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Oral Health in Swedish Women
Impact of social and psychological factors over time

Anette Wennstrom
Department of Behavioral and Community Dentistry, Institute of Odontology
Sahlgrenska Academy at University of Gothenburg, Sweden

ABSTRACT

The overall aim of this thesis was to gain knowledge about the development of oral health
among Swedish women in Gothenburg, 38 and 50 years of age, from 1968/69 to 2004/05,
and to elucidate possible impacts of psychosocial factors on oral health.

The specific aims were (I) to describe secular trends over time concerning oral
health, with regard to number of teeth and socioeconomic status (SES); (II) to analyze the
relationship between sense of coherence (SOC), dental anxiety (IDA) and oral health,
measured both subjectively and objectively, and adjusted for SES, in 2004/05; (III) to
evaluate how oral health-related quality of life (OHRQoL) was related to SOC and DA,
subjective oral health, dental care behavior and SES in 2004/05; (IV) to analyze petrceived
mental stress in relation to oral health over time, including considerations concerning
smoking and SES. The four scientific papers in this thesis all apply a cross-sectional design.

Results: Paper I revealed a dramatic increase in improved oral health during the 36-
year period. The middle-aged women had more remaining teeth and almost none were
edentulous in 2004/05 compared with 1968/69. SES also improved, even though
inequalities remained over time, and showed better oral health among women with higher
SES. Perceived mental stress (Paper IV) increased remarkably over time, but was not
associated with oral health. However, the analysis showed fewer decayed teeth, less
petiodontal disease and more remaining teeth in the later examination year in 2004/05 than
in 1968/69. Otral health was associated with different social and psychological factors
(Papers II, III). A strong SOC (Paper II) was found to have a protective effect against
poor objective (50-year olds only) and subjective oral health, and high DA. A gradient was
seen; the lower the SOC scores the lower the SES. DA was related to both poor self-
reported and objective oral health. Poor OHRQol. (Paper III) was associated with high
DA, low SES, irregular dental behavior and poor subjective oral health. A weak SOC and
high DA were predictable of poor OHRQoL.

Conclusions: Oral health and socioeconomic status improved over 36 years, but
inequalities still remained over time, with better oral health among middle-aged women
with higher socioeconomic status. Perceived mental stress increased over time, but was not
associated with oral health. The study in 2004/05 showed that a strong SOC, low dental
anxiety and good OHRQoL indicated a protective effect on oral health. Low socio-
economic status was related to a weak SOC, high dental anxiety and poor OHRQol..

Keywords: oral health, socioeconomic factors, number of teeth, sense of coherence, oral
health-related quality of life, dental anxiety, women’s health, epidemiologic studies,

psychological stress, periodontal disease, smoking.
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SAMMANFATTNING PA SVENSKA

Det 6vergripande syftet med studien var att fi kunskap om den orala hilsans
utveckling hos 38- och 50-driga svenska kvinnor fran Goéteborg, frin 1968/69 till
2004/05, samt att belysa psykosociala faktorers eventuella paverkan pa munhilsan.
Dessutom var syftet att analysera forindringar i socioekonomiskt status och
upplevd mental stress Gver tid.

De specifika syftena i de fyra artiklarna, som alla dr tvirsnittsstudier, var (I) att
beskriva férindring 6ver tid avseende oral hilsa (med hinsyn till antal tinder) och
socioekonomiskt status; (II) att analysera sambandet mellan kdnsla av sammanhang
(SOC), tandvardsridsla och oral hilsa (subjektiv och objektiv) samt mellan SOC
och socioekonomiskt status 2004/05; (III) att utvirdera hur oral hilsorelaterad
livskvalitet dr relaterat till kdnsla av sammanhang och tandvardsridsla, samt till
subjektiv oral hilsa, tandvéirdsbeteende och sociockonomiskt status 2004/05; (IV)
att analysera upplevd mental stress i samband med oral hilsa 6ver tid.

Resultat: Artikel I visade pa en dramatisk forbittring av den orala hilsan under
den 306-ariga studieperioden. Medeldlders kvinnor hade fler kvarvarande tinder och
nistan ingen var tandlés 2004/05 jimfort med 1968/69. Sociockonomiskt status
torbattrades ockséd, dven om ojdmlikheter fortfarande kvarstod éver tid, sisom
bittre oral hilsa hos kvinnor med hégre socioekonomiskt status. Upplevd mental
stress (Artikel I'V) 6kade anmirkningsvirt 6ver tid, men nagot samband med oral
halsa fanns inte. Diremot fanns fler kvarvarande tinder samt firre tinder med
karies och tandlossning hos de medeldlders kvinnorna 2004/05 jimfort med
1968/69. Oral hilsa var relaterad till flera olika sociala och psykologiska faktorer
(Artikel IT och III). En stark kinsla av sammanhang avsldjade en skyddande
effekt mot dalig objektiv (endast 50-dringarna) och subjektiv oral hilsa, mot hég
tandvardsriddsla samt mot dalig oral hilsorelaterad livskvalitet. En gradient
uppenbarade sig; ju svagare kinsla av sammanhang, desto ligre socioekonomiskt
status. Hog tandvardsridsla var férknippat bade med dalig sjdlvskattad och dilig
objektiv oral hilsa. Dalig oral hilsorelaterad livskvalitet var férknippad med hég
tandvardsridsla, ligt socioeckonomiskt status, oregelbunden tandvird och dilig
subjektiv oral hilsa.

Slutsats: Oral hilsa och socioekonomiskt status forbattrades over denna 36-
arsperiod, men skillnader kvarstod fortfarande 6ver tid, sisom bittre oral hilsa hos
medeldlders kvinnor med hégre socioekonomiskt status. Upplevd mental stress
okade markant 6ver tid, men var inte f6tknippat med oral hilsa. Studien 2004/05
visade att stark kinsla av sammanhang, lag grad av tandvirdsridsla samt bittre oral
hilsorelaterad livskvalitet var relaterat till battre oral hilsa. Ligt socioekonomiskt
status var forknippat med svag kinsla av sammanhang, hog tandvérdsridsla och
dalig oral hilsorelaterad livskvalitet.
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ABBREVIATIONS

DA Dental Anxiety

DFS Dental Fear Survey
OHRQoL  Oral Health-Related Quality of Life

OHIP-14 The Oral Health Impact Profile — 14 items

PSWG The Population Study of Women in Gothenburg, Sweden
SES Socioeconomic Status
SOC Sense of Coherence

WHO World Health Organization



DEFINITIONS IN SHORT

Periodontal disease Used synonymously with periodontitis in this
thesis.
Periodontal bone loss Used synonymously with alveolar bone loss.

The interproximal bone height was measured
on the radiographs.

Self-rated oral health Used synonymously with self-reported and
subjective oral health.
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INTRODUCTION

Oral health is an essential component of health throughout life. It means
different things in different eras and different cultures. We have heard about
Swedish women at the beginning of the last century, who received dental care as
teenagers, as a confirmation gift or when getting married. This gift involved
having all their teeth extracted and replaced by full dentures. Nowadays, this
tradition may be difficult to understand, but it may be seen as a way to assure
the receiver of the gift that she would have no further problems or pain from
her teeth. The common belief seems to be that oral health has improved during
the last decades. But has it improved among women in general, or are there
other factors of importance regarding oral health inequalities; for instance social
and psychological factors? Systematic epidemiological studies of the oral health
of women over time could contribute to answering these questions.

The Population Study of Women in
Gothenburg, Sweden

In 1968, Calle Bengtsson, a physician and later on the first professor in Primary
Health Care in Gothenburg, initiated The Population Study of Women in
Gothenburg, Sweden (PSWG). In Swedish, this study is popularly known as
“Kvinnostudien” (The Women’s Study). This thesis is in all parts based on this
epidemiological population study.

Previous studies of women in Gothenburg had mainly concerned menstrual
blood loss [1], iron deficiency, and changes in plasma lipids during the
menopause [2]. Studies on coronary heart disease indicated that this condition
increased after the menopause. Since the age groups were too small in these
previous studies, no correlational studies could be performed. Hence, the
PSWG was initiated, with five age groups that contained a greater number of
individuals in each age stratum than the previous studies. The emphasis was
placed on the ages around the menopause: 38, 46, 50, 54 and 60 years of age.

The PSWG was a unique study at the time as most previous population studies
had involved only men. Therefore, the second reason for the start-up of the
PSWG was to address this lack of knowledge about women, utilizing the same
methods and the same age groups as in a previous well-known population study
of men in Gothenburg, called “Men born in 1913” [3]. Moreover, the PSWG
was preceded by a pilot study of medical students. In order to reduce the
influence of age differences within each age group, the PSWG was carried out,
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in most cases, during a twelve-month period. Altogether, the data comprised
more than 1500 variables for each woman.

The PSWG was designed with a randomized selection of a strictly representative
sample and had a high response rate (90.1 % in 1968/69). It also displayed
uniformity of performance (including standardized procedures) and contained
information about non-participants. Hence, valid conclusions may be drawn
about the total female population in Gothenburg in these age groups. This also
makes it possible to compare the results from the PSWG with those of other
population studies, as well as differences between subgroups in the PSWG
material [4].

Oral health

Oral health is an essential component of health throughout life, but the concept
of oral health has changed over time, as well as the concept of general health.

The two most common models of general health are 1) the biomedical model,
and 2) the biopsychosocial model [5, 6]. The medical model separates the body
from the mind, therefore called mind-body dualism, and was the traditional way
of thinking for many decades. The biopsychosocial model, where health is also
defined as social and psychological well-being, together with optimal
functioning, started to influence health beliefs in the 1970s. A shift was then
seen, from solely referring to disease and cure (biomedical model), to including
health and prevention as a complement to disease and cure (biopsychosocial
model).

Already in 1946, the WHO defined health as “a state of complete physical, mental
and social well-being and not merely the absence of disease or infirmity” indicating
that health is not only regarded as the absence of physical disease, but as
something that the individual experiences on a higher level, with regard to the
psychosocial aspects of health [7]. Historically, most of the research has focused
on diseases and their physical outcome, thereby leaving the most of the WHO
definition of health unmeasured [8§].

Concerning oral health, the biomedical model refers to the mouth as an
anatomical object, more or less isolated from both the body and the person’s
mind. Thus, the concept of oral health somehow becomes a conceptional
anomaly, as we never mention health together with any other body part; for
instance “leg health” or “ear health”. In the biopsychosocial model, oral health
is now connected to both the body and the mind of the person; hence, linking
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oral conditions also to diseases of other body parts and not only to oral diseases.
Furthermore, oral health now refers more to the individual and the way in
which oral diseases have an impact on health, well-being and quality of life.

This distinction of oral health and general health as two separate domains was
strictly organizational in the past. As a result of this, odontology and medicine
came to evolve as separate disciplines; thus, today, the term “oral health” is well
established instead of “health” only.

Nevertheless, the WHO Report from 2003 concludes that oral health is integral
with general health and well-being [9]. In accordance with this report, a Swedish
consensus conference also concluded that: “Oral health is a part of general health
and contributes to physical, mental and social well-being with experienced and
satisfactory oral functions in relation to the individual’s conditions and absence of
diseases” [10]. Hence, complete oral health means both feeling healthy and being
orally sound. However, it is not necessarily the case that diseases influences well-
being. For example, an individual with chronic periodontal disease may still feel
healthy, and another person may experience poor oral health, despite a sound
oral cavity.

Finally, according to the WHO in 2012, oral health is defined as “.. @ state of
being free from mouth and facial pain, oral and throat cancer, oral infection and sores,
periodontal (gum) disease, tooth decay, tooth loss, and other diseases and disorders that
limit an individual’s capacity in biting, chewing, smiling, speaking, and psychosocial
well-being” [11]. This definition may be criticized for maintaining a strong focus
on disease, and even though psychosocial aspects are included, they still
originate from the consequences of disease.

Brondani and MacEntee describe oral health in a more positive sense, where the
focus is on oral health rather than disease and illness [12]. The ellipses in their
model (Figure 1) illustrate the dynamic and overlapping importance of the
various components that influence oral health. Hence, oral health is seen as a
dynamic process that also includes the positive factors of adjustment, namely
coping and adaptation.
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Figure 1. Refined model of oral health. Reproduced by permission from Springer.
Brondani & MacEntee. 2014. Quality of life research 2014, 23:1093.

In epidemiological studies, objective oral health is usually operationalized as
something measurable, either clinically or from radiographs; for example, the
number of teeth, the number of decayed surfaces, or a measure of alveolar bone
loss according to standardized measuring procedures. Regarding subjective oral
health, self-rated oral health is often measured with a single question, which has
been shown to be a reliable measure that is strongly correlated to objective
health conditions, but also to the perception of individuals’ overall health [13,
p.193-216, 14]. Subjective health refers to how the individual perceives the
psychological and functional impacts of oral conditions [15].

Oral health-related quality of life

To capture the concept of quality of life (QoL), Locker simplified the definition
of QoL with the question “How good zs your life for you?” [5]. The question deals
with life satisfaction, which is influenced by many things, including health. The
resulting term is health-related quality of life (HRQoL), which is used in the
medical field to describe QoL. HRQoL is sometimes described as being
subordinate to QoL, but mostly it is used synonymously with QoL. However,
QoL has a meaning only at a personal level and refers to something much
broader than health, as health problems and clinical conditions do not
necessarily impact on QoL [5, 16]. Allison et al. suggest that QoL is dynamic,
that the attitudes vary with time and experience and are modified by different
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psychological factors, such as adaptation, coping, expectancy, optimism, self-
control and self-concept [17].

Within odontology, QoL evolved into the term oral health-related quality of life
(OHRQoL), which is a subjective measurement of how perceived oral health
and oral conditions affect the individual’s well-being and quality of life. This
concept emerged in the late 1970s, when Cohen and Jago elucidated the
limitations with simply using the presence or absence of disease to describe oral
conditions [18].

OHRQoL is a multidimensional concept, and may change as society changes
over time [8, 19]. According to Inglehart and Bagramian (Figure 2), OHRQoL is
defined by the individual’s assessment of how the following four factors affect
his/her well-being: oral functioning, psychological well-being, social well-being,
and the experience of pain and discomfort [20].

Functioning:

- Mastication
(chewing/biting/
swallowing)

Pain/
discomfort:
- Acute

I — - Chronic

Oral health-
related quality
of life

" :
Psychologic Social aspects

aspects: - Intimacy
- Ap ear.ance - Communication
o - Social

- Self-esteem . .
interactions

Figure 2. The main components of OHRQoL.. Reproduced by permission from
Quintessence Publishing. Inglebart & Bagramian. 2002. Oral Health-Related
Quality of Life, p.3. Chicago, Quintessence Publishing Co, Inc.

OHRQOoL is determined by a complete assessment of these four factors. An
individual’s response to different situations is determined by his/her cultural
background, past and current experiences of oral health and care, state of mind
and hopes for the future. Consequently, OHRQoL may vary with different

11
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situations related to these four factors. For example, one consideration might
be: “When I have lunch, can I chew all food that is served?” [20].

Many different methods to measure OHRQoL have been developed since the
late 1970s, when researchers first took an interest in the psychosocial effects of
oral diseases [21]. The most common instruments, which have been used and
validated in many studies, are the General (Geriatric) Oral Health Assessment
Index (GOHALI), with 12 items [22]; the Oral Health Impact Profile (OHIP-49),
with 49 items [23], and the shorter 14-item version OHIP-14 [24]; the Oral
Impact on Daily Performances (OIDP), with eight or nine items in alternative
versions [25]; and the Oral Health-Related Quality of Life-UK (OHQoL-UK),
with 16 items [20].

One of the most widely used instruments to measure OHRQoL is the OHIP-14
[24]. It is not only used for English-speaking respondents, but has been
translated into several other languages [27, p. 14]. The OHIP-14 is a well-
validated method that is short and easy to use and yields good response rates in
epidemiological surveys. The OHIP-14 is based on Locker’s oral health model
from 1988 [28], which describes a flow of events from disease to handicap or
death, based on the effects and consequences of disease. Locker’s oral health
model includes seven dimensions that have a disruptive impact on people’s
lives: 1) functional limitations (e.g. chewing problems), 2) physical pain (e.g.
toothache), 3) psychological discomfort (e.g. embarrassment), 4) physical
disability (e.g. swallowing), 5) psychological disability (e.g. fear), 6) social
disability (e.g. communication), and 7) handicap (e.g. eating). The OHIP-14
captures two questions from each of these seven dimensions, thus ending up
with 14 questions.

One aspect that has been discussed is what these methods really measure, since
OHRQoL is not clearly defined and there is no clear distinction between self-
reported oral health and OHRQoL. Self-reported oral health deals with
symptoms and problems with oral function, whereas OHRQoL deals mainly
with the subjective importance and level of satisfaction of oral health and
functional status. [15]. Common to all these instruments is that they originate
from oral conditions and that their aim is to measure the importance of the
problems with regard to how they affect people’s well-being and quality of life
[29].

There is a lack of knowledge about oral health-related quality of life and
psychosocial factors, such as sense of coherence and dental anxiety.

12
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Sense of coherence

Salutogenesis is a psychological concept that focuses on health rather than
disease and is measured by sense of coherence (SOC). Mostly, salutogenesis and
SOC are used interchangeably, referring to the same psychological concept.
Aaron Antonovsky (1923-1994), professor of sociology, theorized the
salutogenic concept in his book, “Unraveling the mystery of health”, in 1987 [30].
His interest in salutogenesis began when he studied a group of women who had
survived the Nazi concentration camps. The core concept of salutogenesis and
SOC is to explain why some individuals stay healthy, even though they
experience long-lasting and highly stressful life situations, while others develop
disease and illness.

SOC is defined as “a global orientation that expresses the extent to which one has a
pervasive, enduring though dynamic feeling of confidence that: 1) the stimuli deriving
from one’s internal and external environments in the course of living are structured,
predictable and explicable; 2) the resources are available to one to meet the demands
posed by these stimuli; and 3) these demands are challenges, worthy of investment and
engagement”’[30).

This definition consists of three psychosocial dimensions, which together build
SOC: comprehensibility, manageability and meaningfulness. According to
Antonovsky, the three dimensions of SOC develop during childhood and young
adulthood, in close collaboration with the environment. SOC is based on the
individual’s accumulated experience of coping with stressors in everyday life, as
well as with more extreme difficulties in life. Both internal and external
resources are of great importance for the individual’s ability to handle these
stressors. Hence, SOC is related to both psychological and social factors. With
the entry into adulthood with its long-term commitments to people, social roles
and work, the experiences of childhood and adolescence are strengthened or
weakened. After the age of 30, SOC is assumed to be constant and can only be
changed by dramatic events. In conclusion, individuals with a strong SOC are
more able to manage stressful situations, which thereby contributes to health
over time.

Since the 1990s, many scientific publications have targeted the SOC concept to
reveal possible associations between SOC and different aspects of health and
disease [31]. In their systematic review, Eriksson and Lindstrém conclude that
SOC is strongly related to perceived and mental health (psychological measures)
and less strongly to objective health indicators (physical health measures) [31].
Moreover, a strong SOC in adults seems to be related to positive oral health
behavior [32, 33], positive objective and subjective oral health [34-37], good oral

13
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health-related quality of life [38] and less dental anxiety [37].

Lundberg and Nystrém Peck discuss some of the complexity and influences of
and on SOC [39]. The determinants of a weak SOC appeared to be 1) older age
and low social class, 2) impaired health, and 3) subjective evaluations of living
conditions as being poor and changes in living conditions for the worse. No
gender differences were found in this study. In conclusion, a weak SOC is
formed by social factors and perceived welfare problems. This is in line with
other research, whereas SOC could act as a mediator between socioeconomic
status and health [35]; thus, SOC is also related to socioeconomic status.

Antonovsky claimed that the core of SOC was the stability of individual SOC
scores over time. Some researchers are hesitant about this theory, as some
studies have found considerable instability of SOC scores over time [40, 41].
Furthermore, the knowledge about SOC and oral health is limited, and only a

few studies have investigated the relationship between SOC and dental anxiety
in adults [36, 37].

Dental anxiety

Anxiety, fear and phobia are three closely related psychological concepts. Phobia
is the most extreme, and is an excessive, persistent and unreasonable fear of a
particular situation or object, that causes an immediate anxiety response [42].
The phobic situation is avoided or endured with intense anxiety or distress,
which clearly interferes with the individual’s ability to function. Dental phobia is
today classified as a psychiatric condition, and since the dental situation often
includes injections, pain and blood, it is possible that it covaries with other types
of phobias [43].

The concepts of dental anxiety and dental fear are often used interchangeably, as
it is difficult in general to distinguish between fear and anxiety. Besides, there are
no distinct boundaries between the two concepts in clinical practice. Fear is
linked to our fight-or-flight response, resulting in an immediate alarm reaction
to a perceived threat. Once the threat is gone, the fear is abated. Concerning
anxiety, fear is still a central part, but the anxious response is more extensive and
oriented towards cognitive processes, such as negative emotions and
catastrophic thinking, in response to an anticipated future threat. The anxiety is
irrational, and the perceived feeling is an inability to predict or control future
events [44]. These feelings lead to a strong physiological response, such as
muscle tension and elevated heart rate. Dental anxiety/fear refers to
anxiety/fear that is induced by the dental situation.

14
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The prevalence of high dental anxiety varies among studies, between four and
30%, depending on the measurement method, different cut-off scores and the
sample selection [45]. However, for the general adult population, it is more
common with a dental anxiety prevalence of about 20 %, and 4-7% for high
dental anxiety [46-50]. Self-report questionnaires are commonly used to measure
dental anxiety in adults. The two most common instruments are the Dental
Anxiety Scale (DAS), with four items [51], and the Dental Fear Survey (DFES),
with 20 items [52].

In the dental situation, many things may trigger anxiety, such as the treatment
instruments, the social interaction with the dental staff, and feelings of shame
and being out of control. Individuals with dental fear/anxiety have to cope with
severe stress to manage the terrifying situation of visiting the dentist and/or
dental hygienist [53-55].

Dental anxiety is associated with avoidance of dental care [56]. Hence, dental
anxiety could be seen as a psychological factor that makes it more difficult to

maintain or improve oral health, which may lead to a deteriorated oral health
status [57-59].

Fear / anxiety

7N

Feeling of shame Avoidance
and inferiority

\ Deterioration in /

dental status
Figure 3. The Vicious Cycle of dental anxiety according to Berggren 1984.
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In addition, many individuals with a deteriorated oral health status and
incapability to accept dental treatment experience feelings of shame, inferiority,
low self-esteem and self-confidence, higher stress levels, and dissatisfaction with
life, but also negative social consequences associated with relationships
involving intimacy, family, friends and work [60-62]. Consequently, the anxiety
is further aggravated, leading to a cycle described as “The VVicious Cycle” by Ulf
Berggren (Figure 3) [63].

Several studies report that individuals with severe dental anxiety have high levels
of missing teeth, decayed teeth/surfaces and petriodontal disease [56, 59, 62]. In
addition, individuals with severe dental anxiety had fewer filled teeth than the
control group, in the study by Hakeberg et al., indicating avoidance of dental
treatment [59]. Furthermore, root remnants are more common among those
with severe dental anxiety, which is an indication of longstanding avoidance of
dental care despite an obvious treatment need [62]. Moreover, Schuller et al.
discovered that the higher the levels of dental anxiety, the fewer functional teeth
[64]. This reflects both the number of filled and sound teeth to chew with and
the esthetic appearance.

Lindmark et al. reported that a stronger sense of coherence was related to less
dental anxiety [37]. However, there is still scant research into sense of coherence
and dental anxiety. Also, when adding dental anxiety to the two concepts of oral
health-related quality of life and sense of coherence, even less information is
found regarding the relationship between these three psychological concepts.
Dental anxiety is an important field to explore further, with regard both to oral
health and psychological and social factors.

Stress

The interpretation of stress has changed over time, as the research within this
area has developed. Taylor describes stress as the following: “Stress zs a negative
emotional experience accompanied by predictable biochemical, physiological, cognitive,
and bebavioral changes that are directed either toward altering the stressful event or
accommodating to its effects” [65, p. 113]. Stressful events in the form of external
demands (e.g., problems with money, work or health) are called stressors.

Walter Cannon was the first to describe the concept of stress in 1932, as the
“fight-or-flight response”. Hans Selye made the next contribution to the stress
concept in 1956. He suggested that no matter what type of stressor, they all
produce the same pattern of physiological changes in the body.
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The commonly accepted description of stress today is based on the
“transactional model” by Lazarus and Folkman, where stress is determined by the
person-environmental fit [66]. Their approach is both psychological and
physiological, and coping is essential in their definition. Coping refers to how an
individual handles the demands and strains at a behavioral and mental level. The
focus is on the individual’s interpretation and appraisal of different situations,
and the way of handling situations (i.e., coping) that are perceived as threats, or
challenges, to health and well-being. Hence, this model includes sociological,
psychological and physiological aspects related to stress.

Stress occurs due to a perceived imbalance between demands and resources. We
do not have to be exposed to a stressor to suffer stress; it is enough just to
anticipate it. The stressor could then be stressful before it has even occurred;
sometimes even more so [67]. Also, when the stressful event has passed, the
unfavorable aftereffects of stress may persist for a long time. Events that are
negative, uncontrollable, ambiguous, or unmanageable tend to cause more stress
[65, p. 120-121]. Characteristics that instead can protect against perceived stress
are social support, mastery, self-esteem and optimism [68].

The immediate response to stress stimuli is triggered by the sympathetic-
adrenomedullary (SAM) system, resulting in elevated levels of epinephrine and
norepinephrine in the blood. These catecholamine substances prepare the body
for “fight or flight”, by for instance, by increasing the pulse, heart rate, blood
pressure, and constriction of peripheral blood vessels. They also modulate the
immune system. The second step in the stress response is to activate the
hypothalamic-pituitary-adrenocortical (HPA) axis, which results in elevated
levels of glucocorticoids (e.g., cortisol) in the blood. Cortisol reduces
inflammation in case of an injury, conserves stores of carbohydrates and helps
the body return to a steady state with normal cortisol levels after the threat has
passed [65, p. 116-117].

Stress and health

Under normal circumstances, hormone levels return to base line after the stress
stimulus has disappeared. This is very important for our life-support functions,
such as organ repair. Individuals can usually adapt to mild stressors, and a short
period of stress may enhance the body’s resilience to infection. But long-term
severe stress may cause chronic health problems, due to frequently elevated
levels of epinephrine, norepinephrine and cortisol. Long-term stress (i.e.,
chronic stress) can therefore lead to suppression of cellular immune function,
cardiovascular diseases and neurochemical imbalances that may play a role in the
development of psychiatric disorders. Furthermore, stress (due to cortisol) is
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related to depression, diabetes and high waist-to-hip ratio, due to storage of
belly fat, and also to problems with verbal functioning, memory and
concentration, due to destruction of neurons in the hippocampus [65, p.117,

69].

In addition to the physiological effects, stress may also affect health through
different behaviors. Firstly, stress may change health behaviors towards
decreased sleep, poor diet, little exercise and increased smoking or alcohol
intake. The stress may then affect the use of psychosocial resources, such as
reduced optimism, threatened social support and low self-esteem. Finally, stress
may interfere with treatment and the use of health services; for instance by a
delaying seeking care and a decreased likelihood of ever secking care [65, p.118].

Stress and oral health

The field of stress and oral health is not as well investigated as that of stress and
general health, although some research exists in the field of stress related to
periodontal disease. Different studies have shown a relationship between
psychosocial stress (for instance, unemployment, marital status) and
periodontitis [70, 71|, and also between psychological stress and periodontitis
[72]. Depression, loneliness and high levels of anxiety are associated with
periodontitis, as are greater financial strain and inadequate coping [72-74]|. There
are also studies that show no association between the risk of periodontal disease
and psychosocial factors [75] or psychiatric symptoms, such as depression and
hopelessness [76].

Stress seems to influence periodontal health by two pathways, or by a
combination of the two: 1) Primarily, by the immune system and the
inflammatory response, mostly due to increased cortisol levels [74, 77-79], and
2) secondarily, by a change in health behavior, such as oral hygiene and smoking
habits. The second pathway indicates that stressful life events, such as academic
stress, are related to poor oral hygiene and oral hygiene neglect [80, 81], and are,
accordingly, also associated with periodontal disease and missing teeth [78].
Smoking is an important environmental factor associated with periodontal
disease. Thus, both smoking and stress decrease the defense against invading
bacteria and, at the same time, increase the inflaimmatory reaction [82, 83].
However, there is still a lack of knowledge regarding stress and oral health.
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Socioeconomic status

The scientific literature presents several sociological and epidemiological ways to
measure and operationalize socioeconomic position or status among individuals
in a population. Socioeconomic status usually consists of, and is determined by,
educational level, social class (mostly assessed from occupation), or income. In
general, these measures are closely intercorrelated for populations. Education, in
patticular, has been shown to be of importance with regard to employment/job
status and income. Furthermore, respondents in a survey may perceive the
different indicators of socioeconomic status somewhat differently. A possible
aspect regarding income is that this variable is more sensitive to respond to and,
thus, may include a higher degree of error or noise, i.e., be less reliable. Social
class has been used extensively in research, but due to differences in
operationalization between countries and cultures, questions may be raised
about the comparability between different studies. Marital status is sometimes
also included in socioeconomic status [84].

Information on socioeconomic status is gained from = self-reported
questionnaires, interviews or registers. To assess the development of possible
changes over time, there are two ways to measure this difference: absolute and
relative. Absolute difference could, for instance, show a decrease in the number
of people who die in a disease nowadays, compared with 100 years ago,
independently of whether they belong to a high or a low class. The relative
difference, on the other hand, shows the ratio between the number of dead
people in a high social class and the number of dead people in a low social class
today, as well as the same ratio 100 years ago. These ratios of relative difference
could end up the same, showing that social inequalities still exist today as they
did 100 years ago, despite all the improvements made in different fields over
time [84].

Socioeconomic status and health

Socioeconomic inequalities in health still exist today as they did 100 years ago,
despite all the efforts to change and improve health, health care, medicine and
society. These inequalities are not only seen in Sweden, but also in other
countries, regardless of the economic level of the country [85].

Poor health is more common, and morbidity (regarding almost all diseases) and
mortality rates are higher among people with low occupational levels than
among those with higher occupational levels, which indicate a social gradient
concerning social class. These differences are also seen when investigating
education and income [84, 86]. Furthermore, these class differences are stable
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over time, as is the social gradient. Concerning education, clear differences in
death risk are seen between different educational levels; accordingly, people with
higher educational levels tend to survive those who only completed compulsory
school (low educational level) [87, p. 211-227]. Usually, people with high
educational levels tend to end up in favorable class positions, which, in turn
tend to result in a high income. However, it is not the money itself or the
educational diploma that contributes to better health, but the knowledge,
economic resources and social support that help us to act in certain ways to
avoid the risk of disease and death, and instead protect health [84, p.54].

Some health behaviors are also associated with socioeconomic status; for
instance, physical activity and smoking. Charafeddine et al. showed that the
prevalence of daily smoking declines with increased educational level [88].
Smoking is seen as a risk factor for general health and is associated, for example,
with lung disease, lung cancer, heart disease and stroke [89)].

Socioeconomic status and oral health

Several studies have revealed a gradient between socioeconomic status and oral
health, in the sense that the lower the socioeconomic status, the worse the
individuals® oral health [90-93]. This may be explained by material welfare,
behavior and lifestyle, but also, to some extent, by individual and structural
factors at a societal level [94]. Hugoson et al. found that marital status in the
form of the loss of a spouse was associated with oral health risks, such an
increased risk of severe periodontal disease [71]. Low socioeconomic status also
appears to be related to dental anxiety [48]. Concerning smoking and oral health,
smoking is a strong risk factor for impaired oral health, such as tooth loss [95]
and periodontal disease [89, 96].

Beside the hereditary factors, the determinants of health/oral health are seen as
interplay between the individual and society. Hence, it is a complex range of
factors; for instance, psychological, social, environmental, economic, cultural
and political factors that determine the health status of individuals and
populations, which Dahlgren and Whitehead show in Figure 4 [97]. When
individuals have no resources and opportunities for change, health knowledge
and awareness are of little value. Their behavior is instead determined by the
conditions under which they live. Hence, to tackle oral health inequalities,
preventive clinical measures and behavioral approaches are insufficient; instead,
the focus must be to improve living, working and social conditions [98, p.18-21].
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Figure 4. Determinants of health. Based on Dablgren, G. European Health Policy
Conference: Opportunities for the Future. Volume Il-Intersectoral action for health.
Copenbagen, WHO Regional Office for Enrope, 1995.

Even though there are studies that reveal associations between socioeconomic
status and oral health, few report on these relationships in women over time.
For this reason, further research needs to be done in this field.
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The rationale for this thesis

Epidemiological studies are needed to assess improvement or deterioration over
time; ie., to know to where resources should be allocated in society. Many
factors influence oral health, for instance, well-known factors such as diet and
tooth-brushing. However, many other aspects also impact on oral health, among
them different social and psychological factors. A better understanding of how
such factors affect oral health can lead to substantial improvements in the
understanding of the patient’s behavior, expectations and perceptions in the
treatment situation, but also in society as a whole. In the long run, this may
contribute to both improve oral health and well-being for the individual as well
as for society.

This thesis aims to elucidate further the development of oral health over time, as

well as the possible impact on oral health of socioeconomic and psychosocial
factors.
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AIMS

The overall aim of this thesis was to describe secular trends in oral health,
socioeconomic status and perceived mental stress in Swedish women from
Gothenburg, aged 38 and 50 years, during a 36-year petiod, from 1968/69 to
2004/05. Furthermore, the aim was to analyze the relationship between
different social and psychological factors (such as sense of coherence, dental
anxiety, oral health-related quality of life and dental behavior), and their relation
to oral health and socioeconomic status among middle-aged women in 2004/05.

Specific aims

Paper |

The aims of this study were to describe secular trends in oral health regarding
the number of remaining teeth, and to analyze differences in socioeconomic
status among 38- and 50-year old women, and whether the relationship between
socioeconomic status and oral health has changed over a 36-year period.

Paper Il

The aims of this study were to analyze the relationship between sense of
coherence, dental anxiety and oral health among middle-aged women, measured
both subjectively and objectively, and adjusted for socioeconomic status in

2004/05.

Paper lll

The aims of this study were to evaluate how oral health-related quality of life is
related to sense of coherence and dental anxiety, as well as to subjective oral
health, dental behavior and socioeconomic status among middle-aged Swedish
women in 2004/05.

Paper IV

The aim of this study was to analyze perceived mental stress in relation to oral
health, including considerations concerning smoking and socioeconomic status,
among Swedish middle-aged women over a 36-year period. Oral health was
expressed as the number of teeth, number of filled teeth, number of decayed
teeth, and the level of alveolar bone loss.
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MATERIALS AND METHODS

The studies of this thesis are all part of the Population Study of Women in
Gothenburg, Sweden, which began in 1968 and was based at the University of
Gothenburg,.

This thesis used an observational repeated cross-sectional design in order to
describe oral health in relation to different social and psychological factors in
38- and 50-year old Swedish women. The analyses in Papers I and IV are based
on repeated cross-sectional studies over a 36-year period, in 1968/69, 1980/81,
1992/93 and 2004/05, and in Papers II and III, the analyses are cross-sectional
from the study in 2004/05.

Study area

The women invited to participate in this large population study were inhabitants
in Gothenburg, which is a city situated on the west coast of Sweden.

Norwegian
Sea

NETHERLANDS _..

Warsaw
*

POLAND
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Gothenburg is the second largest city in Sweden, and had approximately 445
000 inhabitants in 1968. In 2004, the city had grown to about 510 000
inhabitants. Today, there are approximately 550 000 inhabitants in the urban
area (970 000 in the metropolitan area).

The city of Gothenburg is dominated by its harbor and large industries.
Furthermore, it is also the site of the largest hospital in northern Europe, the
Sahlgrenska University Hospital. Two universities are located in Gothenburg:
the University of Gothenburg and Chalmers University of Technology. Since
2001, both the Faculty of Medicine and Odontology are included in the
Sahlgrenska Academy, which is the Faculty of Education and Research in
Health Sciences at the University of Gothenburg.

The Quacquarelli Symonds (QS) Company performs an annual ranking of
universities in over 30 subject areas. They concluded in 2015 that the University
of Gothenburg is the world’s third best university in dentistry, with respect to
research and reputation [99]. The Institute of Odontology also publishes over 40
% of the Swedish scientific articles in the area of odontology.

Study population and design

The Population Study of Women in Gothenburg, Sweden (PSWG), is an
epidemiological study that was initiated in 1968 as a combined medical and
dental health examination of women. A systematic sampling procedure was used
to randomly select these women from the Swedish Tax Agency Register, which
was, and still is, kept up to date in accordance with the Swedish law. The
systematic randomized sampling procedure meant that women born on dates of
the month evenly divisible by six, and living in Gothenburg, were selected [4].

The selected women were invited to the research unit, where all the health
examinations were performed, through a letter and subsequently by a phone
call, offering them a free health examination. They were also given a description
of the study. Altogether, 1622 women aged 38, 46, 50, 54 and 60 years were
invited to the first study in 1968/69. Of these women, 1417 participated in the
dental part of the study, which corresponds to a participation rate of 87.4 % [4,
100]. This high participation rate, in combination with the sampling method,
indicates that the sample was representative of women in the different age
groups in Gothenburg,
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The study was performed with the same design with 12-year intervals, in
1980/81, 1992/93 and 2004/05. In the dental part of these last three studies,
the total number of women participating in each examination year was 1198,
994 and 500 (2004/05 only 38- and 50-year olds wete included), respectively
(Table 1).

Table 1. Number of women participating in the dental part of the PSWG, including year of
birth and age. (* total new group, ** including women who have moved to Gothenburg after
the previons study/ ies).

Born 1968-69 1980-81 1992-93 2004-06
Age Number Age Number Age Number Age Number
1966 38* 207
1954 38* 66 50** 293
1942 38* 109 50** 98 62
1930 38 356 50** 323 62 268 70 225
1922 46 421 58 305 70** 275 82 178
1918 50 390 62 295 74 201 86 124
1914 54 172 66 125 78 70
1908 60 78 72 41 84 16
38-60 1417 = 38-72 1198 38-84 994 38-86 1027

New groups of 38- and 50-year old women, living in Gothenburg, were invited
to all the studies with the same inclusion criteria as in the first study in 1968/69.
This was done to ensure representativeness in all  subsequent
examinations/studies. Women aged 50 who had participated in eatlier studies in
the PSWG were invited to the last study, in 2004/05, even if they had moved
outside Gothenburg. Detailed information on the sampling procedure has been
published previously [4, 101-103]. In 2006 (Table 1), subsequent examinations
of women aged 70, 82 and 86 were carried out, but those ages are not relevant
in this thesis, nor is the study performed in 2006.

This thesis concerns comparable groups of middle-aged women, 38 and 50 years
old, in Gothenburg. Table 2 shows the number of participants and the

patticipation rate in these age groups in the four different studies, in 1968/69,
1980/81, 1992/93 and 2004 /05.
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Table 2. Nunber of women aged 38 and 50 years who participated in the dental
excaminations in the Population Study of Women in Gothenburg, in the studies in 1968/69,
1980/ 81, 1992/93 and 2004/ 05.

1968/69 1980/81 1992/93 2004/05

Age 38 | Participants 356 109 66 207

Participation rate = 87.5% 75.2% 71.7% 59.5%

Age 50 | Participants 390 323 98 293

Participation rate = 89.4% 76.4% 77.2% 57.7%

Non-participation analysis

In each study year, non-participation analyses were performed to show the
representativeness of the study groups. The analyses included information about
mortality, socioeconomic status, number of teeth, smoking habits, etc. The
information was obtained through telephone calls or by mail and from inpatient
and outpatient records, but also from the local fiscal authority [101, 103, 104].

In 1968/69, single women wete ovet-tepresented among the non-participants
[4]. In the follow-up studies in 1980/81 and 1992/93, a larger propottion of the
non-participants were edentulous, and among the dentate individuals, the non-
participants had significantly fewer teeth and fewer filled teeth [101, 104, 105]. A
larger proportion of the non-participating women were also smokers but
showed no significant differences concerning socioeconomic status. In 2004/05,
the non-participants had lower incomes and more of them were immigrants

[103].
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Study methods and measurements

The participating women passed a series of medical and dental examinations,
which were performed by medical (physicians, nurses, psychologists,
psychiatrists, physiotherapists and nutritionists) and dental staff. A radiographic
dental examination was also included and was performed with a panoramic
radiograph. The women completed questionnaires concerning their general
health, lifestyle and case history, as well as dental health and dental behavior.
The studies in 1992/93 and 2004/05 also included a clinical examination of the
dentition. Different variables were studied in the four papers and are all
presented in Table 3.

Table 3. Overview of the variables in the four papers: 1-117. SES = socioeconomic status.

Paper Paper Paper Paper
| Il ] v
1968/69 | 2004/05 | 2004/05 | 1968/69
to to
Variables 2004/05 2004/05

Marital status

Social class

Education

SES

XX XX

Income

XX |[X[X|X

Number of teeth

Decayed approximal surfaces

Filled surfaces

XXX XXX XX

Apical periodontitis

Objective
oral health

Periodontal (alveolar) bone loss

Number of decayed teeth

XXX

Number of filled teeth

Dental visiting habits

Chewing ability

Esthetic aspect of oral status

Self-reported mouth dryness

Self-reported susceptibility to caries

Self-reported susceptibility to
periodontitis

Subijective
oral health

Self-reported oral hygiene

Self-reported oral health X

Sense of coherence, SOC (SOC-13)

x|X

Dental anxiety, DA (DFS)

XXX EPX|X| XXX XXX

Oral health-related quality of life,
OHRQoL (OHIP-14)

factors

Perceived mental stress X

Psychosocial

Smoking X
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Paper |

This papet reports on the 38- and 50-year old women in the studies in 1968/69,
1980/81, 1992/93 and 2004/05. Socioeconomic status (i.e., marital status,
social class, education, and income) was measured on the basis of the self-
reported questionnaires.

The number of teeth was assessed from the panoramic radiographs.

Marital status was given as not living together (i.e., living alone, unmarried,
divorced, widowed or married but not living together), or living together (i.c.,
co-habiting, married or in partnership).

Social class was divided into three categories. In the studies in 1968/69 and
1980/81, the matried women reported their husband’s occupation, and the
unmarried women reported their own occupation. In 1992/93 and 2004/05, the
women’s own occupation was reported in the first place. This information was
transformed according to Carlson’s standard occupation grouping system [106]:
low social group (skilled and unskilled workers), medium social group (small-
scale employers, lower rank officials, foremen), and high social group (large-
scale employers and high or intermediate rank officials).

Educational levels were based on years of school attendance and reported as:
low (1-9 years), medium (10-12 years), and high level of education (= 13 years).

Income was measured in thousands of Swedish kronor (SEK) per year. The
value in 1968/69 was recalculated according to the consumer price index [107],
to be compatable to the value in 2004/05 (the value in 2004/05 was 7.4 times
higher than in 1968/69). Information about income was not available for the
studies in 1980/81 and 1992/93.

Paper Il

This paper reports on women, 38 and 50 years old, in the study in 2004/05.

The number of teeth, apical periodontitis, decayed approximal surfaces
and filled surfaces (including amalgam, composite and crowns) were assessed
from the panoramic radiographs. For the analysis, the number of teeth was
dichotomized into 0-25 and 26-32 remaining teeth. This cut-off point was
chosen as -1 SD from the mean number of teeth for the whole group of
women. Apical periodontitis was also dichotomized, here as no apical
periodontitis and one or more apical periodontitis.
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Self-reported oral health was measured with a written single question where
the participants/women rated their oral health as poor, moderate, good ot very
good. This variable was then dichotomized into poor (poor and moderate) and
good (good and very good) oral health in the analysis.

Sense of coherence, SOC, was measured with a questionnaire, which
originated from Antonovsky’s original 29-item SOC questionnaire [30]. This
short 13-item version (see Appendix) [108], consists of 13 items related to the
three interrelated SOC components: comprehensibility (five items),
manageability (four items) and meaningfulness (four items). Each of these items
was scored on a unitary scale, the Likert scale, which ranged from 1-7 points.
This gives a total range from 13-91 points for the SOC score. A higher SOC
score indicates a stronger sense of coherence.

Dental anxiety, DA, was measured with the Dental Fear Survey (DES) (sce
Appendix). The DFS consists of 20 items that cover the following aspects of
dental anxiety: anticipatory anxiety, physiological reactions and situational
anxiety [52]. Each response to the items was scored from 1 (no anxiety) to 5
(high intensity of anxiety), which gives a score from 20-100. A DFS score of 60
or higher was used to assess dental anxiety [109]. Hence, 60 was the cut-off
point used to detect dental anxiety in this study (Paper 11).

Socioeconomic status: marital status, social class, education, and income were
measured from questionnaires in the same way as in Paper 1. Income was
divided (in Paper II) into three categories; low, medium and high, where low
income corresponded to the lowest 20 % and high income to the highest 20 %
of the reported income for the total group of women.

Paper Il
This paper reports on women, 38 and 50 years old, in the study in 2004/05.

Oral health-related quality of life, OHRQoL, was measured with the Oral
Health Impact Profile (OHIP-14) (Appendix) [110]. This questionnaire consists
of 14 items that describe several dimensions of health-related quality of life in an
oral health context [24]. Each of these items was scored on a five-degree scale,
from 1 (never) to 5 (very often), which indicates the degree of severity at which
individuals perceive their oral conditions/symptoms and how these affect life
situations. This gives a total range from 14-70 points for the OHIP-14 score. In
Paper 111, the scores were dichotomized for each item: 0 for scores 1 to 2 (never
to seldom) and 1 for scores 3 to 5 (sometimes to very often), as women who
had a score of 3-5 were considered to have problems. The scores were then
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summed up for all 14 items, which gave scores between 0 and 14. 62.5 % of the
participants scored 0, which means that they had experienced no symptoms or
dysfunction at all from their mouth/teeth. This method of calculating the
OHIP-14 score is similar to a method previously used by Savolainen et al. [38].

Subjective oral health, such as chewing ability, esthetic aspects of oral status,
self-reported oral hygiene, self-reported mouth dryness, self-reported
susceptibility to caries and periodontitis, and dental visiting habits were
measured on a 4- or 5-degree scale from low to high. It was then dichotomized
into poor or good for the first three variables, and into yes or no for the next
three variables. Regarding dental visiting habits, the question concerned
regularity of dental care, and this was dichotomized into regular (dental care at
least every second year) and irregular (less often).

Sense of coherence, dental anxiety and self-reported oral health were
measured in the same way as in Paper I1.

Socioeconomic status: marital status, social class, education and income, were
measured in the same way as in Paper 1. Income was then trichotomized in the
same way as in Paper II.

Paper IV

This paper reports on the total group of middle-aged women, 38 and 50 years
old, in the studies in 1968/69, 1980/81 and 2004 /05.

The number of teeth, filled teeth and decayed teeth (approximal and/or
occlusal caries) were assessed from the panoramic radiographs.

Smoking was assessed in the same way from the questionnaires, throughout the
three studies. In paper IV, smoking was categorized into three groups:

0 = non-smokers: have never smoked;

1 = previous smokers: have smoked, but not in the last 1-15 years;

2 = smokers: still smoking or quit smoking during the past year.

Perceived mental stress was measured with a single question from the
questionnaires, in the same way in 1968/69, 1980/81 and 2004/05 (Figute 5). In
paper 1V, perceived mental stress was categorized into three groups:

1 = No stress (level 0): never experienced any period of stress;

2 = Moderate stress (level 1-2): experienced a period of stress in life;

3 = High stress (level 3-5): experienced several periods of stress during the last
five years or have lived under constant stress during the last one to five years.
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Have you experienced any period of mental stress... (one month or more), and by
stress we mean that you have been: Irritable, Tense, Nervous, Anxious, Afraid,
Anguished and/or Sleepless ...connected with concern for: Your work, Your health,
Your family, Conflict with the people around you (at home, at work) and/or another
cause. Tick one option:

No perceived

o never experienced any period of stress
mental stress

Moderate perceived

o experienced a period of stress
mental stress

o experienced a period of stress during the last 5 years

o experienced several periods of stress during the last 5 years
High perceived

o living under constant stress during the last year
mental stress

o living under constant stress during the last 5 years

Figure 5. The question about perceived mental stress from the questionnaires, and
Paper I1’s categorization of perceived mental stress into three groups.

The level of alveolar bone loss was measured from the panoramic radiographs
with the Schei ruler [111, 112]. The Schei ruler used in Study IV was divided
into five equal parts, which measured the interproximal bone height of each
tooth. Grade 1 was categorized as no alveolar bone loss and grade 5 as the worst
alveolar bone loss (where the remaining alveolar bone is only 1/5 of the root
length or less). The mean value regarding existing teeth (i.e., missing teeth not
included in the mean value) and the worst value were calculated for each
woman. The worst value refers to the tooth with the highest level of alveolar
bone loss, which determines the woman’s periodontal status.

The worst value, together with no teeth at all (edentulous women), was then
categorized into 4 groups:

0 = no teeth, i.e. edentulous women;

1 = healthy/low bone loss (no bone loss/not more than 1/5 of the root length);
2 = moderate bone loss (2/5 of the root length);

3 = high bone loss (3/5, 4/5 ot 5/5 of the root length).

Educational levels were measured in the same way as in Paper L.
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Methodological considerations

The educational system has changed in Sweden during the 36-year period
investigated in this thesis. This may have influenced the results, as very few of
the individuals - and very few women, in general - attended university (high
educational level) in 1968/69. All-gitls schools in Sweden were considered a
high educational level in those days, but based on our categorization of the
number of years at school, they would fall in the category of medium
educational level. Hence, more women would belong to the group of high
educational level in 1968/69, which may have resulted in a slight overestimation
of the increase in the number of years women go to school “nowadays”
(2004/05 compared with 1968/69).

The questionnaires consist of self-reported information and, as society changes
over time, the interpretation of the questions may also change among the
women due to context influences. The same applies to the question about
perceived mental stress, which is mentioned in the discussion section. A
validated instrument on stress with several questions about perceived mental
stress would have been desirable, in order to try to elucidate different aspects of
the perception of stress among the women. Still, since 1968/69, there is at least

a question about stress, and this single question has been the same in all the
subsequent examinations (1980/81 and 2004/05).

In the first three studies (1968/69, 1980/81, and 1992/93), the participation rate
was high; however, in the last study in 2004/05, it declined remarkably. This
may be due to more women working outside the home, thus being busier, which
results in a lack of time for participating in health examinations to the same
extent as the housewives in 1968/69. Still, a participation rate of 60 % is
considered moderately high and ensures good representativeness among middle-
aged women in Gothenburg.

In Paper 1V, the educational level was chosen to represent socioeconomic
status, as education, specifically, has been shown to be of importance with
regard to employment/job status and income, as mentioned in the introduction.
Furthermore, the measures of education and social class are often inter-
correlated, but even so, the results may differ depending on what measure is
used. One can only speculate on whether social class and educational level
meant the same thing to women in 1968/69 as in 2004/05. In the first study,
the social class was based on the husband’s occupation if the woman was
married, which many women were at the time. The educational level was instead

based on the woman’s number of years at school, but not many women
belonged to the category of high educational level in 1968/69. In 2004/05, both

33



Oral Health in Swedish Women

social class and educational level were based on the woman’s own occupation
and number of years at school. This leaves us with the question whether
different measures in different time periods are more or less representative of
the socioeconomic status among middle-aged women. There is no answer to
this question, unless new analyses are performed. The results of such new
studies might reveal whether the results in Paper IV would have been the same,
regardless of the chosen socioeconomic status.

Another methodological aspect is whether panoramic radiographs (used
throughout the whole PSWG) are a good method for mirroring objective oral
health. Intraoral radiographs have been suggested to reveal approximal caries
and interproximal bone height better in certain areas, such as the upper
premolar region and the frontal upper and lower regions. Due to the
radiological method, the depicted layer in the frontal area is thin and there is
overlapping in the premolar region. Studies have shown that for assessments of
periapical lesions and interproximal bone height (measuring alveolar bone loss),
panoramic radiographs display reliable agreement with intraoral radiographs;
however, it is less good at detecting approximal caries [113-115]. Accordingly,
panoramic radiographs were considered a useful tool in epidemiological studies,
except with respect for carious lesions [115]. When assessing approximal caries,
caution must be observed with regard to the interpretation of the results. For
this reason, the guidelines in this thesis were the following: if you are uncertain
of whether it is a decayed surface or not, do not register it. The same goes for a
measure that is between good or bad; always choose the better one. This means
that better oral health may be slightly overestimated.

Statistics

The collected data were analyzed using SPSS (Statistical Package for the Social
Sciences). For the level of statistical significance, the p-value was set to 0.05.

To summarize and describe objective and subjective oral health, socioeconomic
status and psychosocial factors, the statistical analyses in all papers consisted of
descriptive statistics and inference testing using the t-test (not in Paper 1V), the
chi-square test and the one-way analysis of variance including a post-hoc test
(LSD). Spearman’s correlation test was performed to determine the strength of
the relationship between income and the number of teeth in Paper 1. The Mann-
Whitney test was also used in the analyses of the number of teeth and marital
status in Paper 1. Fisher’s exact test was used to analyze the variable of age in
relation both to objective (Paper II) and subjective (Paper 11 and I1I) oral health.
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Multivariate analyses were performed with logistic regression in all papers. To
assess the model fit, the test statistic Nagelkerke’s R? was used to estimate the
amount of variability accounted for by the logistic models.

Paper I: Different categorizations were made of the outcome variable ‘aumber
of teeth’ (Table 4 in Paper I). Thus, the number of teeth was categorized into a
binary variable: 1+ vs. 0 teeth (Model I); 11+ vs. 0-10 teeth (Model 1I); 21+ vs.
0-20 teeth (Model III); and 25+ vs. 0-24 teeth (Model 1V). The examination
years were included in the models for a time series analysis (linear trend over
time). This covariate was used as a continuous variable, with 1968 = 1, and up
to 2004 = 4, indicating a change in the odds ratio per every twelve years. The
other independent variables included were age, social class and marital status.

Paper II: The multiple logistic regressions included two models (Table 111 and
IV in Paper 1I), with the binary logistic regressions using the number of teeth
and self-rated oral health, respectively, as the dependent variables, and marital
status, educational level and SOC scores as the independent variables. In a
second step, dental anxiety was entered in the models to analyze the potential
impact of dental anxiety on oral health/disease. The socioeconomic status
variables indicated high collinearity and parallel results with regard to SOC; thus,
the choice was made to use education in the models. Both models indicate the
same results, irrespective of the dependent variable; with the exception that
marital status was not a significant predictor in the self-reported measure of oral
health.

Paper III: The OHIP-14 score was used as the dependent variable in the
statistical analysis (Table 4 in Paper III). A hierarchical regression modeling
strategy was applied, by first including the socioeconomic variables, then
checking how much of the variability in oral health-related quality of life was
accounted for by income (as the chosen socioeconomic variable), dental anxiety,
dental visits and sense of coherence. In the last step, income (as the chosen
socioeconomic variable), dental anxiety, sense of coherence, and self-reported
oral health, as well as chewing ability and self-reported susceptibility to caries
and periodontitis, were included in the full model, thereby examining the
contribution of each specific measurement area of interest.

Paper IV: The multivariate analyses included three models (Table 4 in Paper
1V), with binary logistic regressions using the number of teeth, the number of
decayed teeth and periodontal bone loss (alveolar bone loss) as the dependent
variables, as an indication of oral health. The dependent variables were
dichotomized: the number of teeth into 0-20 and 21-32 teeth (a functional
dentition was determined to be 20 teeth [1106]); periodontal (alveolar) bone loss
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into low and moderate bone loss vs. high bone loss; and the number of decayed
teeth into 0 vs. 1 or more decayed teeth. The independent variables used were
perceived mental stress, educational level, smoking, year of examination, and
age.

Also, inter-variation analyses were made between the researchers who measured
the interproximal bone height with the Schei ruler (kappa 0.64 for tooth surface
21 distally and 0.67 for tooth surface 36 mesially), as well as intra-variation
analyses (kappa 0.65 for tooth surface 21 distally and 1.0 for tooth surface 36
mesially). The number of teeth, filled teeth and decayed teeth from panoramic
x-rays had intra-class correlations of 1.0, 0.99 and 0.92, respectively, in the intra-
variation analyses.

Ethical considerations

The Regional Ethical Review Board in Gothenburg, Sweden, approved the
Population Study of Women in Gothenburg, Sweden (D-nr 179-92, 134-05, T
453-04). Participation in the studies was voluntary, and all participants provided
written informed consent after information, verbally and in writing, about the
purpose of the studies. To ensure as much confidentiality as possible,
anonymous patient characteristic forms and anonymous questionnaires were
used for the data collection. The participants were assured that they could
withdraw from the study at any time, without explaining the reason why, and
that this would not influence their future medical or dental care.
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RESULTS

All the statistical results accounted for in this section are statistically significant
(p < 0.05), unless otherwise stated.

Paper |

The two groups of middle-aged women, 38 and 50 years old, were compared
over a 36-year period: from 1968/69 to 2004/05. The mean number of teeth
increased (Table 4), whereas edentulism decreased over time for both age
groups; also, the later the examination year, the greater the number of remaining
teeth. Among the 50-year old women, 18.2 % wete edentulous in 1968/69, but
only 0.3 % in 2004/05. Among the 38-year old women, 3.9 % were edentulous
in 1968/69 and none in 2004/05.

Table 4. Nunber of women aged 38 and 50 years who participated in the dental
examinations in the Population Study of Women in Gothenburg, and the mean and median
number of teeth and standard deviation (SD) in the studies in 1968/69, 1980/ 81,
1992/93 and 2004/05 *. The analyses of variance method was applied, including a post-hoc
analysis (LSD).

1968/69 1980/81 1992/93 2004/05

Age 38 | Mean number of teeth 22.2 24.9 28.1 29.0
Median 24.0 27.0 28.0 29.0
SD 7.0 5.9 22 25
Age 50 | Mean number of teeth 14.6 20.9 23.9 27.3
Median 17.0 23.0 26.0 28.0
SD 9.6 7.2 6.2 3.3

*Statistically significant differences (p < 0.05) concerning the mean number of remaining teeth
between all examinations and age groups exccept between 1992/ 93 and 2004/ 05 for the 38-
year olds.
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Concerning socioeconomic status, proportionally more women were living
alone, and more women were categorized in a higher social group and higher
educational level over time, in both age groups. In 1968/69, a large majority of
the women (87 % for the 38-year olds and 86 % for the 50-year olds) had only
attended elementary school (low educational level), but in 2004/05, the situation
was the opposite. Only 3 % of the women aged 38 years and 11 % of the
women aged 50 years belonged to the low educational group in 2004/05.
Instead, 51-56 % had a high educational level, such as a university degree. Most
of the women had their own income in 2004/05 and a higher income than in
the study in 1968/69 (calculated according to the Consumer Price Index [107]).

Concerning socioeconomic status and the number of teeth, there was a
relationship over time for the 50-year old women between fewer teeth and low
social class (Figure 6), and low educational level and living alone. For the 38-
year old women, a relationship between fewer teeth and low social class (Figure
7) and a low educational level was only seen in 1968/69 and 1980/81. There
was no relationship between the number of teeth and marital status in any of the
four studies for the women aged 38 years. Regarding the number of teeth and
income for the household (woman and husband together), there was only a
slight indication that the higher the income, the more remaining teeth among
the women.

Multivariate analyses revealed that the risk of being edentulous or of having
fewer remaining teeth was higher for women in lower social classes or women
living alone. This was independent of age group in all the studies over the 36-
year period. Furthermore, the time trend analysis indicated that the women had
fewer lost teeth, irrespective of age, marital status and social class, in the later
examination years.
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Figure 6. Relationship between the mean number of teeth and social class among
women aged 50 years. Significance (p <0.05) between: a = all classes, b = high and
low classes, ¢ = medinm and low classes.
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Figure 7. Relationship between the mean number of teeth and social class among
women aged 38 years. Significance (p <0.05) between: a = all classes, b = high and

low classes.
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Paper Il

For the total group of middle-aged women (38 and 50 years old), there were
substantial differences in sense of coherence (SOC) scores between different
socioeconomic levels. The women scored a higher SOC when they lived
together with someone, belonged to a higher social class, had a higher
educational level and a higher income. Also, a gradient in SOC levels was seen
for the respective variables of socioeconomic status (except for marital status),
with lower SOC scores for lower socioeconomic status. Concerning age, the 50-
year olds showed the same results as the total group, but the 38-year olds only
showed differences between SOC level and social class.

Oral health, measured as approximal caries, apical periodontitis and filled
surfaces, was not associated with SOC in this study. However, the number of
teeth was related to SOC for the 50-year old women, where more missing teeth
revealed a lower SOC level. Furthermore, in both age groups, low self-reported
oral health was associated with a lower SOC level.

Women with high dental anxiety scored a lower SOC in both age groups. For
the total group of women, a greater proportion of those with high dental anxiety
belonged to a lower social class, had lower educational levels and lower income.
This was also seen for the 50-year olds, but not for the 38-year olds. Moreover,
high dental anxiety was related to poor self-perceived oral health, regardless of
age. Women with high dental anxiety also had fewer teeth, more filled surfaces
and more approximal caries.

The multivariate models showed that higher SOC levels were associated with
better oral health, as estimated both by objective and subjective measutes, while
the reverse results were seen for dental anxiety. Thus, women who reported
high dental anxiety were more likely to have fewer teeth and poor perceived oral
health, taking socioeconomic status into account. Concerning socioeconomic
status, educational level had a gradient effect: the more years at school, the
greater the likelihood of more teeth or better self-reported oral health. Also,
living together was predictable of more remaining teeth.

Paper lll

Poor oral health-related quality of life (OHRQoL) was related to low
socioeconomic status, such as low social class, low educational level and low
income, for the total group of middle-aged women (aged 38 and 50 years).
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Sense of coherence (SOC) showed an association with both OHRQoL and
dental anxiety. A low SOC level was predictable of poor OHRQoL and high
dental anxiety. Furthermore, poor OHRQoL was correlated with high dental
anxiety (higher mean DFS values on the continuous scale).

Subjective/self-reported oral health and dental behavior was also related to
OHRQoL. Problems with oral hygiene, chewing ability, dry mouth, esthetic
aspects of oral status, high self-reported susceptibility to caries and periodontitis,
poor self-reported oral health, and irregular dental visiting habits, were all
associated with poor OHRQoL. When taking age into account, the 50-year old
women reported a lower educational level, poorer self-rated oral health, more
dry mouth problems and more susceptibility to periodontitis than the 38-year
old women.

Three different multivariate models of OHRQoL were made, with regard to
socioeconomic status, behavioral factors and oral function, respectively (Table 4
in Paper I1I). Concerning the influence of socioeconomic status on OHRQoL
(Model 1), the strongest factor was income, which also revealed a gradient
effect: the lower the income the higher the risk of poor OHRQoL. In Model 2,
low income was still a predictor of poor OHRQoL. High dental anxiety and
irregular dental care indicated an almost four-fold risk of poor OHRQoL,
compared with low dental anxiety and regular dental care behavior. On the
other hand, high SOC scores indicated a protective effect against poor
OHRQoL. In Model 3, poor oral function, measured as chewing ability, and
self-reported susceptibility to periodontitis revealed a higher risk of poor
OHRQoL. Poor chewing ability, in particular, indicated a five-fold risk of poor
OHRQoL. Moreover, high dental anxiety and low SOC are still predictive of
poor OHRQoL, also in Model 3. The variables in Model 3 were best at
predicting OHRQoL, as the Nagelkerke test statistic was 0.45 compared with
0.10 and 0.28 for the other two models (1 and 2), respectively.

Paper IV

Petrceived mental stress increased over time, especially from 1968/69 to
2004/05 and from 1980/81 to 2004/05 for the total group of 38- and 50-year
old women (Figure 8). Perceived mental stress was not related to oral health,
when expressed as the number of teeth/filled teeth/decayed teeth and alveolar
bone loss. Perceived mental stress was not related to education and smoking
either.
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Figure 8. Proportions (%) of the total group of miiddle-aged women in the different
categories of perceived mental stress over time; i.e., in 1968/69, 1980/ 81 and
2004/05. Significance (p < 0.05) in the sub-analyses X? between all three studies.

In 1968/69, smokers had more decayed teeth than non-smokers. In 1968/69
and 1980/81, smokers or those with a low educational level (compared with
non-smokers or women with higher educational levels) had fewer filled teeth. In
the study in 2004/05, this pattern was reversed. Regarding education, there was

a shift towards a smaller proportion of filled teeth over time, especially among
highly educated women, from 81 % in 1968/69 to 47 % in 2004/05.

The three models of multivariate analyses showed that higher age (50 vs. 38
years old), smoking and low educational level indicated a greater risk of more
alveolar bone loss and fewer remaining teeth. Higher age (50 vs. 38 years old)
also indicated a higher risk of more decayed teeth. However, the examination
year had a protective effect on oral health, resulting in more remaining teeth,
fewer decayed teeth and less periodontal disease, measured as alveolar bone loss,
in the later examination year in 2004/05, compared with 1968/69.
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DISCUSSION

The purpose of this thesis was to gain knowledge about the development of
middle-aged women’s oral health from 1968/69 to 2004/05, and to clucidate
possible impacts on oral health from different social and psychological factors.
Furthermore, it was to analyze secular changes regarding socioeconomic status
and perceived mental stress over time.

The results of this thesis showed a dramatic improvement in oral health
(especially regarding the remaining number of teeth) during the 36-year span
(1968/69-2004/05) for Swedish 38- and 50-year old women in Gothenburg.
Socioeconomic status also improved, even though inequalities still remained
over time, revealing better oral health among women with higher
socioeconomic status. Perceived mental stress also increased remarkably over
time among the middle-aged women, but this was not associated with oral
health when expressed as the number of teeth, decayed teeth or periodontal
disease, measured as alveolar bone loss.

Furthermore, oral health appeared to be influenced by different social and
psychological factors. The important health-related psychosocial factors were
sense of coherence (SOC) and oral health-related quality of life (OHRQoL),
which both had a protective effect on oral health, and dental anxiety that
appeared to be a risk factor for poor oral health.

Development over time regarding oral
health, socioeconomic status and stress

Over the studied 36-year period, the examination year appeared to have a
protective effect on oral health, resulting in more remaining teeth, fewer
decayed teeth and less alveolar bone loss in the later examination year in
2004/05, compatred with 1968/69. This improvement in oral health over the last
decades is supported by other research [91, 117, 118]. For instance, Norderyd et
al. also reported the same oral health outcomes (1973-2013), with the addition
of fewer filled and endodontically treated teeth in about the same middle-aged
groups as in this thesis [118]. Furthermore, almost every fifth 50-year old
woman was edentulous in 1968/69, compared with only one woman in
2004/05, showing a substantial decrease in edentulism over time. A decrease in
edentulism is also in line with Norderyd et al, among other studies in both
Sweden and abroad, for instance, in Brazil, Norway and the US [90-93, 118].
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Socioeconomic status also improved over time, with proportionally more
women in the higher groups of social class and educational level in 2004/05,
compared with 1968/69. Despite this, inequalities in oral health still persisted
over time. Cunha-Cruz et al. confirmed this in their study: despite a decrease in
edentulism over time, the difference in the prevalence of edentulism remained
unchanged between low and high social classes from 1972 to 2001 [90]. Also,
Slade et al. describe a decline in edentulism over five decades in the United
States; however, there are still more edentulous individuals in low-income
households located in areas with more poverty [93].

Fewer remaining teeth were seen among the women in the groups of low social
class and low educational level, despite the dramatic increase in the number of
remaining teeth for both age groups over time. From 1968/69 to 2004/05, the
mean number of teeth in women aged 50 almost doubled, from 14.6 to 27.3,
and for women aged 38, the mean number of teeth was 22.2 and 29.0, for the
two study years, respectively. This is in accordance with a study from the
northern part of Sweden, in which the number of remaining teeth also increased
over time (1990-2002), but a relationship between fewer teeth and low
educational level was still seen, except in the youngest age group of 35-year olds
[117]. This was also seen in this thesis, where the significant relationship
between low socioeconomic status and fewer teeth disappeared for the younger
group of women (aged 38) in the two latest studies (1992/93 and 2004/05),
presumably since they had such a large number of teeth left. For women 50
years old, this association between low socioeconomic status and fewer teeth
was valid throughout the total study.

In addition, risk factors for more alveolar bone loss and fewer teeth appeared to
be smoking, higher age (50 vs. 38 years old), and low educational level. Previous
research revealed similar results, where smoking, together with age, is seen as a
risk factor for tooth loss [95]and periodontal disease [89, 90]

Furthermore, educational level produced a gradient effect; the more years at
school, the greater the likelihood of more teeth, less alveolar bone loss and
better self-reported oral health. Hence, not only are there inequalities in oral
health within and between countries, but there is also an oral health gradient,
which has been discussed by Marmot and Bell [85]. They point to a decline in
the prevalence of tooth loss in the United Kingdom from 1978 to 1998 among
adults, but the social gradient with respect to social class persists over time.

Social class, marital status, age group and examination year had a clear impact on

the risk of having fewer teeth. Living alone was a risk factor, both for fewer
teeth and edentulism, regardless of age. This influence of marital status on the
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number of remaining teeth has also been found in other studies, where married
women had more remaining teeth [119-121] than women who reported “not
martied” as their status. However, bivariate analyses showed no association
between the number of teeth and marital status for the younger age group of 38-
years old. Living alone could be considered to increase vulnerability, due to a
disadvantageous economic situation in the household and less social support,
which may be related to fewer remaining teeth.

Furthermore, a relationship between periodontal disease and work-related stress,
socioeconomic status, marital quality and marital status (e.g., loss of spouse), has
been discovered in two studies [70, 71]. Other studies found that women who
are satisfied with their marriage have more stable/normal stress levels and can
more easily recover physiologically from heavy work, whereas single women
who raise their children on their own are more at risk of general health
problems (e.g., depression, mobility limitation, poor self-rated health) [122, 123].

This naturally leads us to the issue of perceived mental stress among the middle-
aged women in this thesis. An important change over time was seen towards a
much greater proportion of middle-aged women reporting high mental stress in
the latest examination. However, no relationship was found between perceived
mental stress and oral health. Armfield et al. investigated perceived stress and
oral health, but like this thesis, found no relationship with objective oral health
(e.g. decayed teeth), after they controlled for tooth-brushing and dental visits
[124]. However, both Armfield et al. and Finlayson et al. found that self-rated
oral health was associated with perceived stress [124, 125]. Other than that, little
is mentioned in the scientific literature about perceived mental stress related to
oral health and even less when adding the time aspect to these two concepts,
even though there is research into the relationship between periodontal disease
and stress/psychological factors, as discussed in the introduction [72-74, 126,
127]. Hence, in this thesis, perceived mental stress was not associated with any
degree of alveolar bone loss over time. The way the stress question was
designed and measured in this thesis may contribute to explain why no
associations were found. Additionally, Castro et al. found no association either,
between the risk of periodontal disease and psychosocial factors [75].

In 1968/69 and 1980/81, the majority of the middle-aged women reported that
they had never experienced any period of stress, where ‘period’ is defined as
perceived stress for at least one month. Therefore, women who experienced
shorter stress periods than one month are not captured in this study. Hence, this
stress question measures more severe stress and long-term periods of stress,
which could be seen as a strength in this study, as it captured the severely
stressed women. However, in 2004/05, the majotity of the women instead
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reported that they had experienced several periods of stress (also for at least one
month) during the last five years or have lived under constant stress during the
last one to five years. As mentioned above, this is a remarkable increase in
perceived mental stress over time (Figure 8 in the results section), and the
reasons for this may be discussed. Perhaps, the concept of mental stress was not
as well known or well defined at the time of the first examination, suggesting
that the women in 1968/69 and 1980/81 may have interpreted the issue of
stress differently, compared with the women in 2004/05. Furthermore, society
may have changed more and more rapidly during the last 24-year period, which,
for instance, is supported by the increased presence of work-related stress with
high mental demands over time [128].

As society has changed over time, this thesis shows a larger number of highly
educated women in 2004/05 than in 1968/69, which is supported in a report by
the Swedish National Agency for Higher Education [129]. Consequently, more
women work outside the home [130], and since women with higher education
are more satisfied with their life situation, this would presumably result in less
mental stress [131]. Nevertheless, in this thesis, a larger proportion of the
women reported high levels of perceived mental stress in 2004/05 than in
1968/69 and 1980/81. Hence, even though high education is satisfying in itself,
it may still entail greater demands, as it involves multiple roles for the women.
Women may get more depressed and less satisfied if they perceive their roles to
be conflicting; for instance, taking care of aging parents, being a parent or just
managing work together with different leisure time activities [132].

Psychosocial aspects on oral health and oral
health-related quality of life

Sense of coherence (SOC) was found to be associated with oral health.
Irrespective of whether an objective measure of oral health (the number of
remaining teeth) or a subjective measure of oral health (self-reported) was used,
an increase in SOC scores predicted better oral health. Bernabe et al. and
Lindmark et al. also found these associations, between a strong SOC and
positive oral health among adults [34-37]. So far, there is no established cut-off
to determine the levels of a strong or weak SOC. However, this thesis revealed
that an increase by 10 SOC points predicts a 20% and 30% greater likelihood of
having more teeth and better perceived oral health, respectively. For the middle-
aged women, the cut-off level for the number of teeth was high; 0-25 and 26-32
remaining teeth. The argument for this is that even the loss of a few teeth, given
women’s generally high oral status today, would indicate affected oral health. In
the study by Bernabe from Finland [34], a strong SOC was also associated with
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fewer teeth with caries and periodontitis, but such findings were not seen in this
thesis.

The salutogenic perspective (measured by SOC) implies a more positive,
encouraging approach, with the focus on resources rather than problems and
disease/illness. The resources refer to the use of self-preventive and promoting
measures to gain and maintain good health [37, 133]. Thus, interventions to
increase SOC may be seen as a good health investment, but since SOC develops
during childhood and young adulthood (according to Antonovsky [30]), these
interventions need to be made during these ages [33]. In dentistry, some have
suggested that information about an individual’s SOC could be used as a
complement to the clinical oral status [37], whereas others discourage this
approach, as there are no guidelines for the interpretation of the individual’s
SOC level [133]. However, there is still a lack of guidelines for the use of SOC
in clinical practice.

Furthermore, dental care behavior has been linked to SOC in different studies
[32, 33, 134], but dental anxiety in relation to SOC has been sparsely reported
on. Dental anxiety is associated with irregular dental care and also with avoiding
dental care [56, 135], leading to deteriorating oral health in the long run [59, 61].
In comparison with the previous research just mentioned, the individuals
reporting high dental anxiety in this thesis were more likely to have fewer teeth
and more approximal caries. On the contrary, Ng and Leung as well as
Hakeberg et al. describe fewer filled teeth and filled surfaces among individuals
with high dental anxiety, which is contrary to the finding of more filled surfaces
in this thesis [57, 59].

Further analyses showed that high dental anxiety was related to poor self-
perceived oral health, regardless of age. Individuals with high dental anxiety
appeared to have an almost five times higher risk of rating their oral health as
poor and a 2,5 times higher risk of having fewer than 25 teeth, compared with
individuals with low dental anxiety. Other studies support the theory that high
dental anxiety is also correlated with poor self-reported oral health, and not only
with worse objective oral health, as discussed above [136, 137]. In the clinic,
however, the self-reported measure concerning actual oral status should be
interpreted with some caution, as individuals with high dental anxiety tend to
over-report deterioration of their own oral health [138].

This study revealed a clear and significant difference in SOC scores between
individuals with high and low dental anxiety, indicating that a stronger SOC is
predictive of less dental anxiety. Such a relationship was only weak in a recent
study by Catlsson et al., where they, unlike this thesis, used a SOC instrument
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with three items instead of 13, and a wider age span of investigated individuals
(19-96 years) [135]. However, Lindmark et al. showed similar results, although
they did not use a validated scaling instrument for dental anxiety [37]. In this
thesis, the well-validated Dental Fear Survey was used to measure dental anxiety.
Consequently, SOC may play a role in the process of the vicious cycle
(described in the introduction), acting as a protective factor against stress. A
strong SOC may contribute to facilitating the use of coping strategies for
individuals with high dental anxiety. In this way, dentally anxious individuals
manage to keep up dental visiting habits and understand what measures to take.
This could limit the negative consequences of dental anxiety, which is important
in order to maintain oral health.

Regarding oral health-related quality of life (OHRQoL), higher SOC scores
indicated a protective effect against poor OHRQoL, whereas high dental anxiety
instead appeared to be a risk factor for poor OHRQoL. Several studies from

different parts of the world show that high dental anxiety predicts poor
OHRQoL [57, 60, 137, 139, 140].

Furthermore, in this thesis, high dental anxiety, as well as irregular dental care,
indicated an almost four times higher risk of poor OHRQoL, compared with
low dental anxiety and regular dental care behavior. The majority of analyses
concern health-related quality of life (HRQoL) and SOC for specific diseases,
for instance, rheumatic disorders, heart disease and mental illness, where most
studies report that poor HRQoL is associated with lower SOC values [31]. For
OHRQoL, however, very few publications report on the relationship between
OHRQoL and SOC, and even fewer when dental anxiety is added to these two
concepts. The studies of Savolainen et al. and Johansson et al. support the
findings described above, of a relationship between poor OHRQoL and weak
SOC [38, 139].

However, only Johansson et al. included dental anxiety, which showed an even
stronger relationship with OHRQoL than SOC [139]. The finding that high
dental anxiety is predictive of poor OHRQoL is also in accordance with the
results in this thesis. Additionally, analyses showed that the strong protective
effect of SOC against poor OHRQoL was independent of other explanatory
factors, such as high dental anxiety, irregular dental care, low income and poor
self-reported oral health. Savolainen et al. also found SOC to be a determinant
of OHRQoL, independently of oral health, oral health behavior and
socioeconomic factors [38]. This fact may point towards SOC having a direct
path to the individual’s self-perceived well-being and oral health. Thus, SOC
could be proposed as a potential clinical measure for predicting oral health.
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Concerning self-reported oral health, the most important factors were poor
chewing ability, high susceptibility to periodontal disease, and poor subjective
oral health, which had a significant impact on poor OHRQoL. However, the
bivariate analyses showed additional factors that were predictable of poor
OHRQoL, such as problems with dryness of the mouth, dissatisfaction with
appearance of oral status and irregular dental care. Stenman et al. discovered the
same results regarding all of the above factors, but the most important factors in
their study of 70-year old individuals were problems with chewing,
dissatisfaction with appearance and the use of dentures [110]. Other studies also
support the association between different poor subjective oral health measures
and poor OHRQoL [141].

Finally, socioeconomic status appeared to be associated with all of these three
psychosocial factors - SOC, dental anxiety and OHRQoL - for the middle-aged
women. A gradient effect was revealed; the lower the socioeconomic status, the
lower the SOC scores and the higher the dental anxiety. Low socioeconomic
status was also related to poor OHRQoL, but the gradient effect here was only
seen for income; the lower the income, the higher the risk of poor OHRQoL.
Other research reports similar findings [39, 48, 142]. Since socioeconomic
factors seem to be important for the development of a strong SOC, good
OHRQoL and less dental anxiety, the focus should be on structural
interventions in society to gain improvements in oral health.

The majority of the reported studies on the relationship between oral health and
all the psychosocial factors previously discussed are cross-sectional, as are the
studies in this thesis. Hence, a longitudinal study design must be applied in order
to try to elucidate any causal relationships. Whether it is the oral health and
reported behavior that cause the impact on SOC, dental anxiety and OHRQoL,
or the other way around, should, however, always be considered.

Limitations and strengths

This thesis consists of four studies (Paper I-1V), where the first and last studies
were performed over 36 years, and the second and third were performed in
2004/05. All four studies have a cross-sectional design; thus, it is not possible to
draw any conclusions about causality.

The limitations of the thesis are that only women were included, only urban
women and only women within the narrow age span of 38 and 50 years. Caution
must therefore be observed before generalizing the results to other groups and
environments.
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Furthermore, the participation rate in 1968/69 was about 90 %, but declined
over the years. Nevertheless, a participation rate of 60 % was still considered
acceptable in the study in 2004/05. Also, the sample size was moderately large
in 1992/93. Another limitation could be that the women may have changed
their interpretation of the questions in the questionnaires over time. Even
though the measurements have been the same during the 36-year period, the
variable ‘educational level’ has changed over time, with different years in
mandatory elementary school. To avoid misclassification, the educational level
was therefore based on the number of years in the school system. Perceived
mental stress as a single question is not yet a validated question, which could be
seen as a limitation. However, this single question has been the same ever since
1968/69 and has been asked in the same way throughout the whole study
period, and could therefore also be considered a strength. Nevertheless, a
change was seen over time, indicating that this single question at least measures
something regarding perceived mental stress. A further strength is the ability of
this stress question to capture the women with really severe perceived stress.

As mentioned above, this thesis is not a longitudinal study; hence, it is not
possible to analyse the development of oral health and other variables in the
same women over time. However, this was not the purpose of the thesis. The
aim was instead to evaluate the two cohorts/groups of women over time, to
elucidate possible changes among middle-aged women during a time period of
36 years. One of the reasons for the start-up of the PSWG was the lack of
data/information regarding women, as almost all previous studies concerned
men. Accordingly, only women were included in the PSWG, making this a
strength as well as a limitation.

Further strengths of this thesis were the random selection of the middle-aged
women, the moderate-to-high participation rate, and the repeated performance
of the cross-sectional design over the long 36-year period. This is important in
order to elucidate secular changes over time concerning oral health,
socioeconomic status and stress. Additionally, this allows for generalization of
the results, with regard to an wurban Swedish population. However,
generalization to other cities in other countries similar to the area and the
cohorts of women in this thesis may also be possible.

Moreover, the assessments of the variables have been performed in the same
way in each study year, and both objective and subjective/self-reported
measurements are available for oral health. Another strength was the use of
validated measurements concerning sense of coherence, dental anxiety, and oral
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health-related quality of life. Additionally, the question concerning self-rated
health as a single question has also been validated [13, p.193-216, 14].

Several analyses of the non-participants have been carried out and are accounted
for in the section “Materials and methods” in this thesis. Some of the facts
mentioned there may influence the result to some extent. Hence, the
improvement in oral health may be somewhat overestimated, as the non-
patticipants in 1980/81 and 1992/93 had fewer remaining teeth, and in
2004/05, a larger proportion of them were immigrants. In 2004/05, the non-
participants also had lower income; thus, if these subjects had also been
examined, the results concerning a weak SOC and poor oral health may have
been even clearer and more pronounced. It may also be speculated whether the
effects of dental anxiety and sense of coherence have been underestimated, as
other studies have shown higher dental anxiety and lower sense of coherence
among these subgroups [39, 143].

Implications for future research

Further investigations of these cohorts of middle-aged women could elucidate
additional secular changes; for instance, if the inequalities in oral health with
regard to socioeconomic status will still persist among the 50-year old women in
2016/17 (refers to the next 12-year period of the Population Study of Women
in Gothenburg, Sweden). It may then also be possible to perform a validation of
the single question on perceived mental stress.

Since there is growing evidence of a relationship between sense of coherence
and oral health, further research can provide ideas for how to use sense of

coherence in clinical practice to improve dental care.

Regarding an evaluation of causal relationships, longitudinal studies need to be
performed.
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CONCLUSIONS

In this thesis, two main aspects were investigated among middle-aged women in
Gothenburg, Sweden: 1) the development over time (1968/69-2004/05) of oral
health, socioeconomic status and perceived mental stress, and 2) the possible
influence of psychosocial factors on oral health (in 2004/05), and the
relationship between the factors themselves with regard to socioeconomic
status.

The main conclusions from this thesis were the following:

1) Oral health improved dramatically over time, with fewer edentulous women
and more remaining teeth among the dentate women. The examination year had
a protective effect on oral health, with more teeth, fewer decayed teeth and less
petiodontal disease, measured as alveolar bone loss, in 2004/05 than 1968/69.
Socioeconomic status improved over time, even though inequalities still existed,
revealing better oral health among women with higher socioeconomic status.
Perceived mental stress increased remarkably over time, but there was no
relationship with oral health. Moreover, poor oral health was associated with
low socioeconomic status, smoking and higher age (50 vs. 38 years old).

2) The psychosocial factors of sense of coherence (SOC), dental anxiety and
oral health-related quality of life (OHRQoL), all had an impact on oral health.

* A strong SOC had a protective effect on objective and subjective oral health.
* Dental anxiety was a risk factor for both objective and subjective oral health.
* Good OHRQoL had a protective effect on subjective oral health.

* A strong SOC protects against high dental anxiety, poor OHRQoL and low
socioeconomic status.

* High dental anxiety is a risk factor for poor OHRQoL and low socioeconomic
status.

* Risk factors for poor OHRQoL: high dental anxiety, irregular dental care and
poor self-reported oral health (especially poor chewing ability, high susceptibility
to periodontal disease and poor subjective oral health).

* Low socioeconomic status was related to a weak SOC, high dental anxiety and
poor OHRQoL. A gradient effect was also revealed: the lower the socio-
economic status, the weaker the SOC and the higher the dental anxiety, and,
furthermore, the lower the income, the higher the risk of poor OHRQoL.
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KASAM (SOC-13)

Haér &r nagra fragor som berdr skilda omraden i livet. Varje fraga har 7 mojliga svar.

Var snéll och markera den siffra som bést passar in pé ditt svar. Siffran 1 eller 7 ar svarens

ytterviarden. Om du instdmmer i det som star under 1, s& kryssa i ruta 1; om du instimmer i

det som star under 7, sé kryssa i 7. Om du kénner annorlunda, kryssa i den ruta som bast

overensstimmer med din kédnsla. Ge endast ett svar pa varje fraga.

Har du en kénsla av att du inte riktigt bryr dig om vad som hénder runt omkring dig?

1 2 3 4 5 6 7

0o o o o o oo O
mycket séllan mycket
eller aldrig ofta

Har det hént att du blivit 6verraskad av beteendet hos personer som du trodde du kénde
val?

1 2 3 4 5 6 7

I I e I e I e I B B N

har aldrig hént har ofta
hént

Har det hint att ménniskor som du litade pa har gjort dig besviken?

1 2 3 4 5 6 7
O o o o o 0O 0O
har aldrig hént har ofta

hént



KASAM (SOC-13)

Hittills har ditt liv:

1 2 3 4 5 6

7

0o o o o o o O

helt saknat
maél och mening

Kénner du dig orittvist behandlad?

1 2 3 4 5 6

0O o o o o O

mycket ofta

genomgaende
haft mél och
mening

7

[

mycket sdllan
eller aldrig

Har du en kénsla av att du befinner dig i en obekant situation och inte vet vad du skall

gora?

1 2 3 4 5 6
0 o o o o O
mycket ofta

Ar dina dagliga sysslor en killa till:

1 2 3 4 5 6
O o 0O o o 0O
glddje och

djup tillfreds-

stillelse

7

[l

mycket séllan
eller aldrig

7

[

smarta
och leda



10.

11.

KASAM (SOC-13)

Har du mycket motstridiga kdnslor och tankar?

1 2 3 4 5 6 7

O o o o o O O

mycket ofta mycket séllan
eller aldrig

Hénder det att du har kénslor inom dig som du helst inte vill kédnna?

1 2 3 4 5 6 7

o o o o o o 0O

mycket ofta mycket séllan
eller aldrig

Aven en minniska med stark sjilvkinsla kan ibland kénna sig som en
“olycksfagel’. Hur ofta har du ként det sa?

1 2 3 4 5 6 7
o o o o o o 0O
aldrig mycket ofta

Nér nagot har hént, har du vanligtvis funnit att:

1 2 3 4 5 6 7

du over- du sig

eller under- saken i dess
vérderade dess ritta proportion

betydelse



12.

13.

KASAM (SOC-13)

Hur ofta kédnner du att det inte &r nagon mening med de saker du gor i ditt dagliga liv?

1 2 3 4 5 6 7

O o o o o o O

mycket ofta mycket sdllan
eller aldrig

Hur ofta har du kénslor som du inte &r sdker pa att du kan kontrollera?

1 2 3 4 5 6 7
0o o o o o o oo
mycket ofta mycket séllan

eller aldrig



D F S - Dental Fear Survey
Fragorna i detta formulir beror olika situationer, kiinslor och reaktioner som kan vara
forknippade med tandvard. Ange Dina Kinslor och reaktioner genom att ringa in den

siffra fran 1 till 5 som bist motsvarar Din egen reaktion och uppfattning.

1. Har tandvardsridsla niagonsin hindrat Dig fran att bestilla tid hos tandliakare?

1 2 3 4 5
aldrig nagon en- nagra ofta néstan varje
staka gang ganger gang

2. Har tandvardsriadsla nagonsin fatt Dig att limna aterbud eller utebli frin ett
planerat tandlikarbesok?

1 2 3 4 5
aldrig nagon en- nagra ofta nistan varje
staka gang ganger gang

UNDER BEHANDLING HOS TANDLAKAREN

3. ..... 4r mina muskler spiinda.
1 2 3 4 5
inte alls lite nagot mycket vildigt mycket
4. .... andas jag snabbare in normalt.
1 2 3 4 5
inte alls lite nagot mycket  vildigt mycket

5. ..... svettas jag.

1 2 3 4 5
inte alls lite nagot mycket vildigt mycket
6. .....Kkinner jag mig illamdende och som om jag skulle kunna kriikas.
1 2 3 4 5
inte alls lite nagot mycket  vildigt mycket

7. .....slar mitt hjirta snabbare.

1 2 3 4 5
inte alls lite nagot mycket vildigt mycket



Det foljande ér en lista pa saker och situationer i anslutning till tandlikarbesok som manga
minniskor anser vara dngest- eller skrickframkallande.

ANGE HUR STARK RADSLA, ANGEST ELLER OBEHAG VAR OCH EN AV DESSA
SITUATIONER ORSAKAR DIG.

Markera efter nedanstiende skala fran 1 till 5 genom att séitta ett kryss:

1 2 3 4 5
inte alls lite nagot mycket vildigt mycket
1 2 3 4 5

8. Att bestiilla tid

9. Att komma fram till tandkliniken
10. Att sitta i vintrummet

11. Att sitta sig i tandlikarstolen

12. Att kdnna lukten fran tandkliniken

13. Att se tandlikaren komma in i
behandlingsrummet

14. Att se bedovningssprutan

15. Att kiinna sticket vid bedévning

16. Att se borren

17. Att hora borren

18. Att kdnna vibrationerna frin borren
19. Att fa tandsten borttagen

20. Allt som allt,
hur riadd ir Du for att fa tandbehandling



ENKAT OM MUNHALSA OCH LIVSKVALITE

(OHRQoL/OHIP-14)

Detta &r fragor som syftar till att utvérdera i vilken utstrackning Ditt munhilsotillstdnd paverkar Din

allménna livssituation.

Kryssa endast i ett alternativ per fraga.
Exempel:

Har Du problem med att prata

beroende pa problem med Dina
tdnder, munhala eller proteser?

sdllan

O

ibland
O

ofta

mycket ofta
O

1. Har Du haft svarigheter att

uttala nagot/nagra ord beroende
pé problem med Dina ténder,
munhéla eller proteser?

2. Har Du ként att Dina smak-

upplevelser har forsdmrats
beroende pé problem med Dina
tdnder, munhala eller proteser?

3. Har Du haft smaérta fran

munhalan?

4. Har Du upplevt svérigheter att dta [

nagon foda beroende pa problem
med Dina tdnder, munhala eller
proteser?

5. Har Du upplevt osédkerhet

beroende pa problem med Dina
tander, munhéla eller proteser?

6.  Har Du kiint dig stressad beroende [

pé problem med Dina ténder,
munhéla eller proteser?

7. Har Din diet varit otillfreds-

stdllande beroende péa problem
med Dina tdnder, munhala eller
proteser?

8. Har Du avbrutit maltider beroende [1

pa problem med Dina tander,
munhéla eller proteser?

sdllan

O

Vg vind

Gary Slade 1997, svensk dverséttning av Magnus Hakeberg (1999)

ibland

O

ofta

mycket ofta

O



10.

11.

12.

13.

14.

Har Du kiént svarigheter att

slappna av beroende pé problem
med Dina tdnder, munhala eller
proteser?

Har Du ként dig nagot genererad

beroende pa problem med Dina
tdnder, munhéla eller proteser?

Har Du varit irriterad pa andra

ménniskor beroende pa problem
med Dina tinder, munhala eller
proteser?

Har Du haft svart att genomfora

Dina vanliga sysslor beroende
pa problem med Dina ténder,
munhéla eller proteser?

Har du ként att Din allmanna

livssituation varit mindre tillfreds-

aldrig
O

a

stillande beroende pa problem med
Dina tidnder, munhala eller proteser?

Har det varit totalt omojligt for

Dig att fungera i det dagliga livet
beroende pé problem med Dina
ténder, munhala eller proteser?

a

sdllan

a

Gary Slade 1997, svensk dversittning av Magnus Hakeberg (1999)

ibland
O

ofta

mycket ofta
O









