735
5,002
1,733
6,678
49
890
4,663
1,076
3,777
6,568
1,421
1,805
1,486
1,084
387
253
132

21.6
27.5
22.6
16.5
5.9
3.9
2.0

3,157
507
3,257
295

18.4
19.6
14.2
9.3

52.3
23.9
19.1
23.9
33.1
67.6
4.1
10.8
17.4
74.0
74.3
25.7
0.7
13.3
69.8
16.1
7.8

n
7,654

2.6

Mean
or %
52.9
11.4

SD

p

5.6

73,217
12.6 7,653
7,398
1,554
1,166
1,905
2,773
7,612
4,511
286
624
2,191
5,927
7,595
5,455
2,140
7,109
113
1,304
4,511
1,181
5.4
7,588
7,452
2,170
2,199
1,373
947
423
204
136

56.5 13.0 <0.0001
<0.0001
21.0
15.8
25.8
37.5
<0.0001
59.3
3.8
8.2
28.8
78.0
<0.0001
0.001
71.8
28.2
<0.0001
1.6
18.3
63.4
16.6
5.3 4.7 <0.0001
<0.0001
29.1
29.5
18.4
12.7
5.7
2.7
1.8

3,413
455
6,404
1,863

17.8 79.8
0.39
12.3
<0.0001
48.7
<0.0001
29.1
<0.0001

78.4

Results

Study-population characteristics
Characteristics of the study-population in Paper I and Paper IV are presented
in Table 2. Mean age was 54.5 years (range 25-99 years). SRH were skewed
towards better SRH. Mean level of SRH was 5.4 (range 1.0-7.0). Approximately a quarter of the study-population reported college or university education, a majority were employed, and were married or cohabiting. A quarter
of the participants reported current smoking, and approximately 80% or
more reported sedentary or moderate leisure-time physical activity. Mean
complaint score was 6.1 (range 1.0-30.0). Women were significantly
younger than men, had higher level of education, were less often married/cohabiting, less often current smokers, less physically active, reported
more symptoms and had lower levels of SRH than men.
Characteristics of the study-population in Paper II and Paper III are presented in Table 3. Mean age was 37.3 years (range 22-59 years). At baseline,
82.5% and 82.9% of men and women, respectively, rated their health as excellent or good. More than half of the participants had university education.
A majority of the participants were in full-time or part-time work, and were
married or cohabitants. Almost half of the men and women, reported regular
exercise at least once a week, and around 60% described their fitness as average. Less than one-fifth of the women, and approximately one fifth of the
men were smokers. Alcohol intake, for relaxation purposes, once a month or
less, was reported by 73.1% of the women, and 58.4% of the men. Five of
the participants (2.4%) were on daily medication. Data concerning psychological resource, psychological strain, and endocrine variables are presented
in Table 4. The mean values were all well within the reference and scale
ranges. There were significant differences between men and women in levels
of psychological resource variables, somatic symptoms, BMI, and endocrine
variables, but no significant differences in psychological strain variables.
Endocrine variables tended to be skewed towards high levels (mean higher
than median).
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Table 3. Characteristics of the study population in Paper II and Paper III
Women

Men

Mean SD
or %
107 36.8 9.3

Mean SD
or %
105 37.8 8.6

n

Age
Self-rated health (n=105,103)
Excellent (5)
Good
Fair
Poor
Bad (1)
Education (n=104, 104)
University
Secondary school
Compulsory school or vocational school
Other
Work (n=106, 104)
Full time
Part time
No gainful work
Exercise (n=104, 102)
Regularly, more than once a week
Regularly, once a week
Irregularly
Never
Fitness (n=103, 101)
Very good (5)
Good
Average
Poor
Very poor (1)
Current smoker (n=104, 102)
Alcohol to relax after work (n=104, 101)
Daily
More than once a week, but not
every day
More than once a month, but less
than once a week
Once a month or less
Medication (n=101, 103)
Daily1
Less often than daily2
No medication
1

Anti-hypertensive/heart medicine

2

n

44
43
12
3
3

41.9
41.0
11.4
2.9
2.9

43
42
17
1
0

41.7
40.8
16.5
1.0
0

56
38
6
4

53.9
36.5
5.7
3.8

62
35
5
2

59.6
33.7
4.8
1.9

42
36
28

39.6
34.0
26.4

100
3
1

96.2
2.9
1.0

21
25
56
2

20.2
24.0
53.8
1.9

20
30
44
8

19.6
29.4
43.1
7.8

5
14
65
17
2
17

4.9
13.6
63.1
16.5
1.9
16.3

6
26
56
13
0
21

5.9
25.7
55.4
12.9
0
20.6

0
1

0
1.0

1
6

1.0
5.9

27

26.0

35

34.7

76

73.1

59

58.4

2
4
95

2.0
3.9
94.1

*3
*3
98

2.9
2.9
95.1

p
0.27
0.94

0.28

<0.001

0.98

0.03

0.43
0.02

0.22

analgesic medicine (pain killers) and stomach medicine

* One of the subjects reported ‘daily’ anti-hypertensive medicine and ‘less often than daily’ stomach
medicine
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1)

21.8
22.9

14-70
18.5-25.0

230-700
11-29
3-19
-

230-700
0.3-3.0
3-19

1)

<5.5
0.6-2.2
>1.2
<4.3
<1.0

<5.5
0.6-2.2
>1.4
<4.1
<1.0
359.1
1.0
11.8
1599.0

5.1
1.1
1.4
3.3
0.6

7.8
24.3
8.5

0-36
6-30
0-42

Reference range
Women
Men

23.3
33.2
70.4

7-28
10-40
13-91

343.8
17.1
5.2
96.8

5.2
1.4
1.1
3.5
1.0

19.4
24.6

6.8
24.9
6.0

24.2
35.3
73.3

Mean
Women
Men

327.0
0.8
5.8
225.0

5.0
0.8
1.4
3.2
0.6

20.0
22.0

8.0
25.0
5.5

24.0
34.0
72.0

332.0
16.0
4.8
94.0

5.1
1.2
1.1
3.4
0.9

18.0
24.4

7.0
26.0
4.0

24.0
36.0
74.0

Median
Women
Men

261.0-418.0
0.6-1.3
4.4-9.0
88.0-382.0

4.4-5.7
0.6-1.2
1.1-1.6
2.7-3.8
0.5-0.7

17.0-25.5
20.6-24.0

5.0-10.0
21.0-28.0
2.0-12.0

21.5-26.0
31.0-36.0
65.0-77.0

266.0-413.0
14.0-20.0
3.8-6.1
78.0-113.0

4.5-5.9
0.9-1.7
1.0-1.2
2.9-4.0
0.7-1.1

16.0-22.0
22.7-26.3

4.0-9.0
23.0-28.0
2.0-8.0

23.0-26.0
33.0-38.0
69.0-79.0

Inter-quartile range
Women
Men

<0.0001
0.006
<0.0001
<0.0001

0.56
0.001
<0.0001
0.53
0.02

0.0001
<0.0001

0.19
0.15
0.64

0.004
<0.0001
0.0002

p

Reference range for oestrogen: post-menopausal women 0-90 pmol/L, and for menstruating women , between 110-1470 pmol/L depending on menstrual cycle phase

Metabolic variables
Cholesterol (mmol/L)
Triglycerides (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
ApoB/ApoA
Endocrine variables
Cortisol (mmol/L)
Testosterone (mmol/L)
Prolactin (μg/L)
Oestrogen (pmol/L)

Psychological resources
Mastery
Self-esteem
Sense of coherence
Psychological strain
GHQ
Sleep quality
Vital exhaustion
Physical health
Somatic symptoms
BMI

Range

Table 4. Study-population characteristics in Paper II and III. Baseline descriptive data for independent variables

Table 5. Effects of age and year of investigation on self-rated health, based on ordinal logistic regression models. Model 1 included only age and year of investigation
as independent variables. In model 2, socio-demographic variables, life-style variables, and complaint score were added as covariates, with backward elimination of
non-significant covariates
OR
Women
Model 1
Age
Year of investigation
Year of investigation2
Model 2a
Age
Year of investigation
Complaint score
Sick-leave/disability pension
Leisure time physical activity
Married
Education
Men
Model 1
Age
Age2
Age3
Year of investigation
Year of investigation2
Year of investigation3
Model 2b
Age
Age2
Age3
Year of investigation
Year of investigation2
Year of investigation3
Complaint score
Sick-leave/disability pension
Leisure time physical activity
Married
Unemployed
a,b

95%CI

0.98 0.98-0.99
0.73 0.58-0.92
1.00 1.00-1.01

Wald

p

75.3
7.4
4.5

<0.0001
0.007
0.03

0.98
0.95
0.82
0.35
1.51
1.19
1.07

0.98-0.98
0.93-0.96
0.81-0.83
0.28-0.42
1.35-1.69
1.04-1.37
1.01-1.13

67.3
42.0
889.5
106.0
52.4
6.5
4.7

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.01
0.03

0.70
1.01
1.00
0.94
1.01
1.00

0.63-0.78
1.00-1.01
1.00-1.00
0.90-0.98
1.00-1.01
1.00-1.00

39.7
31.2
25.5
7.7
12.5
17.7

<0.0001
<0.0001
<0.0001
0.006
0.0004
<0.0001

0.70
1.01
1.00
0.87
1.01
1.00
0.80
0.36
1.48
1.33
0.79

0.61-0.79
1.00-1.01
1.00-1.00
0.83-0.92
1.01-1.01
1.00-1.00
0.79-0.80
0.31-0.43
1.38-1.59
1.20-1.48
0.63-1.00

30.1
20.6
14.8
23.9
23.9
25.5
1606.3
144.6
114.2
27.4
3.9

<0.0001
<0.0001
0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.05

The following variables were removed in the backwards elimination procedure:
Women: current smoking (p=0.49), unemployed (p=0.07)
Men: current smoking (p=0.54), education (p=0.20)

Age and year of investigation
In Table 5 the effects on SRH of age and year of investigation are shown in
women and men, according to two models. In model 1 age was significantly in
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Figure 5a. Association between age, year of investigation (proxy for secular trend),
and self-rated health in women, adjusted for the influence on self-rated health of
education, physical exercise during leisure time, marital status, complaint score, on
sick leave/disability pension, and being unemployed. Dark bars = data available,
white bars = no data available

versely associated with SRH in both sexes (p<0.0001), and so was year of
investigation, in women according to a second degree and in men according
to a third degree polynomial function.
In model 2, the linear association between age and SRH among women
remained significant (p<0.0001), and so did year of investigation, when the
covariates were entered into the final model. In men, age, and year of investigation, both according to a third degree polynomial function, remained
significant, when the covariates were entered in the model.
Table 5 also gives the Wald chi-square estimate, indicating the rank order
of variable impact on SRH. In both sexes complaint score had the highest
impact on SRH of all variables, followed by sick leave or disability pension,
leisure time physical activity, marital status, and finally among women education and among men unemployment. The final regression model explained
76.2% of the SRH variance in women, and 74.5% in men.
The analysis model is visualised in Figure 5a and Figure 5b. In women,
mean SRH levels fell gradually and linearly from 6.0 among the youngest to
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Figure 5b. Association between age, year of investigation (proxy for secular trend),
and self-rated health in men, adjusted for the influence on self-rated health of education, physical exercise during leisure time, marital status, complaint score, on sick
leave/disability pension, and being unemployed. Dark bars = data available, white
bars = no data available

5.3 among the oldest women, and furthermore, across year of investigation,
from 6.0 in 1973 to 5.3 in 2003. In men, the association between age and
year of investigation on the one hand, and SRH on the other followed a third
degree polynomial function with peaks at 25 years of age and at the age interval 50-70 years along the age axis, and in 1973 and in the late 1990s along
the year of investigation axis.

Psychological well-being and self-rated health
Levels of mastery, self-esteem, and sense of coherence were significantly
higher in men than in women (p=0.004, p<0.0001 and p=0.0002, respectively, Table 4) but there were no significant gender related differences in
psychological strain variables. Women reported significantly higher levels of
somatic symptoms than men (p=0.0001), while BMI was significantly higher
in men than in women (p<0.0001). Men had significantly higher levels of
42

Table 6. Final model for paper II and Paper III. Independent predictors of SRH for
female and male participants, respectively. OR and Wald χ2 data based on ordinal
regression analyses. Cumulative degree of explanation was based on ordinal regression analyses, with forward stepwise regression. Each variable was entered into
regression based on strength of association with SRH, according to Wald χ2
OR
Female participants
Somatic symptoms*
Sense of coherence, per 10 units
Vital exhaustion*
Smoking
Fitness, per unit
BMI*
Covariates includeda
Male participants
Fitness per unit
Vital exhaustion*
GHQ-12*
Mastery, per 5 units
Covariates includedb

95%CI

0.005 <0.001-0.07
1.64
1.12-2.39
0.30
0.12-0.76
2.63
1.18-5.86
1.51
1.05-2.17
0.01 <0.001-0.90

1.66
0.45
0.27
1.70

1.16-2.35
0.21-0.94
0.08-0.95
1.02-2.85

Degree of
explanation

Wald

p

15.44
6.48
6.44
5.60
4.91
4.03

<0.0001
0.01
0.01
0.02
0.03
0.04

71.3
74.1
75.7
76.1
76.8
78.7
80.7

7.90
4.46
4.16
4.10

0.005
0.04
0.04
0.04

60.5
68.6
69.9
70.7
72.5

a

age, alcohol, ongoing pregnancy/breast-feeding, oestrogen*
age, smoking, alcohol
*
based on log transformed variables
b

triglycerides, lower levels of HDL, and a higher ApoB/ApoA-ratio than
women (p=0.001, p<0.0001, and p=0.02 respectively). As expected there
were significant differences between women and men, in levels of testosterone, prolactin, and cortisol (p=0.006, p<0.0001, and p<0.0001, respectively).
SRH was significantly associated with all psychological resource and
psychological strain variables in bivariate analyses. In multivariate analyses
of psychological resource variables, adjusted for the influence of covariates
(Table 6), sense of coherence in women (OR 1.64, p=0.01), and mastery in
men (OR 1.70, p=0.04) were independently, directly associated with SRH.
Regarding psychological strain variables, vital exhaustion in women (OR
0.30, p=0.01), and vital exhaustion and GHQ-12 in men (OR 0.45, p=0.04
and OR 0.27, p=0.04, respectively), were independently, inversely associated with SRH.
The final model explained 80.7% of the variance in SRH in women, and
72.5% in men. In women, somatic symptoms, sense of coherence, vital exhaustion, smoking, fitness, and BMI (in descending order of importance
according to Walds chi-square) were all independently associated with SRH.
In men, fitness, vital exhaustion, GHQ-12, and mastery (in descending order
of importance according to Walds chi-square) were independently associated
with SRH.
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N

37 prolactin
36 testosterone
36 cortisol

20 prolactin
20 testosterone
19 cortisol

17 prolactin
16 testosterone
17 cortisol

10 prolactin
10 testosterone
10 cortisol

Self-rated health

Decreased SHR

SHR excellent or good  fair or poor

SHR excellent  good

SHR good  fair or poor

0.68
20.10
369.10

0.58
18.00
340.88

0.65
19.65
357.16

0.62
18.92
349.47

Baseline

0.82
18.70
326.90

0.62
19.00
306.88

0.75
17.95
346.84

0.69
18.42
327.97

Follow-up

Hormone levels
(mean)

0.14
2.88
128.23

0.13
4.16
143.80

0.12
3.34
104.59

0.13
3.90
123.38

SD

-2.27
-0.10
1.42

-1.13
-0.96
0.97

-3.74
2.28
0.43

-3.36
0.77
1.05

t

0.01
0.16
0.32

0.27
0.35
0.34

0.001
0.035
0.67

0.002
0.45
0.30

Significance
(two-tailed)

Paired t test

Table 7. Endocrine measures of stress and self-rated health among men reporting decreased self-rated health at follow-up as compared to
baseline in Paper II

Endocrine measures and self-rated health
SRH was inversely associated with levels of prolactin at baseline in men (r=
-0.21, p=0.03). There were no other significant, cross-sectional associations
between endocrine measures and SRH in men, and no significant crosssectional associations between SRH and endocrine variables in women.
Men with SRH decreasing from excellent or good at baseline, to fair or
poor at follow-up, had significantly higher levels of prolactin and lower levels of testosterone at follow-up as compared to baseline. There were no associations between SRH and endocrine variables in men with SRH which improved, or remained unchanged, during the study-period (Table 7).

Inter-relationships between determinants of self-rated
health
Relationships between variables associated with SRH were explored using a
step by step puzzle laying technique based on repeated multilevel regression
analyses [142]. The resulting model depicts differences in strength of association between explanatory variables and SRH. There were distinct direct
and indirect effects of psychological strain and psychological resource variables on SRH. Qualitatively, the associations and interrelationships differed
somewhat between women and men. There were no significant direct effects
of biological variables, in terms of endocrine variables or blood lipids, on
SRH, in women or in men.
In women six potential chains of causation were found (Figure 6a). One
chain involving sense of coherence, had self-esteem leading with direct effects, and mediated by mastery, to sense of coherence, in turn leading with
direct effects to SRH. A second chain involving vital exhaustion, had selfesteem leading with inverse effects to psychological symptoms, which lead
with direct effects to vital exhaustion, in turn leading with inverse effects to
SRH. Furthermore, sleep disturbances were directly associated with vital
exhaustion, in turn leading with inverse effects to SRH.
A third chain involving somatic symptoms, had self-esteem leading with
direct effects to mastery, leading with inverse effects to somatic symptoms,
in turn leading with indirect effects to SRH. Sleep disturbances were also
directly associated with somatic symptoms, in turn leading with indirect
effects to SRH. A fourth chain, involving BMI, had self-esteem, leading with
direct effects to ApoB/ApoA, leading with direct and inverse effects of different blood lipids to BMI, in turn leading with inverse effects to SRH.
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Figure 6a. Inter-relationships between determinants of self-rated health in women
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Figure 6b. Inter-relationships between determinants of self-rated health in men
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A fifth chain, involving fitness, had exercise with direct effects on fitness,
and smoking and BMI with indirect effects on fitness, with fitness in turn
leading with direct effects to SRH. A sixth chain, involving smoking, had
self-esteem, fitness, HDL-cholesterol, and prolactin, with inverse effects on
smoking, smoking, in turn leading with direct effects on SRH.
In men four potential chains of causation were found (Figure 6b). One
chain, involving mastery, had self-esteem leading with direct effects to mastery, and with direct effects mediated by sense of coherence leading to mastery, mastery leading with direct effects to SRH. A second chain involving
vital exhaustion, had psychological and somatic symptoms leading with direct effects to sleep disturbances, and psychological symptoms and sleep
disturbance leading with direct effects to vital exhaustion, vital exhaustion in
turn leading with inverse effects to SRH.
A third chain involving psychological symptoms (GHQ-12), had selfesteem, mastery, and sense of coherence leading with inverse effects, and
vital exhaustion leading with direct effects to psychological symptoms, leading in turn with inverse effects to SRH. A fourth chain involving fitness, had
BMI leading with inverse affects to fitness, and self-esteem, exercise, and
HDL-cholesterol leading with direct effects to fitness, in turn leading with
direct effects to SRH.

Consequences of self-rated health
The study population was followed for an average of 10.5 years (range 024.9 years). The total number of person years during follow up was 100,251
years (27,034 years among women and 73,217 years among men). The mean
number of days of sick leave per year was 18.4 among women and 17.8
among men. During follow-up, 20% of the women and 12% of the men were
granted disability-pension. Among women, 14%, and among men 49% were
admitted to hospital, and 9% of the women, and 29% of the men died during
follow up.
SRH at baseline was significantly associated with number of days on
sick-leave during follow up (regression coefficient -13.2, p<0.0001 among
women, and -9.5, p=0.01 among men), when the effect of the covariates
were taken into account (Table 8). As shown in Figure 7 women in the highest SRH-score group had on average 65 days on sick-leave during follow-up,
the average number of days on sick-leave in the middle SRH-score group
was 95. In the group with lowest levels of SRH the average number of days
on sick-leave during follow-up was 152. The corresponding numbers among
men were 61, 97, and 121 days, respectively.
SRH was associated with hospital admission during follow-up among
men (HR 0.87, 95%CI 0.85-0.89, p<0.0001), but not among women (HR
48

Table 8. Factors related to number of sick leave days during follow up in multiple
linear regression analysis among women and men
Women
Beta

a)

t

Men
p

SRH

-13.2

-3.9

<0.0001

Age

-2.9

-9.1

<0.0001

Education
Leisure time physical
activity
Complaint score

<0.0001

Beta

a)

-9.5

t

p

-2.7

<0.01

-1.5

-1.5

<0.0001

-14.1

-3.4

<0.001

-17.1

-2.6

<0.01

2.4

2.3

<0.05

4.5

4.7

Year of investigation

-8.1

-3.3

<0.001

42.4

3.3

<0.001

Smoking

35.6

3.6

<0.0005

23.0

2.3

<0.05

160

Number of sick leave days during follow up

Men
Women

120

80

40

0
1-3

4-5

6-7

Self-rated health score groups

Figure 7. Sick leave days during follow up in groups according to self-rated health
score at baseline adjusted for the influence of age, educational level, physical exercise during leisure time, smoking habits, being on sick leave or disability pension at
baseline and year of examination

0.96, 95%CI 0.90-1.02, p=0.20), (Table 9). The trend across follow-up time,
in the various SRH score groups, is visualized in Figure 8.
SRH was furthermore significantly associated with being granted disability pension during follow-up, after adjustment for the influence of the
covariates. Among women the hazard ratio was 0.77 (95%CI 0.69-0.86,
p<0.0001). The hazard ratio among men was 0.76 (95%CI 0.66-0.86, p<0.0001)
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0.96
ns
ns
0.76
0.80
-

0.77
1.02
0.69
7.08
1.08
ns

0.89
1.12
0.92
0.59
ns
ns

Hospital admission
SRH
Age
Year of investigation
Leisure-time physical activity
Married
Smoking

Disability pension
SRH
Age
Leisure-time physical activity
On sick-leave
Complaint score
Education

Mortality
SRH
Age
Year of investigation
Leisure-time physical activity
Smoking
On sick-leave/disability pension

HR

Women

0.82-0.96
1.10-1.13
0.84-0.99
0.45-0.78
-

0.69-0.86
1.01-1.03
0.52-0.92
4.42-11.33
1.05-1.12
-

0.90-1.02
0.63-0.91
0.64-0.99
-

95%CI

8.0
270.8
4.0
13.8
-

21.0
8.5
6.4
66.6
25.5
-

1.6
8.5
4.2
-

χ2

<0.005
<0.0001
<0.05
<0.0005
-

<0.0001
<0.005
<0.05
<0.0001
<0.0001
-

0.20
<0.005
<0.05
-

p

0.90
1.12
0.99
0.79
1.59
1.46

0.76
1.04
0.69
18.4
1.05
0.81

0.87
1.07
0.96
ns
ns
1.23

HR

0.87-0.93
1.11-1.13
0.98-0.99
0.72-0.86
1.43-1.77
1.21-1.75

0.66-0.86
1.03-1.06
0.50-0.94
9.9-33.9
1.01-1.10
0.67-0.98

0.85-0.89
1.06-1.07
0.95-0.96
1.13-1.33

95%CI

Men

38.0
878.5
7.0
28.3
75.1
16.2

17.6
24.3
5.5
86.4
5.6
4.6

119.5
1007.9
269.8
24.7

χ2

<0.0001
<0.0001
<0.01
<0.0001
<0.0001
<0.0001

<0.0001
<0.0001
<0.05
<0.0001
<0.05
<0.05

<0.0001
<0.0001
<0.0001
<0.0001

p

Table 9. Factors related to being admitted to hospital, being granted a disability pension, and dying during follow up multivariate proportional hazards regression analysis among women and men
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Figure 8. Cumulative disability first hospital admission rate among women and men
in groups according to self-rated health
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Figure 9. Cumulative disability pension rate among women and men in groups according to self-rated health
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Figure 10. Cumulative mortality rate among women and men in groups according to
self-rated health

(Table 9). The trend across follow-up time in the various SRH score groups
is visualized in Figure 9.
SRH was significantly associated with mortality during follow up (HR
0.89, 95%CI 0.82-0.96, p<0.005 in women, and HR 0.90, 95%CI 0.87-0.93,
p<0.0001 in men) (Table 9). The trend across follow-up time in the various
SRH score groups is visualized in Figure 10.
The hazard function for mortality among women and men is shown in
Figure 11a and Figure 11b, respectively. Among men there was approximate
proportionality, and thereby predictive effect of SRH on mortality, observed
over 225 months, corresponding to 19 years. After this point in time the remaining exposed individuals were too few to provide stable mortality hazard
levels. Among women there was proportionality during approximately 50
months, corresponding to slightly more than four years. As among men the
remaining exposed individuals after this point in time were too few to provide stable mortality hazard levels.
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Figure 11a. Hazard function regarding mortality among women during follow up
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Figure 11b. Hazard function regarding mortality among men during follow up
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Discussion

The overall aim of the thesis was to investigate determinants and consequences of global non-comparative SRH.
In a population-based sample of 11,880 subjects providing 14,470 observations, there was an inverse association between age, and year of investigation, and SRH. Determinants of SRH were similar for women and men. SRH
was associated with number of days on sick-leave, of being granted disability-pension, and with mortality during follow-up. In healthy middle-aged
women and men (n=210), psychological well-being and life-style variables
were associated with SRH. Higher levels of prolactin, and lower levels of
testosterone, at follow-up as compared to baseline, were observed in men
who reported a decrease in SRH below the level of good. In women, there
were no significant associations between endocrine variables and SRH.

Methodological considerations
Validity and reliability
Validity concerns to what extent, in relation to the research question posed, a
test measures what it is intended to measure [27]. A departure-point of the
present thesis is the hypothesis that SRH may be viewed as a potential indicator of sustained responses to stressors, and that stress-theory based psychobiological mechanisms may explain part of the predictive validity of
SRH in relation to subsequent health. Face validity of the psychological resource and psychological strain variables investigated may, based on a
stress-theory perspective, be considered good. Vital exhaustion, a sense of
exhaustion thought to occur in response to prolonged psychological stress, is
conceptually similar to burnout, and close correlations with various burnout
measures have been reported [9]. The Mastery and SOC questionnaires [116,
117] were distinctly developed as stress-theory based constructs, and selfesteem, and mastery, or locus of control, are established as psychological
resource constructs [115]. Vital exhaustion has, in longitudinal studies, and
independent of known risk factors for cardiovascular disease (CVD) and
severity of concurrent disease, been associated with increased risk of CVD
and with all-cause mortality [9, 143-145]. Sense of coherence has in longitu54

dinal studies been inversely associated with risk of diabetes [146], levels of
all-cause mortality [147, 148], and with coronary heart disease (CHD) [149].
Longitudinal studies are however, as yet few. Mean and median levels of
vital exhaustion corresponded to levels previously reported in healthy study
populations [150]. Concerning psychological resources, mean level of sense
of coherence were similar or slightly higher than have previously been reported in Swedish women and men [151].
Endocrine variables reflect dynamic responses to daily life cycle of activity and rest, and to daily life stressors of different kinds, and are associated
with large intra- as well as inter-individual variability [152-154]. In the present study, sampling of endocrine variables was performed in the morning,
once at each measurement occasion. Since large normal variations result in
statistical associations becoming more difficult to detect, sampling design
may have lead to a type I-error. Studies based on repeated measurements are
required, to test reliability of results.
Associations between stress-theory based psychobiological variables and
SRH was investigated in a sample of healthy women and men. On the one
hand, this means that associations observed between stress-theory based
variables and SRH can not be explained by concurrent disease or disability.
On the other hand, this also means that it is unclear whether present results
can be extended to other populations.

Statistical considerations
All multivariate analyses performed, with SRH as dependent variable, were
based on ordinal logistic regression technique. This means that full use of
SRH as an ordered categorical variable was made. A majority of previous
studies investigating predictors of five- or seven-level SRH have been based
on linear, or on binary logistic multivariate regression models. Linear regression analyses require normally distributed SRH data, an assumption rarely
met. Binary logistic regression analyses require that a binary cut-point between response alternatives is chosen, which leads to reduced efficiency in
analyses performed and a risk of bias related to choice of cut point [155,
156].
A limited number of reiterations were required in regression analyses performed, supporting the strength of the models in terms of goodness of fit.
Effect sizes of the magnitude observed imply that the models encompass
predictors which, in the present samples, were of major importance for SRH.
Observed estimates, which were higher than have previously been reported
[78, 157], were ROC-based (Receiver operating characteristic). ROC-based
estimates are a more accurate measure than the more commonly used effect
size measure adjusted R2, which may be heavily affected by random error
variation.
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Age, secular trends and self-rated health
Age was inversely associated with SRH. Previous results concerning associations between age and SRH are controversial, with poorer as well as better non-comparative SRH having been observed in older populations [74, 75,
79, 81]. Functional ability and health status are established determinants of
SRH, and differences in results may in part reflect methodologically related
issues. Prevalence of functional disability and morbidity increases with age,
and associations between age and SRH based on non-adjusted results will
thus encompass information related to age-associated changes of disease
burden and functional ability. In the present study, there was no measure of
functional ability included, and health status measures were based on selfreports of symptoms. It is possible that more inclusive measures of health
status would have yielded different results.
Gradually poorer SRH was observed in more recent years of investigation. The association remained after adjustment for effects of age and other
covariates. Increasingly poorer as well as on average better SRH in more
recent cohorts, has previously been reported [73, 81-84, 158]. Comparing
trends in general health measures is complex. Observed inconsistencies
could in part be due to questions related to study-design and methodology
[159]. Differences in results could also be related to contextually determined
changes in norms and expectations in relation to health [160]. Concepts of
health may change over time, as may knowledge and expectations concerning health and health care. Furthermore, as with the SRH-age association,
trends, and differences in trends, may be due to changes in patterns of morbidity and/or other determinants of health. From a public health perspective,
an important question concerns whether or not observed trends are associated with changes in health care utilisation, morbidity, and/or mortality.
Associations between age and the association between year of investigation, and SRH, differed between women and men. In women, a gradual,
linear decline in SRH was observed. In men, associations with age were
based on a third-degree polynomial function, and associations with year of
investigation were more complex. Results underline the importance of investigating linearity and non-linearity of associations, and furthermore, the importance of stratifying results in order to explore potential differences between groups.

Psychobiological measures and self-rated health
Measures of psychological well-being were based on measures of psychological strain and on psychological resource constructs. In line with previous
research, inverse associations between vital exhaustion and SRH, and direct
associations between psychological resources, in terms of mastery, self56

esteem and sense of coherence, and SRH were observed [78, 88-91]. There
are, as to our knowledge, no previous studies investigating associations between VE and SRH in healthy women.
In men, a decrease of SRH below the level of good was associated with
increased levels of prolactin and decreased levels of testosterone at followup. The study-population consisted of healthy, middle-aged, men with low
levels of life-style related risk factors. Associations observed can thus not be
explained in terms of effects of concurrent disease or disability.
Importantly there were no statistically significant associations between
endocrine variables and SRH in women. Post hoc power analyses indicated a
low statistical power in the analyses of testosterone and prolactin on the one
hand, and SRH on the other. The low statistical power was not due to a too
small study population, but to a too small effect size, indicating that the variables in question may be associated, but that the direct effect of the independent variable on the dependent variable is weak. As previously discussed,
effects between an outcome measure and the various factors in a causal
chain are diluted for each link in the chain of causation. Applied to the present study, results thus suggest that testosterone and prolactin may be associated with SRH, but in such a case mediated by other variables, attenuating
the direct relationship.
We found no previous studies in which associations between prolactin
and SRH were investigated in adult men, and only one recent study in which
associations between prolactin were investigated in women - a negative
bivariate association between S-prolactin and SRH (r=-0.14, p<0.01) was
recently reported in a group of middle-aged, employed, women [96]. There
were no significant associations observed between cortisol and SRH in
women or in men. Previously, poor SRH has been associated with higher
cortisol levels at bedtime [98] higher cortisol levels over the day [97] and
lower base-line cortisol levels in the morning, sampled in an experimental
setting, after 45 minutes rest [89]. The statistical power observed for the
cortisol - SRH relation in women in the present study, was however just
short of 80%, suggesting that lack of effect may be attributable to a too small
study population. Results concerning cortisol should thus be interpreted with
caution. The presence of an association between endocrine variables and
SRH in men but not in women may reflect differences related to sex.

Modelling inter-relationships between determinants of
self-rated health
A majority of studies concerned with identifying predictors of SRH have
been based on multivariate analyses, and the aim of identifying variables
with direct effects of SRH. The main importance of the complete model, in
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the present study, lies in depicting differences in strength of association between explanatory variables, and SRH. Variables with indirect effects on
SRH, though not significantly directly associated with SRH in multivariate
analyses performed, were strongly associated with variables more closely
associated with SRH. Although, from a statistical point of view, only a marginal increase in degree of explanation was observed when for example,
additional psychological resource variables were added to the model, from a
theoretical perspective, these variables may be seen as being part of the same
causal chain. Importantly, though depicting modelled results in terms of
causal chains, causality per se, can not be inferred. Data are based on crosssectional analyses and associations can only be said to be consistent with
what we would see, should the existence of a causal path be empirically confirmed, i.e., as expressed by Kraemer, “all causal chains consist of mediators, but not all mediators will eventually prove to be links of some causal
chain” [142]. However, the findings in this study may be seen as a proposed
model to be tested in future studies.

Consequences of self-rated health
In line with previous research, there was a graded association among women
and men between SRH and all measures of subsequent health outcomes during follow-up, with the exception of hospital admission, which, in women,
was not associated with SRH.
Stronger associations between SRH and short-term mortality (defined as
up to two years and up to ten years, respectively) have previously been reported in some studies [69, 161]. These results were not corroborated in the
present study where, based on analyses of hazard ratios, throughout followup, strong associations with mortality were observed in men for up to 19
years. Among women the effects lasted for four years, possibly due to technical reasons. Study-populations based on women had a maximum followup-time of 10 years, and for one of the female cohorts follow-up data were
not available. Whether findings reflect true gender differences or an artefact
due to exhaustion of the data set thus remains to be determined.

General discussion
Global SRH are easily administered and have repeatedly been found to hold
predictive validity in relation to subsequent health [1, 7, 46, 52]. SRH has
thereby, during the past decades, become increasingly used in national and
international public health monitoring, and has come to be recommended as
a standard part of health surveys [34, 35]. What these simple global health
measures capture, is however still poorly understood [1, 7, 67].
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The validity of SRH, as with any measure, concerns whether it measures
what it is intended to measure. In relation to SRH this question is complex.
There is no ‘true gold standard’ of health. In the present study, associations
between SRH and subsequent mortality, and subsequent morbidity, measured in terms of being granted a disability pension or days on sick-leave, was
confirmed. Furthermore, health status, somatic symptoms, and life-style
related health risk factors were clearly associated with SRH as were, in
healthy women, and men, stress-theory based psychological resource and
psychological stain variables. SRH thus captured information on health in
relation to hard end-points such as mortality, and in relation to end-points
associated with quality of life.
Subjective assessments are based on multiple psychological processes,
and an individual‘s assessment of his or her health would be expected to
reflect a potentially wide range of factors perceived of as importance to wellbeing and health, ranging from individually to contextually related factors.
Present results, with poorer SRH observed in more recent investigations thus
raises a number of questions; are changes in SRH associated with changes in
well-being, are they associated with changes in morbidity, or in health-care
utilisation? Do trends occur across or within different subgroups in the population? Longitudinal data, based on comprehensive and integrated approaches, are required, for increased understanding concerning relationships
between well-being, SRH, and different measures of subsequent health outcome. From a public health perspective, an increased understanding concerning potential systematic variations, in how different groups view and report
their health, is important.
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Conclusions

• There was a significant inverse association between age and SRH, and
between year of investigation and SRH.
• Men with SRH which decreased from excellent or good, to a level of fair
or poor, had significantly higher levels of prolactin and lower levels of
testosterone, at follow-up as compared to baseline. There were no significant associations observed between endocrine variables and SRH in
women.
• SRH was directly associated with psychological resource constructs, and
inversely associated with psychological strain, in women and in men.
• A model of interrelationships between determinants of SRH was proposed
• SRH was associated with sick-leave, being granted disability-pension,
and with mortality, during follow-up, in women and in men. SRH was associated with hospital admission during follow-up among men, but not
among women.
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Summary in Swedish: Svensk sammanfattning

Självskattad hälsa (SRH), det vill säga svaret på en enkel fråga, exempelvis
formulerad “Hur har din hälsa varit under det senaste året?”, har i upprepade
studier visat sig förutsäga risk för funktionsnedsättning, sjuklighet och död.
Samband mellan SRH och framtida hälsa har rapporterats i äldre och yngre
studiepopulationer, bland kvinnor och män, i olika länder, och kvarstår, när
man kontrollerar för betydelsen av en lång rad riskfaktorer för framtida ohälsa. SRH har under de senaste decennierna därmed kommit att användas allt
mer, både nationellt och internationellt, i folkhälsobevakning, och som utfallsmått i forskning. Vad dessa enkla självskattningar fångar, av betydelse
för framtida hälsa är ännu oklart.
Det övergripande syftet med den här avhandlingen var att undersöka betydelsen av ålder, av tidpunkt för mätningen, samt betydelsen av stressteoretiskt baserade psykologiska och biologiska faktorer för SRH. Syftet var också att undersöka samband mellan olika faktorer av betydelse för SRH och att
undersöka effekten av SRH på risken för sjukskrivning, förtidspension, sjukhusvård och död.
Avhandlingens resultat baserar sig på data från två studiepopulationer.
Dels en population som består av data från åtta befolkningsbaserade kohortstudier insamlade 1973-2003 (11,880 kvinnor och män i 25-99 års ålder),
och dels en longitudinell studie, där 210 friska kvinnor och män i 22-59 års
ålder årligen, under upp till tre års tid, besvarade enkäter och lämnade blodprover.

Ålder, undersökningsår och självskattad hälsa
Det fanns oberoende statistiskt signifikanta inversa samband mellan ålder,
undersökningsår, och SRH, bland både kvinnor och män. Sambanden var
linjära bland kvinnor. Bland män var sambanden krökta. Hos både män och
kvinnor fanns starka samband mellan SRH och fysiska och psykiska symptom, sjukskrivning eller förtidspension, och fysisk aktivitet på fritiden.
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Psykiskt välbefinnande och självskattad hälsa
Hos friska medelålders män och kvinnor fanns det statistiskt signifikanta
direkta samband mellan psykologiska resurser (känsla av sammanhang och
känsla av kontroll) och SRH, och statistiskt signifikanta inversa samband
mellan vital exhaustion (utmattning), psykiska symptom, och SRH. Män
som försämrades i SRH över tid, hade statistiskt signifikant högre prolaktin
nivåer och lägre testosteron nivåer vid uppföljning än vid baslinejmätningen.
Bland kvinnor fanns inga signifikanta samband mellan endokrina markörer i
blod och SRH.

Interrelationer mellan faktorer av betydelse för SRH
Det fanns hållpunkter för förekomst av orsakskedjor mellan fysiska symptom, livsstilsfaktorer, psykologiska resurser och psykiska symptom ledande
fram till SRH. Kvalitativt skiljde sig orsakskedjornas sammansättning något
mellan kvinnor och män.

Risk för sjukskrivning, förtidspension, sjukhusvård och död
Sämre SRH var associerad med ökad risk för sjukskrivning, förtidspension
och död, bland både män och kvinnor. Bland män, fanns ett samband mellan
sämre SRH och ökad risk för sjukhusvård, men inte bland kvinnor. Sambandet mellan SRH och död var robust bland både män och kvinnor.

Slutsatser
I den här studien bekräftas tidigare observerade samband mellan ålder, sjuklighet, symptom, livsstilsfaktorer som faktorer av betydelse för SRH. Samband observerades också mellan SRH och stressteoretiskt baserade mått på
psykiskt välbefinnande. Förändringar i SRH över tid var associerat med förändrad hormonbild hos män, men inga direkta samband observerades mellan
biologiska markörer och SRH hos kvinnor. Resultaten pekar på ett möjligt
samband mellan SRH och undersökningsår. Slutligen bekräftar avhandlingen
resultat från tidigare studier, och visar att självskattad hälsa, baserat på en
enkel fråga om hur individen upplever sin allmänna hälsa, har ett samband
med ökad risk för sjukskrivning, förtidspension och död, bland män och
kvinnor.
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