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Sosiale skilnadar i multimorbiditet og felles samanheng med ded i ein Almenn

folkesetnad i Noreg

Sosiale skilnadar i helse, der menneskje med farre ressursar (typisk malt i utdanning, inntekt
eller yrke) i gjennomsnitt har meir sjukdom og deyr tidlegare, har vore kjent over ti-ar. Dette
har vore mest studert for einskilde sjukdomar, medan pasientar i dag oftast har fleire, kroniske
helseplager samtidig, multimorbiditet. Multimorbiditet aukar og risiko for ded, men
alvorsgrad og kompleksitet i behandling vil variere med samansettinga av helseplager, samt
personlege og sosiale forhold. Ein personleg faktor er 4 vera skrapeleg (eng. fiail)!, eit
svingande mal for biologisk alder kjenneteikna ved svekka fysiologiske reserver, nedsett
funksjon og med auka risiko for komplikasjonar og ded."? Det er nyleg foreslatt meir
avanserte mal for multimorbiditet, med antatt auka alvorsgrad og utfordrande & behandle. Fa
har studert samspelet mellom personlege faktorar, sosial posisjon, multimorbiditet og
samanheng med ded. I denne avhandlinga undersekte eg derfor forekomst og variasjon
mellom sosiale lag, av ulike, avanserte mal for multimorbiditet (artikkel I og II) og felles

samanheng med ded (artikkel III).

Helseundersekinga i Trondelag 2006-08 (HUNT3) gav data om kroniske helseplager, nedsette
funksjonar og dad, samt yrkesgruppe som mal for sosiogkonomisk posisjon. Dei ulike mala
for multimorbiditet varierte i total forekomst fra 18% til 63%. All multimorbiditet hadde
hogare forekomst i lagare sosiale lag, blant kvinner og med aukande alder. Skilnadane i
forekomst mellom sosiale lag, varierte med kjenn og alder, men var til stades fra ung vaksen
til hog alderdom. Dedstala auka med talet p& helseproblem og det var vekslande, men

vedvarande skilnadar mellom sosiale grupper.

I ei norsk dlmenn folkesetnad, er sjolv avansert multimorbiditet vanleg, med ulik sosial
fordeling gjennom heile vaksenlivet og sosiale skilnadar i ded ved lik multimorbiditet. Denne
kunnskapen viser at folkehelsearbeid mot sosiale skilnadar i helse framleis er aktuelt. Vidare
kan ein anta at det er ei stor pasientgruppe som treng ei almenn tilneerming med personen i
fokus, inkludert sosial samanvevnad. I Noreg har fastlegane ei nekkelrolle i helsevesenet,

denne ordninga ber prioriterast hegt g framover.
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Summary (English)

Background: Multimorbidity, the concurrence of multiple chronic conditions, is highly
frequent. Varying definitions and measures of multimorbidity hamper comparability of
research, which is exemplified with wide ranges of prevalence estimates but a steady

association with mortality.

The complexity in the treatment and burden of multimorbidity are associated with the
combinations of conditions, presence of associated health concepts, such as frailty, personal
factors, and social context, such as biology, lifestyle, and living conditions. Frailty is a
dynamic measure of biological age, with impaired function (physical, psychological, or
social) and increased risk of adverse events including death. Social health inequalities, in
which the burden of poor health and premature death is higher with lower socioeconomic
position, is well-known worldwide, and multimorbidity is no exception, in that it occurs at
higher rates at younger ages, and with more complex combinations of conditions in

socioeconomically deprived groups.

There are few studies on complex measures of multimorbidity, suggested to detect those with
increased care needs and severity and their association with socioeconomic position; there is
also a research gap on the joint association of socioeconomic position and multimorbidity
with mortality. Thus, the aims of this thesis are to describe the socioeconomic distribution of
complex measures of multimorbidity (article I, article II, and supplemental analysis on writing
this dissertation) and how socioeconomic position may modify the association of
multimorbidity with mortality (article III) in an adult general population. Examining several
multimorbidity measures in the same cohort makes possible a unique direct comparison of

socioeconomic gradients in prevalence and joint associations with mortality.

Methods: The total county health survey Trendelag Health Study 2006-2008 (HUNT3)
provided data on chronic conditions, impairments, and mortality (until February 1, 2019), as
well as socioeconomic position. Several multimorbidity measures were explored based on

individual and organ system group counts and the presence of frailty. Socioeconomic

Xiii



differences in prevalence were explored cross-sectionally, and joint association with mortality

were explored prospectively.

Results: The overall prevalence varied by the complex measure of multimorbidity from 18%
to 63%. All multimorbidity measures were more prevalent in the lower socioeconomic
groups, in women, and with increased age but were common across age groups in both sexes.
Socioeconomic inequalities in prevalence varied by sex and age but persisted from young
adulthood to old age. Mortality increased by the number of conditions with varying but intact
socioeconomic gradients, and relative mortality risk increased with the presence of

multimorbidity and lower socioeconomic position.

Conclusions: Even complex measures of multimorbidity were common in the general
population, with socioeconomic inequalities in prevalence throughout adulthood and
socioeconomic inequalities in mortality across multimorbidity measures. The findings call for
continuous public policy and public health to prevent socioeconomic inequalities in health.
The magnitude of multimorbidity in all age groups suggest a demand for generalist and
person-centered approaches that consider socioeconomic context in health care. In Norway,
family doctors are in a unique position to offer continuous care, and this arrangement should
be kept as a high priority. Future research on trajectories, associations with a variety of social
determinants of health, health care utilization, and mortality would be relevant to enhance

future prevention and management of multimorbidity.
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1 Introduction

In this thesis, I have studied the socioeconomic distribution of several measures of
multimorbidity and the joint association of socioeconomic position and multimorbidity with
mortality in a general population. Social inequalities in morbidity and mortality, with the

burden greater among those in lower social positions, is acknowledged worldwide.?

Multimorbidity, the concurrence of multiple chronic conditions of which none dominant,* is
no exception, in that it occurs more often and at younger ages in socioeconomically deprived
social groups. In addition, the complexity of multimorbidity, associated with combinations of
conditions and personal factors,® such as living conditions, rises as socioeconomic position
falls. Complexity affects the clinical challenge of multimorbidity management for both the
individual and caregiver aided by single-disease guidelines in a fragmented health care
system.® Multimorbidity is most commonly defined as 2 or more conditions. At this threshold,
1 of 3 people is identified as having multimorbidity globally,” and this percentage is 42% in
Norway?; it has been shown to be associated with an increased risk of death.” There are few
studies on more complex measures of multimorbidity and their association with

socioeconomic position, as well as any joint outcome on mortality.

In Norway, Tomasdottir'® explored multimorbidity prevalence and patterns in a life cycle
perspective in the general-population Trendelag Health Study (also known as the HUNT
Study or HUNT) in her dissertation in 2017. Multimorbidity was defined as 2 or more chronic
conditions. For future research, Tomasdottir suggested studying multimorbidity measures
with increased specificity by socioeconomic position and expanding and making uniform the

set of conditions from which to derive multimorbidity measures.

This thesis adds to the work of Tomasdottir,'? in that I have accessed the same population
cohort, increased the number of conditions studied, and operationalized several measures of
multimorbidity suggested to reflect complexity and need for tailored care. I have explored the
socioeconomic distribution of these and how socioeconomic position may modify these

multimorbidity measures’ association with mortality. The findings may increase the



background knowledge for public policy as well as informed public health interventions,

health care organization, and clinical management of multimorbidity.

In the background section, I have highlighted how multimorbidity challenges clinical care and
research, especially with respect to definitions, measures, and effects on prevalence studies. I
have further explored the complexity of multimorbidity; highlighted structural theory as the
framework of this thesis; and reviewed the status of research on multimorbidity determinants
and association with mortality prior to my own studies. This lays the rationale for choice of
measures and the overarching aim of the thesis that follows. In methods, I have elaborated on
the population and variables studied and the statistical analyses. I have presented results by
the main research aims, and in the discussion, I have recognized challenges in validity,
compared the main findings internally and to relevant new literature, reflected on the
constructed multimorbidity measures, and ended with suggestions of implications for the

clinic, public health, and future research.



2 Background

2.1 The Norwegian context

To set the scene in which the research of this dissertation took place, Norway is a democratic,
high-income country with general public responsibility for and universal access to health care,
welfare, and education, financed through taxation. The health care system can be recognized
as universal coverage with controlled access.!! Firstly, the copayment at consultations in
primary and specialist care is standardized, considered low,'? and reimbursed on reaching a
set threshold. Inpatient care in hospitals is free of charge. Secondly, since 2001, every
individual has an assigned primary care family physician (general practitioner) and practically
all use of specialist care services requires referral from primary care. Both the primary and

specialist health care systems are mostly public.

The welfare regime model has social democratic characteristics.'* 14 In particular, the
National Insurance Scheme aims to contribute to equalization of income and living conditions
over the individual person's life course and between groups of persons by providing financial
security.!> Education is similarly mostly public, free of charge, or low cost, including the
tertiary level. Finally, employment rates, job security, and standards for health, safety, and the

environment in the workplace are high.

Despite efforts to limit inequalities in access to health care and education, secure income, and
maintain workplace safety, socioeconomic inequalities in health still exist in Norway. This

has been termed the Nordic paradox.'®

2.2 Multimorbidity

The health concept in focus of this thesis is copresence of several chronic conditions or health
problems in an individual, introduced as multimorbidity. However, several terms are in use to
describe this phenomenon (section 2.2.3). The collection of health problems will vary, and
multimorbidity is thus a heterogenous health concept, which challenges management in both

clinic and research (sections 2.2.2 and 2.2.3). Furthermore, numerous labels exist for health



problems, and to facilitate comprehension of the nuances between definitions (section
2.2.3.1), which affect the types of health problems included in multimorbidity measures

(section 2.5), a short description follows.

2.2.1 Central health concepts

Health problems and conditions are synonymous broad terms for any worries with regards to
health by the individual or health care professional,!” such as disease (objective biological
dysfunction”), risk factors (behavior, exposure, individual characteristic, or heredity,
assumed prognostic for ill health outcomes and considered modifiable!”), symptoms
(individual perceived dysfunction!”), symptom complexes (combinations of symptoms and
objective findings!”), impairment (objective loss of function of the mental, physiological, or

anatomical kinds'”) and disability (individual perceived activity limitation'”).

Note, however, that many studies on multimorbidity use these terms, especially condition and
disease, interchangeably. In this dissertation, I have sought to be consistent in the use of
condition in the notion of multimorbidity. I have used health problems to describe additional

or associated elements to multimorbidity.

2.2.2 Challenges in clinical care

In Norway, as in other Western societies, there was a shift from acute infectious diseases
dominating as morbidities and causes of mortality, to survival into older ages and
accumulation of chronic diseases during the 1900s. The World Health Organization (WHO)
considered chronic disease “the health care challenge of the 21st century,” in 2002."3(p. 11)
This WHO report does not mention co-occurrence of chronic disease; however, this too has

19,20

increased over the last decades, such that multimorbidity is considered the norm for

individuals with chronic conditions.?!

Reasons for overall increased survival in the last century are manifold. General living

conditions has improved. Epidemiological research increasing knowledge of distribution and

4



determinants of individual diseases has guided development of efficient public health policies.
At the same time, basic biomedical and clinical research has improved treatment of distinct
diseases. This is reflected in the subspecialized health care of today, which is still in large part
focused on acute care needs. Despite prior success, this single-disease acute care focus seems

insufficient in the era of heterogeneous multimorbidity.

In fact, the fragmentation of health care and single-disease guidelines poses a safety threat to
numerous patients with multimorbidity.?? Through frequent contacts with health care services,
coordination and continuation of complex management care are susceptible to failure; in
addition, polypharmacy increases the risk of wrongful use and adverse interactions of
medications. The insufficiency of single-disease guidelines to manage multimorbidity has
been highlighted by many.%2*2® A major concern is that the evidence is based on studies from
which individuals with multimorbidity were excluded, and thus the use of single-discase
guidelines in the context of multimorbidity is not evidence based.® Recommendations may be

in opposition and harmful to the combinations of chronic conditions in multimorbidity.% 23

As the scene was set for my thesis in 2014-2015, it was clear that many patients with
multimorbidity would need individual, tailored care, beyond the sum of guideline
components. General practitioners were encouraged to identify those with the greatest need of
continuity of care and recommended to assign an appointed physician® and further aspire to a
holistic approach, including the multiple conditions and integrating the person’s

biopsychosocial context.??

A personal goal for my research project, as a medical doctor with a strong heart for the best
possible health for all, was for it to be of practical value for both clinical management and
prevention of multimorbidity. A focus on identification, definition, and measurement of
multimorbidity seemed to be at the core of good clinical care and necessary to enable further

studies of the outcomes of multimorbidity to guide public health interventions.



2.2.3 Challenges in research

I have introduced the occurrence of several chronic conditions in an individual as
multimorbidity. In fact, numerous terms exist to describe concurrence of multiple health
problems.?” The most common are multimorbidity and comorbidity, and the main difference is

absence (multimorbidity) or presence (comorbidity) of an index disease of dominant focus.?’

In research, these 2 terms have been inconsistently used over decades, and researchers have
sought to clarify them on several occasions.* 2® One reason may be the lack of multimorbidity
as a distinct index term in common research databases until 2018.* Another great challenge to
multimorbidity research is the lack of a standard definition, which affects measures used and
comparability of research on prevalence, determinants, and outcomes. The magnitude of the
challenge is illustrated in a review of 165 articles in which 115 presented distinct
definitions,” and the importance of clear description of definition, methods, and selection of
conditions to facilitate comparison has been stressed.>® A selected overview of definitions
follows to highlight differentiation to the associated concept comorbidity and differences in

requirements that guide measurement of multimorbidity.

2.2.3.1 Historical overview of definitions of multimorbidity

In 1970, Feinstein described the co-occurrence of several medical conditions and how this
challenged research and clinical care. He named it comorbidity and defined it: “In a patient
with a particular index disease, the term co-morbidity refers to any additional co-existing
ailment.”*!(p. 467) Thus, comorbidity puts 1 disease in the center and any other in association
with that index disease. It was specified that clinical entities could include “non-disease,”
such as pregnancy and symptoms,*' much like the term conditions as described in section

2.2.1.

In 1996, a review of empirical and theoretical articles from 1966 to 1994 by van den Akker et
al?® stated that comorbidity came to have plural interpretations since it originated 26 years
earlier.?® The review sought to clarify the distinction between a focus on an index disease or

not. The concept multimorbidity was first introduced and seemingly exclusive to research in

6



Germany from 1976 to 1990.3 Brandlmeier in 1976 (as cited in van den Akker et al in 19968
(p. 67)), proposed multimorbidity as “the co-occurrence of several chronic or acute diseases.”
Van den Akker et al*® suggested continuous use of comorbidity as defined by Feinstein®! in
1970, while introducing a definition of multimorbidity as “the co-occurrence of multiple
chronic or acute diseases and medical conditions within one person.”(p. 69) This definition
differs from Feinstein’s comorbidity, in that multiple states an unspecified plurality; it adds
the requirement of duration of disease, but does not specify the timespan of chronic (section
2.5) and acute; patient is replaced with person, which implies a shift in focus from disease to
person. The definitions similarly use the terms clinical entity and medical conditions, which

implies a broad perspective on health problems to include (section 2.5).

In 2008 The World Health Organization (WHO) declared multimorbidity as being “affected
by two or more chronic health conditions simultaneously.”* (p. 8) In comparison with the
definition by van den Akker et al?® a decade earlier, the WHO’s definition is more specific;
the threshold of multiple is set to 2 or more; it emphasizes long-term duration, as it omits
acute from the definition, and it implies condition to be an umbrella term, because it omits

diagnosis. The report did not define chronicity.

In 2013, the European General Practice Research Network (EGPRN) criticized the
multimorbidity definition by the WHO for using the term condition. They found clarification
necessary for it to be useful in research and clinical practice.’? The EGPRN did a review on
definitions, measures, and criteria of multimorbidity. This guided the creation of a broad

definition of multimorbidity, including modifiers and outcomes:

“Multimorbidity is defined as any combination of chronic disease with at least one
other disease (acute or chronic) or biopsychosocial factor (associated or not) or

somatic risk factor.

“Any biopsychosocial factor, any somatic risk factor, the social network, the burden of
diseases, the health care consumption, and the patient’s coping strategies may function

as modifiers (of the effects of multimorbidity).

“Multimorbidity may modify the health outcomes and lead to an increased disability

or a decreased quality of life or frailty.”**(p. 323)



As expected, the EGPRN definition differentiates between and ranks disease higher than other
conditions, in that a chronic disease is required to further establish multimorbidity. This may
resemble the concept of an index disease in comorbidity, and the major consequence is that
sole risk factors cannot constitute multimorbidity. The EGPRN acknowledges both acute and
chronic diseases as elements of multimorbidity, in line with the definition by van den Akker
et al*® in 1996 and opposed to the WHO definition. The EGPRN definition equates multiple to
2 or more conditions, as did the WHO definition. The EGPRN definition explicitly
encompasses the holistic view on multimorbidity and the patient by including biopsychosocial
factors, such as somatic risk factors, sociodemographic characteristics, psychosocial
conditions, and individual beliefs.3? Finally, the EGPRN views symptoms as potential
modifiers of multimorbidity and multimorbidity as a precursor to disability and frailty.*

(Frailty is further discussed in section 2.6.)

In 2013, there was another systematic review on definitions of multimorbidity in Canada by
Almiral and Fortin,?” who focused on linguistic similarities in current definitions. More than 9
of 10 definitions complied with 2 overarching phrasings, and the reviewers suggested the
following refinement: “Multiple co-occurring chronic or long-term diseases or conditions,
including both physical and mental diseases, and none considered as index disease.””’(p. 8)
Compared with the definition suggested by van den Akker et al*® in 1996, the Almiral and
Fortin multimorbidity definition combining 2 high-frequent in use definition phrasings
similarly does not specify the meaning of multiple and includes diseases and conditions as
separate entities. Further, it differs in that it omits a definition of acute and does not specify
multimorbidity occurring within 1 person. The review does not specify duration of chronic or
any distinction between chronic and long term. Most notably, the definition equates inclusion

of somatic and mental diseases and makes the exclusion of an index disease explicit.

Definitions guide the operationalization of a construct, which makes it possible to measure
and study its outcomes. To conclude, by 2015, the definitions of multimorbidity were
numerous. However, most include a quantitative threshold from which to identify

multimorbidity, and qualitativeelements (duration and types of conditions) to guide selection



criteria of inclusion of health problems to study. A further introduction to these elements

follows in section 2.3 and section 2.5.

2.3 Measures of multimorbidity

In search of a proper measure of multimorbidity to detect individuals with complex conditions
and presumably burdened in a general population, I initially studied 4 reviews extensively:
Diederichs et al (2011),* Fortin et al (2012),% Huntley et al (2012),%¢ and Willadsen et al
(2016).%° Appendix 8.1 presents details of; search period; number of included articles; aims;
inclusion criteria; reported findings on definitions, measures, and settings; selection criteria;
number and types of conditions; and recommendations by the authors. Note that these reviews
used the terms condition and disease interchangeably, naturally with the exception of the

review on types of conditions.?

With regards to definition, 3 reviews defined multimorbidity with multiple equated to 2 or
more,?”**35 while 1 did not determine a threshold.*® Three recommended no change to the

definition, 3¢ while 1 suggests using the definition by the EGPRN.%

The overall recommendation of measure is that choice needs to fit available data and

t.3° The reviews highlight 2 main approaches to measure multimorbidity:

outcomes of interes
weighted indices or disease count. Weighted indices are developed in and meant for use in
subpopulations, to prognosticate a certain outcome by use of medical records, administrative
databases, or patient self-reports.>* Such indices would not fit the general population health
data I had available, and I will not explore weighted measures further. Disease count, a
simple, unweighted sum of conditions from a total set of conditions, is the dominant

293436 and 2 or more conditions the most common threshold.?®- 3436

multimorbidity measure
Disease count reproduces anticipated associations with sociodemographic characteristics and
health outcomes and can prognosticate health care utilization and mortality as well as more
sophisticated measures.>® One review suggested investigating both 2 or more conditions and 3

or more conditions as thresholds, to help detect differences in age distribution.>



The reviews did not suggest any specific setting or data source as superior, but most
multimorbidity research is conducted in the general population,?® and self-report is the typical
data source.>* ¥ One review recommend the use of multiple data sources;*> however, in larger

samples, unweighted disease counts based on self-reports are suggested as justified.>> Two

34,35 3

reviews suggested a set number of conditions for increased societal relevance®* or
limiting variance in prevalence and increasing comparability between studies.*> These and
further findings and recommendations from the reviews are included in section 2.4 and

section 2.5.

2.4 Elements that influence prevalence and age distribution of

multimorbidity

To assess the outcomes of multimorbidity, it is necessary to obtain proper prevalence
estimates. The most common measure, disease count, yield vast variations in prevalence.*
Even in the same age groups, multimorbidity prevalence ranges from 3.5% to 98.5%"; in the
same setting, from 12.9% to 95.1%.3” Variation in operationalization of multimorbidity

explains most of the discrepancy. Specifically, the number of conditions in the total set,3> 3% 38

35, 36, 38 6,

the threshold to identify multimorbidity, and the level of differentiation of conditions®
38 are important. These factors also affect the age distribution. One article elegantly examined

the outcome of altering these elements on prevalence and age specificity in 1 cohort.*8

Prevalence increases by the total number of conditions under study.**3® and the set of
conditions may vary from 4 to 147 to an open list (an infinite or indeterminate number).?’ At a
threshold of 2 or more individual chronic conditions, 12 highly frequent conditions* identify
a reasonable proportion of all multimorbidity in the complete set of 452 conditions (C.

Harrison, [PhD], written communication, October 24, 2017).38

Prevalence decrease as a threshold to identify multimorbidity increase. An increased threshold
is furthermore suggested to be of greater clinical relevance.’*® At a threshold of 3 or more

conditions, the proportion detected by the set of 12 highly prevalent conditions were
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insufficient, and the authors®® suggest researchers include all chronic conditions to obtain

proper prevalence estimates.

Prevalence decrease with lower differentiation, because the grouping of conditions results in
fewer total units.>® 8 It is most common to differentiate conditions in single, rather than
grouped, units,* 33 but sets of conditions may also be mixed.** Conditions categorized by
separate organ systems produced comparable prevalence estimates at identical thresholds.*®
At a threshold of 2 conditions or more, prevalence estimates were comparable regardless of
level of differentiation, while at a threshold of 3 conditions or more, comparability of
prevalence measures required conditions to be of equal distinction.*® Two of the organ system
categorizations were based on major disease classification systems in primary and specialist
health care, and this may systematize and simplify data collection.*® Furthermore, conditions
in separate organ systems will likely affect the complexity of multimorbidity and be of

clinical value, as discussed in section 2.6.

Prevalence of all measures of multimorbidity increase with age. Onset and growth of

d35, 38

multimorbidity is delayed by increasing the threshol and additionally by grouping

entities,*® which thus increases age specificity.

2.5 Selection criteria to inclusion of health problems in measures of

multimorbidity

While most definitions of multimorbidity contains qualitative elements to guide selection of
conditions, the main lead factors being chronicity and condition, few studies explicitly state

selection criteria for inclusion to the total set of conditions.?34¢ Proposed requirements to

18, 34,35 18, 34, 35, 39, 40

selection of chronic conditions are duration, requiring medical care, severe
effects on the individual,** 3%3° and high prevalence.’* 3% The WHO include both duration
and medical care to define chronic conditions.!® Duration is an obvious component of
chronicity; however, in a major review, 2° less than one-third of the studies quantified
duration, and of those who did, length ranged from historical to months or years.?

Furthermore, 1 in 5 studies included the severity of the conditions, which varied from self-
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report to staging of disease.?’ Instead of requiring the severity of each condition, some argue
that the multimorbidity measure may imply a total severe outcome through an increased

threshold> %38 and grouping by organ system.>

There are opposing views on the selection of highly frequent conditions. Some argue high
prevalence will increase clinical and societal relevance of the multimorbidity measure,>* 33
while others claim this approach may corrupt the true prevalence, in that a large number of
people suffer from less common conditions*’ and undermine the norm in multimorbidity,
which is multiplicity.*"**? To obtain proper prevalence estimates for multimorbidity measures
with suggested greater outcomes and clinical relevance, an expanded set of conditions is

necessary compared with only highly frequent conditions.

The terms used for health problems (section 2.1.1) vary between definitions and measures of
multimorbidity.34-3° This affects types of conditions selected, as well as the total number. In a
review of 115 multimorbidity measures, 100% included diseases, 85% risk factors, and 62%
symptoms.?® Risk factors, while possibly asymptomatic and not causing impairment, may still
increase health care utilization and cause treatment burden and thus be a relevant chronic
condition. Symptoms may be viewed as modifiers of multimorbidity>? that affect total patient
complexity or are included in the measure,*® which may strengthen the person focus®® and

29

clinical relevance™ in assessments of multimorbidity.

2.6 Multimorbidity, burden and complexity

In the history of multimorbidity, it was early noted that multimorbidity is more than the sum
of its parts.*> The complexity in multimorbidity is associated with both the conditions and the
person which entails them.> **#* This is reflected in the definition of multimorbidity by the

EGPRN,3? and 1 way to visualize the interplay is presented in Figure 1.
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Figure 1. Comorbidity constructs, adapted from Safford et al*® and Valderas et al.’

Figure 1 illustrates the demarcation of comorbidity and multimorbidity; how multiple health
conditions are at the heart of morbidity burden’s further complexity, which is associated with
combinations of conditions; their severity; interactions in risk factors and management;
association with prognosis; and diagnosis of other conditions and presence of other health
problems (eg, frailty). Final individual complexity arises from modification of the
aforementioned and fixed biological factors, as well as lifestyle, living conditions, and
overarching social, economic, cultural and political context, also known as social

determinants of health® (as further discussed in section 2.8.2).

In 2016, the British National Institute for Health and Care Excellence (NICE) published a
guideline®® on assessment and management of multimorbidity, which follows this broad
approach to complexity. While simply defining multimorbidity as 2 or more individual

chronic conditions, NICE recommended initiation of comprehensive, integrated care in
13



patients with increased complexity in either conditions (severity or discordant interactions),
treatment regime (multidisciplinary or cross-sectorial), or personal context (frailty or

psychosocial factors).*?

Complexity of conditions rise in association with their etiology and treatment, described by
the terms concordant conditions, which appear similar in origin and share risk factors and
management requirements, while discordant conditions seem unrelated, do not share
predisposing factors, and require different approaches to treatment.*® Examples of concordant
multimorbidity is coronary artery disease and diabetes, in which both conditions will benefit
from physical activity. Examples of discordant multimorbidity are chronic obstructive
pulmonary disease and diabetes, where use of steroids to alleviate respiratory symptoms will
elevate blood glucose levels, exacerbating diabetes. Thus, discordant conditions may compete
for treatment or recommendations for 1 condition may be harmful for a discordant condition.
Discordant multimorbidity will likely involve several medical disciplines and require more
health care resources.*® *° Furthermore, complexity rise with the severity of the individual
conditions; some argue an elevated threshold to identify multimorbidity will reflect overall
severity.3> 3% 38 Conditions in separate organ systems are often discordant, and this
assumption combined with increased threshold, was suggested by Harrison et al in 2014 to
capture multimorbidity expected to require tailored care. They named the measure complex
multimorbidity and defined it as “the co-occurrence of three or more chronic conditions
affecting three or more different body systems within one person without defining an index

chronic condition.”*® (p.8)

The multimorbidity burden rise in presence of other health problems, such as frailty, which is
a dynamic state of multicausality involving loss of function across biopsychosocial domains
that increase the likelihood of adverse events.*’” Multimorbidity and frailty are recognized to
overlap and considered interconnected.*®! Frailty can be determined a personal

5,40.44 reflecting biological age®** that contributes to an individual’s complexity

characteristic
of condition, and it is of great clinical value, regardless of chronological age.* Frailty, like

multimorbidity, is a heterogenous concept, which I have explored in the following section.
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2.7 Frailty

2.7.1 Definitions and models of frailty

Definitions and subsequently operationalizations of frailty are manifold. One literature review
in combination with opinion of experts, recommended definitions of frailty to support a
holistic view of the person and suggested, “Frailty is a dynamic state affecting an individual
who experiences losses in one or more domains of human functioning (physical,
psychological, social), which is caused by the influence of a range of variables and which
increases the risk of adverse outcomes.”*’(p. 342) Three common approaches to measure

frailty are the frailty phenotype,’” the frailty index>* and multidimensional models.*’

In 2001, the frailty phenotype®® was established as a distinct clinical syndrome from disability
and comorbidity. The frailty phenotype emphasizes the biophysical domain in observing 5
characteristics: weight loss, fatigue, muscle weakness, low physical activity, and slow
walking speed. Persons presenting 3 or more criteria are identified as frail. This measure

requires a clinical examination.

Also in 2001, an accumulation of deficits model was developed, as a frailty index>* that
calculates a ratio of the number of health deficits in a given person from a complete set of
deficits under study, and the resulting proportion indicates a likelihood of nonspecific
frailty.® In contrast to the frailty phenotype, the frailty index is inseparable from morbidity
and disability, in that symptoms, signs, paraclinical abnormalities, diseases, and disabilities
can all be included.®” In 2008, the original authors suggested a standard operationalization of
the frailty index, requiring a minimum of 30 health deficits to be assessed®’ that cover
multiple domains. Thus, any medical record data®’ with variables on cognitive, mental,
physical, natural functions, dependency, and social resources®® can help provide a frailty

index ratio.

The third approach is to identify frailty by use of questionnaires and self-reports. Similar to
the frailty index, commonly used scales require loss of function in multiple domains to

identify individuals with frailty,”® and a general term is multidomain or multidimensional
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models of frailty. %! In contrast with the frailty index, scales will have a fixed set of less

than 30 deficits in at least 3 domains.®°

2.7.2 Measures of frailty, effect on prevalence, recommendations, and associations

The different frailty models capture different aspects, identify different populations, and
subsequently result in varying prevalences.®” 2 In a comparison of 35 frailty measures of all 3
models, identifying frailty dichotomously was common® and resulted in higher prevalence
than continuous measures.®’ To increase accuracy of prevalence estimates, the authors®
recommended multidimensional measures. The researchers concluded that prevalence studies
using different frailty measures were incomparable.®® Other reviews have pooled prevalence
calculations of frailty and estimated a prevalence of 12% with the frailty phenotype and 16%

with other measures of frailty in the middle-aged and older adult general population.®

59, 60

Despite heterogeneity of frailty measures, frailty prevalence is higher among women and

3960 and lower socioeconomic position.®* ¢ Multidimensional frailty scales

increases with age
share the ability to show associations with mortality among those 50 years and older.> Frailty

is associated with multimorbidity and mortality from middle age onward.%®

2.8 Social inequalities in health

Social inequalities in health is a very broad concept and can be defined as “any type of
persistent and important differences in aggregated health between social positions in the same
social structure(s)”.®’(p.8) Social inequalities in health are studied on group level (section
2.8.3) and inequalities in health is a consistent finding for nearly all health outcomes for all
measures of social position. A common indicator pertains to the socioeconomic stratification
of society and in particular socioeconomic inequalities in health form a gradient in which
every step up the affluence or status ladder decreases the chances of poor health and
premature mortality.> *> Multimorbidity is no exception, because it occurs at higher rates and
in younger ages in socioeconomically deprived groups (section 2.9.2) but has an additional
dimension compared with other health outcomes, in that the complexity of multimorbidity

rises with lower socioeconomic position> 2! (section 2.6) as well. Multimorbidity is a generic
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measure of health, which makes it particularly suitable to study how social factors affect
distribution in the population. In what follows, I have introduced terms for social differences
in health, theory, framework, and suggestions of causal pathways, as well as how to measure

and report these differences.

2.8.1 Health inequality and health inequity

There are 2 major terms to describe disparities in health. In 1992, the WHO declared health
inequity to define avoidable and unfair health differences,’® while health inequality may
describe mere arithmetic differences.®® In 2008, a WHO report emphasized the amendable
structural drivers of health inequalities between social groups, thus defining social health
difference inequities per se.> However, others have defined social inequalities and inequities
in health to similarly describe systematic differences in health between populations by
fundamental social structures.®® The ambiguity and perhaps linguistic challenge, in that the
Norwegian language does not offer nuances between these terms, has led to the use of the

term health inequalities in this thesis.

2.8.2 Theory, framework, and suggested explanations

Theories to explain possible connections between social factors and social group differences
in health are manifold.”®"? A simple distinction can be made between causative explanations,
which suggest affiliation in a social group to cause poor health, and selection explanations,
which suggest that poor health causes downward social mobility (also known as reverse
causation). The considered effects of social structures on social groups and their health is
clear from the distinction of terms on health disparities (section 2.8.1). This is in line with
what can be called structural theory™ or social production of disease,” which emphasizes the
effects of the overarching social, economic, cultural, and environmental structures on living
conditions throughout life and consider skewed distribution of income, power, access to
services, and freedom of choice to cause accumulation of differential health hazards and
explain health inequalities between social groups. The structural theory encompasses some
former theories of material deprivation (physical health risks and resources), psychosocial

factors (psychological reactions to social experiences), biological risk factors, and lifestyle
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risk factors (as discussed below), and view these rather as partial explanations also affected
by fundamental structural contexts. The structural theory is a major theory in social

epidemiology and the framework for this dissertation.

Structural theory is heavily based on the concept of social determinants of health, which was
introduced by the WHO in Europe in 1991 as a layered model of originally termed main

influencers on health, visualized in figure 2.4

Age, sex and
constitutional
factors

Figure 2. Social determinants of health.*

The model is later known as the social determinants of health. It illustrates pathways and
elements through which the determinants act and how to politically amend these.*> The inner
core of the model are personal factors, such as age, sex, and genes, while lifestyle, network,
living conditions, and overarching structures of social, economic, cultural, legal, and political
conditions can be modified through interplay between all levels and increasingly by political

actions.* Whereas the inner circle has been considered fixed and not politically amendable,
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concepts of embodiment® and allostasis’* challenge this and are further discussed in closing
remarks on possibilities for future research (section 6.5.3). Furthermore, the authors have
acknowledged that health behaviors, originally termed individual lifestyle factors, such as
smoking, alcohol consumption, diet, and physical activity, are socially patterned, and
restriction of choice may depend on socioeconomic position.*> The model does not illustrate
an exact timeline, but the inner core presents people at different life stages, and the report
highlights the cumulative and dynamic effects of these conditions from a life course

perspective.’

In 2008, the WHO commission on social determinants of health put emphasis on the role of
the top 2 layers, structural determinants and conditions in daily life, throughout life, as causes
of a major part of social health inequalities.? The authors viewed the next 2 modifiable layers,
social support and behavioral options, to interact on the vulnerability of social groups to poor
health.? Thus, the structural theory has had a strong position in the WHO over decades,
together with the lifecycle approach, which simply put is to acknowledge that health status at

1 point reflects both former and current conditions.*’

Figure 3 adds to the layered social determinants of health model as it attempts to visually

depict the causal pathways through which social position and health are associated.
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Figure 3. A generic causal model for social health inequalities, translated with the permission

of JG Mceland, (Professor), in written communication, April 27, 2020.7

Social position reflects that individuals can be categorized in social groups along several axes,
such as constitutional or socioeconomic factors (section 2.8.3), which most often have an
implicit hierarchical structure with consequences of skewed distribution of and access to
resources. The figure illustrates 5 pathways: (1) a direct effect from social structure to health
outcome; (2) an interaction in which a social position modifies the effect of social structures;
(3) a direct effect of social position on health outcome; (4) an indirect effect, such as a social
group-dependent exposure to risk factors and subsequently on health; and (5) the selection
effect or reverse causality, in which health determines social position.”* Any of the social

determinants of health as shaped by social position can be investigated along these pathways.

To illustrate, a present structural challenge facing nations worldwide is the coronavirus
disease 2019 pandemic and subsequent major lockdown of society, which affect all but some
social groups (and nations) more than others.”> ’® The major advice to individuals involves
proper hygiene, social distancing, and (in certain settings) face masks. The overall risk of
exposure to the virus varies with structural conditions, such as a national coordinated strategic

plan for surveillance, testing, tracing, individual quarantine, and eventually lockdown.
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Exposure to the virus will vary with social position, directly as living area may affect access
to and income the affordability to buy soap, hand sanitizers, and face masks. Social position
will interact with the structural measures as for instance type of work will affect the
opportunity to isolate using home office or require continuous close contact with numerous
people. Finally, in the case of a family member with the virus, the type of housing will impact
the possibility to isolate oneself, an example of how social position may indirectly increase

risk of exposure in certain social groups.

2.8.3 Indicators of socioeconomic position

To study social health inequalities, social epidemiology classifies individuals in groups
according to numerous social markers, such as age, sex, ethnicity or socioeconomic
conditions. Only the latter of these is modifiable, of which some measures, their qualities, and
potential explanations have been further explored. Overall terms for social groups are social
class, socioeconomic status, and socioeconomic position. Social class reflects an economic
relationship between people, typically manifested in labor or ownership.®” Socioeconomic
status primarily determines material resources, and researchers suggest avoiding this term.®
Socioeconomic position is a broader concept, encompassing prestige, material resources, and

social resources,® and has been used throughout this dissertation.

Individual measures of socioeconomic position are education, income, wealth, and
occupation. Education can be a simple self-reported measure; exclusion of individuals and
reverse causation is rare. It is most often a stable measure that associates with life
opportunities for work and income. Education reflects health literacy, which may have an

indirect effect on health.”’

Income and wealth may be sensitive to self-report, such that it may necessitate more research
resources to obtain valid data. The measures exclude few people, but reverse causality is
likely, especially for income, which is dynamic, while wealth is the accumulation of income

over time. Income and wealth affect overall living conditions, indirectly affecting health.”’
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Occupation is easy to obtain by self-report, but the measure may exclude those without
employment and those working without contracts.”” Reverse causality is likely. Occupations
may not be clearly defined and have a less clear hierarchy compared with education, income,
and wealth. Different classification schemes have been developed to assign socioeconomic
position based on occupations.”® An example is the European Socioeconomic Classification
(ESeC),” which is based on occupation (grouped according to similarities in skill level and
specialization)®® and additional information on employment status and size of organization.”
Limitations in use of a social class scheme, is that relevant occupations and work relations
change over time and it needs to be updated regularly.”’-” Occupation can directly affect
health through biopsychosocial work exposures and indirectly, through general associations to

intellectual assets, income, material resources, and social position.”’

In sum, several indicators of socioeconomic position can identify existing health differences
in cross-sectional studies.®! However, all indicators act through both overlapping and unique
pathways and will associate differently with health outcomes.?'> %2 In this thesis, education and
income would require linkage to other data sources; thus, an occupation-based socioeconomic
classification was used, since the data were available from the questionnaires and up-to-date

with ESeC.

2.8.4 Measuring socioeconomic differences in health

One may report socioeconomic differences in health on an absolute or relative scale. In
general, absolute measures are differences in occurrence, and relative measures are ratios of
occurrence.®? Several measures exist on both scales, and no measure is considered superior. It
is recommended to present socioeconomic health inequalities with both absolute and relative

measures.>*

2.9 Previous research on multimorbidity prevalence, determinants, and
association to mortality

This thesis has aimed to explore the complexity of multimorbidity and the individual and its

joint association with prevalence and mortality. Before commencing the studies, the
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knowledge on associations of multimorbidity with sociodemographic determinants and

mortality were as follows.

2.9.1 Measures of multimorbidity and prevalence

Multimorbidity prevalence varies, because of discrepancy in methods (section 2.4). In reviews
of multimorbidity measured as a threshold of 2 conditions or more, prevalence ranged from
12.9% to 95.1% in general practice’’ and from 3.5% to 98.5%% within the same age group. In
the second review,*’ the prevalence estimates varied no less with an increased threshold to 3
conditions or more.*> In 1 cohort, prevalence for individual entities decreased from 47.4% to

33.8% with an increased threshold from 2 conditions to 3 or more.>®

I did not find reviews on the measure of complex multimorbidity. One study reported
complex multimorbidity in 27.4% of a cohort in general practice and estimated a general
population prevalence of 17.0%.%% Overlap and coexisting multimorbidity and frailty was
scarcely explored. One review reported a pooled prevalence of 16% for multimorbidity of 2

conditions with a concurrent frailty phenotype.>

In the general population in Norway, multimorbidity at a threshold of 2 conditions or more
has been identified in 28% of the population via registry data®® and 42% via self-reported
data.® In individuals aged 60 to 69 years, 47.8% met the requirements of complex
multimorbidity in self-reported data.}” The clinical relevance of multimorbidity and frailty has
been explored in elderly age groups in Norway,*® % but no study was found on the prevalence

of joint multimorbidity and frailty.

2.9.2 Sociodemographic determinants of multimorbidity

Reviews and cohort studies generally report multimorbidity to be more common in women'®:

37,90 19, 37,90, 91

and increase with age and with lower socioeconomic position.!% 37! However,

the association of sex and multimorbidity may depend on included conditions.?’> %2

d,21’91

Furthermore, most people with multimorbidity are young and middle-age and aging of
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society cannot alone explain the increasing trend of multimorbidity.2° In lower socioeconomic

21.93 and rates of multimorbidity are

groups, multimorbidity occurs at a younger age,
consistently higher throughout adulthood.?!** Complexity of multimorbidity increases with
lower socioeconomic position, with higher cooccurrence of discordant, mental, and somatic
conditions.?> > °* Studies in Norway reproduce these associations, because multimorbidity is

8, 86

reported to be higher in women, 8% % to increase with age® 8¢ and with lower socioeconomic

position. %

All of these associations are shown for multimorbidity measured as 2 or more chronic
conditions. Measured at a threshold of 3 conditions or more plus complex multimorbidity,
increase with age is less steep.>>3® Further associations to sex and socioeconomic position for

these measures or concurrent multimorbidity and frailty were not detected prior to my studies.

2.9.3 Multimorbidity, mortality, and modification by socioeconomic position

A review of 26 cohort studies established that all multimorbidity measures associated with
mortality risk.” The magnitude of the association was greater with a threshold of 3 or more
individual conditions and less for continuous measures of multimorbidity.” The relation was
weaker in population studies and with broader adjustment by sociodemographic factors.” The

review could not pool effects with regards to sex or frailty.’

Few studies have explicitly studied the association of multimorbidity with mortality across
socioeconomic strata.”®*? Two studies explored several multimorbidity measures.®”>*® The
measures of multimorbidity and indicators of socioeconomic position varied, as did the
reported modification of associations to mortality from stable,”® to reduced,”” to nonexistent®
across socioeconomic strata. Sex differences in the associations of multimorbidity to mortality

varied from being present®® ® to reported absent.”” %

In Norway, no studies on the association of multimorbidity with mortality as a primary
outcome was detected. Complex multimorbidity was associated with all-cause mortality in
people aged 60 to 69 years, adjusted for sociodemographic characteristics.?’
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2.10 Summary of background, research gaps and opportunities

Multimorbidity is the new norm and a challenge to individual health care personnel and
organizations and researchers. The complexity depends on the cooccurring conditions and
individual factors reflected in the social determinants of health. Social health inequalities are
timeless and omnipresent, and multimorbidity is no exception. However, associations vary,
and there is a lack of studies on socioeconomic differences in the prevalence of more complex
measures of multimorbidity and their possible joint outcome on mortality, both internationally

and in Norway.

Suitable multimorbidity measures to explore complexity of conditions could be an increased
threshold of 3 or more individual conditions, possibly composite with organ system grouping
of entities (complex multimorbidity), or a combination of the most commonly studied
multimorbidity, defined by a threshold of 2 single conditions, and a complicating context,

such as frailty.

In Norway, the dissertation by Tomasdottir'® explored multimorbidity defined as 2 or more
chronic conditions in the general-population Trendelag Health Study (HUNT). For future
research, Tomadottir suggested studying multimorbidity measures with increased specificity,
explicitly mentioning complex multimorbidity, and studying these by socioeconomic position.
The complex multimorbidity measure requires a broad inclusion of conditions to obtain
proper prevalence estimates, and this thesis adds to the work by Tomasdottir et al, as I use the
same population cohort to expand and make uniform the set of conditions and operationalize
several measures of multimorbidity suggested to be of increased complexity and need of

tailored care.

The clinical challenge has recently given rise to multimorbidity guidelines.*> '%° The
relevance of single-disease guidelines is thoroughly explored in HUNT data,'?! and it had
seemed to be a useful follow-up to investigate how a multimorbidity guideline would fit the

general population.
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This thesis has aimed to fill a research gap on possible socioeconomic differences in
prevalence of complex measures of multimorbidity and their combined associations to
mortality. The findings ought to have societal relevance, increasing the background
knowledge for informed public health interventions, health care organizations, and clinical

management of multimorbidity.
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3 Aims

This thesis overarching aim was to describe the socioeconomic distribution of several
complex measures of multimorbidity and how socioeconomic position may modify the
association of multimorbidity to mortality in an adult general population. The research

questions were:

How does prevalence of multimorbidity with frailty vary with socioeconomic position?
How does prevalence of complex multimorbidity vary with socioeconomic position?

How does socioeconomic position modify the association of multimorbidity to mortality?

Article |

Article 11

Article 11
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4 Population and methods

4.1 The Trondelag Health Study

The counties of Nord- Trendelag and Ser-Trendelag merged in 2018, and the largest general
population cohort study in Norway changed its name to The Trondelag Health Study
(HUNT). Prior to 2019, this total county health survey invited all adults 20 years and older
who were registered as living in Nord-Trendelag county. There have been 4 waves of cross-
sectional data collections, in 1984-1986, 1995-1997, 2006-2008, and 2017-2019, called the
HUNTI, HUNT2, HUNT3 and HUNT4 surveys, respectively. HUNT1 screened for
tuberculosis and further focused on hypertension, diabetes, and quality of life. The scope has
since expanded with more than 5000 variables covering a broad range of topics. A biobank
was established in HUNT3. Description of cohort profiles, data collection procedures, and
nonparticipants have been published for HUNT1,'% HUNT2,!% and HUNT3,!%* 1% and a
cohort profile is currently being prepared for HUNTA4.

This thesis uses data from HUNT3, which invited 93860 community-dwelling citizens to
participate. The major parts of HUNT3 are the main questionnaire sent by mail invitation and
handed in on attendance at a screening station in their local municipality, where participants
took part in an interview, and clinical measurements and biological samples were taken. A
second questionnaire, which was sex-specific and age-specific, was handed out at the
screening station and returned by prestamped mail.!* Details on the HUNT Study are

available at https://www.ntnu.edu/hunt/about-hunt. Questionnaires are in appendix 8.2.

4.2 Study population

In total, 50807 of 93860 individuals (54.1%) completed the main questionnaire, fulfilling the
criteria of general participation.'®* All studies required complete participation in the major
parts of HUNTS3 to obtain all possible conditions and classifiable occupational data to assign
socioeconomic position. The prevalence studies (article I and II) excluded participants
younger than 25 years, to avoid misclassifications in socioeconomic position. The cohort

study (article IIT) focused on the age group 35 to 75 years, omitting younger age groups
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because of expected low statistical power and the higher age range to minimize a bias toward
healthy older adults. Article III furthermore required registry data on mortality status, which

was complete. Figure 4 depicts the sampling process for all articles.

Invited to HUNT3 Complete main questionnaire
n=93 860 n=50807
Incomplete major parts n=9610
Non-participants Missing n=5*
n=43053
Completed all major parts
n=41191
Occupation unspecified n=25
Missing n=1571
Age <249 years Age <35 years n=4827
n=1569 Age =75 years n=3636
Study sample art | & Il Study sample art Ill
n=38027 n=31132

Figure 4. Flowchart for sample selection, inclusion and exclusion criteria, and missing data.

*In article I and II, I reported data missing on participation (n=4) and age (n=1). In article III, 1 person was
missing data on mortality status. This is more likely because of retracted consent by these individuals (oral

communication, HUNT Databank).
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4.3 Study variables
4.3.1 Registry variables
4.3.1.1 Sociodemographic variables

Sex and age were regarded as confounders (section 6.2.2) in all articles and are provided by
the HUNT Databank. Sex is derived from the personal identification number. Age at
participation, a continuous variable rounded to 1 decimal, was used in articles I through III,

and dates of birth, truncated to month and year, were used in article III.

4.3.1.2  All-cause mortality

All-cause mortality was the primary outcome in article III. The Norwegian National
Population Registry reports regularly to the HUNT Databank with the statuses alive,
emigrated out of the country, or dead for its cohort, linked on an individual level and with no
loss to follow-up. The last update from the National Registry and end of follow-up was
February 1, 2019.

4.3.2 Multimorbidity

In articles I and II, multimorbidity was the outcome variable, and in article III, it was an
independent variable measured at baseline. First, I have presented the definition and selection
criteria for the complete set of conditions used to derive all multimorbidity measures.
Secondly, I have described operationalization of the separate multimorbidity measures for

each article.

4.3.2.1 Definition and selection criteria

Multimorbidity was defined as “multiple co-occurring chronic or long-term diseases or
conditions, including both physical and mental diseases, and none considered as index

disease.””’ (p.8)
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Chronicity was specified as a condition lasting at least 3 months, with severe impact, or
requiring health care management. Information on some of these factors were available for 32
conditions, either from the raw data or implicit by construction (table 1). In the absence of
information, chronicity was determined by lead author K.H. Vinjerui, MD, and co-author S.
Krokstad, MD, professor. Types of conditions included were diagnoses, symptoms, and risk

factors requiring treatment.

4.3.2.2 The complete set of conditions

Chronic conditions totaled to 51, and all but 3 were individual entities. Details of
operationalization for each condition, references on validity and nonparticipant studies are
provided in appendix 8.3. Table 1 summarizes construction, chronicity, and severity for each
condition, furthermore types of conditions and grouping by organ system, and finally
operationalization of frailty dimensions. In short, 26 conditions were dichotomous self-
reported variables, 23 conditions were constructed from several variables by main author
K.H. Vinjerui, and 2 conditions were generated by the HUNT Databank. The 51 conditions
were categorized according to 14 /CD-10 chapters reflecting organ systems, by use of the
Norwegian Directorate of eHealth online search engine!% on February 1, 2017. Four frailty

dimensions were created from 6 variables on impairments, details are in article I.

32



Table 1. The set of conditions by type, organ systems and frailty dimensions

Op. 51 chronic conditions 14 organ systems 4 frailty dimensions
Diagnosis 1 Neoplasms 1 General
1 Angina pectoris 1.1 Cancer 1.1 Self rated health: “poor” or “not so good”
2 Ankylosing spondylitis 2 Blood/immune mechanism 2 Mental
3 Asthma 2.1 Sarcoidosis 2.1 Anxiety or
4 Cancer 3 Endocrine/nutritional/metabolic 2.2 Depression or
5 Cataract 3.1 Obesity 2.3 Both anxiety and depression
6 C Chr. bronchitis/emphysema/COPD” 32  Hypercholesterolemia 3 Physical
7 CS,c  Chr. headache, other 33 Diabetes 3.1 Chr. illness/injury impair daily life function and
8 Diabetes 3.4 Hypothyroidism moderate or severe impairment in
9 Epilepsy 3.5 Hyperthyroidism 3.2 motor ability/vision/hearing
10 Fibromyalgia 4 Mental/behavioural 4 Social
11 CS Gastro-oesophageal reflux disease 4.1  Alcohol problem 4.1 Physical/emotional problems limit usual socializing:
12 Glaucoma 42 Depression** “much” or “not able to socialize”
13 Hand eczema 43  Anxiety
14 Heart failure 44  Insomnia
15 Hyperthyroidism 5 Nervous system
16 Hypothyroidism 5.1 Epilepsy
17 Kidney disease 5.2 Migraine
18 Macula degeneration 5.3  Chr. headache, other
19 Sc Migraine 6  Eye/adnexa
20 Myocardial infarction 6.1 Cataract
21 Osteoarthritis 6.2 Macula degeneration
22 Osteoporosis 6.3 Glaucoma
23 Other heart disease” 7 Ear/mastoid
24 Psoriasis 7.1 Hearing impairment
25 Rheumatoid arthritis 8  Circulatory system
26 Sarcoidosis 8.1 Hypertension
27 Stroke/brain haemorrhage* 8.2 Angina pectoris
Symptoms 83 Myocardial infarction
1 ¢ Alcohol problem 8.4 Heart failure
2 S,db  Anxiety 8.5 Other heart disease”
3 Ce Chr. widespread pain 8.6 Stroke/brain haemorrhage*
48 Dental health status 9  Respiratory system
5 S.db  Depression 9.1 Chr. bronchitis/emphysema/COPD"
6 C,S,c Hearing impairment 9.2 Asthma
7 CS,c Insomnia 10 Digestive system
8 Cc Irritable bowel syndrome 10.1 Dental health status
Local musculoskeletal pain/stiffness: 10.2 Gastro-oesophageal reflux disease
9 Cgc Neck 10.3 Irritable bowel syndrome
10 Cc  Upper back 11 Skin/subcutaneous tissue
11 Ce Lower back 11.1 Hand eczema
12 Cec Shoulder 11.2 Psoriasis
13 Ce  Elbow 12 Musculoskeletal/connective tissue
14 Cyc Hand 12.1 Rheumatoid arthritis
15 Ce Hip 12.2 Osteoarthritis
16 Cc Knee 12.3 Ankylosing spondylitis
17 Cec Foot/ankle 12.4 Fibromyalgia
18 S, Menopausal hot flashes 12.5 Osteoporosis
19 S, Nocturia Local musculoskeletal pain/stiffness:
20 S Prostate symptoms 12.6- Neck or upper back or lower back
21 S Urine incontinence or shoulder or elbow or
Risk factors -12.1-hand or hip or kne or foot/ankle
1 Sc Hypercholesterolemia 13 Genitourinary system
2 Sc Hypertension 13.1 Kidney disease
3 Sc Obesity 13.2 Urine incontinence
13.3 Prostate symptoms
13.4 Menopausal hot flashes
14 Symptoms/signs/laboratory
14.1 Nocturia
14.2 Chr. widespread pain**
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Abbreviations table 1: Op., operationalization; C, raw data on chronicity; S, raw data on severity or through
construction; ¢, constructed from > 1 question; db, constructed by HUNT Databank; chr., chronic; COPD, chr.
obstructive pulmonary disease; *, group variable; bold, variable in sensitivity analysis article II; **, alternative

variable used in sensitivity analysis article II.

4.3.2.3 Operationalization of multimorbidity in article I

In article I, a combined construct of multimorbidity and frailty was explored. Frailty was
operationalized separately from multimorbidity, as a multidimensional concept. By qualitative
judgement of available data in HUNT3, 6 variables on impairments were clustered in general,
mental, physical, and social dimensions, as presented in table 1 and in detail in article I. Two
dichotomous measures were created by combining occurrence of at least 2 of 51 conditions,
plus impairment in at least 1 of 4 dimensions of frailty, and at least 3 of 51 conditions, plus

impairments in at least 2 of 4 dimensions of frailty.

4.3.2.4 Operationalization of multimorbidity in article II

Article II explored complex multimorbidity.3® JCD-10 chapters reflected organ systems as
presented in table 1. Chapters were counted once if affected by 1 or more chronic condition
and complex multimorbidity was constructed as a dichotomous variable, including as cases
those having conditions in at least 3 of 14 organ systems. In a sensitivity analysis, complex
multimorbidity was derived from the main questionnaire only (Table 1). This totaled to 22

conditions categorized in 12 organ systems.

4.3.2.5 Operationalization of multimorbidity in article Il

Article III investigated 5 multimorbidity measures. Three were categorical: at least 3 of 51
individual conditions, complex multimorbidity, and multimorbidity with frailty (at least 2 of
51 conditions plus impairment in 1 of 4 dimensions); and there were two continuous
measures: individual and organ systems disease counts. Organ systems disease count was

used in sensitivity analyses.
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4.3.3 Socioeconomic position

In article I and II, an indicator for socioeconomic position, occupational group, was the main
independent variable. In article III, occupational groupings were explored as an effect

modifier.

Occupational data in HUNT3 were free-text answers to “What is/was the title of your main
occupation?” asked at the screening stations, subsequently manually categorized
corresponding to Standard Classifications of Occupations by Statistics Norway,* which is
based on the International Standard Classification of Occupations-88.!%7 The classifications
categorize occupations on skill level and specialization and does not imply any social,
occupational position.®® For this purpose, occupations linked to the individual were allocated
according to the simplified, 3-class version of the ESeC scheme.”® Details are provided in
appendix 8.4. In the articles, the classes were labelled high, middle, and low occupational
groups. In this dissertation, occupational group has been replaced with socioeconomic

position (section 6.2.2.4).

4.4 Statistical analysis

4.4.1 Overview of statistical models

In this thesis, [ used regression models, which is a family of statistical techniques that can
model and analyze the association between 1 or more measured factors (independent
variables) and a single outcome (dependent variable). These techniques can describe
associations or predict values, isolate the effect of a single variable, or understand multiple
variables. The type of outcome (ie, the measurement level for the outcome) guides which
method to choose, although there are situations in which the outcome may be analyzed with

different models.

Logistic regression was applied in all 3 articles. Logistic regression models are appropriate
when investigating the association between a binary outcome and independent variables.

Results may be presented in various forms, as explained in detail for the articles below. There
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are no distributional assumptions for the logistic regression model,'% but other assumptions
may apply (independent observations, no severe collinearity, linearity between continuous

variables, and the log odds).

Article 1T also included survival time data, which I have investigated with Cox proportional
hazards regression models in addition to logistic regression models. Cox regression models
analyze the association of time with an event and 1 or more independent variables as relative
hazards.'? Results are estimates of hazard ratios, which are ratios of the hazard rates, the
instantaneous rate of event at time ¢, of individuals with exposure compared with those
without exposure. The Cox regression model does not estimate the underlying hazard function

but assumes that the hazard ratio is constant (proportional) over time.

I have conducted all analyses in articles I, II, and III separately for women and men. Table 2

summarizes similarities and differences in methods of this thesis articles.

36



Table 2. Overview of methods in thesis

Article [ Article II Article III Supplemental analysis
Type of study Cross-sectional Cross-sectional Prospective Cross-sectional
Data HUNT3 HUNT3 HUNT3 HUNT3
All-cause mortality
Sample size 38027 38027 31132 38027

Inclusion criteria ~ Complete major parts Complete major parts Complete major parts Complete major parts

Occupational data Occupational data Occupational data Occupational data
Age > 25 years Age > 25 years 35 < Age <75 years Age > 25 years
Mortality data
Outcome(s) 2+ ind. MM & l+frailty Complex MM All-cause mortality 3+ ind. MM
3+ ind. MM & 2-+railty 2+ ind. MM & 1+railty
3+ ind. MM & 2-+railty
Prognostic factors Occupational group Occupational group Occupational group Occupational group
Age Age Age Age
Sex Sex Sex Sex
3+ ind. MM
Complex MM
2+MM & 1+ frailty
Individual DC
Organ system DC
Statistical methods Logistic regression Logistic regression Logistic regression Logistic regression

Linear regression
Cox regression

Abbreviations: 2+ ind. MM & 1+frailty, at least 2 individual conditions plus 1 dimension of frailty; 3+ ind. MM
& 2+frailty, at least 3 individual conditions plus 2 dimensions of frailty; Complex MM, at least 3 conditions in 3

organ systems; 3+ ind. MM, at least 3 individual conditions; DC, disease count.

4.4.2 Statistical analyses in articles I and II

Logistic regression models were fitted to study associations between occupational groups and
the presence of the categorical multimorbidity measures, multimorbidity with frailty (article
I), and complex multimorbidity (article II). Final models included an interaction term between
occupational group and age, which implies multiplicative statistical interaction, that the
association with exposure on outcome varies by a third variable.''® Results were presented as
prevalence differences, the difference in mean predicted probability and prevalence ratios, the

ratio between the mean predicted probabilities.!!!
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In article II, age was in addition entered as restricted cubic splines in the models to explore
and visually present the differential associations between age and complex multimorbidity in
each occupational group. Restricted cubic spline transformation of continuous, prognostic
variables increases the flexibility in estimating a smooth shape of the regression function by
use of piecewise polynomials.'!? The estimated prevalence of complex multimorbidity was

presented with 95% Cls.

4.4.3 Statistical analyses in article I1I

Logistic regression models were fitted to analyze the association between chronic disease
count and occupational group with 10-year all-cause mortality, adjusted for age and stratified
by sex. The number of individual chronic conditions was entered as restricted cubic splines
and estimations for women and men separately from each model at age 60 years were
combined in a graph showing estimated mortality as proportions with 95% Cls by number of
individual chronic conditions. To assess interaction on an additive scale, linear regression

models with sandwich standard errors were specified.''* !4

The association between multimorbidity and occupational group and time to mortality was
analyzed with Cox proportional hazard models with a constructed variable of combinations of
multimorbidity and occupational group stratified by sex and with age as time scale until either
the date of emigration, all-cause mortality, or the end of follow-up (February 1, 2019),
whichever came first. Results were reported as hazard ratios with 95% Cls, visually presented

in forest plots.

4.4.4 Sensitivity analysis

In article II, a sensitivity analysis investigated how number and types of conditions may affect
associations with age, sex, and occupational group. In article 111, a sensitivity analysis
investigated how level of differentiation of conditions, grouped by organ system in contrast
with individual entities, may affect associations with mortality by age, sex, and occupational
group.
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4.4.5 Supplemental statistical analysis to complement thesis

Article III introduced the categorical multimorbidity measure of 3 or more individual
conditions. To complement the thesis, descriptive analysis of this measure was performed in
the larger study sample of articles I and II. Furthermore, to supplement the visual presentation
in article II, the procedure was repeated for 3 or more individual conditions and the combined

measures of multimorbidity with frailty in article I.

4.5 Missing data

Missing occupational data was the main criteria disqualifying participants from the studies.
Mechanisms for missing data can be associated with the missing data (missing not at random
[MNARY]), associated with the observed data (missing at random [MAR]), or not associated
with the observed or missing data (missing completely at random [MCARY]). Several
statistical methods can manage missing data. Complete case analysis is proper, given
assumption of data being MCAR, which does not bias results, and is a reasonable approach
when the discarded cases represent a small proportion of the entire dataset.''> Assuming data
are MAR, different statistical methods will make use of incomplete data, whereas assuming

data are MNAR, sensitivity analyses are recommended. '

In all studies in this thesis, less than 5% were missing occupational data, justifying complete
case analysis. However, occupational data can be MNAR, since multimorbidity may cause
inability to work, which results in underestimated socioeconomic gradients. Occupational data
could be MAR, since missingness was associated with age and sex, and thus conservative
effect estimates can be expected in older women. Management of missing data for each 51

conditions in the multimorbidity measure is given in appendix 8.2.

4.6 Ethics

HUNT3 data was collected prior to this thesis. Participation in HUNT3 was voluntary, and

written consent was obtained.!** Common to all tests, findings in HUNT3 may have false-
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positive results and cause unnecessary worry, or false-negative results, which may delay
diagnosis of health problems. About 10% of the participants were advised to consult their
primary physician based on management of abnormal findings determined prior to the data
collection. Overall, the Regional Committee for Medical and Health Research Ethics in
Norway regard the benefits of HUNT to outweigh any potential disadvantage for individual
participants. The HUNT data is shared only after studies are approved by the Regional
Committee and the current thesis holds project no. 2014/2265. Furthermore, the studies are
reported in accordance with the Strengthening the Reporting of Observational Studies in

Epidemiology guidelines.'!’
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5 Results — overview of articles

Three articles covered the overarching aims of this thesis. Articles I and II and supplemental
analyses explored the socioeconomic distribution of in total 4 dichotomous measures of
multimorbidity cross-sectionally. I have reported the results jointly for a complete and
comparable presentation of all categorical multimorbidity measures studied in this
dissertation. Article III investigated the association between multimorbidity and mortality and
assessed how socioeconomic positions modified these associations. I have summarized the

results on mortality for each analytical model.

5.1 The socioeconomic distribution of complex measures of
multimorbidity

The prevalence studies included 38027 of 50807 (74.8%) of the HUNT3 participants, 49.5%
in the low and 23.6% in the high socioeconomic group. The overall prevalence estimates of

the different measures of multimorbidity in this population cohort are listed in table 3.

Table 3. Frequency and prevalence of complex measures of multimorbidity

Article Multimorbidity Frequency Total Prevalence
I 2+ ind. MM & 1+ frailty 14860 38027 39.1%

3+ ind. MM & 2+ frailty 6640 38027 17.5%
I Complex MM 20385 38027 53.6%
111 3+ ind. MM 23755 38027 62.5%

Abbreviations: 2+ ind. MM & 1+frailty, at least 2 individual conditions plus at least 1 dimension of frailty; 3+
ind. MM & 2+frailty, at least 3 individual conditions plus at least 2 dimensions of frailty; complex MM, at least

3 conditions in 3 organ systems; 3+ ind. MM, at least 3 individual conditions.

Prevalence of all the measures of multimorbidity increased with lower socioeconomic
position, higher age, and female sex, but multimorbidity was common across age groups in
both sexes. Figure 5 (women) and figure 6 (men) are complementary to the articles, a
presentation of the differential association between age, socioeconomic position, and
estimated prevalences of the categorical multimorbidity measures with 95% Cls in the age

range 25 to 100 years (section 4.4.5).
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Figure 5. Estimated prevalence (%) with 95% Cls by age and socioeconomic position for

women ¢

Abbreviations: 2+ ind. MM & 1+frailty, at least 2 individual conditions plus at least 1 dimension of frailty; 3+

ind. MM & 2+frailty, at least 3 individual conditions plus at least 2 dimensions of frailty; complex MM, at least

3 conditions in 3 organ systems; 3+ ind. MM, at least 3 individual conditions.

Red indicates low socioeconomic position; blue, middle socioeconomic position; and grey, high socioeconomic

position. Y-axis: predicted prevalence (%), x-axis age (years).
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Figure 6. Estimated prevalence (%) with 95% Cls by age and socioeconomic position for

men®

Abbreviations: 2+ ind. MM & 1+frailty, at least 2 individual conditions plus at least 1 dimension of frailty; 3+
ind. MM & 2+frailty, at least 3 individual conditions plus at least 2 dimensions of frailty; complex MM, at least

3 conditions in 3 organ systems; 3+ ind. MM, at least 3 individual conditions.

Red indicates low socioeconomic position; blue, middle socioeconomic position; and grey, high socioeconomic

position. Y-axis: predicted prevalence (%), x-axis age (years).

For all dichotomous measures of multimorbidity, absolute and relative socioeconomic
inequalities in prevalence varied by sex and age but were consistent in both sexes until elderly
age ranges. In article II, a sensitivity analysis in which complex multimorbidity was derived
from fewer conditions, resulted in similar trends in socioeconomic gradients, but the effect
sizes were overall smaller and socioeconomic differences in younger age groups were not

detectable.
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5.2 The association of socioeconomic position and multimorbidity with
mortality

The final population cohort study included 31132 of 50807 HUNT3 participants (61.3%)

followed for a mean (SD) of 11.1 (1.5) years. At baseline, 49.0% were assigned low and

24.1% high socioeconomic positions. Descriptively, disease count, prevalence of

multimorbidity and mortality were higher in the lower socioeconomic group. Table 4

summarizes the total number of deaths, mortality by socioeconomic position, and mortality in

those with multimorbidity at baseline.

Table 4. Number of deaths and mortality by socioeconomic group and multimorbidity

Deaths Total Proportion

Cohort 2254 31132 7.2%
Socioeconomic position

High 373 7501 5.0%
Middle 571 8370 6.8%
Low 1310 15261 8.6%
Multimorbidity

3+ ind. MM 1795 19409 9.2%
Complex MM 1642 16546 9.9%
2+ ind. MM & 1+ frailty 1312 11861 11.1%

Abbreviations: 3+ ind. MM, at least 3 individual conditions; complex MM, at least 3 conditions in 3 organ

systems; 2+ ind. MM & 1+frailty, at least 2 individual conditions plus 1 dimension of frailty.

In logistic regression analysis, mortality increased by number of chronic conditions and
socioeconomic gradients varied but were consistent. There was a tendency toward a stronger
association between disease count and mortality in men with low socioeconomic position. A
sensitivity analysis with multimorbidity measured as an organ system disease count
confirmed the associations and revealed greater socioeconomic differences in the risk of death
in both sexes. Cox regression analysis showed that the relative risk of death increased
similarly with lower socioeconomic position and the presence of any multimorbidity. Overall,
the risk of death was more than 2-fold in the lower socioeconomic group with all measures of

multimorbidity compared with the reference category for both women and men.
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6 Discussion
6.1 Summary of findings

The overall aims were to describe socioeconomic inequalities in prevalence of various
complex measures of multimorbidity and study the joint association between socioeconomic

position and multimorbidity with mortality in a general population.

Even complex measures of multimorbidity were common in the general population, from
17.5% with at least 3 individual conditions plus at least 2 dimensions of frailty to 62.5% with
at least 3 individual conditions. The number of chronic conditions and prevalence of
dichotomous multimorbidity measures were higher with lower socioeconomic position.
Prevalence increased with age and was higher in women but common across age groups in
both sexes. Absolute and relative socioeconomic inequalities in prevalence varied by sex and

age but persisted, to diminish only in elderly age ranges in women.

Overall, mortality was higher in lower socioeconomic groups. Mortality increased by disease
count with varying but persistent socioeconomic gradients. The increase in mortality was
greater by count of organ systems than individual conditions, and the socioeconomic
gradients were greater in men. Mortality risk increased similarly with presence of any

categorical multimorbidity and lower socioeconomic position.

6.2 Methodological considerations

Epidemiologic studies produce estimates of unknown true results. Article I and II are cross-
sectional prevalence studies, in which exposure and outcome are assessed simultaneously and
the association of temporality between the two cannot be determined.''® Thus the prevalences
are estimates of a true frequency, and the socioeconomic gradients are descriptive. In article
II1, the cohort was followed up over 11 years. This prospective design allows for an

examination of temporal associations in which the results will be estimates of associations of
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unknown true magnitude. Elements regarding accuracy and generalizability of these estimates

are discussed below, as well as general strengths and limitations of this thesis.

6.2.1 Random error and precision

Random error may be understood as the role of chance in the data, but preferably it is viewed
as unexplained variability in unknown causes of the outcome that are not yet explicitly
accounted for.!'"” Random error leads to imprecision of the estimate, which can be expressed
by reporting confidence intervals. Imprecision affects the reliability and reproducibility of the

measure. Random error decrease with larger samples.

In this thesis, the samples are overall large; however, stratification, which may better describe
the characteristics that affect associations, reduce the sample size in the subgroups and
imprecision rises. In articles I and II, the number of individuals stratified by socioeconomic
position, sex, age, and outcomes were still in hundreds or thousands, and one may assume
high precision. In article III, the original sample was smaller, the outcome less prevalent, and

the results more imprecise.

6.2.2 Systematic error and internal validity

Validity is whether a measure truly indicates what it intends to measure. Internal validity
concerns validity of inferences made in the source population, which can be distorted by
systematic errors, such as confusion of associations (confounding), bias in participant
selection, or mismeasurement of study variables.!?” Such systematic errors deviate results in a
directed, nonrandom manner. Confidence intervals of the estimate do not account for

systematic error, nor does increase of sample size reduce systematic error.
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6.2.2.1 Confusion of associations with confounding

The magnitude of association estimates may shrink or increase by confusion of associations
by a third, extraneous factor.'?’ A confounder is separately associated with the exposure and
outcome under study and is not in the causal pathway between exposure and outcome nor a
consequence of the outcome.'?' The bias of confounders is limited by statistical methods,
such as adjustment or stratification.®® In this thesis, age and sex are confounders in all articles

and managed accordingly (section 4.4).

6.2.2.2 Selection bias and non-participation

Selection bias is associated with the sample under study, either from the procedure to select
participants or by factors that affect study participation.'?? As estimates in the study are
conditioned on participation, the observed associations may be confounded by factors that

determine participation as well as outcome.'?

The HUNT Study invites participants broadly. Participation depends on self-selection and in
HUNTS3, on the possibility to attend a screening station, an absolute requirement to be
registered as participant.!®* Overall participation was 54.1% (50807 of 93860 individuals
invited). Reasons reported for nonparticipation were largely “not having had time” (53.7%),
while a small proportion reported being “too ill” (3.7%).!% Still, one can expect healthy

participant bias, which may skew the data and result in underestimated associations.

Participation in HUNT3 was lower among men, the age groups younger than 40 years and
older than 80 years,'® and lower socioeconomic groups.!% Noneligibility in the 3 studies
excluded more individuals who were young and in lower socioeconomic positions, while
most missing data on socioeconomic position were older women. Conservative outcome
estimates can be expected in men, the lower and higher age ranges (especially in older

women), and lower socioeconomic groups.
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6.2.2.3 Mismeasurement and information bias

Outcome estimates will be biased if information and measures collected about and from study
participants, on confounders, exposure, or outcome are incorrect.!?! In particular, differential
misclassification is wrongful placement of people under study in categorical variables that are
associated with exposure or outcome, which may cause bias of outcome estimates in either

direction.'?!

In this thesis, age and sex, confounders in all articles, and the outcome all-cause mortality
(article IIT), are registry data linked to the individual and are complete and considered
accurate. Differential misclassification can occur in allocating individuals in socioeconomic
position and identifying individuals as cases (or not) of the dichotomous multimorbidity
measures. Below, [ have discussed the validity of occupational group as an indicator for
socioeconomic position and general aspects of the multimorbidity measures. A further
discussion on the set of conditions and multimorbidity constructs compared with recent

literature follows in section 6.4.

6.2.2.4 Validity of indicator for socioeconomic position

Occupation is a common and recognized measure of socioeconomic position. In the cross-
sectional studies (articles I and II), multiple measures can detect socioeconomic gradients, if

t,77

such exist,”” while temporal associations and mechanisms to explain these in the cohort study

(article IIT) will vary with measure of socioeconomic position.’! %2

I used an up-to-date, validated, occupation-based socioeconomic class scheme suitable for
international comparison.” The HUNT3 study provided occupational data only, which allows
for allocation in a simplified ESeC scheme, which has 79.7% agreement with the original
classification.” The major redistribution occurs from higher to lower categories.’” In my
studies, the scheme was further collapsed to a 3-class version, which slightly improved the

aforementioned misplacement, but some dilution of outcome estimates can be expected.
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In the articles, the terms high, middle, and low occupational groups replaced the original
terms salariat, intermediate, and working class,” respectively, emphasizing occupation as
basis for placement in ESeC. While ESeC states to be a socioeconomic class scheme,
occupation is a comprehensive measure encompassing education, income, and resources.”’
Therefore the broader term socioeconomic position is used in this dissertation to emphasize

the generalizability of the findings.

In articles I and II, younger participants may systematically be misclassified with lower
socioeconomic position, assuming that the highest level of occupation may not yet be
obtained. This can dilute the outcome estimates of lower socioeconomic position. Raw data
excluded those never having worked and may not represent current socioeconomic context,

which probably underestimate socioeconomic gradients in all the studies.'?*

6.2.2.5 Validity of multimorbidity

At the start of this thesis project, there was no gold standard definition or measure of
multimorbidity, nor were there recommendations on setting and data source. There were some
suggestions on selection criteria for conditions, types, and the total number of conditions to
include in studying multimorbidity. Updated literature continues to encourage clear

124

statements of methodology,* '?* % the study of validated multimorbidity measures,'?* and

investigations of the validity of each included condition.'?

This thesis complies with former and recent literature, in that I have presented definitions of
multimorbidity, selection criteria (including chronicity) and operationalization of each
condition (appendix 8.3). As most multimorbidity research, the studies in this thesis are
conducted in the general population® and based on self-report, the most common data
source.>* 3% In larger samples, such as HUNT3, unweighted disease count based on self-report
were suggested to be justified,*> and multimorbidity measures based on disease counts were
considered valid in a recent review of studies of multiple outcomes or populations.'>* Disease
count reproduces anticipated associations with sociodemographic characteristics and health

outcomes and anticipate mortality as well as more sophisticated measures.*® Validity studies
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on most conditions are available in appendix 8.2. Some are general validity studies, other
cover several variables in the HUNT Study historically, and there is a selection of validity

d, 126-128

studies on conditions in HUNT3. These conditions are varyingly considered vali or to

126, 127 129

overestimate or underestimate'“” outcomes, and few report stratified socioeconomic,

age, or sex differences.'?’

Self-report is susceptible to report bias, which is a concern to the associations studied if there
are systematic differences in reporting between socioeconomic groups, age groups, and sexes.
The nonparticipant study after HUNT3 detected that participants reported more symptoms,
while nonparticipants and data from general practitioners confirmed more diseases.'® The
disagreement varied by age, sex, and condition and was not studied by socioeconomic
position.'% The difference in symptoms and disease may partly be explained by symptoms
not leading to help seeking, or on seeking health care, more specific diagnosis may have
replaced symptoms. Other studies on general populations comparing self-report and
administrative data found trends towards the underreporting of chronic conditions by lower
socioeconomic groups.'3® 1*! The subtle differences in occurrence of diseases and symptoms
between participants and nonparticipants is likely not causing any large bias in the results of
the multimorbidity measures studied in this thesis. Overall, one may assume underreporting
by lower socioeconomic groups, which will underestimate the associations to socioeconomic

position.

There is still a lack of consensus on number of conditions required to produce valid
prevalence estimates of multimorbidity.'?® For comparability, recent reviews suggest using
previously published sets of conditions if they are similar in setting and outcome.'?> 132 |
extracted all conditions in HUNT3 to provide a valid prevalence estimate of complex
multimorbidity.*® The set of conditions in this dissertation expand on and made uniform the
previous list created by Tomasdottir et al in this cohort.® The conditions are limited to those
collected for the general health survey and the questions on morbidities in HUNT3 are

heterogeneous. As opposed to proposed limitations in the articles, most of the conditions had

information on chronicity. Nearly all included conditions were individual conditions but with
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various levels of detail. There was for instance 1 variable on cancer, whereas local chronic

pain was detailed to 9 locations. Types of conditions are discussed in section 6.4.

6.2.2.6 Validity of frailty measure

There is no consensus on a superior frailty measure. It is common to modify assessment of

frailty to fit available data.®?

This thesis investigated frailty as a separate but associated concept to multimorbidity, of
which only the multidimensional model would fit the data and purpose. The validity of each
frailty variable in HUNT3 were not explored, but multidimensional frailty measures are
shown to increase accuracy in prevalence estimates and recommended by a recent
comparative study of frailty models.®® The measures in this thesis are comparable in number

of domains and threshold to common multidimensional scales.*’

In HUNTS3, the questions on functional deficits vary in timespan, which may affect the
likelihood of reporting. Dichotomous frailty measures may overestimate prevalence,*® and

based solely on self-report, overestimation may be higher in women.'*?

6.2.3 External validity

External validity concerns the transferability of inferences to populations beyond the people

studied.'?® The HUNT Study with its total county approach still lacks major cities, has a low

134 v

prevalence of immigrants (2.4%!'34 vs national 9.2%'%), and has slightly lower educational

1136

level'*® and median income'’ than the Norwegian mean, while participants in HUNT3 had

higher socioeconomic position than their nonparticipating counterparts.'® Participants have
lower mortality than nonparticipants,'® but the trends in life expectancy in Nord-Trendelag

follows that of Norway in general.'*® Bearing in mind self-selection and likely healthy

participant bias, the HUNT Study is considered to be representative for Norway overall.!®

139, 140

Health trends in the cohort follows that of Western high-income countries, and in
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particular, socioeconomic differences in health has been comparable with those of other

Northern European countries.'#!

6.2.4 Summary of methodological considerations

Summarized, these methodological considerations indicate that estimates in articles I and 11
will have good precision but likely be conservative in the extremes of the age range. Article
III will have less precise estimates and likely be conservative in women of older ages. In all
articles, one may expect underestimation of associations in the lower socioeconomic groups

and men. The results will be transferable to Norway and Northern European countries.

6.2.5 Strengths and limitations

A strength of this dissertation is that data and methods on multimorbidity, frailty, and social
health inequalities meet the standards of studies on these topics. Multimorbidity methodology
is transparent and detailed to accommodate comparability. 2! 3% 124125 [ have investigated the
socioeconomic distribution of several measures of multimorbidity,'?> in the same cohort,
which offers a unique opportunity for direct comparison of prevalence values,
sociodemographic gradients, and the joint association of socioeconomic position and
multimorbidity measures with mortality. I have reported absolute and relative measures of
socioeconomic differences in prevalence and associations with mortality.3* I have compared
mortality with reference groups that may have some morbidities.” Stratification by sex and

socioeconomic position can clarify characteristics useful to inform future interventions.

The overall limitations in the studies are that all the multimorbidity measures are based on
counts and not types of conditions, which may vary with socioeconomic positions. This
heterogeneity may bias estimates in either direction. Plural indicators of socioeconomic
position on individual or household level would have benefitted this thesis. With regard to
article III, when assessing prospective health outcomes, weighted multimorbidity measures
are recommended'?’; however, this was not possible to construct with the data available. The
duration of exposure of multimorbidity prior to HUNT3 may vary by socioeconomic group,

and using only 1 measure of baseline health status may underestimate socioeconomic
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gradients.” The number of deaths are relatively few, yielding imprecision in estimates and

limiting the interpretation of the results.

6.3 Discussion of findings

6.3.1 Comparison of the socioeconomic distribution of complex measures of

multimorbidity
6.3.1.1 Socioeconomic differences in prevalence of multimorbidity with frailty

Because of differences in methodology, directly comparable studies and results are few. Since
the completion of article I, I have not identified studies on the association of

sociodemographic variables with multimorbidity with frailty.

Three cohort studies have investigated socioeconomic position, multimorbidity, frailty, and
associations with mortality.%% * 14> These report the overall prevalence of more than 2 chronic
conditions of multimorbidity with the frailty phenotype and are thus not directly comparable

with the measure of multidimensional frailty in article 1.%°

The worker cohort study reported prevalence of multimorbidity and frailty separately.®
Differences in prevalence values of both varied with indicators for socioeconomic position
and were higher in men. In contrast, [ have reported higher prevalence of the joint measure in
women. Multimorbidity may be underestimated in a healthy worker sample,’® and frailty may
be overestimated as threshold for identification were less than originally proposed.®® 142 The
worker sampler were homogenous, as only 13.0% (835 of 6425) were classified in the low
occupational group, and men constituted 71.2% (4577 of 6425) of the sample, which may

partly explain differences in socioeconomic gradients to article 1.

The most comparable study in terms of setting and multimorbidity measure®® to article I,

reported 7.3% (11865 of 161576) with at least 2 of 39 individual chronic conditions and

unidimensional frailty, while I identified 39.1% (14860 of 38027) with a minimum of 2 of 51
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conditions of multimorbidity and a minimum of 1 of 4 dimensions of frailty. Higher
prevalences of each measure and thereby overlap is as expected, since this thesis’s
multimorbidity measures were derived from larger sets of conditions and plural dimensions of

frailty.

The conclusion from article I remain unchanged. Variable prevalence and association with

determinants are likely explained by methodological differences.

6.3.1.2 Socioeconomic differences in prevalence of complex multimorbidity

Since the submission of article II, the measure complex multimorbidity has been investigated

143, 144 and

in comparison with a threshold of 2 or more individual chronic conditions
disability'* in a cross-sectional study of full-time farmers (18 to 59 years old) in Brazil'** and
7 repeated cross-sectional studies of a middle-aged and older adult population cohort in

England.'*

The Brazilian study included 20 chronic conditions categorized in 8 organ systems.
Socioeconomic position was explored as education, income, and land ownership. Overall
prevalence of complex multimorbidity was 16.7% (132 of 790), which increased with age but
not lower socioeconomic position or female sex, in contrast with article II. In addition to
differences in methodology, nonexistent socioeconomic gradients could be attributable to
homogeneity of the sample, in that lower socioeconomic groups encompassed nearly 90% of

the participants. Indifference to sex data is explained by low access to local health care.'**

In England, there were 25 chronic conditions categorized in 8 organ systems and proxy
variable for socioeconomic position was household wealth quintile. Age-standardized
prevalence of complex multimorbidity increased from 12.2% in 2002 to 21.1% in 2015. At
each point, prevalence increased by age and was higher in women and in groups with more
deprived, as in article II. However, the increase in prevalence of complex multimorbidity

from 2002 to 2015 was greater in men than women. Similar to findings in article II, age and
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socioeconomic position interacted into elderly age ranges. Complex multimorbidity captured

greater inequalities into higher age groups compared with 2 or more individual conditions.'*

The complex multimorbidity measure in this dissertation is derived from a larger set of
individual chronic conditions and categorized in more organ systems compared with these
studies and identified a higher prevalence of complex multimorbidity, as expected. The
sociodemographic gradients are of greater interest than the exact prevalence estimates. In
particular, the English repeated prevalence studies with consistently directed

sociodemographic gradients support the findings in article II.

6.3.1.3 Sociodemographic differences in distribution of several measures of multimorbidity

in the same cohort

Investigating a variety of multimorbidity measures in 1 cohort allows to directly compare
socioeconomic and demographic prevalence distribution. I performed supplemental analysis
(section 4.4.5) and created a complementary visual display (section 5.1) to highlight this
purpose on writing the dissertation. The differential association of age, socioeconomic
position, and estimated multimorbidity prevalence of the categorical measures show that 3 or
more individual conditions yield the highest prevalence estimates in all socioeconomic groups
at all ages. Complex multimorbidity compresses the prevalence estimates, and growth by age
is less steep. Lower prevalence values and less increase by age are even more pronounced for
the multimorbidity measures, including frailty. In common, all the multimorbidity measures
presented larger socioeconomic position prevalence differences among young women and
among middle-aged people of both sexes. Furthermore, socioeconomic position prevalence
differences diminished in older adult women while still being present in men at 80 years of
age for all multimorbidity measures. Multimorbidity with frailty captured the greatest
socioeconomic gradients in old age. Sensitivity analyses revealed that a higher number of
conditions studied, detected greater socioeconomic position differences in younger age groups

(article II).
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6.3.2 Comparison of the impact of socioeconomic position and multimorbidity on

mortality

Since submission of article III, I have not detected new studies exploring the joint association
of socioeconomic position and multimorbidity with mortality. In article III, the results were
compared with 4 studies, 2 population cohorts that measured multimorbidity as disease counts
(range, 0 to >4)"-% and 1 population cohort’® and 1 worker cohort,”® which measured

multimorbidity as 2 or more of 30 and 9 individual chronic conditions, respectively.

Compared with these studies, the findings in article III reproduced a larger mortality risk with
increasing disease counts in men.”® Modification by socioeconomic position in the association
between multimorbidity and mortality in men only, is in line with previous findings showing
that only men with multimorbidity having persistent differences in survival according to

socioeconomic position.”®

When exploring a greater range of individual conditions, I found increased mortality with
consistent socioeconomic group gradients with increasing disease counts, as opposed to
formerly described stable’® or decreased®’ socioeconomic gradients with higher disease
counts. Also, in contrast with diminished socioeconomic gradients in mortality in the presence
of dichotomous measures of multimorbidity and frailty,’ results in article I1I suggested intact
socioeconomic position gradients in mortality in the presence of all categorical measures of
multimorbidity. Methodological differences will partly explain differences in the associations

of socioeconomic position and multimorbidity with mortality.

6.3.2.1 Differences in socioeconomic position interaction with several multimorbidity

measures on mortality in the same cohort

Investigation of various measures of multimorbidity in 1 cohort offers a unique opportunity
for direct comparison of the joint association of socioeconomic position and multimorbidity
measures with mortality. Sensitivity analysis revealed that count of organ systems compared

with individual conditions, confirmed statistical interactions in men and revealed greater
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socioeconomic differences in mortality in both sexes (article III). This may be explained by
increased number of affected organ systems, implying discordance, which is associated with

lower socioeconomic position.?!> 3%

The relative risk of death increased similarly with lower socioeconomic position and with
prevalence of multimorbidity for all categorical measures of multimorbidity. A former review
established that all multimorbidity measures are associated with mortality risk,” and thus
reproduction of association to mortality for all created multimorbidity measures in this

dissertation suggest that they are valid measures of multimorbidity.

6.3.3 Potential explanations of socioeconomic differences in prevalence of

multimorbidity and joint associations to mortality

This thesis reveals that there are persistent socioeconomic differences in prevalence of
multimorbidity and socioeconomic position modifies multimorbidity’s association with
mortality. In the framework of the social determinants of health and life course perspectives,
these social health inequalities are understood to occur as socioeconomic groups experience
and interact with social structures that determines an unequal distribution of power, access,
and resources that fundamentally affect conditions of everyday life and result in skewed

health hazards accumulated throughout life.?

Because occupation is the indicator for socioeconomic position in this thesis, it is possible to
point out some specific explanations for the reported social health differences. Following the
generic model in figure 3 (section 2.8.2), occupation may affect health through several
mechanisms; directly, through exposure to toxic hazards®' or demanding physical
requirements,”’ which tend to cluster in lower occupational groups’; indirectly, through
intellectual assets and health literacy, income, and material resources’’; interaction with
overall socioeconomic structures, where lower occupational groups are likely to be more
greatly affected by financial crises and increased unemployment; and finally, through reverse
causality, where current health will affect access to job opportunities. There is also selection

into occupations, based on childhood socioeconomic positions, individual education, and
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health, such that occupational health inequalities can largely be a reflection of this
selection.'* The bidirectional association of health and work may explain quite large
socioeconomic group prevalence differences in younger women, while survival bias explains

diminishing socioeconomic group prevalence differences in older ages.

6.4 Reflections on multimorbidity, complexity, and constructs

The definition of multimorbidity, inclusion of conditions, and choice of complex measures of
multimorbidity were up to date with research as of December 2017. Since submission of

articles I and II, there has been published a systematic review of systematic reviews of

124

definitions and measures of multimorbidity'“* and a report on multimorbidity and priorities

for global health research'*® with suggestions on definitions and measures, as well as a
commentary that differentiates multimorbidity, comorbidity, and associated concepts* and
another review on multimorbidity measures only.'? In light of these new studies, I have
reflected on the overall set of conditions, complexity, and the constructed multimorbidity

measures.

Recent literature emphasizes that no individual condition holds priority in multimorbidity,* 46

which strengthens the holistic focus, encompassing complexity of multimorbidity and the

4,124

individual. The term condition can seem to narrow down, in that symptoms and risk

4,124, 146

factors are explicitly excluded. Others recognize that historically, there is a precedent

that multimorbidity measures more than diseases.'?* The most common threshold measure of
multimorbidity is still 2 or more individual chronic conditions.* '>* The global report suggests

making future research uniform by defining multimorbidity at this threshold,'*® while others

4,124

suggest investigating increased thresholds, as well as continuous disease counts.* There

are new and more clear suggestions to report risk factors, lifestyle, behaviors, and associated

146

concepts separately ** and study multimorbidity holistically by investigating determinants,

effect modifiers, association with social factors® 12

and functions, such as frailty and
disability,* 16 and total association with outcomes, such as mortality.'** This is in contrast to

earlier views on how to implement the holistic perspective in research, in that some proposed
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to include biopsychosocial elements*? and loss of function* in the definition and measure of

multimorbidity.

I believe this thesis fit well with recent suggestions on exploration of the holistic and complex
nature of multimorbidity. The studies have investigated several continuous and categorical
operationalizations of multimorbidity in the framework of social health determinants,
recognized to increase complexity of multimorbidity, in 1 cohort. Furthermore, article III
investigates the total joint association of socioeconomic position and multimorbidity measures

with mortality in a subsample of the same cohort.

In this dissertation, a broad inclusion of conditions, regardless of individual prevalence, was
inspired by a focus on the nonspecific nature of multimorbidity.>>*! I have considered
symptoms and risk factors (requiring medical care) relevant to patient and management?* 40
and included them in the set of conditions. The demarcation between lifestyle factors, such as
use of alcohol, associated with health outcomes, and their inclusion (or not) as a risk factor or
their clinical manifestation as a disease, will depend on the data available and purpose of
study. It is possible to argue that this thesis’s inclusion of symptoms and risk factors, ignorant
to prevalence, and the lack of complete information on chronicity in all individual conditions
yield multimorbidity measures of smaller burdens. Instead of narrowing the inclusion of
conditions on these terms, I have chosen to investigate the burden of multimorbidity by
various operationalizations and through these measures’ sociodemographic gradients and

associations with mortality.

Reflecting on the multimorbidity measures explored, I aimed to study measures implying
increased complexity and thus did not investigate prevalence and associations with mortality
of 2-condition multimorbidity only. In hindsight, this could have been performed for the
purpose of comparability with standard multimorbidity research. On writing the thesis, I have
repeated the statistical analysis of estimated prevalence in article II for all categorical

measures to enhance internal comparison.
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The lack of comparable studies with the joint multimorbidity and frailty measure (articles I
and III) likely reflects an unsettled research approach to these connected measures. While
some call for research on epidemiology and pooled effects,>? others recommend keeping the
terms separate and rather explore their association.!?* 146 To comply with both perspectives, it
would have been possible to investigate the determinants of each measure separate, as well as

jointly in articles I and II1.

52,54 ;

Both multimorbidity and frailty are considered indicators of biological age, in which

multimorbidity reflects dysfunctions surpassing a clinical threshold, whereas frailty can

52:34 and reflect the multidimensional loss of

include both clinical and subclinical measures
function with biological age.’! A recent dissertation'*” exploring health inequalities in
multimorbidity and functional limitation suggested complex multimorbidity, which indicates
the ways multiple organ systems are affected to better capture the multidimensional assets of
biological aging than multimorbidity measured as individual conditions. While I have
included complex multimorbidity foremost as a measure to indicate increased complexity of
conditions (section 2.6) because of assumed discordance,® the associations of discordant

21.93.94 and complex multimorbidity as a

multimorbidity with lower socioeconomic position
suggested favorable indicator for biological age point at additional explanatory mechanisms

for social health inequalities, further explored in section 6.5.3.

In article II and III, the outcome of grouping entities in organ systems were explored.
Individual conditions varied on the level of detail in HUNT3 and may be subject to more
reporting bias,** while by grouping the conditions by organ system, the measure becomes
more uniform and valid. Recently, complex multimorbidity has been shown to capture greater
socioeconomic inequalities into older age groups compared with 2-condition
multimorbidity.'** In this thesis, estimated prevalence values of organ system complex
multimorbidity compared with a threshold of 3 individual conditions compromised prevalence
values overall and had less increase in prevalence with age. The socioeconomic distribution
varied by age and sex for both measures, and there was no obvious difference in magnitude of
socioeconomic gradients. In article I1I, the joint associations of socioeconomic position and
presence of 3 individual conditions vs conditions in 3 organ systems with mortality was

similar.
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Continuous measures of multimorbidity were only explored in studying the joint association
of socioeconomic position and multimorbidity with mortality (article IIT). Here, continuous
measures seem superior to categorical measures in detecting socioeconomic gradients, which
may reflect loss of information by dichotomization.!*® Furthermore, a disease count by organ
system revealed greater socioeconomic gradients than a count of individual conditions, which,
as mentioned, may be explained by the former measure being more likely to reflect increased

discordance associated with lower socioeconomic position.

6.5 Implications for the clinic, public health, and future research

This thesis reveals that a high proportion of the general population is identified with
multimorbidity of assumed increased complexity. There are persistent socioeconomic
differences in prevalence and modification of the association of multimorbidity with mortality
by socioeconomic position. The estimates are likely conservative, especially in lower
socioeconomic groups. Notwithstanding methodological limitations , the findings are uniform
and should guide management of multimorbidity in the clinic, public health, and future

research.

6.5.1 Implications for clinical, policy, and public health management of
multimorbidity

Multimorbidity and social context need increased attention in the education of health care

workers and clinical care. Guidelines on management of multimorbidity are emerging,!%% 4%

150 and organization of health care is commonly suggested to facilitate person-centered,

coordinated generalist care.® 2% “* In Norway, assigned family doctors play a key role in

managing individuals with multimorbidity. Electronic journal systems should offer

technological support to identify patients with multimorbidity in both primary and specialist

health care.
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Preventing socioeconomic differences in multimorbidity and mortality ought to be a priority
for public policy, and in public health, interventions will need to be both universal and
targeted throughout the life course.'>! In particular, these studies highlight occupational
differences, which emphasize the importance of job security and standards for health, safety,

and environment in this sector.

6.5.2 Future research, exploring multimorbidity concepts

There are initiatives to uniform multimorbidity research, in terms of definitions, suggested
sets of conditions, operationalizations of multimorbidity and reporting of results, such as
reporting health-associated concepts (frailty and disability) separately. I will strongly
recommend future multimorbidity researchers to use resources available at The International

Research Community on Multimorbidity.'>

Measures of multimorbidity will continuously need to fit data and outcome of interest. This
thesis has broadly included conditions to study multimorbidity as a generic concept and
highlight upstream socioeconomic factors influencing the development of a range of
conditions. Studying multimorbidity patterns and highly prevalent individual conditions may
highlight more biologically precise, immediately socially stratified risk factor pathways. I

view these approaches as complementary.

As generic measures, | recommend that future research explores multimorbidity at threshold
of 2 or more and 3 or more individual conditions to comply with former research and
highlight organ systems counts as a valuable multimorbidity measure onwards, as they may
be more robust to report bias, have higher age specificity, and offer advanced capability to
detect socioeconomic gradients. In addition to categorical measures, continuous measures of

multimorbidity should be investigated.
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6.5.3 Future research, exploring potential explanations to social differences in

multimorbidity

As stated, this thesis studied multimorbidity as a generic concept in the framework of
structural theory; however, only occupation indicated socioeconomic position and structural
health determinants, and the life course perspective was not emphasized. Possibilities for

future investigation of these are highlighted.

With regards to a life course perspective, frailty and recently complex multimorbidity has
been suggested indicators of biological age. The socioeconomic gradient in health, where
morbidities (and multimorbidity) accumulate and mortality occurs at earlier chronological age
in socioeconomically disadvantaged groups, may be viewed as premature biological aging.
Embodiment describes this sociobiological interaction and refers to how people incorporate
the material and social world in which they live, from conception to death.®® This
accumulation of experiences occurs across multiple systems in the body affecting allostasis,
which is a theory to describe how the body functions maintain stability through adaptability to
the physical and social environments throughout life.”* Allostatic overload denotes
accumulation of prolonged strain, such that the capacity to adapt is overstretched,
dysregulation occurs, and vulnerability to development of clinical dysfunction and diseases in

multiple organ systems increases,'% 1**

which is equal to the measure of complex
multimorbidity. Corrupt allostasis may be a common biological mechanism, an indicator of
biological age, underlying various multimorbidity. Several biomarkers can reveal subclinical
dysregulation in (for instance) hormones, neuroendocrine, immune, and metabolic systems.!>
In connection with this thesis, allostatic overload biomarkers fit with the biologic components
of individual complexity (figure 1; section 2.6) and the inner circle of social determinants of
health (figure 2, section 2.8.2). Including parameters of allostatic overload in studying
trajectories of complex multimorbidity may be valuable to detect vulnerable subgroups.

Furthermore, biological findings may ease and strengthen communication with the public and

policy makers.

In the HUNT Study, Tomasdottir et al’s articles highlighted the theory of allostasis and how

adverse life experiences in children and adults broadly affect biology and may explain the
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development of complex co-occurring conditions.® 1% 134155 They thus explored
multimorbidity from the life course perspective but did not study the outcome of

socioeconomic position or other social determinants of health.

The broader impact of social determinants of health, including material, psychosocial, and
behavioral factors, has been jointly examined in Singer’s recent dissertation on health
inequalities in multimorbidity in England.'*” Furthermore, Singer has developed a theoretical
framework for a life-course model to integrate social determinants of health in exploring
possible pathways to multimorbidity, which is suggested to be useful to assessing other
multifactorial and cumulative health outcomes, such as frailty and allostatic load.'*” In the
HUNT Study, a comprehensive investigation of social determinants of health to explain
socioeconomic differences in mortality but not multimorbidity has been studied via data from
HUNT2 (1995-1997).'%° Overall, a broader inclusion of social determinants of health in

investigating social differences in multimorbidity and mortality is rare.

This thesis builds on Tomasdottir et al’s work in the HUNT Study population cohort, in that it
adds to and makes uniform the set of conditions included to create new measures of
multimorbidity, with suggested increased specificity and complexity, and exploring these by
socioeconomic position and the joint association with mortality. However, the life course
perspective, exploration of sociobiological interaction, and further social determinants of
health were not explored. Thus, there is a research gap in the Norwegian population that
implements life course, allostasis and broader models of social determinants of health and
associations with trajectories of multimorbidity and mortality. Data from the HUNT Study is
suitable for such comprehensive study and would add to existing studies on HUNT data. I
would consider it a golden opportunity to show the great value of this repeated population

health survey, as well as an opportunity to collaborate across research groups and disciplines.
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7 Conclusion

This dissertation investigated the socioeconomic distribution in prevalence of several complex
measures of multimorbidity, suggesting detecting individuals requiring tailored care, and the
joint association of socioeconomic position and multimorbidity with mortality in a general
population. Overall, these complex measures of multimorbidity are common, socioeconomic
differences in prevalence persist throughout adulthood, and there are continuous

socioeconomic inequalities in mortality across multimorbidity measures.

The findings imply a need for public policy and public health to focus on prevention of
socioeconomic inequalities in health in general, which would likely affect the prevalence of
multimorbidity and overall mortality. In health care, the magnitude of multimorbidity in all
age groups suggests a demand for generalist and person-centered approach, including
socioeconomic context. This needs to be reflected in health care organizational structure,
treatment guidelines, and general medical education. In Norway, individually assigned family
doctors are in a unique position to offer such care continuously, and this arrangement should
be kept high in priority. Future research on trajectories of multimorbidity, association with
biological markers and a variety of social determinants of health, health care utilization, and

mortality could enhance future prevention and management of multimorbidity.
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8 Appendix

8.1 Table Al. Multimorbidity measures; details of reviews, results and

recommendations

Reviews Diederichs et al, Fortin et al, Huntley et al, Willadsen et al,
2011 2012 2012 2016

Basic study details

Years included 1960 to 2009 1970 to 2012 Inception to 2009 Inception(?) to 2013

No. of articles 39 21 194 on 184 distinct 163

studies

Aim Overview: selection Identify and Identify measures of MM Examine how MM is
criteria, data source, no. compare studies and burden suitable for defined: what diseases,
and types of diseases reporting MM use in primary care and risk factors, and

Inclusion criteria
(No. of articles)

included; methods: study
population used to
develop indices;
weighting methods
applied in indices

Studies that analyze the
“impact of MM on
different outcomes
specifically in the
general population” (21);
methods studies
concerned with
“development of
weighted MM indices"
(18)

prevalence; suggest
method aspects to
consider in such
studies

Describe
prevalence of MM
or report results that
allow its
calculation; studies
conducted in
primary care (18),
general population
(12), or both (1)

general population;
investigate their validity
on anticipated
associations with
sociodemographic
characteristics/process
measures/health
outcomes

Studies on measures of
MM and associations to
sociodemographic
characteristics/process
measures/health
outcomes; comparing
measures; demonstrating
reliability; quantitative
studies in primary care or
general population

symptoms are included
in the definition?

Empirical articles that
contain a MM definition

Multimorbidity
(No. of articles)

Definition “The coexistence of >2 “Multiple “Co-occurrence of “The coexistence in one
chronic diseases” inthe ~ coexisting chronic multiple diseases or patient of two or more
same individual diseases”; by medical conditions concurrent chronic

review: >2 CIRS within 1 person” conditions (eg, diseases,

(1); >2 chronic risk factors, or

diseases (20) symptoms)”; by review:
individual constructed
definitions (115);
morbidity indices (30);
lack info (21)

Measure Disease count General population; 17 measures, based on Not specified (55);

disease count (12 of
13); primary care:
disease count (8 of
9), plus >3 or >4
(7); CIRS (1)

diagnosis (13) or
medication (4); most
common: disease count
(98 of 194); 5 MM
indices (96)

disease count, >2 (61);
disease count with
several cutoffs (13);
disease count, >3 (11);
disease count, >1 (4);
MM indices (19)
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Table Al continued  Diederichs et al, Fortin et al, Huntley et al, Willadsen et al,
2011 2012 2012 2016

Setting

(No. of articles)

Population General population General population;  Primary care(76); General population(68);

national random
sample (8 of 13);
geographical cohort

general population(108)

primary care(41);
specific databases(26);
specialist health care(16);

O] mixed(11)
Data source Self-report (17 of 21); General population:  Disease count; medical Self-reports (56); mixed
physical report and/or self-reports (9); records, physician (44); registries (36);
medical records (3); mixed (1); clinical reports, self-reports medical records (22)
mixed (1) exams (1);
pharmacy data (1);
primary care: all
patients (6);
medical records (7)
Conditions
(No. of articles)
Selection criteria 16 of 39 with explicit “The definition of a  Disease count: Chronic, Specified duration(32 of

Pool

Types

68

criteria: 13 association
with mortality (4),
function (3), or health
(3); prevalence (7); other
indices (4); treatment
required (3)

Range: 4 to 102
(majority 6 to 25); mean,
18.5; median, 14

17 most common: 13
individual diseases, 2
grouped diseases, and 2
functional impairments

chronic condition
varied among
studies, and the
importance or
severity of the
disease was usually
not specified.”
General population;
range, 7 to 22;
mean, 12; median,
12; primary care;
range, 5 to 185 or
open list

>50 or open list (5);
13 grouped diseases

M

rarely defined

Disease count: range, 9
to 35

Individual or grouped
conditions, diseases, or
health problems

115); included
severity(25); great
heterogeneity in those
terms

Range, 4 to 147

Diseases (115); top 3:
diabetes, stroke, cancer,
(individual or grouped);
risk factors (98); top 3:
hypertension,
osteoporosis,
hypercholesterolemia,
(individual); symptoms
(71); top 3: back pain,
visual impairment,
urinary incontinence,
(individual).



Table Al continued  Diederichs et al, Fortin et al, Huntley et al, Willadsen et al,
2011 2012 2012 2016
Conclusions or
suggestions
Define chronic diseases Use both >2 and >3  Choose MM measure Use 2013 EGPRN

by long duration,
requirement of
continuing treatment,
severe effects on
affected people, high
prevalence in those >65
y; include 11 specific
diseases based on
German context, adding
as appropriate

as a measure; use
multiple data
sources; large
samples with no
other data justify
using unweighted
self-reports;
selection criteria
should include
effect or burden
prevalence; include

based on; data available,
outcome of interest. Use
disease count if cross-
sectional. Pro: associate
with sociodemographics
and health outcomes
(health care use,
mortality); most
common, multiple data
sources,
associates/predicts as
good as sophisticated
methods. Con: very
heterogene (lack
selection criteria)

definition; symptoms and
severity increase clinical
relevance

Abbreviations: No., number; MM, multimorbidity; CIRS, Cumulative Illness Rating Scale (a MM index)
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8.2 HUNT3 Questionnaires, English version

8.2.1 Main questionnaire:

https://www.ntnu.edu/c/document library/get file?uuid=129b68¢3-520c-457f-8b98-02¢49219b2ee& groupld=140075

r T 1
HUNT 3 Questionnaire 1 lliness and Injury
Yes No
Health and daily life 8. Have you had any kind of attack of
1. How is your health at the moment? wheezing or breathlessness duringthe [] [
Poor [] Notsogood [] Good [ Verygoos [ last 12 months?
9. Have you at any time during the last §
Yes  No taken medicine for asthma, O D
2. Do you suffer from long-term (at least 1 chronic bronchitis, emphysema or
year) iliness or injury of a physical or COPD?
psychological nature that impairs your O g
functioning in your daily life? 10. Do you take or have you taken 0O o
medication for high blood pressure?
I Yes,
Would you describe your impairment as slight,
moderate or severe? 11. Have you had or do you have  If Yes, how old
Sight Moderate Severe any of the following: were you the first
Motor ability impaiment O O O (Put an X on each kine) time
Yes No Ex: (34 years old
Vision impairment O a O Myocardial inarction O 0O ! old)
Hearing impaiment O d O (heart attack) mm old
Impairment due 1o O O O Aograpeciots(chest pan) 1 [
P.:YS‘”' '“’l‘:“ o ments Heart taiure O a years ok
mﬂm e O O O Other heart disease O g years okd
Stroke/brain hsemorrhage [ [ years old
3. Do you have physical pain now that has lasted Kidney disease O a years old
more than 6 months? years okl
ves [] No [ Astnma a g
Chronic bronchitis, O O years okd
4. How has your physical pain been during the e ercoen
last 4 weeks? o Diabetes O :I years old
No Very Mild  Moderate  Strong  Very
T 0 o o o ‘T e O O preeo
Eczema on hands O g years old
5. To what extent has your physical health or
emotional problems limited you in your usual Cancar oo :] years old
during the Iast 4
wduli;ing with family or friends Eplepay O O years okt
Very Was not able to Arthritis (rheumatoid O g years ol
Notatal lile Somewhat  Much sodialize arthritis)

O O O O O Bechlerew's dsease O g years okd
Healt " Sarcoidosis O O years old
6 Osteoporcsi O a4 old

- During the 1ast 12 months, have you years
visited any of the following: Yes No y
General practitioner O g Fibromyalgia O a years ok
ative joint disease years okd
prewseasris 00 gz D O
onsuitation w! a doctor without bei mi
Mental health problems
to the psychistric out-patient dept. O O you sought help for 0o |:] years old
to another hospital oul-patient dept O O 43 Hasit ever been verified that you had high blood
Chiropractor O O sugar (hyperglycaemia)?
H fexologist, laying on O 4 ves [] Mo Od
of hands or other alternative treatment practitioner If Yes, in what situation was this di d the first
time?
Al & health examination O  wniesik O
7. Have you been admitted to hospital g O a4
the last 12 months? While pregnant [0 omer O
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13. Have you ever had:
if Yes, how old were

you the first time
Yes No Ex: (34 years old)
Hip fracture D D years o
Fractured wristforearm D D ¥ od
Fracture/compressed D D years old
dorsal vertebrae?
Whiplash O 0O years old
lliness in immediate family

14. Do your parents, siblings or children have, or
have they had, the following ilinesses? (one X per line)
Dont

know
Stroke or brain haemorrhage before
the age of 60

Myocardial infarction (heart attack)
bedore the age of 60

Asthma
Alerges/hay-feverinasal silergies

Chronic bronchiltis, emphysema or
COPD

Cancer
Mental health problems

Osteoporosis

Kidney disease (not kidney stone,
urinary tract infection, urinary
incontinence)

o000 ooo oos
o000 o000 O0Os
o000 oOOoo oo

O
O
O

Diabates

15. Have your parents' siblings, your cousins or
either of your grandparents been diagnosed with
diabetes (type 1 or type 2)?

vee [ mne [

16. In the last two weeks, have you felt: (one X per ling)
Agood  Very
Alitie  amount  much

Cenfident and calm
Happy and optimistic
Nervous and restiess
Troubled by anxiety
lrritable
Down/depressad
Lonely

oooooa0os
oooooaa0
oo0oooaa0
oo0oooaa0o

17. Has anyone at any time in your life tried to
oppress, degrade or humiliate you over an extended

period of time?
vyee [ ne [

Lifestyle

-

mokin Yes
18. Did any of the adults where you a
grew up smoke indoors?

19. Did your mother smoke when you a
were growing up?

O 0s

20. Do you smoke? (Put an X in only one box)
No, | have never smoked
If you never smoked, skip to question 22
No, | quit smoking

Yes, cigaretles occasionally (partiesivacation, not
daily)

Yes, cigars/cigarilosipipe occasionally
Yes, cigarettes daily
Yes, cigars/cigarilos/pipe daily

oOo0o oo O

21A. Answer this if you smoke daily now or
previously smoked daily:

1. How many cigarettes do/did Cigareties
you usually smoke daily? prday

2. How old were you when you
started smoking daily? I:I years old
3. If you previously smoked

daily, how old were you when
you quit smoking?

years old

21B. Answer this ifyo:.:’ymkdpnviously smoked

occasionally, but
1. How many cigarettes do/did chamnes
you usually smoke in a month?

2. How old were you when vou
started smoking gccasionally I:I yoars oid

3. If you previously smoked

how old were you years old
when you quit?
22. Do you use, or have you used snuff?
Yes,
No, never D oceal "y E]
Yes, but | quit 0 vesday [

If you answered No, never, skip fo question 23

If Yes,
How old were you when you began using snuff?

years old
How many portions snuff do/did you use 3 month?
Portions snuff a month

If you use(d)/smoke(d) both cigarettes and snuff,

which did you begin with first?

About the same time
Snuff (within 3 months) D
Cigareties D Don’t remember D



r T 1

Did you begin using snuff to try to quit or cut down Alcohol
on smoking? 28. About how often in the last 12 months did you
No O drink alcohol? (do not inciude low-sicohol beer)
Yes. to quit smoking ] Ye8.10 cut down on 4.7 times a waek [ About once a month O
smoking 2.3 times a waeak D A few times a yaar D
About once a week [0 nNotatalithelsstyear []
23. How often do you normally eat these foods? 2.3 times a month [0 Never drink aicohol O
(one X on each line) — —
Lnillene Twice o
limes g DMes tmes Once o o 29. Did you drink alcohol during the last 4 weeks?
manth w:ek w:ek 29 gay ves [] No [
Fruits, barries O O O O 0 If Yes,
Did you drink so much that you felt very intoxicated
Vegetabies O O 0o o O (drunk)?
Chocolate/candy O O O O O No [] ves 1-2times [ ] ves 3tmesormore [
Boiled potatoes O O O O 0
Pastalrice O O O O O 30. How many glasses of beer, wine or spirits do
you usually drink in the course of two weeks: (do not
Sausageshamdurges 1 [ [ O O include low-aicohol beer, write 0 i you do not arink sicohol)
High-fat fish on bread
o:g for dinner o(ﬂsalmon, O o o o O Beer Wine Spirits
trout, herring,
mackered, haddock) Number of glasses
24. Do you take the following dictary supp to?
(One X for each supplement) 31. How often do you drink 5 glasses or more of
Yes, dally Occasionally No beer, wine or spirits in one sitting?
CodHiver oil 0 O 0O Never [ Moy [] weexy [ pay []
Omega-3 capsules D D D
Vitamins and/or O O O By exercise we mean going for walks, skiing,
minerals swimming and working out/sports.
25. How many glasses do you usually drink of the 32. How often do you exercise? (on the average)
following? Y% litre = 3 glasses (one X on each line) Never O
Seldom/ g1|fn .1 dg|ay ;\1 :gmor Less than once a week O
week day aday Once 8 wook D
Wasler, Parrhs, wic. O 0O 0o g
2.3 times a week a
Whole milk E] D D D D
(sweetisour) Nearty every day a
Other mik O O 0O 0o o
(sweet/sour) 33. if you exercise as often as once or several times a
Sodaljuice wisugar O O 0O oo g week: How hard do you exercise? (average)
W]umwfout O o o000 | take it easy, | don't get out of breath or break []
Juice or nectar a sweat
! - o ooao | push myself until I'm out of breath and break []
into a sweat
26. How many cups of coffee do you drink a day? !
(write 0 if you do not drink coffee/tes daily) | practically exhaust myself O
Boiled Other Tea
coffee coffee 34, For how long do you exercise each time?(average)
Number of | | | | | | lassthan 16 minites [ ] 30min-1 hoor [
c
e 15-20 minutes O More than 1 hour [J
27. How many cups of coffee do you drink in the 35. Do you have at least 30 minutes of physical
evening (after 6pm)? activity dally at work or In your lelsure time?

Number of cups I:l vee [1 N []

36. About how many hours do you sit during a
normal day? (include work hours and leisure time)

] rom
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would you describe your job?  (One X aniy)

Work that mostly involves sitting (ex: desk work, O
assembly worker)

Work that requires much walking (ex: clerk. fight a
industry worker, teacher)

Work that requires much walking and lifting O
(ex: mail carrier, nurse, construction worker)

Heavy physical labour (ex: forester, farmer, heavy O
construction worker)

38. About how tall were you atage 187

cm Dont remember D

39. About how much did you weigh gt age 187

kg Don't remember ]

40. Are you satisfied with your weight now?
Yes No, don't weigh No, weigh too
[:] enough D much D

41. Have you tried to diet in the last 10 years?

Ne ] nY::;rew Dnv::smw 0

42. Do you weigh at least 2 kg less than you did 1
year ago?

ves [ N [

If Yes, what is the reason for this?

Dieting [] linessistress [0 Dont O
know

43. Has a member of your immediate family died?
(Child, spousa/partner, sibing or parent)
vee [1 mno [

44. Have you been in imminent mortal danger
because of a serious accident, catastrophe, violent
situation or war?

vees [] mNo [

45. Has your relationship with your spouse or long-
term partner ended?
ves [] wNe [

46. If you answered Yes to one or more of the above
questions (43, 44 or 45), how much have you reacted
to this in the last 7 davs?

Not at all O Mogerae O
Alittie O verymuen O

1
Childhood - When you were 0-18 vears old

47. Who did you grow up with?

Momer Othe relatives O
Father [0  Acoptive parents O
Stepmothes/

stepiather D Foster parents D
48. Did your parents leave each other, or get a
divorce, when you were a child?

Ne [

Yes, before | was 7 Yes, when | was 7-18
years old E] years old D

49. Did either of your parents die when you were a
child?

Nno [
Yes, before | was 7 Yes, when | was 7-18
years old D years old D

50. Did you grow up with pets?
No

Yes, Yes, Yes, other
o O vess|Ofye, O™ O

51. How much milk or yoghurt did you usually drink?

16 2.3 More than
Sekiony glasses ! 9:” glasses 3 glasses
MEVer  proweek PO hrday  prday

O O O O O

52. Did you grow up on a farm
with farm animals? vee [1 % [

53. When you think about your childhood, would you
describe It as:

Verygood [ Average [ veryafiewr [
Good O o [

In General
54. Thinking about your life at the moment, would you
say that you by and large are satisfied with life, or are
you mostly dissatisfied? (One X only)

Very satisfied
Satisfied

Somewhat satisfied

A bit of both
Somewhat dissatisfied
Dissatisfied

Very dissatisfied

Ooo000ooo



8.2.2 Age-differentiated and sex- differentiated questionnaire:
https://www.ntnu.edu/c/document_library/get file?uuid=35ae2816-4155-4b64-a259-770946fa46d4&groupld=140075

r T 1

Dear HUNT participant

Thank you for taking part in this heaith study. We ask that you complete this questionnaire. Though some of the questions
are similar fo questions you have previously answered, it is important that you answer all the questions. The information will
be used in research and preventative health care. Researchers will onfy have access fo anonymous information; this means

that the information cannot be traced back to the individual participants.

Please complete the questionnaire and send it in as soon as possible. Postage is paid.

Date completed 20

Housing and Friends
Who do you live with? (One or more Xs)
No one

Parents D
Spouse/partner O
Other people over 18 years old E]
Other people under 18 years old D Number of
people under 18
Are there any pets in your home?
N O
Yes, Yes, Yes, other
cat D dog D animals w fur/birds D
Do you have friends that can Yes [7] Ne [7]
help you when you need them?

Do you have friends thatyou can Yes [7] No [7]
speak to confidentially?

Your Surroundings (neighbourhood/group of farms)

I feel a strong sense of community with the people
who live here (One X)
Strongly Somewhat Notsure Somewhat Strongly
agree agree disagree  disagree

O O O O O

We do not trust each other here (One X)
Strongly Somewhat Notsure Somewhat  Strongly
agree agree disagree  disagree

O O O O O

People like living here (One X)
Strongly Somewhat Notsure Somewhat Strongly

agree agree disagree disagree
O O O O O
Physical Activity

How much of your leisure time have you been

physically active in the last year? Weekly sverage for the
yesr. Commute counts as leisure time.

Hours a week
None Less 1.2 3
than 1
Low physical activity no O O O O

sweat, not cut of breath

|.

o 0o oo

How many hours in total are you in front of a
computer screen? (Write 0 If you don use a compuler)

Vigorous physical activity
sweat, out of breath

Work hours Leisure hours

How many hours do you watch TV/video/DVD daily?
Lessthanthow  [T]  4-6hows O

1-3 hours More than 6
D hours D
Culture/Life Philosoph
How often in the last 6§ months have you been to:
(One X per ine)
More than 1.3x 16x  Never
3 x/mo. imo s
mos.
Museum/art exhibition D D D D

How many times jn the 1ast € months have you
participated in the following: (One X per kne)
1x 13x  18x  Never

ek imo. &
Association or club :\:.‘* -
wosese 0 0 00O
msednges ] 0 O O O
Pk 0 O OO O
Qutdoor activities D D D D D
Dance OO 000
Worked out, sports D D D D D

Which life philosophy is most like yours? (One X only)

Christian Atheistic  [T]
Humanistic [:l Other D
When something bad happens in my life, | think that it
happened for a purpose.

No D Yes |:| Don't know D

I seek God's help when | need strength and solace.
Never D Sometimes D Often D

.|
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Pain on one side of the head (right or left) D D
Worsening with physical activity O O
Personality Nausea andior vomiting O O
Hyperae: andlor noise
Describe yourself as you pormally are: ity to kot o oo
Yes No
Ao you a ife of the party type person? [0 [  Before or during the headache, have ~ Yes No
Are you mostly quiet and reserved whenyou [] [] you had temporary: (One X per iins)
are around other people? Visual disturbances O O
Do\you ke mestng new pecple? O O (e g v
Do you like to have a lot of life and O O
excitement around you?
Are you a relatively lively person? O O m ml nr:mf of d.l Y:‘YWI hmlln
Do you usually take the first step to make O O the last month because of headaches |:| days
new friends?
Are you often worried? [0 [0  Respiratory Tract
. . Yes No
Aro your feslings easily hust? O O Do you cough daily in periods of the O 4
Do you often feel that you lose interest? O O year?
W Yes:
Do you have nervous problems? 0 O poyouusuallybring up phlegmwhen [] []
Do you often feel tired and O O coughing?
indifferent/unmotivated without reason?
N N N Have had a cough with phlegm for
Do you worry that terrible things might O O peri og: ::f m’:‘udna
happen? each of the last two years? O a
Headac! Do you have or have you had hayfever [] []
or nasal allergies?
Have you had headaches in the last year? W Yes:
Yes [] Ne [7] Have you had hayfever/allergy O O
If No, skip to Respiratory Tract symptoms in the last 12 months?
Iif Yes, what type of headache? In the last 12 months have you woken O O
Migraine O Other headache ] during the night because you were
short of breath?
Average number of days a month with headaches:
Less than 1 day 1-6 days 7-14 days More than Muscles and Joints
14 da
O O O E] In the last year, have you had pain or stiffness in
muscles or joints that has lasted at least 3
What is the average strength of your headaches? co mo o Yes [] No []
Mild (does not affect activity) 0O B
No, to stion 30
Moderate (affects activity) O If Yes, et
Strong (hinders sctivity) 0O Where have you had this pain or stiffness (One or more Xs)
Neck [[] FIGURE
How long does the headache usually last? Shouders O
Less than 4 howrs D 1-3 cdays D Upper back l_l
4 howrs - 1 day More than 3 Ebsws
- s O
Lower back D
Are the headaches usually characterized by or fists/a
accompanied by: w nos O
(One X perling) Yes No Hips O
Throbdingthunmging pain G D D
Pressing pain D D

r : :



r T 1
Anidesiteet 0 12 months:
Newver Alttle  Much
Have you had this Yes [] Ne []
pain/stiffness on both the Nausea O o O
and left side of your body? Hearburn/acid regurgitation a O O
Does this pain/stiffness hinder your daily activities? Dianhoea O o 0d
Yes No Constipation O Oa O
Work O 0O Allernating constipation and 0O 0 0
Leisure O O diarrhoea
Bloating D D D
Have you had back surgery? Yes [7] No [7]
If Yes, How You Feel
Type of back surgery ) Read each item below and place an X next to the reply
Protapsef surgery O that comes closest to how you have been feeling in the
Fixation O past week (only one X per item). Do not take too long
over your replies; your immediate reaction to each item
O will probably be more accurate than a long, thought-out
response.
| feel tense or ‘wound up’
Not From time 1o Alotof Most
at O time, O the O of the O
al occasionall time time
Has it ever been verified " Yev:umm '
that you have/have had Yes No  Ex (d45wsod) I still enjoy the things | used to enjoy
Mypoﬁy:l)dsm (too low D D yrs old Definitely as much D Only a Ettle
ism (100
Hw-!'::“v;d (100 high O 0O yrs old Notquite somuch  [] Hardlyatal O
M Yes: 1 get a sort of frightened feeling as if somethi
Did you take Neo-Mercazole? O O yrs eld a:"ﬁlb-bouttghnppm ¢ "
" Very definitely and A lttle, but it
::am?mmdmdlm ) ynold $mebadly O 0SanL WOITY Mo O
‘es, but not 100 [ Netata O
— badly
Abdomen
I can laugh and see the funny side of things
Have you had stomach pain or discomfort in the last As much as | [ Defintely notso O
12 months? always could much now
Yes, Yes, alitte No, Not quite so much Not at all
Ve~ O o e O O
If No, skip to question 34
If Yes: Worrying thoughts go through my mind
Yes No Agreatdealofthe  [T]  Nottoo ofien O
Is it localized in the upper stomach? O g time
Alot of the time [Q Verymue O
haveyouhadthisas [ []
often as 1 day a week for at least 3 | feel cheerful
e Never [] Semetmes 0O
Is the pain/discomfort relieved by having
a bowel movement? O 0O Not often [ Mestof the time O
WZiﬁmM? more o o I can sit at ease and feel relaxed
movements than normal? Definitely D Not ofien D
Is the pain/discomfort related to the stool [] [ Usualy O Netatst O
being softer or harder than normal?
Do you have this pain/discomfortafter ~ [] [] | feel as if 'm slowed down
eating? Nearly all the time D Sometimes D
To what degree have you had the following jn the last very onien L] MNetats LJ
: ; :
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| get a sort of frightened feeling like ‘butterflies’ in
the stomach

Not at all E] Quite often D
Occasionally D Very often D
I have lost interest in my appearance
Definitely [] ! may not take quite O
as much care
| dont take as much | take just as much D
care as | should care as ever
| feel restless as if | have to be on the move
Very muchindeed ] Not very much 0O
Quite a lot D Not at all D
I look forward with enjoyment to things
As much as | ever D Definitely less D
ad than | used to
Rather less than | Hardly at all
used 1o D D
| get sudden feelings of panic
Veryofienindeed  []  Notveryoften 0O
Quite often [:] Not at all D
| can enjoy a good book or radio or TV
programme
Often D Not often D
Sometimes [ veryseidom O
Sleep
How often jn the last 3 months have you:
Seldom Some-  Sever;
Inever times week
Snored loudly (bothersome) O 0O 0O
Stopped breathing when you
were sleeping (Sleep apnoeca) o O O
Had difficulity falling asleep at D D D
night
M::enuprepeataﬂydu!ngme D D D
nig
Woken 100 nd idnt
gammmpa o o O O
Felt sleepy during the day O O O
'?weat while sleeping (night- O O O
me,
Wok?enmahem D D D
Fedt an uncomfortable or pins D D D

and needles feeling in your legs

alxa

O o0 0Os

O

f you do not drink alcohol, skip to question 54.
Yes
Have you ever felt that you should reduce O
your alcohol intake?
Have other people ever criticised youruse [7]
of alcohol?
Have you ever felt bad or guilty because of [7]
your use of alcohol?
Have you ever had a drink first thing in the
morning as a pick-me-up or to calm your
nerves or to cure a hangover? O
Diet
How many pieces of bread do you usually eat?
Put an X for each type of bread
O4pr 57pr 23pr 45pr 6
week week dsy day  ormore
prday
Whiebead [ O 0O O O
Wholemeal/
ms [ O O O O
ground
Multigrain
san, OO 0O 0O O
coarsely
ground

How often do you normally eat these meals?
(One X for each meal)
Seldom/ 1.2xa J4xa 56 x
naver woek woek

Breakfast
Lunch

Warm dinner
Suppes/
evening snack
Other meal
Midnight

snack (24.00-
06.00)

000000
000000
000000
0o ooooj
000000 &

What type of fat do you most often use? (One X for
each line)
Butter Hard  Softlight O#s  Dont
marg. margarine use
On bread O O O

o a
Forcooking [ [O O o O
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Dental Health
Have you been to the dentist in Yes [] N []
the last 12 months?

How would you say your dental health is?

Very bad O Good 7]
Bad O Verygood 7]
oK O

Is good dental health important to you?
Very much O Alitse 7]
Much O Svartite ]
Somewhat D

tnkcnnon-pnocﬂpﬁonmedlcho
Iorthofollowing problems in the last month:
Seldomy 1-3x& 4-6xa Daily
never week week

Hesrhufnce O O O O
Consiipation o O O 0Od
Headache o O O 0Od
Pain in musclesjoints D D D D
Have you taken any of these non-

prescription medicines at least once a
?
Paracetamol, Paracet, Panodil, Pamol,
Pinex, Perfaigan

Albyl E (500 mg), Aspirin, Globoid, Dispril

Buprofen, Ibux, Ibuprox, Ibumetin, Brufen
Naproxen, Naprosyn, Ledox
Other

OooooOoog
Ooo0o0oO0Os

fool,for the most part, strong and fit or tired
and worn out?
Very strong and fit

Strong and fit

Somewhat strong and fit
Somewhat in between
Somewhat tired and wom out
Tired and worn out

OO00o00oo

Very tired and worn out
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'l Section Men 20-29

Is your work so physically demanding that you are
often physically worn out after a day's work? (Only
one

Vas.’r?eany always [] Sedom O
Quite often l:] Never, or almost never D

Does your work require so much concentration and
attention that you often feel worn out after a day’s
work? (Only one X)

Yes, nearly always D Seldom D

Quite often E] Never, or almost never E]

All things considered, how much do you enjoy your
work? (Only one X)
Agrestdeal ]

A fair amount D

Not much D
Not at a D

Your Feelings in the Last 14 Days

TOL eenn L vays

In the last two weeks, have you: (One X for each ling)
No Alittle Agood Very

Been continuously

alraid and anxious
Felt tense and restiess

Felt hopelessness
when you think about
he fulre

Felt down and sad

Worried too much
about various things

Life Events
Have you experienced any of the following in the
last 10 years? (Put an X for each question)

o0 ooa
o0 oOo0ag

No Yes
Last Earlier
12 mos.
::oglt;m at work or D D D
Had financial problems? E] E] D
e [ 0 O
::g big problems in your love D D D
Baen seriously il of injured? |:| D |:|
Have those nearest you been ] O O

serously il or injured?

Eating Habits

Below are listed things that concern your eating
habits. Put an X in the boxes according to how they
apply to you. (Put an X for each line)

:
|
?

DoDoDOo0OoO0oOf

When | first begin eating,
it is difficult to stop.

1 spend too much time
thinking about food.

I feel that food controls
my life.
I cut my food into small
pieces.

O

Itake longer than others
to eat my meals.

Older paople think I'm tos
thin.

I feel that others pressure
me to eat.

| vomit after | have eaten.

0 I 6 [
O000000a0
O000000a0

Osg

Have you ever felt the need to gamble O
with continuously increasing amounts
of money?

Have you ever had to lie to people who
are important to you about how much
you lost gambling? oo
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Additional Section Women 20-29
Pregnancy and Birth Control

Not including preg ies or post-natal periods, have
you ever not menstruated for at least 6 months?

Yes [] No []
¥ Yes,
How many times? |:| times
Including all pregnancies, how
many times have you been times
pregnant?

Have you ever tried formore  Yes [] No []
than one year to become
pregnant?

¥ Yes,
How old were you the first time you
had problems becoming pregnant? yrs old

Do you use/take or have you used/taken:

Now Before, Never

but not

now
Birth control pils O O O
Birth control paich O O O
Other hormone bisth control
UD/col) O O 0O
If you have taken birth control pills:
How old were you when you first
began taking them? yrs old

How many years in total have you taken birth control

pills?

Less 13 4-10 over 10
0= 0O O e O

than 1 yr yrs

Do you unintentionally leak urine? Yes [™] Ne ™)

If No, skip o question 72

Iif Yes:

How often do you leak urine?

Less than once a D One or more times D
month a week

One or more times a Every dayinight
O ry dayinig O
How much urine usually leaks each time?

Drops D m( D Quite a lot D

-

Yes
Do you leak urine when you cough,
sneeze, laugh or lift something heavy?

o 0Os

When you leak urine is it accompanied 7]
by a sudden and strong urge to
urinate?

How do you feel about having urinary
incontinence?
Not a problem D A great problem

A slight problem [ Avery great problem
A moderate problem  [7]

Is your work so physically demanding that you are
often physically worn out after a day’'s work? (Only

0o

one
Yes, nearlyaways [] Seidom O
Quite often D Never, or almost never D

Does your work require so much concentration and
attention that you often feel worn out after a day’s
work? (Only one X)

Yes, nearly always D Seldom D

Quite often D Never, or amost never D

All things considered, how much do you enjoy your

work? (Only one X)
Agreatdeal [7] Not much O

A fair amount D Not at all D

Your Feelings in the Last 14 Days
In the last two weeks, have you: (One X for esch line)
No Alitle Agood Very

ot e SR B R S R R
Folt tanee and reatiess O O O O
wenyoummcaon = 0 0O
the future

Felt down and sad O O O O
monvaomnge o OO0
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last 10 years? (Put an X for each question)
No

O
O
O
O
O
O

Had problems at work or
school?

Had financial problems?

Had problems or conflicts with
family or friends?

Had big problems in your love
We?
Been seriously il or injured?

Have those nearest you been
seriously il or injured?

Yes

Last
12 mos.

O

o0 000

Earlier

o0 o0ooOo O

Below are listed things that concern your eating habits.

Put an X in the boxes according to how they apply to you.

(Put an X for each line)

When | first begin eating,
it is difficult to stop.

| spend too much time
thinking about food.

| feel that food controls
my life.

| cut my food into small
pieces.

| take longer than others
to eat my meals.

Older peopie think I'm too
thin.

1 feel that others pressure
me to eat.

| vomit after | have eaten.

Never Seldom Often Always

a

OO0O0o00ao0oao

OO00000OaO0

Gambling
Have you ever felt the need to gamble
with conti ly i i nto
of money?

Have you ever had to lie to people who
are important to you about how much

vou lost gambling?

OO0000O0aO0

OO00000ao0
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Additional Sectlon Men 30-69

Answer if you are or have been employed.

Respond fo the following statements/questions about where

you work.

There is a good collegiality at work.

Strongly O Agree
agree

Disagree O Strongly disagree

My co-workers are there for me (support me).
Strongly O Agree

agree
Disagree a

Strongly disagree
I get along well with my co-workers.
Strongly Agree
agree
Disagree D Strongly disagree
Are you bullied/ harassed at work?
Yes, often D Yes, sometimes

never

Does yourjob require you to work very fast?
Yes, often O Yes, sometimes

No,seidom ] No, cousd say
never

Does your job require you to work very hard?
Yeu, often D Yeou, sometimes

never

Does your job require too great a work effort?

Yes, often Yes, sometimes
No, seldom | No, could say
never

Yes, often Yes, sometimes

never

Does your job require creativity?
O

Do you have the possibility to decide for yourself how

to carry out your work?
Yes, often D

Yes, sometimes

o0 00 00 OO0

o0 OO

oo

O
O

No, could say never ]

Do you have the possibility to decide for yourself

what should ha done in ynur wark?
Yes, often I_I

|_

Yes, sometimes

1

No, could say never ]

Is your work so physically demanding that you are
often physically worn out after a long day's work?

Yes, nearly [] Seidom 0
(a)llbe often D Never, or aimost never D

Do you have ulcer(s) on your toes, foot
ankle that will not heal?

Do you have pain in one or both legs
when you walk?

If Yes,
Where does it hurt the most?
Foot [7] Leg [ Thigh []

Does the pain go away if you stand still
awhile?

Do you have pain in your legs when
you are resting?

If Yes:

Is the pain worse when you lay in bed?
Do you have less pain if you have your
legs lower, such as over the edge of
the bed?

Have you had pain in your leg
continuously for more than 14 days?

Have you taken pain relievers because
of pain in your legs?

Vision
Do you have any of the following eye
conditions?

Cataract

Glaucoma (raised eye pressure)
Age-Related Macular Degeneration (retinal
calcification)

O OF
O o0 oz O

O
O

O

Yes

O

Do you have probloms with your memory?

Mo, nope D Yea, some I:]

Yes, alot

83
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Has your memory changed since you were younger? you urinated?
Ne O Yes,some [7]  Yesalt [7] Never 1outol3 2av3
- times - ganges -
Do you have trouble Never Sometimes Often 1outof 5 [J tevzgenger [7] :l':'!:eﬂ O
remembering: Tnes
mmwafew D D D
ago? Over the last month, how difficult have you found it to
Other peoples’ names? O O O postpone urination?
Dates? O O O Never [ 1outof3 [ 2outef3 O
To do somehing you have times Bmes
planned to do? O O O 1outof 5 [ toutef2 [0 Amostaways []
. times times
m:go"’:lwahw O Il O
Things that happened years O O O Over the past month, how often have you had a weak
Eno? to be able to follow iy -
ugh O O O
along in a conversation? Never [J 1outof3 [J 2outets O
times times
foutof 5 D ;Imo:;dz D Almost always D
How often do you usually urinate during the day? times
14 times E] 8-11 times E]
Over the past month, how often have you had to push
57 times 0O More than 11 times ] o strain &> begin urtnation? y P
How many times do you get up during the night to Never O :,,::;da O mds a
urinate? 1outof5 [] 1outor2 [] Amostalways []
Nre O'0O20°0%% Ose tmes times
mere Do yuu unintentionally kak Yes [] No O
If you get up during the night to urinate, is this a urine? )
problem for you? (I No, skip to question about 93)
Not a problem O itsaproblem ] If Yes:
) _ How often do you leak urine?
Somewhat of a O saverybig 7] Lessthanonce amonth  [T] One or more times a week ]
problem problem

Several times a month D Every day/night D
Do you feel a sudden, compelling urge to urinate

that is difficult to suppress? How much urine usually leaks each time?

Newver O Severaltimes aweek ] Drops [ ] Asmal [] OQuiteaiot O
Monthly D Daily D amount
In which situations might you leak urine?

Over the month, how often have you had a (You may X several answers)
sensation of not emptying your bladder When you cough, sneeze, it something heavy O
completely after you finish urinating?
N [] 1outof3 0] 2ouof [ When having a sudden urge 1o winate |
- o o2 3 limes Drops at end of or after urinating O
n,:; D timee D aways D Drops all he Ume, independent of urinaling D
Over the month, how often have you had to 2
urinate again less than 2 hours after you finished m dmoueywm f“lc']bom having udr;a;yel?cpmom::nerj
urinating?
Never [] toutef3 [ zoutet [] A slight O A very great problem ]

ﬁmeed 3 times x"*’"'" " 0
1outof5 1outof2 Admost modera
times O times g always g problem
Over the past month, how often have you found Hom Okl sers you Srien you e oid
you stopped and started again several times when Have you consulted a doctor 7 I:] No D

r o :



r T

because of urinary incontinence?

Additional Section Women 30-69
Menstruation, Birth Control and Pregnancy

Not including during pregnancy or post-natal
period, have you ever not gotten a period for at
least 6 months (premenopause)?

Yes [] No []
If Yes,
How many times? [ tmes
In total, how many times have
you been pregnant? times
Have you ever tried for more Yes [N [
than one year to become
pregnant?
If Yes,
How old were you the first time
you tried to become pregnant? yrs oid

Yes No

Have you ever received hormone O O
treatment to become pregnant?
If Yes, O O
Have you received this treatment in
the last 3 months?
Do you use/take or have you used/taken:

Now  Before, Never

but not
now

Birth control pilis O O O
Birth control paich O O O
Other hormone birth control
(njection, vaginal ring, implant,
Dveoi) O 0O O

If you have taken birth control pills:
How old were you when you first

began taking them? yrs eld

How many years in total have you taken birth control

pills?

Less 13 4-10 Over

than 1 yr D yrs D yrs D 10 yrs D
Menopause

(if you are premenopausal, skip to 75)
Do you have/have you had hot flashes due to

menopause?
mE O % O 0 n O

If you have had hot flashes, how would you describe

|. 1

1
them?

Moderatel Hardl!
mu O intense v O mli:abley O
Have you been to a doctor No [ Yes [
because of this?
Have you ever taken/used Now Previously Never
medicine that contains
oestrogen?
Tablets or paiches
(prescribed by & doctor) o o O
Creams or suppositories O O 0O

If you have taken/used prescription oestrogen:
How old were you when you began?
yrs old

[ T

If you take/use or have taken/used oestrogen tablets
or patches, why did you begin?
Alleviate menapausal symptoms  []
Prevent osteoporosis ]
Other [7]

How old are/were you the last time
you took/used it?

If you have previously taken/used oestrogen tablets
or patches, why did you stop?
No longer have/had [ Adraid of sice effects ]

Experienced bothersome D
side effects

Operations/Radiation Therapy in the Lower Abdomen
Have you had both ovaries surgically removed?
No D Yes D Don't know D

If Yes,
How old were you then?

Omer [

— P

Have you had your womb surgically removed
(hysterectomy)?

NoD Yes D

If Yes,
How old were you then?

Don't know D

—

Have you ever had radiation therapy in your palvic
region?

No [] Yes []

If Yes;
How old were you then?

Don'tknow []

[ Jymsoad
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How often do you usually urinate during the day?

14 times E] B-11 times

5.7 times O over 11 times O

How many times do you get up during the night
to urinate?

MDIDZDBDAamD

If you get up during the night to urinate, is this a

problem for you?

Not a problem D It's a problem D
Somewhat of a It's a very big
problem o problem o

Do you feel a sudden, compelling urge to urinate
that is difficult to suppress?

Never O Severaltimes aweek  []
Monthly O Daily O

Do you unintentionally leak urine? Yes [T] No 7]
¥ No, skip fo question 84

If Yes:

How often do you leak urine?

Less than once a D One or more times D
month a week
One or more times a Every dayinight
How much urine usually leaks each time?
Drops Small Quite a lot
O amount O O
Yes No

Do you leak urine when you cough, O
sneeze, laugh or lift something heavy?
When you leak urine is it accompanied [] []
by a sudden and strong urge to
urinate?
How do you feel about having urinary
incontinence?
Not a problem D A great problem D
A slight problem D A very great problem D
A moderate problem D

How old were you when you

became incontinent? yrs old

|_ 12

1

Have you consulted a doctor Yes [T] No
because of urinary incontinence?
Have you ever been treated for urinary
incontinence? (Several Xs possibie here)
No, | have never had urinary incontinence E]
No, | had urinary incontinencea, but became D
better on its own
Yes O
If Yes, what type of treatment?
Operation Medicine D
Pedvic Noor exercises E] Other D
Bowel Movements
Have you had uncontrollable flatulence jp the last
month?
Never/seldom [0 Weeky [] Daiy O
Have you leaked stool (faecal incontinence) in the last
month?
Never/seldom [0 ‘Weeky [7] Daiy O
Iif you answered Yes to one of the above questions,
does faecal incontinence affect your daily life?
Never/saldom D Weekly D Daily D
Are you able to hold back the
stool for 15 minutes after you
first feel the urge to evacuate vee [Ine O
your bowels?
Evaluating Your Job

Answer if you are or have been empioyed.

Respond to the following ststements/questions about where
you work.

There is a good collegiality at work.

Strongly Agree

O O
Disagree O Strongly disagree  [7]
My co-workers are there for me (support me).
Strongly O Agree ]
agree
Disagree | Strongly disagree ]
| get along well with my co-workers.
Strongly Agree D
agree
Disagree O Strongly disagree ]

Are you bullied/ harassed at work?

=

a
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Yes, often O Yes, sometimes [T

Does your job require you to work very fast?
Yes, often (] Yes, sometimes | |

No seidom  [] No, could say
never

Does your job require you to work very hard?

Yes, often D Yes, sometimes D
Nn_ saldom No_enidd aay
O never O

Does your job require too great a work effort?
Yes, often D Yes, sometimes

never

Does your job require creativity?

Yes, often D Yes, sometimes
No,seidom ] No, cousd say
never

Do you have the possibility to decide for yourself how

O

O
O

to carry out your work?
Yes, often O Yes, sometimes 7]
No, geldom O No, could say never  [7]
Do you have the possibility to decide for yourself
what should be done in your work?
Yes, often 0O Yes, sometimes 7]
Yes No
Do you have ulcer(s) on your toes, foot [] []]
ankle that will not heal?
Do you have pain in one or both legs O O
when you walk?
If Yes,
Where does it hurt the most?
Foot [ tea [0 Tier [ He []
Yes  No
Does the pain go away if you stand still 7] 7]
awhile?
Do you have pain in your legs when O O
you are resting?
If Yes: O

Is the pain worse when you lay in bed?

|.

T

13

.I
Do you have less pain if you have your
legs lower, such as over the edge of
the bed? O 0O
Have you had pain in your legs D D
continuously for more than 14 days?
Have you taken pain relievers because [] []]
of pain in your legs?

—

Do you have any of the following eye Yes Neo

conditions?

Cataract D D

Glaucoma (raised eye pressure) O O

Age-Related Macular Degeneration (retinal  [7] O

calcification)

Memory

Do you have problems with your memory?

No,none 7] Yes,some [T] Yesalot O

Has your memory changed since you were younger?

D Yes, some D Yes, a ot D

Do you have trouble Never Sometimes Ofien
remembering:

Things that happened a few

minutes ago? D D D
Dates? D D D
To do something you have

planned to do? o o o
Things that happened a few

doye ag0? O O O
Things that happened years

a0t O O O
Enough 1o be able to follow O 0O O

along in a conversation?

Place a circle around the number that best describes your
eating habits during the last month.

Are you satisfied with your eating habits?
Very Very
catisfied 1 2 3 4 5 8 7 disatishad

Have you eaten to comfort yourself or because you

were unhappy?
Not at all Every-
1 23 4 5 6 7 day

.I
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Have you felt guilty about eating?
Not at all Every-
1 23 4 5 6 7 day

Have you felt that it was necessary for you to use a
strict diet or other eating rituals to control your

eating?

Not at all Every-
1 23 4 5 6 7 day

Have you felt that you are too fat?

Not at all Every-

1 23 4 5 6 7 day



Additional Section Men 70+

Do you have ulcer(s) on your toes, foot
ankle that will not heal?

Do you have pain in one or both legs
when you walk?

If Yes,
Where does it hurt the most?

Ft [0 tes [O ™ []

Does the pain go away if you stand still
awhile?

Do you have pain in your legs when
you are resting?

If Yes:
Is the pain worse when you lay in bed?

Do you have less pain if you have your
legs lower, such as over the edge of
the bed?

Have you had pain in your legs
continuously for more than 14 days?

Have you taken pain relievers because
of pain in your legs?

Activities of Daily Life

O
O

O

O

Can you do the following daily tasks without the

help of others?

Walk around indoors on the same floor
Go to the toilet

Wash yourself

Take a bath or shower

Dress and undress yourself

Go to bed and get up

Eal

Other Daily Tasks

Do you have a driver's
licence?

If Yes,

Do you still drive a car?

F

Yes

Yes []

Yes

00000o0oo

O nNe

No

oooooooE

o 0O

15

Can you do the following daily tasks without the

help of others?

Prepare warm meals

Do light housework (ex: wash dishes)
Do heavier housework (ex: wash floors)

Wash clothes
Do the shopping
Pay bills

Take medicines
Go out

Take the bus

Memory

Yes

O000oooooo
O00000ooos

Do you have problems with your memory?

Yes, some D

Yes, alot D

Hu your memory changed since you were younger?
O

Yes, some D

Do you have trouble
remembering:

Things that happened a few
minutes ago?

Other peoples’ names?

Dates?

To do something you have
planned to do?

Things that happened a few
days ago?

Things that happened years

ago?
Enough 1o be able to follow
along in a conversation?

Falls

Have you fallen and hurt

yourself

i Yes,
Where did It
happen?

Have you been to a doctor in the last O
year because of an injury caused by a

fall?

Have you been admitted to hospitalin  [7]
the last vear because of an injury

Ne o O

Indoors

Yes, a lot D

Never Sometimes Ofien

0000000
Oo000oo0o o
O000oo0oo

Yes

O

D Outdoors

O

- O [QOz
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caused by a fall?
Have you fallen jn the last 3 months?

Do you have problems with your
balance?

Have you had home care help in the
last 12 months?

Iif Yes,

Do you have enough home care help?

Have you received home nursing care
in the last 12 months?

If Yes,
Do you receive enough home nursing
care?

Have you been admitted to a nursing
home in the last 12 months?

Do you have any of the tollowing eye
conditions?
Cataract

Glaucoma (raised eye pressure)

Age-Related Macular Degeneration (retinal
calcification)

00
00

00 O Of
00 O Oz

Yes

O
O

O

No

00

How often do you usually urinate during the day?
1-4 times 8-11 times D
5.7 times O More than 11 times  [7]

How many times do you get up during the night to

urinate?

None D 1 D 2 D 3 D 4 or more D
If you get up during the night to urinate, is this a
problem for you?

Not a problem D It's a problem D
Somewhat of 8 s a very big
problam O prablam O
Do you feel a sudden, compelling urge to urinate
tat is difficult o suppress?

Never O Severaltimes a week  [7]
Monthly O Daily 7]

Qverthe pastmonth, how often have you had a

|,

sensation of not emptying your bladder
completely after you finish urinating?

Never 1outof3 2outof

D times D 3 times D
foutof5 1outof2 Almost
times D times D always D
Over the past month, how often have you had to
urinate again less than 2 hours after you finished
urinating?
Never 1outof3 2outof

D times D 3 times D
1outof 5 1outof2 Almost
times D times D always D

Over the past month, how often have you found

you stopped and started again several times when

O

you urinated?
Never 1outof3 2av3

O times O ganger O
1outof5 1 av 2 ganger Nesten
times D D alitid D
Over the Iast month, how difficult have you found it to
postpone urination?
Never 1outofd 2outofd

O times O times
1outof 5 1outof 2 Almost alwa
times D times D v D

Over the past month, how often have you had a weak

urinary stream?
Never 1outof3 2outof 3

O times O times O
foutof5 1outof2 Almost always
times D times D D

Over the past month, how often have you had to push

a

D Almost always D

or strain to begin urination?

Never foutof3 2outof 3
O times O times

1outof5 [ toutof2

times times

Do you unintentionally leak Yes [T] No

urine?

If No, skip to question about 89

If Yes:
How often do you leak urine?
Lesss 1han onct & month

Several times a month D Every day/night

How much urine usually leaks each time?
Drops D Small D Quite a lot
amounts

In which situations might you leak urine?
(You may X seversl answers)

D One or more Umes a week

(.
O
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When you cough, sneeze, lift something heavy O
When having a sudden wurge to urinate O
Drops at end of or after urinating a
Drope all the time, independent of urinating O
How do you feel about having urinary incontinence?
Nota problem 7] Agreat problem 7]
A slight A very great problem

A moderate D

problem

How old were you when you

became incontinent? yrs old
Have you consulted a doctor

because of urinary incontinence? Ye¢ O~ O

17

91



92

Additional Section Women 70+

In total, how many times have you
been pregnant? times

Have you ever tried formore than  Yes [7] No [7]
one year to become pregnant?

i Yes,

How old were you the first time you

had problems becoming pregnant? yrs old

Do you have/have you had hot flashes due to

menopause?

Duri Du and Haven't

meay O agee O™ O5Sn O

If you have had hot flashes, how would you describe

them?

Very Moderately Hardly

inense O intense O noticable O
Have you beento adoctor No [7] Yes [7]
because of this?

Have you ever taken/used Now  Previously  Never
medicine that contains
?

e 0 OO
Cream or suppositories O O O

If you have taken/used prescription oes! n:
How old were you when you began?

yrs old
How old are/were you the last time
you took/used it? yrs old
If you take/use or have taken/used oestrogen tablets
or patches, why did you begin?
Alleviate menapausal symptoms O
Prevent osteoporosis |:|
Other D

If you have previously taken/used oestrogen tablets

or patches, why did you stop?

No longer have/had D Afraid of side D
symptoms effects

Experiencad bothersome |—| Other |_|
8108 enecs

Have you had both ovaries surgically removed?

No [:] Yes D Don't know D
If Yes,
How old were you then? [ Jysad

Have you had your womb surgically removed
(hysterectomy)?

No D Yes D Don't know D
If Yes,
How old were you then? [ Jysad

Have you ever had radiation therapy in your pelvic
region?

No D Yes D Don't know D
If Yes,
How old were you then? I

How often do you usually urinate during the day?
14 times O 8-11 times

5-7 times D over 11 times D

How many times do you get up during the night
to urinate?

NOMD1D2D3D4GM D

If you get up during the night to urinate, is this a

problom for you?
Not a problem D It's a problem D
Somewhat of a It's a very big

Do you feel a sudden, compelling urge to urinate

that is difficult to suppress?
Never O Severaltimes aweek 7]

Daily D
O 0

Monthly 0

Do you unintentionally leak urine? Yes
If No, skip to question 79

If Yaa:

How often do you leak urine?

Lessas Lhasn once & E] Omne or more Umes D
month a week

.|
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One or more times a
month

T

Every dayinight

O

How much urine usually leaks each time?
Dreps  []  Small O Quite a lot
amoun

O

O

Yes

O

O#

Do you leak urine when you cough,
sneeze, laugh or lift something heavy?

When you leak urine is it accompanied [7]
by a sudden and strong urge to
urinate?

How do you feel about having urinary
incontinence?

Not a problem [0 Adgreat problem

A slight problem [ A verygreat problem
A moderate problem ]

O
O

How old were you when you
became incontinent?

Have you consulted a doctor
because of urinary incontinence?

yrs old

Yee ] N [

Have you ever been treated for urinary
incontinence? (Several Xs possible here)
No, | have never had winary incontinence

No, | had winary incontinence, but became
better on its own
Yes

00O

Ir Yes, what lype of tealiment?
Operation Medicine ]
Pelvic floor exercises D Other D
Bowel Movements

Have you had uncontrollable flatulence in the last

month?
Never/seidom D Weaekly D Daiy

O

Have you leaked stool (faecal incontinence) in the last
month?
O

Never/seidom [0 Weeky
If you answered Yes to one of the above questions,

does faecal incontinence affect your daily life?
Never/seidom [] Weeky [] Daiy O

[] Daiv

Are you able to hold back the
stool for 15 minutes after you
first feel the urge to evacuate
your bowels?

r

Own O

Yes

19

Leg Pain

Do you have ulcer(s) on your toes, foot
ankle that will not heal?

Do you have pain in one or both legs
when you walk?

If Yes,
Where does it hurt the most?

Foot [] Leg [] Thgh []

Does the pain go away if you stand still
awhile?

Do you have pain in your legs when
you are resting?

If Yes:
Is the pain worse when you lay in bed?

Do you have less pain if you have your
legs lower, such as over the edge of
the bed?

Have you had pain in your legs
continuously for more than 14 davs?

Have you taken pain relievers because
of pain in your legs?

Hip

O OF
O 0O o O

|
|

WE;

O

Can yuu dJu the lullowing daily lashs withoul the

help of others?

Walk around indoors on the same floor
Go 1o the toilet

Wash yourself

Take a bath or shower

Dress and undress yoursalf

Go 1o bed and get up

Eat

Other Daily Tasks

Do you have a driver's
licence?

i Yes,

Do you still drive?

Yes

Yes

O

Yes

O0000o0o0o

DNO

No

O0000oos

O

O

Can you do the following daily tasks without the

help of others?

Yes

No

93
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Prepare warm meais

Do light housework (ex: wash dishes)
Do heavier housework (ex: wash floors)
Wash clothes

Do the shopping

Pay bills

Take medicines

Go out

Take the bus

Do you have problems with your
No, none D Yes, some D

D Yeus, some D
Do you have tmd:h

remembering
Things that Mppmod afew O
minutes ago?

Other peoples’ names? D

Dates? O

To do someting you have O

planned to do?

Things that happened a few D
O
O

ago?
Enough to be able to follow
along in a conversation?

Have you fallen and hurt
yourself in the last year?

If Yes,
Where did it

happen?

Have you been to a doctor jnthe last
year because of an injury caused by a
fall?

Have you been admitted to hospital in

the last year because of an injury

caused by a fall?
Have you fallen in the last 3 months?

Do you have problems with your
halanca?

O00o0o0ooo

OO0O0000oood

Yes, a lot

Indoors D Outdoors

o0 O O
oo O 02

O

Haa your memory changed since you were younger?
Yes, @ ot

a

O

20

Have you had home care help in the
last 12 months?

If Yes,
Do you have enough home care help?

Have you received home nursing care
inthe Iast12 months?

If Yes,

Do you receive enough home nursing
care?

Have you been admitted to a nursing
home jn the last 12 months?

Do you have any of the following eye
conditions?

Cataract

Glaucoma (raised eye pressure)

Age-Related Macular Degeneration (retinal

calcification)

OO0 O Of

Yes

OO
O o0 s

-

O 0 0O Oz



8.3 Construction of 51 chronic, single-entities conditions from data in

HUNTS3, by questionnaires and measurements.

GENERAL COMMENTS

Chronicity of conditions was defined as long-lasting (at least 3 months) or with severe effects
or requirements of health care management.'® 33540 The raw data varies in specifying these
factors. In absence of direct information, chronicity was determined by lead author K.H.
Vinjerui, MD, and co-author S. Krokstad, MD, professor.

Information on missing data was collected from the HUNT Databank. Some topics are
covered by 1 question, whereas others include 1 index question and further questions in a
block, see section 8.1.. In cases were data was missing in any of the questions in a block, this
was corrected based on reply to index question and if any other alternatives were crossed off,
missing data was regarded as “no”.

References hold information on construction or accuracy of self-reports or comparison of the
prevalence of the conditions to primary care and/or nonparticipant data. In general, self-
reports give reliable estimates of multimorbidity in studies of large samples.*’

MAIN QUESTIONNAIRE
Hearing impairment!5’

Index question: “Do you suffer from longstanding (at least 1 year) illness or injury of a
physical or psychological nature that impairs your functioning in your daily life?”” The
possible answers were yes or no.

Options on follow-up questions combined condition type (motor, vision, hearing, somatic,
and psychiatric) and severity (slight, moderate, and severe).

Included with hearing impairment were those who reported chronic disease and moderate to
severe hearing impairment.

“20 Diseases”: Myocardial infarction, angina pectoris, heart failure, other heart disease,
stroke or brain hemorrhage, kidney disease, asthma, chronic bronchitis, emphysema or
chronic obstructive pulmonary disease, diabetes, psoriasis, eczema on hands, cancer,
epilepsy, rheumatoid arthritis, ankylosing spondylitis, sarcoidosis, osteoporosis,
fibromyalgia and osteoarthritis
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Cluster text: “Have you had or do you have any of the following: myocardial infarction,!%% 13!

angina pectoris, !> 18 heart failure,'®' other heart disease, stroke'®> 13! or brain hemorrhage,
kidney disease, !> > asthma,!% chronic bronchitis, emphysema, or chronic obstructive
pulmonary disease, diabetes, !> 3! 129 eczema on the hands, 6% 161 105, 162
epilepsy,'® rheumatoid arthritis, 105127 sarcoidosis,
osteoporosis, %> 1 fibromyalgia,'®® and osteoarthritis

psoriasis,

105127 ankylosing spondylitis,
10592

cancer,

Separate tick boxes for each diagnosis: Yes, no.
For each diagnosis, included were those who affirmed to have or have had the diagnosis.

Chronicity is assumed based on medical knowledge and clinical experience.

SEX-DIFFERENTIATED AND AGE-DIFFERENTIATED QUESTIONNAIRE
Headache!%

Seven questions in 1 block. Question 1: “Have you had headaches in the last year?” Yes/no.

i. Migraine without aura!?¢

Of those who affirmed headache last year, migraine without aura was constructed from 3 of 7
questions:

“What is the average strength of your headaches?” 1=Mild, 2=Moderate, 3=Strong.
Recoded to dichotomous variable, where 1=Moderate/Strong.

“How long does the headache usually last?”” 1=Less than 4 hours, 2=4 hours- to 1 day, 3=1 to
3 days, 4= More than 3 days.

Recoded to dichotomous variable, where 1= Less than 4 hours to 3 days.
Cluster text: “Are the headaches usually characterized or accompanied by
Throbbing/thumping pain?”’ Yes, no.

Pain on one side of the head?” Yes, no.

Worsening with physical activity?” Yes, no.

Nausea and/or vomiting?” Yes, no.

Hypersensitivity to light and/or noise?” Yes, no.

Included with migraine were those who affirmed to headache lasting 0 to 72 hours and at least
2 of 4 characteristics (pulsating quality, unilateral location, moderate/severe pain intensity, or
aggravation by physical activity) and during headache having at least 1 of 2 accompanying
symptoms (nausea and/or vomiting or increased sensitivity to light and/or noise).'?°

Chronicity is assumed based on medical knowledge and clinical experience.
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ii. Chronic headache!26

Of those who affirmed headache last year, chronic headache was constructed from 2 of 7
questions:

“If yes (headache in the last year): What type of headache? Migraine, other.”
The HUNT Databank created 2 variables with range 1: (1) migraine and (2) other headache.

“Average number of days a month with headaches:”
1=Less than 1 day, 2=1 to 6 days, 3=7 to 14 days, 4=More than 14 days.

Recoded to dichotomous variable, where 1=More than 14 days.

Included as a case with chronic headache were those reporting an “other” type of headache
and an average frequency of more than 14 days per month.

Chronicity is assumed based on medical knowledge and clinical experience.

Pain%s

Index question: “In the last year, have you had pain or stiffness in muscles or joints that has
lasted at least 3 consecutive months?” Yes, no.

The follow-up question “If yes: Where have you had this pain or stiffness?” was combined
with a figure with arrows and tick boxes at 9 locations (neck, upper back, lower back,
shoulder, elbow, hand, hip, knee and ankle/foot).

i Chronic widespread pain'63

Dichotomous variables were made for each major body area: (1) Trunk (neck, upper back,
and lower back), (2) upper limb (shoulder, elbow, hand), and (3) lower limb (hip, knee,
foot/ancle), where 1=at least one painful location. A sum (row total) score variable was made
for the major body areas and dichotomized, where 1=3, that is 1 pain in each major body area.

Of those who affirmed to pain or stiffness that had lasted more than 3 consecutive months,
chronic widespread pain was defined as pain at more than 3 sites in all major body areas
(trunk, upper limbs, and lower limbs) for more than 3 months in the last year.

ii. Chronic local pain

Of those who affirmed to pain or stiffness that has lasted more than 3 consecutive months,
chronic local pain was defined as pain in the neck, upper back, lower back, shoulder, elbow,
hand, hip, knee, or ankle/foot, excluding the presence of chronic widespread pain, generating
9 dichotomous variables.
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Thyroidal disease!?5: 166

Cluster text: “Has it ever been verified that you have/have had hypothyroidism or
hyperthyroidism?” Separate tick boxes for each condition (yes, no), generating two
dichotomous variables, 1=Yes.

For each diagnosis, included were those who affirmed to have or have had the diagnosis.

Chronicity is assumed based on medical knowledge and clinical experience.

Irritable bowel syndrome!¢7- 168

Index question: “Have you had stomach pain or discomfort in the last 12 months?” Answers:
Yes, much; yes, a little; no. Irritable bowel syndrome was further constructed from 4 of 6
follow-up questions: “If yes:

“In the last 3 months, have you had this as often as 1 day a week for at least 3 weeks?” Yes,
no.

“Is the pain/discomfort relieved by having a bowel movement?” Yes, no.

“Is the pain/discomfort related to more frequent or less frequent bowel movements than
normal?” Yes, no.

“Is the pain/discomfort related to the stool being softer or harder than usual?” Yes, no.

Included with irritable bowel syndrome were those who affirmed little or much stomach pain
or discomfort in the last year, who for as often as 1 day a week for at least 3 weeks in the last
3 months have had at least 2 of the following: pain or discomfort relieved by having a bowel
movement, associated with altered frequency of bowel movements, or associated with altered
stool appearance; this resembled a modified version of the Rome criteria. ' 198

Gastroesophageal reflux disease!®> 128

Cluster text: “To what degree have you had the following problems in the last 12 months?”
Options combined type (nausea, heartburn/acid regurgitation, diarrhea, constipation,
alternating constipation and diarrhea, and bloating) and frequency (never, a little, or much).

Generated 1 dichotomous variable, heartburn, where 1=Much.

Gastroesophageal reflux disease is defined as much heartburn or acid regurgitation in the last
12 months.'?

Anxiety!?5 169

Instrument variable: Hospital Anxiety and Depression Scale (HADS).!%’ Every other
statement of 14 statements covers symptoms on anxiety and depression and is scored O to 3.
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The HUNT Databank constructed a total score for anxiety (HADS-Anxiety), if all 7 anxiety
items were answered.

Anxiety was defined as HADS-Anxiety score of 8 or more of 21, indicating mild or possible

anxiety.!70-172

Chronicity is assumed based on medical knowledge and clinical experience.

Depression!0% 169

Instrument variable: Hospital Anxiety and Depression Scale (HADS).!%° Every other
statement of 14 statements covers symptoms on anxiety and depression and is scored 0-3.

The HUNT Databank constructed total score depression (HADS-Depression), if all 7
depression items were answered.

Depression was defined as HADS-Depression score of 8 or more of 21, indicating mild or
possible depression. %172

Chronicity is assumed based on medical knowledge and clinical experience.
Chronic insomnia!%% 173

There were 9 questions on sleeping pattern in 1 cluster, including 3 concerning insomnia.
Initial text: “How often in the last 3 months have you

“Had difficulty falling asleep at night?”” Never/seldom, sometimes, several times a week.
“Woken up repeatedly during the night?” Never/seldom, sometimes, several times a week.

“Woken too early and couldn’t get back to sleep?” Never/seldom, sometimes, several times a
week.

Chronic insomnia was defined as in the last 3 months, several times a week, having difficulty
falling asleep at night and waking up repeatedly during the night, and waking up too early.
This was a modified version of the diagnostic criteria for insomnia in the International
Classification of Sleep Disorders.?®

Alcohol use disorder!'”*

Instrument variable: the CAGE questionnaire for problematic alcohol use, an acronym for 4
questions focused on cutting down on alcohol use, annoyance by criticism, guilt feelings
associated with drinking, and eye-openers (drinks taken immediately on waking).!” The
CAGE questionnaire is a 4-item scale with scores of O to 1 .

A summary variable was created and dichotomized in which a score of 1 indicates 2 or more
positive answers.

Alcohol use disorder was defined as CAGE score greater than 2.!7
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Chronicity is assumed based on medical knowledge and clinical experience.

Dental health problem
“How would you say your dental health is?” Very, bad, OK, good, very good.
Dental health problems were defined as self-reported bad or very bad dental health.?

Chronicity is assumed based on medical knowledge and clinical experience.

Menopausal hot flashes
Included: Women older than 30 years only.
Two questions were used to define menopausal illness:

“Do you have/have you had hot flashes due to menopause?”” During the day, during the night,
day and night, haven’t had any.

“If you have had hot flashes, how would you describe them?” Very intense, moderately
intense, hardly noticeable.

Included with menopausal hot flashes were those who reported hot flashes occurring daily
and/or nightly and of at least moderate severity.

Chronicity is assumed based on medical knowledge!’® and clinical experience.

Nocturia!”’
Excluded: Women and men, 20 to 29 years.

One question on nocturia, identical to that of the International Prostate Symptom Scale, was
asked to men and women older than 30 years.

“How many times do you get up during the night to urinate?” None, 1 time, 2 times, 3 times,
4 times, 5 times or more.
Nocturia was defined as 2 or more voids per night.!”’

Chronicity is assumed based on medical knowledge and clinical experience.

Urine incontinence!%%- 178
Excluded: men, 20 to 29 years.

Instrument variable: The Epidemiology of Incontinence in the County of Nord-Trendelag
questionnaire.'”®

Index question: Do you have involuntary loss of urine? Yes, no.
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Urine incontinence was constructed from 2 of 6 follow-up questions. “If yes™:

“How often do you have involuntary loss of urine?” Less than once a month, once or more per
month, once or more per week, every day and/or night

“How much urine do you leak each time?” Drops or little, small amount, large amounts.

Self-reported frequency and volume of leakage were multiplied to obtain the validated 4-level

Sandvik Severity Index, categorizing incontinence as slight, moderate, severe, and very

severe.'®

Urine incontinence were included if severe to very severe.

Chronicity is assumed based on medical knowledge and clinical experience.

Prostate symptoms!7® 180

Included: men older than 30 years only.

Instrument variable: The International Prostate Symptom Scale!”’ was slightly modified in
HUNTS3,'® becoming a 7-item scale with scores of 0 to 5 per question.

Included were prostate symptoms of at least moderate severity (sum score >8 points).'”®

Chronicity is assumed based on medical knowledge and clinical experience.

Eye diseases!8!
Excluded: men and women, 20 to 29 years.

Cluster text: “Do you have any of the following eye conditions?”” Cataract, glaucoma, and
macular degeneration. Separate tick boxes: yes, no.

For each diagnosis, included were those who affirmed to have or have had the diagnosis.

Chronicity is assumed based on medical knowledge and clinical experience.

MEASUREMENTS
Obesitylsz, 183

HUNT Databank constructed the body mass index (BMI) variable, defined as (weight in
kg)/(height in m?). Obesity was defined as either a BMI of 35 or more or a BMI of 25 to 34.9
and an increased waist circumference (>88 cm for females; >102 cm for males).!3% 183

Waist circumference had large interobserver variation.'8* The data were checked for outliers.

Chronicity is assumed based on medical knowledge and clinical experience.
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Hypertension!%s

Blood pressure (BP) in HUNT3 is measured 3 times at 1 consultation. The mean of

measurements 2 and 3 is calculated by the HUNT Databank. If measurements 2 or 3 were

missing, the other measurement was used as estimate for the mean. '8

Hypertension was defined as measured mean systolic BP of 180 mm Hg or more or diastolic
BP of 110 mm Hg or more or reporting use of antihypertensive medications, excluding self-
reported cardiovascular disease, diabetes, or kidney disease and excluding extreme measures.®

Chronicity is assumed based on medical knowledge and clinical experience.

Hypercholesterolemia'8®
Hypercholesterolemia was defined as a total cholesterol level of 8 mmol/L or more.'%

Chronicity is assumed based on medical knowledge and clinical experience.
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8.4 Operationalizing socioeconomic position using occupation

In the HUNT3 Survey interview, all participants were asked: “What is/was the title of your
main occupation?” Free-text answers were manually classified according to the Standard
Classifications of Occupations by Statistics Norway,* which is based on the European

Union’s version of the International Standard Classification of Occupations-88.""

The standard categorized occupations according to skill level and specialization, degree of
independence, and manual labor but not social position.*’ Occupations are coded with up to 4
digits, with increasing detail. One digit indicates major groups; 2 digits, submajor groups; 3
digits, minor groups; and 4 digits, unit groups. The minor occupational group was the highest

level of detail available in the HUNT3 Survey.

Occupational socioeconomic positions were operationalized using the European Socio-
economic Classification scheme.” The full version of the scheme requires employment status
and the size of organization in addition to the occupation to assign a class position. We used
the simplified class scheme, based on minor occupational group only,” because the HUNT3
Survey did not have data corresponding to the employment status and size of organization. It
is shown that the agreement between 3-digit full and simplified version of this scheme is
79.7% for the total workforce.”” The syntax is available from
https://www.iser.essex.ac.uk/archives/esec/matrices-and-syntax. It was performed using SPSS

version 25.0 (SPSS Inc).

Table 8.4.1 gives details of transformation of data, discrepancies between the Norwegian and
European Union standards, and the allocated position in the full classification scheme. A total
of 2179 of 38027 individuals had alterations to their occupational data to fit the syntax, 5.7%
of the total sample. In the HUNT3 Survey data, the minor occupational group was a string
variable. To perform the syntax, it had to be altered to a numeric variable. The string 011 was
changed to numeric value 11, which was manually corrected in the syntax. In the 3-digit
variable, some participants were classified with 1 digit and 2 digits only. These were
transformed to the corresponding 3-digit minor group, at the lowest level of detail, by

manually adding suffix digits 0 or 00. This is in line with operationalizing of European Socio-
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economic Classification (Table 1).”” Norwegian minor groups, which were not found in the
European Union standard, were altered to the level of detail in which corresponding groups
could be identified. These were Standard Classifications of Occupations by Statistics Norway
codes: 112 (corresponding to 2 digits), 25 (corresponding to 1 digit), 251-6 (corresponding to
1 digit), 349 (corresponding to 2 digits), 631 (corresponding to 1 digit), 641 (corresponding to
1 digit), 735 (corresponding to 2 digits), and 745 (corresponding to 2 digits).

In total, 9 classes were created. To increase power and simplify interpretation, the full scheme
was collapsed into a 3-class version, with high combining class 1 and 2, middle combining 3
to 6, and low combining 7 to 9.7 The high occupational class represents large employers,
higher-grade and lower-grade professionals, administrative and managerial occupations,
higher-grade technician occupations, and supervisory occupations. The middle occupational
class consist of small employers, self-employed individuals, lower supervisory occupations,
and lower technician occupations. The low occupational class contain lower services, sales

and clerical occupations, lower technical occupations, and routine occupations.
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Table 8.4.1 The distribution of transformed occupational data and discrepancies between the
Norwegian and International Standard Classifications of Occupations and allocation in the

European Socio-economic Classification scheme.

Standard Classifications of Occupations European Socio-economic

Norwegian International Classification scheme n %
1 100 1 262 (0.69)
011 (=num 11) 011=11 3 134 (0.35)
112* - 11=110 1 31 (0.08)
12 120 1 73 (0.19)
13 130 4 20 (0.05)
2 200 1 10 (0.03)
21 210 1 10 (0.03)
22 220 1 1 (0.00)
23 230 2 27 (0.07)
24 240 1 9 (0.02)
25 > 2=200 1 4 (0.01)
251* - 2=200 1 296 (0.78)
252* - 2=200 1 48 (0.13)
253* - 2=200 1 20 (0.05)
254* - 2=200 1 138 (0.36)
255*% - 2=200 1 64 (0.17)
256* - 2=200 1 46 (0.12)
3 300 3 39 (0.10)
31 310 2 37 (0.10)
33 330 3 241 (0.63)
34 340 3 45 (0.12)
349*% >34=340 3 160 (0.42)
4 400 3 1 (0.00)
41 410 3 1 (0.00)
42 420 3 1 (0.00)
5 500 7 1 (0.00)
51 510 7 8 (0.02)
61 610 5 4 (0.01)
631* ->6=600 5 93  (0.24)
641* ->6=600 5 99  (0.26)
7 700 8 20 (0.05)
71 710 8 1 (0.00)
72 720 8 6 (0.02)
73 730 6 1 (0.00)
735* ->73=730 6 38 (0.10)
74 740 8 1 (0.00)
745* >74=740 8 46 (0.12)
8 800 9 62 (0.16)
81 810 9 38 (0.10)
82 820 9 35 (0.09)
83 830 9 6 (0.02)
9 900 9 1 (0.00)
93 930 9 1 (0.00)
Sum 2179 (5.73)

Bold*, divergence Norwegian and international standard; =, change made to fit the standards.
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ABSTRACT

Objectives To explore prevalences and occupational
group inequalities of two measures of multimorbidity with
frailty.

Design Cross-sectional study.

Setting The Nord-Trgndelag Health Study (HUNT), Norway,
a total county population health survey, 2006—-2008.
Participants Participants older than 25 years, with
complete questionnaires, measurements and occupation
data were included.

Outcomes >2 of 51 multimorbid conditions with

>1 of 4 frailty measures (poor health, mental illness,
physical impairment or social impairment) and >3 of 51
multimorbid conditions with >2 of 4 frailty measures.
Analysis Logistic regression models with age and
occupational group were specified for each sex separately.
Results Of 41 193 adults, 38 027 (55% female;

25-100 years old) were included. Of them, 39% had >2
multimorbid conditions with >1 frailty measure, and 17%
had >3 multimorbid conditions with >2 frailty measures.
Prevalence differences in percentage points (pp) with
95% confidence intervals of those in high versus low
occupational group with >2 multimorbid conditions and >1
frailty measure were largest in women age 30 years, 17
(14 to 20) pp and 55 years, 15 (13 to 17) pp and in men
age 55 years, 15 (13 to 17) pp and 80 years, 14 (9 to 18)
pp. In those with >3 multimorbid conditions and >2 frailty
measures, prevalence differences were largest in women
age 30 years, 8 (6 to 10) pp and 55 years, 10 (8 to 11)
ppand in men age 55 years, 9 (8 to 11) pp and 80 years, 6
(95% CI 1 to 10) pp.

Conclusion Multimorbidity with frailty is common, and
social inequalities persist until age 80 years in women
and throughout the lifespan in men. To manage complex
multimorbidity, strategies for proportionate universalism

in medical education, healthcare, public health prevention
and promotion seem necessary.

INTRODUCTION

Multimorbidity, the co-occurrence  of
multiple, chronic conditions, where none is
more central,' is increasingly prevalent and

,'2 Pauline Boeckxstaens,® Kirsty A Douglas,*

Strengths and limitations of this study

» The HUNT Study is a large total county population
general health survey with a multitude of variables,
suitable to estimate prevalences of multimorbidity
and frailty by self-reports and clinical measurements.

» Occupation is used as a marker for socioeconomic
position, enabling international comparison.

» Sex-specific occupational group differences in mul-
timorbidity with frailty are reported as both absolute
and relative measures of inequality.

» As a secondary analysis, the measures in this study
need to be adjusted to fit previously collected data.

» In particular, the original data lacked information of
chronicity of conditions, which may lead to overesti-
mation of multimorbidity.

is becoming the norm.””* Multimorbidity is
associated with high healthcare utilisation®
and challenges clinicians in a fragmented
healthcare system, aided by single disease
guidelines.’ The treatment burden to patients
is often substantial including lowered ability
to self-care.® Ways to harmonise guidelines
to fit multimorbidity” ®* and manage patients
with multimorbidity in clinical practice® have
been explored, and specific multimorbidity
care guidelines are emerging.’ '’
Multimorbidity alone may not imply a
need for complex, multidisciplinary care.'
Sociodemographic characteristics, individual
health and social experiences, and mental
and somatic health characteristics'' increase
patient complexity. The British National
Institute for Health and Care Excellence
(NICE) guideline'® defines multimorbidity
as two or more long-term, single-count
health conditions and recommends a multi-
morbid approach to care in various contexts,

BM)

Vinjerui KH, et al. BMJ Open 2020;10:2035070. doi:10.1136/bmjopen-2019-035070 1

yBuAdoo Ag psjosioid



Invited to the HUNT3 Survey
n= 93860
Non-participants:
n=43053
maln

n= 50807

T e major parts: Missing ‘

n= n=4

Comp\eled all major parts:

n=41193

——— > | Age<=24.9 years: Missing:

n=1569 n=1

Age>=25.0 years:

n=39623
O Missing:
n=25 n=1571

Final sample:
n=38027

Figure 1 Flowchart for sample selection: inclusion and
exclusion criteria and missing data.

including mixed mental and somatic multimorbidity and
multimorbidity with frailty.

Frailty increases the vulnerability for adverse outcomes.
It has been understood as characterised by loss of biophys-
ical reserves in elderly,12 operationalised as the frailty
phenotype.'”® Another approach is the frailty index,"”
which calculates a ratio of accumulation of numerous
deficits in several domains. An opinion of experts further
emphasises the latter multidimensional view and defines
frailty as a dynamic state of multicausality, involving loss
of function in spheres such as physical, psychological
and social domains." This can be regarded as a biopsy-
chosocial frailty model."”” The NICE guideline proposes
identification of frailty through observation of a low gait
speed or poor self-rated health or by scoring a frailty scale
combining demographic characteristics and multidimen-
sional impairments.m

Social health inequalities are established; low socio-
economic position is assoaated with poorer health
outcomes in Nordic countries'® and globally Multi-
morbidity and frailty are no exception. Common deter-
minants are socioeconomic deprivation,' ' female
sex'® # and higher age.”® ® In descriptive studies, any
indicator of socioeconomic position will detect occurring
differences.”’ Socioeconomic gradients in prevalence of
multimorbidity and frailty have been explored by educa-
tion,18 1922 23 income,22 2 occupation3 and deprivation
indexes."® " Occupation is associated with education and
income and may have an impact on health outcomes
through biopsychosocial work exposures.?’ Although
proportions with multimorbidity and frailty increase with
higher age, more multimorbid are young and middle
aged than old,4 2 and frailty is associated with multimor-
bidity and mortality from middle age.”” The NICE guide-
line emphasises assessment of a multimorbid approach to
care for adults of all ages but does not take into account
social position.

There are numerous operational definitions of both
multimorbidity and frailty and prevalence vary by setting,
definitions and methods." **** The literature suggests
that multimorbidity, defined as three or more single
health conditions, increases specificity especially in older
age groups. 229 Common frailty scales require multidi-
mensional loss of function to identify frail individuals®

and share ability to show associations to age, sex and
mortality.?’

The overall purpose of this study is to identify how many
in a general adult population is likely to need complex,
multidisciplinary care as given by one of the contexts
suggested by the NICE guideline; multimorbidity with
frailty. Two measures will be assessed, one in line with
the guideline (two conditions of multimorbidity plus
one dimension of frailty) and the other with expected
increased specificity (three conditions of multimorbidity
plus two dimensions of frailty). The second aim is to
examine associations of these measures according to age,
sex and socioeconomic position.

MATERIALS AND METHODS

Reporting statement

The STROBE (Strengthening the Reporting of Observa-
tional Studies in Epidemiology) cross-sectional reporting
guidelines® were used for reporting this observational
study.

Study design and population

This cross-sectional study use data from the third wave
in the Norwegian HUNT Study (the HUNT3 Survey,
2006-2008). Details on data collection and the cohort
profile of this total county population health survey were
published previously.” In brief, 93 860 residents older
than 20 years were invited. Of these. 54% (n=50 807 of
93 860) completed the main questionnaire, meeting the
minimum requirement for HUNT3 Survey attendance.”
Figure 1 presents the sample selection for this analysis.

Eighty-one per cent (41 193 of 50 807) of eligible partic-
ipants completed all major parts of the HUNT3 Survey;
the main, age-specific and sex-specific questionnaires,
interviews and measurements. Incomplete participation
excluded 9610 individuals, while four missed complete
information on participation. Of the responders, 1569
were younger than 25 years and were excluded on the
assumption that the highest level of occupational group
may not yet be obtained by those in this age category.
One missed information on age. A total of 1571 individ-
uals missed information on occupation, while 25 people
had ‘unspecified occupation’ and was excluded. Of 41
193 (92%) participants, 38 027 were included in the final
sample.

Overall, lower socioeconomic position was associated
with lower participation rate in the HUNT$ Survey.* In
this study, the distribution of occupational groups was
24% (high), 27% (middle) and 49% (low) in the sample
and 17% (high), 20% (middle), 52% (low) and 11%
(missing) among non-eligible. One hundred per cent
of the missing were due to missing classifiable occupa-
tional data. Women constituted 55%, 51% and 81% of
the sample, non-eligible and missing, respectively. The
mean (SD) age was 55 (14) years in the sample, 44 (18)
years among non-eligible and 66 (18) years among those
missing data.
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Box 1 Conditions grouped by ICD-10 chapter
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ICD-10 chapter

Conditions

Il Neoplasms

Cancer

11l Blood/blood-forming organs/immune mechanism
Sarcoidosis

IV Endocrine/nutritional/metabolic
Obesity

Hypercholesterolemia

Diabetes

Hypothyroidism

Hyperthyroidism

V Mental/behavioural

Alcohol problem

Depression

Anxiety

Insomnia

Nervous system

Epilepsy

Migraine

Chronic headache, other

VIl Eye/adnexa

Cataract

Macula degeneration

Glaucoma

VIl Ear/mastoid

Hearing impairment

IX Circulatory system

Hypertension

Angina pectoris

Myocardial infarction

Heart failure

Other heart disease*

Stroke or brain haemorrhage*

X Respiratory system

Chronic bronchitis, emphysema or COPD*
Asthma

XI Digestive system

Dental health status
Gastro-oesophageal reflux disease
Irritable bowel syndrome

XIlI Skin/subcutaneous tissue
Hand eczema

Psoriasis

XIll Musculoskeletal/connective tissue
Rheumatoid arthritis

Osteoarthritis

Ankylosing spondylitis

Fibromyalgia

Osteoporosis

Local musculoskeletal pain/stiffness in:
Neck or upper back or lower back or shoulder or elbow or
Hand or hip or knee or foot/ankle
XIV Genitourinary system

Kidney disease

Urine incontinence

Prostate symptoms

Menopausal hot flashes

Continued

Box 1 Continued

XVIII Symptoms/signs/abnormal clinical/laboratory findings
Nocturia. Chronic widespread pain.

*Exception to single entity.
COPD, Chronic Obstructive Pulmonary Disease.

Demographic and socioeconomic characteristics

Sex and age at participation in the HUNT3 Survey was
constructed by the HUNT Databank. Occupational group
was used as indicator of socioeconomic position.?' In the
HUNT3 Survey interview, all participants were asked,
“What is/was the title of your main occupation?” Free-
text answers were manually categorised corresponding
to Standard Classifications of Occupations by Statistics
Norway,” which is based on the International Standard
Classification of Occupations-88.* Occupational socio-
economic position was operationalised using occupa-
tion only, corresponding to a simplified version of the
European Socio-economic Classification scheme.” The
scheme aims to differentiate occupational groups on
employment relationships and is not hierarchical per se.
Still, the higher occupational groups are likely to have
higher and more secure income.” Collapsed to a three-
class version, the high level represents large employers,
higher grade and lower grade professionals, administra-
tive and managerial occupations, and higher grade tech-
nician and supervisory occupations. The middle group
consists of small employers, self-employed individuals,
and lower-grade supervisory and technician occupations.
The low level contains lower-grade service positions,
sales and clerical occupations, and lower-grade technical
and routine occupations. Details are provided in online
supplementary appendix A.

Outcomes

Multimorbidity

The construction of 51 single, chronic conditions from
the HUNT3 Survey data is described in online supple-
mentary appendix B. Box 1 lists the 51 conditions by
14 International Classification of Diseases 10th Revision
(ICD-10) chapters, a disease classification system in major
organised by organ systems. In this study, a simple, non-
weighted summary score was generated and two multi-
morbidity variables created, with cut-off values of at least
2 of 51 and 3 of 51 conditions.

Frailty

Original data did not match any exact frailty scale. A qual-

itative judgement of available data was undertaken and

general, mental, physical and social dimensions'? % of
frailty were operationalised from six original variables:

1. General health status, defined as those reporting the
answers ‘poor’ or ‘not so good’ (vs ‘good’ and ‘very
good’) to the single question, “How is your health at
the moment?”
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2. Mental health status, included those reporting symp-
toms of anxiety and/or depression, on the Hospital
Anxiety and Depression Scale. The HUNT Databank
calculated a total score for subscales of anxiety and
depression, if all items for anxiety and depression, re-
spectively, were answered. In this study, cut-off was set
at 8/21 points for both conditions® and a combined
variable was created.

3. Physical impairment was identified by combining those
reporting ‘yes’ (vs ‘no’) in response to the question,
“Do you suffer from any long-term (at least 1year)
illness or injury of a physical or psychological nature
that impairs your functioning in your daily life?” and
reporting either motor ability, vision or hearing im-
pairment to a moderate or severe degree.

4. Social impairment was derived from answers to the sin-
gle question, “To what extent has your physical health
or emotional problems limited you in your usual so-
cializing with family or friends during the last 4 weeks?”
Included were those reporting ‘much’ and ‘not able to
socialise’ (vs ‘not at all,” ‘very little,” or ‘somewhat’).

A summary score was generated and two frailty varia-
bles created, with cut-off values of at least one of four and
two of four frailty measures with impairment.

Multimorbidity with frailty

The two final outcome variables were created by
combining self-reported multimorbidity and frailty as at
least 2 of 51 chronic health conditions plus impairment
in 1 of 4 dimensions of frailty and 3 of 51 chronic health
conditions plus impairments in 2 of 4 dimensions of
frailty.

Statistical analysis
We used cross-tables to identify sociodemographic char-
acteristics by occupational group (table 1) and by multi-
morbidity with frailty, stratified by sex (table 2).
Associations between occupational group and the two
measures of multimorbidity with frailty were analysed
using logistic regression, adjusted for age and sex. All
models were stratified by sex and included occupational

group, continuous age, age squared and an interaction
term between occupational group and age. Likelihood
ratio tests were used to compare models.

Given the high prevalence of multimorbidity with frailty
and the knowledge that odds ratios will deviate from rela-
tive risks,” we used postestimation commands to obtain
prevalence differences and prevalence ratios™ between
the occupational groups with high occupational group as
the reference category. The prevalence difference is the
difference in mean predicted probability, and prevalence
ratio is the ratio between the mean predicted probabili-
ties while holding other covariates constant.”® Prevalence
difference and prevalence ratio between occupational
groups were calculated at age 25-100 years in 5-year inter-
vals (online supplementary appendix C). Calculations
(with 95% confidence intervals) are presented at the ages
30, 55 and 80 years to reflect young adults, middle aged
and elderly (table 3).

We performed complete case analysis and used Stata
V.15.1 (StataCorp., College Station, Texas, USA) to
analyse the data.

Patient and public involvement

During the preparation of the HUNT3 Survey, there was
a wide citizen and stakeholder participation. This study
is a secondary analysis of data collected in 2006-2008.
Multimorbidity is a universal topic, not represented by
any particular patient group, thus no patient or public
representatives were involved in designing the study.

RESULTS
A total of 38027 individuals, older than 25 years, who had
completed all major parts of the HUNT3 Survey and had
data on occupation, comprised the final sample for this
study (figure 1). Further sociodemographic characteris-
tics are presented in table 1.

Most participants, 49% (n=18814 of 38027), are cate-
gorised as low occupational group, which is comprised of

Table 1 Sex and age distribution by occupational group

Occupational group

High Middle Low Total

Frequency (%) Frequency (%) Frequency (%) Frequency (%)
Total 8970 (100) 10243 (100) 18814 (100) 38027 (100)
Sex
Female 4505 (50) 5386 (53) 10922 (58) 20813 (55)
Male 4465 (50) 4857 47) 7892 42) 17214 (45)
Age, years
25-44 2837 32) 2600 (25) 4487 (24) 9924 (26)
45-64 4468 (50) 4787 @7 8951 (48) 18206 48)
65-74 1118 (12) 1846 (18) 3297 (18) 6261 (16)
75-100 547 (6) 1010 (10) 2079 (11) 3636 (10)
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Table 2 Frequency distribution of two definitions of multimorbidity with frailty across occupational groups and age categories,

stratified by sex

Women Men

Two conditions of multimorbidityand one dimension of Two conditions of multimorbidity and one dimension of

frailty* frailty*

Total, Total,

No, freq. (%) Yes, freq. (%) freq. (%) No, freq. (%) Yes, freq. (%) freq. (%)
Total 12304 (59) 8482 41) 20813 (100) 10826 (63) 6378 37) 17214 (100)
Occupational group
High 3222 (72) 1282 (28) 4505 (100) 3220 (72) 1242 (28) 4465 (100)
Middle 3370 (63) 2009 37) 5386 (100) 2995 (62) 1860 (38) 4857 (100)
Low 5712 (52) 5191 (48) 10922 (100) 4611 (58) 3276 42) 7892 (100)
Age, years
25-44 4298 (72) 1680 (28) 5981 (100) 3075 (78) 867 (22) 3943 (100)
45-64 5712 (58) 4122 42) 9840 (100) 5398 (65) 2 967 (35) 8 366 (100)
65-74 1615 (51) 1548 (49) 3168 (100) 1681 (54) 1409 (46) 3093 (100)
75-100 679 37) 1132 62) 1824 (100) 672 37) 1135 (63) 1812 (100)
Mean (SD) 52 (14) 58 (14) 54 (14) 54 (14) 61 (14) 56 (14)

Three conditions of multimorbidity and two dimensions Three conditions of multimorbidity and two dimensions

of frailty* of frailty*

No, freq. (%) Yes, freq. (%) Total, (%) No, freq. (%) Yes, freq. (%) Total, (%)

freq. freq.

Total 16983 (82) 3803 (18) 20813 (100) 14367 (83) 2837 (16) 17214 (100)
Occupational group
High 4029 (89) 475 (11) 4505 (100) 3977 (89) 485 (11) 4465 (100)
Middle 4491 (83) 888 (16) 5386 (100) 3995 (82) 860 (18) 4857 (100)
Low 8463 (77) 2440 (22) 10922 (100) 6395 (81) 1492 (19) 7892 (100)
Age, years
25-44 5378 (90) 600 (10) 5981 (100) 3651 (93) 291 7) 3943 (100)
45-64 7920 (80) 1914 (19) 9840 (100) 7024 (84) 1341 (16) 8366 (100)
65-74 2449 (77) 714 (23) 3168 (100) 2472 (80) 618 (20) 3093 (100)
75-100 1236 (68) 575 (32) 1824 (1000 1220 67) 587 32) 1812 (100)
Mean (SD) 53 (14) 60 (14) 54 (14) 55 (14) 63 (13) 56 (14)

*In total, 27 women and 10 men miss data on both measures of multimorbidity with frailty.

freq., frequency.

58% (n=10922 of 18 814) women, while women consti-
tute 55% (n=20813 of 38027) of the total sample.

In total, 77% reported more than two and 62% more
than three conditions of multimorbidity. Frailty with one
impairment was identified in 41% and with two impair-
ments in 18%. Table 2 shows the distribution of the
combined measures across occupational groups and strat-
ified by sex.

Overall, 39% met the criteria of having at least two
conditions of multimorbidity with one dimension of
frailty (41% (n=8482 of 20813) of women, 37% (n=6378
of 17214) of men) and 17% met the criteria of three-
condition multimorbidity with two dimensions of frailty
(18% (n=3803 of 20813) of women, 16% (n=2837 of 17
214) of men).

Proportions of multimorbidity with frailty increased
with lower occupational rank and increasing age, in both
sexes, regardless of definition. Most individuals with any
definition of multimorbidity with frailty were younger
than 64 years.

Table 3 shows prevalence differences and prevalence
ratios with 95% CI for each definition of multimorbidity
with frailty between occupational groups for women and
men at the ages 30, 55 and 80 years.

Prevalence differences in percentage points (pp) for
two-condition multimorbidity with one dimension of
frailty between high and low occupational groups were
largest in women at 30 years, 17 (14 to 20) pp and 55
years, 15 (13 to 17) pp, and for men at 55 years, 15 (13 to
17) pp and 80 years, 14 (9 to 18) pp. The prevalence ratio
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Table 3 Prevalence ratios (PR) and prevalence differences (PD) with 95% CI between occupational groups and multimorbidity

with frailty, stratified by sex

Women Men
Age, Occupational Two conditions of multimorbidity and one dimension of frailty
years group PR (95% Cl) PD (95% Cl) PR (95% ClI) PD (95% Cl)
30 High 1.00 (Ref.) 0.00 (Ref.) 1.00 (Ref.) 0.00 (Ref.)
Middle 1.36 (1.11to 1.65) 0.06 (0.02t0 0.09) 0.93 (0.70to 1.23) -0.01 (—0.06 to 0.03)
Low 2.09 (1.76 t0 2.47) 0.17 (0.14t0 0.20) 1.32 (1.04 t0 1.67) 0.05 (0.01 to 0.09)
55 High 1.00 (Ref.) 0.00 (Ref.) 1.00 (Ref.) 0.00 (Ref.)
Middle 1.22 (1.13t0 1.31) 0.07 (0.04t00.09) 1.34 (1.23to0 1.45) 0.08 (0.06 to 0.11)
Low 1.48 (1.38t0 1.58) 0.15 (0.13t00.17) 1.60 (1.48t01.72) 0.15 (0.13t0 0.17)
80 High 1.00 (Ref.) 0.00 (Ref.) 1.00 (Ref.) 0.00 (Ref.)
Middle 0.96 (0.86 to 1.08) -0.02 (-0.09 to 0.05) 1.23 (1.12t0 1.35) 0.12 (0.06 to 0.17)
Low 1.05 (0.95t0 1.16) 0.03 (-0.03t0 0.09) 1.27 (1.15t01.39) 0.14 (0.09 to 0.18)
Age, Occupational Three conditions of multimorbidity and two dimensions of frailty
years group PR (95% Cl) PD (95% Cl) PR (95% Cl) PD (95% Cl)
30 High 1.00 (Ref.) 0.00 (Ref.) 1.00 (Ref.) 0.00 (Ref.)
Middle 2.31 (1.56 to 3.40) 0.04 (0.02t0 0.06) 1.29 (0.77 to 2.17) 0.01 (-0.01 t0 0.03)
Low 3.59 (2.53t0 5.08) 0.08 (0.06t0 0.10)  1.60 (1.02 to 2.51) 0.02 (0.00 to 0.04)
55 High 1.00 0.00 1.00 0.00
Middle 1.31 (1.14t0 1.50) 0.04 (0.02t0 0.06) 1.62 (1.40to0 1.87) 0.06 (0.04 to 0.07)
Low 1.78 (1.59 t0 2.00) 0.10 (0.08t00.11) 2.05 (1.80t0 2.33) 0.09 (0.08 to0 0.11)
80 High 1.00 (Ref.) 0.00 (Ref 1.00 (Ref.) 0.00 (Ref.)
Middle 1.17 (0.94t0 1.47) 0.05 (-0.02t0 0.11) 1.26 (1.06 to 1.50) 0.07 (0.02 to 0.11)
Low 1.16 (0.94t0 1.42) 0.04 (-0.01t0 0.10) 1.22 (1.04 to 1.44) 0.06 (0.01 t0 0.10)

for the low occupational group compared with the high
occupational group, for two-condition multimorbidity
with one dimension of frailty, was greatest in women at
30 years, 2.09 (1.76 to 2.47) and in men at 55 years, 1.60
(1.48 to 1.72). The prevalence ratio decreased in both
sexes in high age and was at 80 years 1.05 (0.95 to 1.16)
for women and 1.27 (1.15 to 1.39) for men.

Correspondingly, prevalence differences between high
and low occupational groups for three-condition multi-
morbidity with two dimensions of frailty were largest in
women at 30 years, 8 (6 to 10) pp and 55 years, 10 (8
to 11) pp and in men at 55 years, 9 (8 to 11) pp and 80
years, 6 (1 to 10) pp. Prevalence ratio, comparing the low
occupational group with the highest occupational group
for three-conditions multimorbidity with two conditions
of frailty, was greatest in women at 30 years, 3.59 (1.43
to 5.08) and in men at 55 years, 2.05 (1.80 to 2.33). The
prevalence ratio decreased in both sexes in high age and
was at 80 years 1.16 (0.94 to 1.42) for women and 1.22
(1.04 to 1.44) for men.

DISCUSSION
Main results
In this adult population health study, multimorbidity
with frailty was common as 39% met the criteria of

two-condition multimorbidity plus one dimension of
frailty and 17% met the criteria of three-condition multi-
morbidity plus two dimensions of frailty. Proportions
increased with lower occupational group, higher age and
female sex from 25 to 74 years, but was common across
age groups in both sexes. Occupational inequalities were
consistent in both sexes until high age, diminishing in
women, while still present in men at age 80 years.

Comparison with existing literature
Investigating two measures of multimorbidity with frailty
in one sample offers a unique direct comparison of
occurrences and socioeconomic gradients. Lower overall
prevalence for the stricter measure three-condition
multimorbidity with two dimensions of frailty is expected.
Defining multimorbidity by three or more conditions
differentiates into older age.”** The joint measure multi-
morbidity and frailty show the same tendency, as 62% of
75-100 year olds met the criteria of at least two-condition
multimorbidity with one dimension of frailty, while 32%
reported three-condition multimorbidity with two dimen-
sions of frailty. In line with individual studies on multi-
morbidity* ** and frailty,” most individuals with co-present
multimorbidity and frailty are younger than 64 years.
Arecent commentary1 emphasised exploring multimor-
bidity guidelines and frailty as part of multimorbidity’s
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complexity, and overlap of multimorbidity and frailty
has newly been reviewed.”® A pooled prevalence of
16% (95% CI 12% to 21%) was reported for two condi-
tions multimorbidity with the frailty phenotype among
elderly,” while 39% in our study reported at least two
conditions of multimorbidity with one dimension of
frailty. The prevalence differences are likely explained
by differences in methods. The articles included in the
review studied age 60 years and older. Still, the preva-
lence of multimorbidity is low. All but one defined
multimorbidity from lists of less than 12 conditions and
prevalences are probably underestimated.?® * Frailty too
was only operationalised with the biophysical model,
while more people are expected to be detected using a
multidimensional measure.

We have not identified studies on prevalence and social
determinants of multimorbidity with frailty. Low social
position,® ' older age'®* and female sex'®*’ are known
common determinants of multimorbidity and frailty. We
therefore argue that the direction of the sociodemo-
graphic determinants in this study is as expected. The
magnitudes of these gradients, however, have not been
comparable with other studies.

Mechanisms to explain findings

The aggregation of ill health, multimorbidity and frailty
included in lower socioeconomic positions is explained
by numerous theories. Overall, unequal distribution
of power, income and resources result in fundamental
different conditions of daily life yielding inequalities in
health.'” With regard to occupation, several mechanisms
can explain associations to health outcomes. The higher
occupational group is expected to have higher, more
stable income,g5 % more beneficial social networks™
and more autonomy and control® * at work. Adverse
working conditions such as exposure to toxic work envi-
ronments®! or demanding physical requirements® tend
to cluster in lower occupational groups.'” Persisting
health inequalities in assumed egalitarian Nordic coun-
tries is partly understood as mortality selection, where,
given the well-developed healthcare and welfare systems,
frail individuals survive, but likely end up in a low social
position.'® Further, smoking, overall morbidity and
mortality decrease at a higher rate among higher than
lower social groups.'® In this study, the demographic age
distribution explain the high number of 45 to 64years
old with co-present multimorbidity and frailty. Addi-
tionally, incidence of new conditions is associated with
count of conditions at baseline,! as well as age,4 thus
individuals in lower occupational groups may aggregate
conditions faster. The bidirectional association of health
and occupation may explain higher occupational group
prevalence ratios in younger individuals,®' while lower
ratios by increasing age are expected, since multimor-
bidity with frailty is more common® with advancing age.
Finally, survival bias justifies diminishing occupational
differences at age 80 years.

Strengths and limitations

Materials and methods meet the standards of studies
on multimorbidity, frailty and social health inequali-
ties, strengthening this study. In multimorbidity studies,
population-based health surveys are the most frequent
study design,” and prevalence estimates from self-reports
are justified when studying large samples.”® Deriving
the condition count multimorbidity measures from a
complete list of single-entity conditions is shown to yield
proper prevalence estimates.” A multidimensional frailty
measure agrees with a holistic, unrestricted on age,
conceptual definition of frailty'* and with common frailty
scales, which share ability to show associations to age,
sex and mortality.” In descriptive studies, any measure
of socioeconomic position will reveal health inequalities,
if such exists.”’ Occupation is an established marker for
socioeconomic position,21 in which this study had indi-
vidual data classified to facilitate international compar-
ison. Finally, socioeconomic differences are explored as
both absolute and relative measures'® and presented by
sex.'®

There are always limitations in secondary analysis of
data collected a priori and not for the purpose of the
current study. Measures of multimorbidity and frailty
are also manifold, and operationalisations were adjusted
to fit the available data. This challenges the external
validity, and comparability between studies, however, is
sought reduced through transparency of morbidities
included and construction of variables. A majority of
included multimorbidity conditions do not contain infor-
mation regarding duration. Thus, reported prevalence
of multimorbidity may be overestimated and not repre-
sent true chronicity. It is recognised that frailty scales
may differ in accuracy of detecting frailty in younger age
groups'’ ?’; however, frailty symptoms are of great clinical
value regardless of age.'”** The accuracy of the frailty vari-
ables were not explored and frailty was measured solely as
self-report, an approach that may underestimate overall
prevalence® and overestimate proportion among women
compared with men."”

Lastly, in the HUNT3 Survey, participants were asked
for their ‘main’ occupation, which is not necessarily the
current or longest lasting occupation, more commonly
studied.” Younger than middle aged may to some extent
be misclassified in the lower occupational group, which
will underestimate social differences in health among
younger subjects. Occupational data may obscure current
social context” and underestimate socioeconomic
inequalities. Thus, the study would have benefitted from
exploring socioeconomic position with several indica-
tors," such as individual education and income or a
household measure.

Attendance in the HUNT3 Survey varied by age, sex
and social position™; still, the HUNT Study is consid-
ered representative for Norway as a whole® and the
cohort follows trends in health development in western
high-income countries.**™*® Depression hindered partic-
ipation,” which may yield underestimation of both
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multimorbidity and frailty. An overall bias towards healthy
elders is probable, since eligibility depended on atten-
dance at a screening station.

Implications for clinical practice and policy makers

This study aimed to quantify the total prevalence of adults
in the general population who might need complex,
multidisciplinary care assessed as the joint measure
multimorbidity with frailty. In a clinical context, the defi-
nition of at least three-condition multimorbidity with
two dimensions of frailty to detect individuals for whom
to initiate a multimorbid approach to care seems more
feasible. Despite acknowledgement of the association of
multimorbidity and frailty with age, sex and socioeco-
nomic position, guidelines and interventions have yet to
take this into account in assessment and management
for multimorbidity.” Based on literature and repro-
duction of social gradients in our study, we suggest that
clinicians consider evaluation of multimorbidity and
frailty in younger age groups with social context in mind.
Further research on implementation of the multimorbid
approach to care model and mortality is needed before
recommending changing inclusion criteria in a guideline.
Since multimorbidity is becoming the norm, the organi-
sation of healthcare should reform to fit person-centred,
coordinated, multidisciplinary care.®'* To prevent cases
of multimorbidity and frailty and minimise social discrep-
ancies, both universal and targeted life cycle approaches
seem necessary.”!

Frailty is independently associated with mortality,
adjusted for multimorbidity,25 and is reversible.”? Thus,
detection of frailty is relevant for both public health and
clinical purposes.

Future research

Some forms of biases are possible for both multimor-
bidity, frailty and social position, and a careful interpre-
tation of findings is warranted. However, multimorbidity
with frailty is common in this general population and
with occupational inequalities throughout adulthood,
even with stricter definitions. This adds knowledge to
the public health literature about the sociodemographic
distribution of multimorbidity with frailty in younger
age groups, as well as very old individuals. On this back-
ground, we recommend exploring the sociodemographic
distribution of alternative measures on multimorbidity,
including patterns, aiming to detect individuals suspected
in high need of complex, multidisciplinary healthcare.
Furthermore, such measurements can be compared as
prognostic factors for healthcare utilisation and mortality.

CONCLUSION

Multimorbidity with frailty is common from young adult-
hood onward, with consistent socioeconomic inequalities
until 80 years old. Prevention will require a proportionate
universal approach on social determinants of health
throughout the entire life span. The crucial need for

person-centred multimorbid approach to care that
acknowledges social context, demands reforms in health-
care organisational structure, medical education and
treatment. Further research on competing measures of
high-need multimorbidity and the association of these
factors with healthcare utilisation and mortality should be
explored by socioeconomic position, age and sex.
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ABSTRACT

Objectives Multimorbidity, the co-occurrence of multiple
long-term conditions, is common and increasing.
Definitions and assessment methods vary, yielding
differences in estimates of prevalence and multimorbidity
severity. Sociodemographic characteristics are associated
with complicating factors of multimorbidity. We aimed to
investigate the prevalence of complex multimorbidity by
sex and occupational groups throughout adulthood.
Design Cross-sectional study.

Setting The third total county survey of The Nord-
TriXndelag Health Study (HUNT), 2006X2008, Norway.
Participants Individuals aged 25K100 years with
classifiable occupational data and complete questionnaires
and measurements.

Outcome measure Complex multimorbidity defined as
Bthe co-occurrence of three or more chronic conditions
affecting three or more different body (organ) systems
within one person without defining an index chronic
conditionX

Analysis Logistic regression models with age and
occupational group were specified for each sex separately.
Results 38 027 of 41193 adults (55% women) were
included in our analyses. 54% of the participants were
identified as having complex multimorbidity. Prevalence
differences in percentage points (pp) of those in the

low occupational group (vs the high occupational group
(reference)) were 19 (95% Cl, 16 to 21) pp in women and
10 (8 to 13) pp in men at 30 years; 12 (10 to 14) pp in
women and 13 (11 to 15) pp in men at 55 years; and 2 (—1
to 4) pp in women and 7 (4 to 10) pp in men at 75 years.
Conclusion Complex multimorbidity is common from
early adulthood, and social inequalities persist until 75
years in women and 90 years in men in the general
population. These findings have policy implications

for public health as well as healthcare, organisation,
treatment, education and research, as complex
multimorbidity breaks with the specialised, fragmented
paradigm dominating medicine today.

INTRODUCTION

Multimorbidity, the co-occurrence of multiple

long-term conditions in which none holds
R . . 23

priority,” is common and increasing.”” It chal-

lenges the individual s ability to self-manage*®
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Strengths and limitations of this study

» As a large, entire-county, general population health
survey with a vast number of variables, the HUNT
Study is ideal to estimate the prevalence of multi-
morbidity by self-reports and clinical measurements.

» Complex multimorbidity operationalised as three
or more organ systems affected is relevant in both
clinic and research, with high specificity into old
age, implicating the need for coordinated multidis-
ciplinary care and increasing comparability between
studies.

» Socioeconomic position operationalised as occu-
pations allocated in the European Socio-economic
Classification scheme makes international compari-
son of gradients possible.

» Non-participants have lower socioeconomic posi-
tion and higher mortality, thus the social gradients in
prevalence of complex multimorbidity detected are
likely conservative.

» The original data lacked information of chronicity of
a majority of the conditions, which may lead to over-
estimation of complex multimorbidity.

as well as clinical decision-making’ 7 due to
complexity that conflicts with subspecialised
medicine and clinical guidelines. Multimor-
bidity is associated with high healthcare util-
isation in both primary and specialist care,’
including emergency department visits.”
Multimorbidity is heterogeneous, and a
mere count of conditions may not imply
complexity,! ° requiring coordinated multi-
disciplinary care. In attempts to detect
individuals with high needs, guidelines by
and large are focused on combinations of
conditions, such as concurrent mental and
somatic conditions’ '* "' or three or more
conditions in separate organ systems,” '* and
consequences thereof, such as polyphar-
macy’ " ' and requirements for assistance
in daily living.” ' " Individual factors
that increase patient complexity include
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sociodemographic Characteristics,13 social resources,13
and health and social experiences.'” Recent recommen-
dations on multimorbidity care have taken into account
social networks,"" socioeconomic positions'' and patient
experiences, such as treatment burden.!* !

Research results from cross-sectional studies on multi-
morbidity prevalence have been difficult to compare
because of differences in definitions, methods, and the
number and types of conditions included."* ** Still, asso-
ciations with lower socioeconomic position,” '* ' female
sex® 1% and increasing age® '* !° persist across studies.
Further, defining multimorbidity as simultaneously
having three or more conditions increases the specificity
of the multimorbidity measure into older age groups,'* "
and comparability between studies increases when multi-
morbidity is operationalised as multiple organ systems
affected."

Inequalities in health according to socioeconomic
position are persistent,17 even in comparatively egali-
tarian Nordic societies.'® The association of socioeco-
nomic differences with the occurrence of multimorbidity
has been explored using multiple measures, such as
education,14 1 income,19 0::cupati0n3 and deprivation
indexes." '° In fact, any measure of socioeconomic posi-
tion will detect health differences in descriptive studies,
if differences exist.”” Using an occupational classification
may reflect specific work-related exposures in addition to
general associations to income, material resources and
social status.?

In sum, multimorbidity represents a challenge both for
the individual and clinician, as well as for the coordina-
tion of healthcare. Previous multimorbidity prevalence
research suggests that demographic and socioeconomic
gradients operate. In Norway, multimorbidity prevalence
and patterns have been partly explored.?’ Studies on
complex multimorbidity is lacking, and no studies have
investigated sociodemographic differences. Such data
can strengthen healthcare planning and clinical manage-
ment of multimorbidity, as well as guide public health
interventions.

Our aim is to add to former knowledge by assessing the
prevalence of complex multimorbidity, defined as three
or more conditions in separate organ systems, by age, sex
and occupational groups, in a general population health
survey.

METHODS

Reporting statement

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) cross-sectional
reporting guidelines™ were used for reporting this obser-
vational study.

Study population

The HUNT Study is a population-based health study for
all adults 20 years and older living in Nord-Tr ndelag
County, Norway. Four surveys have been completed since

Invited to the HUNT3 Survey:
n=93860
L— Non-participants:
=4
Completed main questionnaire: n=ds009
n=50807
[——————— Incomplete major parts: Missing:
n=9610 n=4
Completed all major parts:
n=41193
| Age<24.9 years: Missing:
n=1569 n=1
Age =25.0 years:
n=39623
| — > | Occupation unspecified: Missing:
. n=25 n=1571
Final sample:
n=38027
Figure 1 Flowchart for sample selection; inclusion and

exclusion criteria and missing data.

the 1980s, and cohort profiles and data collection proce-
dures have been described in detail elsewhere.” ** This
study is a secondary analysis of data from the HUNT3
Survey (2006 2008), where 93860 citizens were invited
to participate. In short, the survey consisted of a main
questionnaire received with the invitation by email and
handed in when attending a screening station, where
participants were interviewed and clinical measurements
and biological samples were taken. A second sex-specific
and age-specific questionnaire was handed out at the
screening station and returned by email.

A total of 50807 individuals (54% of 93860 invited)
completed the main questionnaire, required to be consid-
ered an attendant of the HUNT3 Survey.” Sampling is
described in figure 1. In this study, 41 193 of 50807 partic-
ipants (81%) had data on all major parts of the survey
(both questionnaires, interview,
samples) and were designated as respondents. Thus, 9610
were excluded due to incomplete participation, while 4
people missed complete participation data. Under the
assumption that young adults may not have obtained
their highest level of occupational class at the time of
participation, 1569 participants younger than 25 years
were excluded, as well as 1 person with missing age data.
Occupation data were missing for 1571 respondents, and
25 people were excluded due to unspecified occupation
data. Finally, 38027 of 41193 (92%) respondents were
eligible for data analysis, 11204 were non-eligible and
1576 had missing data.

Participation in the HUNTS3 Survey varies with socio-
economic position, age and sex.” The distribution of
occupational groups among the sample was 24% (high),
27% (middle) and 49% (low) and in non-eligible: 17%
(high), 20% (middle), 52% (low) and 11% (missing).
The average (SD) age in the sample was 55 (14) years, in
the non-eligible group 44 (18) years and among missing
66 (18) years. Women constituted 55% (n=20813 of 38
027) of the sample, 51% (n=5662 of 11 203) of the non-
eligible and 81% of the missing (n=1281 of 1576).

measurements and
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Box 1 Conditions grouped by ICD-10 chapter
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ICD-10 chapter

Conditions

Il Neoplasms

Cancer

11l Blood/blood-forming organs/immune mechanism
Sarcoidosis

IV Endocrine/nutritional/metabolic
Obesity

Hypercholesterolemia

Diabetes

Hypothyroidism

Hyperthyroidism

V Mental/behavioural

Alcohol problem

Depression

Anxiety

Insomnia

Nervous system

Epilepsy

Migraine

Chronic headache, other

VIl Eye/adnexa

Cataract

Macula degeneration

Glaucoma

VIl Ear/mastoid

Hearing impairment

IX Circulatory system

Hypertension

Angina pectoris

Myocardial infarction

Heart failure

Other heart disease*

Stroke or brain haemorrhage*

X Respiratory system

Chronic bronchitis, emphysema or COPD*
Asthma

XI Digestive system

Dental health status
Gastro-oesophageal reflux disease
Irritable bowel syndrome

XIlI Skin/subcutaneous tissue
Hand eczema

Psoriasis

XIll Musculoskeletal/connective tissue
Rheumatoid arthritis

Osteoarthritis

Ankylosing spondylitis

Fibromyalgia

Osteoporosis

Local musculoskeletal pain/stiffness in:
Neck or upper back or lower back or
shoulder or elbow or hand or

hip or kne or foot/ankle

XIV Genitourinary system

Kidney disease

Urine incontinence

Prostate symptoms

Continued

Box 1 Continued

Menopausal hot flashes

XVIII Symptoms/signs/abnormal clinical/laboratory findings
Nocturia

Chronic widespread pain.

*Exception to single entity

COPD, chronic obstructive pulmonary disease; ICD-10, International
Classification of Diseases, Tenth Revision.

Outcome variable

Complex multimorbidity was defined as the co-occur-
rence of three or more chronic conditions affecting
three or more different body (organ) systems within one
person without defining an index chronic condition , as
suggested by previous research.” '

All conditions possible to generate from the HUNT3
Survey data were included to meet recommendations
on deriving the best estimate of prevalence of multimor-
bidity."® In total, 51 chronic conditions, defined singly
as far as original data permitted, were constructed, and
details are described in online supplementary appendix
A. This list of 51 conditions is more comprehensive and
homogeneous than previous operationalisations of multi-
morbidity in the HUNTS Survey.”!

Further, the conditions were grouped according to the
International Classification of Diseases,Tenth Revision
(ICD-10), in 13 organ-specific chapters and one chapter
on symptoms, signs and abnormal clinical and laboratory
findings (box 1), using general terms of the conditions
in the Norwegian Directorate of eHealth online search
engine® on 1 February 2017.

Chapters were counted once if affected by at least one
chronic condition, and a summary score of the chapter
variables was generated. In this study, complex multimor-
bidity was defined as having conditions in at least 3 of 14
chapters.

Sociodemographic characteristics

Occupation data from the HUNT3 Survey were free-text
answers to the interview question, What is/was the title of
your main occupation? Answers were manually categorised
corresponding to Standard Classifications of Occupations
by Statistics Norway,27 which is based on the International
Standard Classification of Occupations-88 (ISCO-88).%
Socioeconomic position was allocated according to the
simplified, 3-class version European Socio-economic Clas-
sification (ESeC) scheme.? The simplified scheme is based
solely on occupational data, classified according to ISCO-
88.% Details are provided in online supplementary appendix
B. The intention of the full ESeC scheme is to measure
qualitative distinctions between employment relationships
and does not reflect a clear hierarchy.” However, income is
considered more stable in the salariat class.” In the 3-class
version, the salariat class consists of large employers, higher-
grade and lower-grade professionals, administrative and
managerial occupations, and higher-grade technician and

Vinjerui KH, et al. BMJ Open 2020;10:2036851. doi:10.1136/bmjopen-2020-036851
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Table 1 Sex and age distribution by occupational group

Occupational group

High Middle Low Total
Freq. (%) Freq. (%) Freq. (%) Freq. (%)
Total 8.970 (100) 10.243 (100) 18.814 (100) 38.027 (100)
Sex
Women 4.505 (50) 5.386 (53) 10.922 (58) 20.813 (55)
Men 4.465 (50) 4.857 (47) 7.892 (42) 17.214 (45)
Age, years
25K44 2.837 (32) 2.600 (25) 4.487 (24) 9.924 (26)
45K64 4.468 (50) 4.787 (47) 8.951 (48) 18.206 (48)
65K74 1.118 (12) 1.846 (18) 3.297 (18) 6.261 (16)
75X100 547 (6) 1.010 (10) 2.079 (11) 3.636 (10)

Freq., Frequency.

supervisory occupations. The intermediate class contains
small employers, self-employed individuals, and lower-grade
supervisory and technician occupations. The working class
represents lower-grade service positions, sales and clerical
occupations, and lower-grade technical and routine occu-
pations. For practical reasons in this study, the terms high,
middle and low occupational group replaced the terms
salariat, intermediate and working class, respectively.

In addition, continuous age and categorical sex data,
provided by the HUNT Databank, were used in the analyses.

Statistical analysis

Cross-tables were used to present sociodemographic char-
acteristics of the sample by occupational group (table 1)
and by complex multimorbidity, stratified by sex (table 2).

Associations between occupational group and complex
multimorbidity were analysed using logistic regression.
The final models were stratified by sex, included occu-
pational group, continuous age and an interaction term
between occupational group and age. Choice of models
was guided by likelihood ratio tests.

Since complex multimorbidity was highly prevalent,
ORs would deviate from relative risks™ and be challenging
to interpret. Thus, we used the estimates from the logistic
regression models to derive prevalence differences, the
difference in mean predicted probability,31 and preva-
lence ratios, the ratio between the mean predicted prob-
abilities,” between occupational groups, while holding
other covariates constant. The high occupational group

Table 2 Sociodemographic distribution of complex multimorbidity

Complex multimorbidity

Women Men
No, n (%) Yes, n (%) Total, n (%) No, n (%) Yes, n (%) Total, n (%)
Total 8.505 (41) 12.308 (59) 20.813 (100) 9.137 (53) 8.077 (47)  17.214 (100)
Occupational group
High 2.460 (55) 2.045 (45) 4.505 (100) 2.712 (61) 1.753 (39) 4.465 (100)
Middle 2.384 (44) 3.002 (56) 5.386 (100) 2.525 (52) 2.332 (48) 4.857 (100)
Low 3.661 (34) 7.261 (66) 10.922 (100) 3.900 (49) 3.992 (51) 7.892 (100)
Age, years
25K44 3.859 (65) 2.122 (35) 5.981 (100) 2.958 (75) 985 (25) 3.943 (100)
45K64 3.668 (37) 6.172 (63) 9.840 (100) 4.621 (55) 3.745 (45) 8.366 (100)
65K74 721 (23) 2.447 (77) 3.168 (100) 1.155 (37) 1.938 (63) 3.093 (100)
75X100 257 (14) 1.567 (86) 1.824 (100) 403 (22) 1.409 (78) 1.812 (100)
Mean (SD) 48 (13) 59.(14) 54 (14) 52 (13) 62 (13) 56 (14)
4 Vinjerui KH, et al. BMJ Open 2020;10:2036851. doi:10.1136/bmjopen-2020-036851
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Table 3 Prevalence ratios (PRs) and prevalence differences (PDs) with 95% Cls in complex multimorbidity between
occupational groups, stratified by sex

Occupational _Women Men
Age, years group PR (95% Cl) PD (95% Cl) PR (95% Cl) PD (95% Cl)
30 High 1.00 (ref.) 0.00 (ref.) 1.00 (ref.) 0.00 (ref.)
Middle 1.47(1.28t01.68)  0.08 (0.05to 0.11) 128(1.05t01.55  0.03 (0.01 to 0.06)
Low 2.06(1.84102.32)  0.19(0.16 t0 0.21) 1.92(1.63t02.26)  0.10 (0.08 0 0.13)
55 High 1.00 (ref.) 0.00 (ref) 1.00 (ref.) 0.00 (ref.)
Middle 1.08(1.03t01.12)  0.04 (0.02 to 0.06) 116 (1.10t01.23)  0.06 (0.04 to 0.08)
Low 1.22 (1.18 to 1.26) 0.12 (0.10to 0.14) 1.35(1.28 to 1.41) 0.13 (0.11 t0 0.15)
75 High 1.00 (ref.) 0.00 (ref) 1.00 (ref.) 0.00 (ref)
Middle 0.98 (0.95 to 1.02) —-0.01 (-0.04 to 0.02) 1.07 (1.02t0 1.12) 0.05 (0.02 to 0.08)
Low 1.02 (0.99 to 1.05) 0.02 (-0.01 to 0.04) 1.10 (1.06 to 1.15) 0.07 (0.04 to 0.10)
20 High 1.00 (ref.) 0.00 (ref.) 1.00 (ref) 0.00 (ref)
Middle 098 (0.96t01.00)  —-0.02 (-0.04t00.00)  1.03(0.99t01.07)  0.03 (~0.01 to 0.06)
Low 0.99 (0.97 to 1.01) —-0.01 (-0.03 to 0.01) 1.03 (0.99 to 1.07) 0.02 (-0.01 to 0.05)

was chosen as the reference group. Prevalence differences
and prevalence ratios were calculated in 5-year intervals
from 25 to 100 years, with 95% CIs (online supplemen-
tary appendix C). Results for the ages 30, 55, 75 and 90
years are presented in table 3 to represent adult, middle
aged, aged and oldest old in the sample.

To visualise the differential association between age
and complex multimorbidity in each occupational group,
we specified separate models using restricted cubic
splines and graphed the findings from each model into a
common plot for each sex.

Sensitivity analysis was performed to investigate if the
number and types of conditions showed a similar pattern
with respect to the overall prevalence as well as differences
between occupational groups (online supplementary
appendix D). The alternative complex multimorbidity
measure was derived from data in the main questionnaire
only (22 conditions, grouped in 12 ICD-10 chapters).

Complete case analysis was performed, and StatalC 15.1
was used to analyse the data (StataCorp. 2017. Stata Statis-
tical Software: Release 15. College Station, TX: StataCorp
LLC).

Patient and public involvement

There was a broad participant, patient and stakeholder
involvement during the planning of the HUNT3 Survey.
Data collection was performed in 2006 2008. Complex
multimorbidity is a universal subject, not represented
by any particular patient group, and thus no patient or
public representative was involved in the design of this
secondary analysis study.

RESULTS

Thirty-eight thousand twenty-seven individuals, aged
25 100 vyears, 55% women (n=20813), who had
completed all major parts of the HUNT3 Survey and had

a classifiable occupation comprised the eligible sample,
as figure 1 depicts. table 1 presents further sociodemo-
graphic characteristics.

Nearly half the sample (49%; n=18814 of 38 027; of
which 58% were women, n=10922) was allocated in the
low occupational group. In absolute numbers, the low
occupational group was the largest socioeconomic cate-
gory in both sexes and all age groups. The proportion of
individuals aged 25 44 years decreased from 32% in the
high occupational group (n=2837) to 24% in the low occu-
pational group (n=4487), while the proportion of individ-
uals aged 75 to 100 years increased from 6% (n=547) to
11% (n=2079). Participants aged 45 to 64 years were the
largest age group in total and in all occupational groups
(high, n=4468; middle, n=4787; low, n=8951).

Overall, a majority (54%; n=20 385 of 38 027) of the
sample met the criteria for having complex multimor-
bidity, including 59% of women (n=12 308) and 47%
of men (n=8077; table 2). The percentages increased
from high to low occupational group in women from
45% (n=2045) to 66% (n=7261) and in men from 39%
(n=1753) to 51% (n=3992). The proportions further
increased by age, from 35% (n=2122) of women aged 25
to 44 years to 86% (n=1567) of women aged 75 to 100
years. In men, the increase was from 25% (n=985) to 78%
(n=1409) in the same age groups. In absolute numbers,
most people classified as having complex multimorbidity
were aged 45 to 64 years (women, n=6172; men, n=3745).

Table 3 shows prevalence ratios and prevalence differ-
ences between the occupational groups after adjusting for
age and occupation age interaction and thus presented
at ages 30, 55, 75 and 90 years. Prevalence differences for
complex multimorbidity between high and low occupa-
tional groups varied; at 30 years, 19 (16 to 21) percentage
points (pp) in women and 10 (8 to 13) pp in men; at 55
years, 12 (10 to 14) pp in women and 13 (11 to 15) pp in
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Women Men

Predicted probability

Age, years

Low occupational group
—— Middle occupational group

~— High occupational group
Figure 2 Estimated prevalence of complex multimorbidity
with 95% Cls by age and occupational group for women and
men.

men; at 75 years, 2 (-1 to 4) pp in women and 7 (4 to 10)
pp in men; and at 90 years, -1 (=3 to 1) pp in women and
2 (-1 to 5) in men. Compared with the high occupational
group, the prevalence ratios for the low occupational
group for complex multimorbidity were at 30 years, 2.06
(1.84 to 2.32) in women and 1.92 (1.63 to 2.26) in men;
at 55 years, 1.22 (1.18 to 1.26) in women and 1.35 (1.28
to 1.41) in men; at 75 years, 1.02 (0.99 to 1.05) in women
and 1.10 (1.06 to 1.15) in men; and at 90 years, 0.99 (0.97
to 1.01) in women and 1.03 (0.99 to 1.07) in men.

In the sensitivity analyses where the complex multimor-
bidity measure was derived from fewer conditions (22
vs 51) and ICD-10 chapters (12 vs 14), the total preva-
lence was 15% (n=5836 of 38 027, online supplementary
appendix D). Proportions were greater in women, higher
age and the low occupational group. Compared with the
results from the main analysis, prevalence differences
between high and low occupational groups were smaller
in women at all ages and in men at age 30 years and 55
years, while prevalence ratios were greater in men at all
ages and in women aged 30 and 55 years.

Figure 2 depicts estimated prevalence of complex
multimorbidity by occupational group and sex in individ-
uals aged 25 to 100 years. In all occupational groups in
both sexes, the predicted prevalence increased with age
throughout the age span. Further, estimated prevalence
differed between the occupational groups in women until
age 75 years and in men until age 90 years. Women had
a consistently higher prevalence for complex multimor-
bidity than men.

DISCUSSION

Main results

More than half (54%) of this total county adult popu-
lation sample were identified with complex multimor-
bidity, measured as occurrence of chronic conditions in
minimum three separate organ systems. Prevalence of
complex multimorbidity was common from early adult-
hood, increased with age and was higher in women and
in the low occupational group. Occupational group

prevalence differences and ratios in complex multimor-
bidity were diminishing in women, while still present in
men, at age 75 years.

Comparison with existing literature

Few, if any, studies (to our knowledge) have investigated
the prevalence and determinants of complex multi-
morbidity in a general population. The findings are in
keeping with known determinants of lower social posi-
tion, female sex and higher age for multimorbidity in
both general population' and primary care studies.” ***°
An Australian study using a comparable operationalisa-
tion of complex multimorbidity identified nearly 25% of
patients in general practice with complex multimorbidity
and estimated a national prevalence of 17%.% However,
higher prevalence findings from our predominantly self-
reported data are compatible with studies comparing
prevalence estimates from self-reports and health record
data.*®* In absolute numbers, the incidence of individ-
uals identified with the stricter measure of complex multi-
morbidity is still highest among the group younger than
64 years, as has been shown for multimorbidity.'® " * The
sensitivity analysis confirms how number and types of
conditions influence prevalence'® '* and effect estimates
of age, sex and socioeconomic position.”

Mechanisms to explain findings

The association between lower socioeconomic position
and poor health is well established. In general, unequal
distribution of income, power and wealth is understood
to be socially determined fundamental causes that impact
conditions of everyday life and result in social health
inequalities.17 In Nordic countries assumed to be egali-
tarian and offering universal healthcare, social health
inequalities still exist."® Theories put forward are the
survival of individuals with greater frailty, who are more
likely to obtain a lower social position.g7 The gap in
health is also explained by overall morbidity and mortality
decreasing faster among the higher than the lower socio-
economic groups.”’

In this study, occupational group serves as the proxy
variable for socioeconomic position. Occupation may
affect health outcomes through universal and specific
mechanisms. In general, the higher occupational groups
will have more secure and higher income,29 3 as well as
advantageous social networks.”™ In particular, jobs vary in
psychosocial factors, such as stress, control and autonomy
and biological factors, such as physical demands or
harmful and hazardous work environments.*® Overall,
the higher occupational groups have greater autonomy
and control,29 while lower occupational groups are more
exposed to malign work factors.'” Generations may have
different associations between a profession and health
outcomes,™ as occupations, tasks and exposures shift over
time.

The bidirectional relationship between health and
occupation20 may partly explain the larger prevalence
differences and ratios between low and high occupational
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groups in the younger age categories. Higher rates of
multimorbidity in young individuals in lower socioeco-
nomic positions may also be explained by detection
bias®™ in which the initiation of therapy and healthcare
follow-up increase the likelihood of diagnosing more
conditions. Diminishing occupational ratios and differ-
ences among the oldest may be explained by the higher
overall prevalence of complex multimorbidity” and
also survival bias, whereby the individuals with greatest
fragility have already died. While probability of complex
multimorbidity increases with age, the age distribution
results in a higher number of cases occurring in those
younger than 64 years.

Strengths and limitations

Strength of this study is the estimation of prevalence
of complex multimorbidity from a general population
survey, the most common study design in multimorbidity
studies.™ A vast number of self-reported conditions are
included, almost exclusively diagnoses and symptoms.*
Self-report is considered a valid approach when studying
large samples.'” Furthermore, using all available data will
produce the most proper prevalence estimates,'> which in
this study is demonstrated by the sensitivity analysis and
which seems necessary to detect occupational differences
in younger age groups. The sensitivity analyses confirm
that the spectrum of conditions included may affect asso-
ciations with socioeconomic position, age and sex.”

Our operationalisation of complex multimorbidity
makes the prevalence estimates comparable with other
studies categorising conditions by any organ-based
system.'” The occurrence of conditions in separate organ,
and number of organ systems, could have been explored
as a continuous measure with assumed increasing severity;
however, this was beyond the scope of this study.

The allocation of occupations in the ESeC also makes
international comparison of social gradients possible.”
We presented absolute and relative differences in compli-
ance with recommendations on measurements of socio-
economic inequalities in health.” Results are further
stratified by age and sex, which are stated as minimum
requirements for proper reporting of multimorbidity."*

A number of limitations should be noted. Our study is
based on data collected for a general health survey, and
this limits data on conditions included in the complex
multimorbidity measure. In particular, we did not have
explicit information on chronicity for a majority of the
conditions. Thus, the prevalence of complex multimor-
bidity may be overestimated.

Socioeconomic position was explored using only
occupation, and while social health inequalities will be
detected,” socioeconomic measures are not interchange-
able.”” #* Different measures of socioeconomic position
will act through varying mechanisms and may associate
distinctively with health outcomes.” * Participants in
the HUNT3 Survey reported their main occupation,
while current or longest lasting occupation is more often
studied.” Younger subjects may be misclassified in lower

socioeconomic position, which may underestimate the
occupational differences in health in this age group,
whereas reverse causation, whereby prior health status
determines job opportunities, is unavoidable and will
increase detected differences. This study excludes those
never having worked, which will underestimate social
gradients in complex comorbidity.43 Further, individ-
uals with data missing due to unclassifiable occupation,
a circumstance more common in elderly women than
other participants, were excluded. Occupational data
may misrepresent present social context™ and thereby
underestimate social inequalities. It would have been
favourable if the study had included education, income
or household indicators for socioeconomic position.

Participation in the HUNT3 Survey varied by age, sex,
socioeconomic position and pattern of morbidity.”> This
may weaken the effect estimates of the determinants to
complex multimorbidity. A healthy elders bias is likely,
since participation required attendance at a screening
station.” Overall, prevalence of individual conditions has
shown only slight differences between participants and
non-participants.”> The HUNT Study is considered fairly
representative for Norway,24 and the health development
in the material follows western high-income country
trends closely.** *°

Implications for clinical practice and policy makers

Our study confirms that complex multimorbidity, a
suggested measure to identify multimorbid individuals
with high need for coordinated multidisciplinary care,'®
is highly prevalent in the general population, where
social differences are evident from young to old adult-
hood. This is in line with international studies, and at
policy level, an emphasis on public health intervention
to prevent complex multimorbidity and social differ-
ences seems necessary. As proposed elsewhere, this will
likely require a proportionate universalism life-cycle
approach."” To improve and secure healthcare for this
large patient group, clinical guidelines and the organi-
sation of healthcare are suggested to adapt to a person-
centred, generalist approach.’!**

Future research

Complex multimorbidity is common in this general popu-
lation sample, with a clear social gradient throughout
adulthood. Careful interpretation is necessary, since
there are possible biases in measures of multimorbidity
and occupation. However, the HUNT3 Survey data cover
a broad spectrum of conditions and give a unique oppor-
tunity to create several measures of multimorbidity in
the same sample, with directly comparable prevalence
estimates and gradients. On this background, we recom-
mend exploring alternative measures suggested to detect
individuals with high needs and multimorbidity and
investigate differences in patterns and consequences of
such measures by social health determinants. Since multi-
morbidity is the norm and represents a large challenge
to healthcare across levels, research on overall healthcare
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utilisation and organisation should be a priority, as well
as studying competing measures as prognostic factors
for mortality. Studies on social differences in the use of
healthcare may identify vulnerable subgroups, where
any specific organisation of treatment later on could be
evaluated.

CONCLUSION

Complex multimorbidity, defined as occurrence of
chronic conditions in three separate organ systems, is
common, and occupational differences exist throughout
adulthood in both sexes. The magnitude of complex multi-
morbidity in all age groups implies the need for public
health management to universally improve, targeted
proportionate to need and disadvantage in subpopula-
tions, social health determinants throughout the lifespan.
Complex multimorbidity, indicating the accumulation of
conditions of different aetiology requiring coordinated
multidisciplinary care, should inspire health caregivers,
healthcare organisations, educational institutions and
researchers to take on a generalist and person-centred
focus. Studying alternative multimorbidity measures,
including healthcare utilisation and mortality according
to social background, as well as multimorbidity manage-
ment, should be prioritised in future research.
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Abstract: Multimorbidity and socioeconomic position are independently associated with mortality.
We investigated the association of occupational position and several multimorbidity measures with
all-cause mortality. A cohort of people aged 35 to 75 years who participated in the Trondelag Health
Study in 2006-2008 and had occupational data was linked to the Norwegian National Population
Registry for all-cause mortality from study entry until 1 February 2019. Logistic regression models
for each occupational group were used to analyze associations between the number of conditions
and 10-year risk of death. Cox regression models were used to examine associations between
combinations of multimorbidity, occupational position, and mortality. Analyses were conducted for
men and women. Included were 31,132 adults (16,950 women (54.4%)); occupational groups: high,
7501 (24.1%); low, 15,261 (49.0%)). Increased mortality was associated with lower occupational group,
more chronic conditions, and all multimorbidity measures. The joint impact of occupational group
and multimorbidity on mortality was greater in men than women. All multimorbidity measures
are strongly associated with mortality, with varying occupational gradients. Social differences in
multimorbidity are a public health challenge and necessitate consideration in health care. Men in
lower occupational groups seem to be a particularly vulnerable group.

Keywords: multimorbidity; frailty; socioeconomic status; mortality; occupations; public health;
health inequality; The HUNT Study

1. Introduction

The burdens of disease and death are greater for people in lower socioeconomic positions
worldwide [1]. Multimorbidity, the concurrence of multiple chronic conditions [2], is highly
prevalent [3,4], while health inequalities are most often studied in association with individual diseases.

Multimorbidity may co-occur with frailty [5,6], which is a dynamic, multidimensional symptom
complex of accumulated decline in homeostatic reserves that results in increased vulnerability [4].
Both concepts are proxy measures of biological aging [7].
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Numerous operational definitions and differences in methods and settings hamper the
comparability of research on multimorbidity [8-10] and frailty [6,11]. Still, in cross-sectional studies,
acknowledged common determinants associated with multimorbidity and frailty are socioeconomic
deprivation [8,12], female sex [8,13], and higher age [8,13]. In Norway, previous studies on complex
measures of multimorbidity, including frailty, reproduced increased prevalence in people in lower
occupational groups, women, and older adults [14,15]. While the prevalence of multimorbidity and
frailty rise with higher age, those younger than 65 years encompass a larger number of individuals
with multimorbidity and frailty [15-18].

A review of 26 cohort studies in populations older than 65 years established that,
despite heterogeneity, any multimorbidity increases mortality [19]. Only five studies adjusted for
sociodemographic variables which reduced the effect estimates of multimorbidity on mortality [19].
It was not possible to pool the existing data with regards to sex differences [19]. Multimorbidity
measured as three or more long-term conditions increases specificity in older age [9,20]. Furthermore,
requiring these multiple conditions to be present in separate body systems identifies multimorbidity
that is likely to require care from several specialists, which has been termed complex multimorbidity [20].
Such complex multimorbidity presented a moderate relationship with mortality, adjusted for
sociodemographic characteristics, in a study on individuals aged 60 to 69 years in Norway [21].

While various frailty measures identify distinct subgroups, all are associated with mortality [22].
Frailty consistently increased mortality risk when adjusted for multimorbidity and socioeconomic
position in a population cohort aged 37 to 73 years [18]. Joint multimorbidity and frailty increased the
mortality risk in older adults, while the separate measures did not [23]. Adjustment by socioeconomic
position did not modify this relationship [23].

The relation of socioeconomic position with health outcomes vary by measure because each act
through distinct mechanisms [24,25]. Modification of multimorbidity’s association with mortality has
been explored by education [26,27], occupation [27], and deprivation indices [28,29]. Occupation is
a comprehensive measure, reflecting income, material resources, and networks, as well as specific
outcomes of biopsychosocial exposure on the job [25].

There are few studies examining the joint outcome of socioeconomic position and multimorbidity
on mortality [26-29]. The studies vary in exploring one measure [27,28] or several measures [26,29]
of multimorbidity and 1 measure [26,28,29] or several measures [27] of socioeconomic position
throughout adulthood [26,28] or in restricted age groups [27,29] with a follow-up time ranging from
4 years [26] to 24 years [27]. Overall, they find multimorbidity is more common in those with social
deprivations [26,28,29], while the association with subsequent mortality varies in presence [28,29] or
absence [26,27] of sex differences and is reported as stable [29], reduced [26], and nonexistent [27]
across socioeconomic strata.

In summary, multimorbidity and frailty share determinants, and like socioeconomic position,
they are associated with mortality. There is a research gap in exploring the impact of multimorbidity,
and possible pooled effect of multimorbidity and frailty [7] on mortality in various social strata and
younger age groups [10].

Our aim was to explore how occupational position may modify the relationship between several
measures of multimorbidity, including multimorbidity with frailty, and mortality in the general
population. The study is conducted in a Nordic welfare state and results can be contrasted with similar
studies conducted in a different welfare regime type model [30]. We report absolute and relative
differences in all-cause mortality by occupational groups and sex and compare the prognostic value of
different multimorbidity measures. We hypothesize that socioeconomic position will interact with all
measures of multimorbidity and individuals in lower occupational groups will have worse prognoses.
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2. Materials & Methods

2.1. Study Population and Sample

The Trondelag Health Study (HUNT) is an ongoing population-based health study that invites
all citizens of Trendelag County, Norway, 20 years and older to participate. The current study used
baseline data from the HUNT Study 2006-2008 (HUNTS3), which invited a total of 93,860 individuals
to participate. We report in accordance with Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines for cohort studies [31]. Details on cohort profiles and data
collection procedures have been published previously [32,33]. In short, participants were defined as
responders to the main questionnaire, which was sent with the invitation by mail. Overall, 50,807 of
93,860 individuals (54.1%) participated in HUNT3 [32].

To be eligible for analysis in this cohort study, participants had to complete all major parts of
HUNTS3 (the main questionnaire, attend a screening station for interview, clinical measurements,
and blood samples and return by mail a second questionnaire specific to age group and sex). Finally,
classifiable occupational data, in addition to registry data (age, sex, and mortality status), were required.
Figure 1 presents a flowchart for the sample selection. Individuals younger than 35 years were excluded
upon expected low statistical power and to minimize the risk of misclassification by occupational
group. Participants 75 years or older were omitted to minimize the effect of older adults in good
health causing underestimation of occupational group differences in the association of multimorbidity
with mortality.

Invited to HUNT3

n=93,860 * Non-participants
I n=43,053
Completed main questionnaire * Incomplete major parts
n=50,807 n=9610
+ Retracted consent
l n=6
Completed all major parts
n=41,191 » Occupation unspecified
n=25
l * Missing
n=1571
Classifiable occupation
n=39,595 + Age<35years
l n=4827
+ Agez=75 years
Final sample n=3636
n=31,132

Figure 1. Flowchart for sample selection.
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2.2. Outcome Variable

All-Cause Mortality

The Norwegian National Population Registry administers all-cause mortality, from which the
HUNT Databank regularly obtains registry status describing individuals in its cohort as being alive,
having emigrated out of the country, or being dead. The registry data are linked on an individual level
and there is no loss to follow-up. The last update from the National Population Registry and end of
follow-up was 1 February 2019.

2.3. Independent Variables

Multimorbidity

We previously generated a set of 51 individual, chronic conditions from HUNT3 data [14,15]
and further allocated those to body systems [14] by use of 14 chapters in the International
Statistical Classification of Diseases 10th Revision (ICD-10) (supplementary data 1), hereafter called
organ-grouped conditions.

From this set and categorization of chronic conditions, we created five multimorbidity measures
of which two were continuous and three were categorical measures as follows:

(1) individual disease counts;

(2) organ-grouped disease counts;

(3) athreshold of three or more individual conditions;

(4) athreshold of three or more organ-grouped conditions called complex multimorbidity;

(5) co-occurrence of two or more individual conditions and frailty (measured as one of four
dimensions (poor self-rated health, mental illness, physical impairment or social impairment))
called multimorbidity with frailty.

Both the multimorbidity and frailty measure included anxiety and depression. In total, 23 of
11,861 individuals met the criteria of two-condition multimorbidity plus one dimension of frailty,
with the presence of anxiety and depression only.

Complex multimorbidity [20] and multimorbidity with frailty [34] are measures suggested
to detect individuals in higher need of coordinated care which was previously operationalized in
HUNTS3 [14,15]. Organ-grouped disease counts were used in sensitivity analyses.

2.4. Sociodemographic Variables

Continuous age and categorical sex variables were provided by the HUNT Databank. Our proxy
variable for socioeconomic position was occupation, derived from the interview question “What is/was
the title of your main occupation?” Occupation is a comprehensive measure reflecting income,
material resources, and networks, as well as specific biopsychosocial exposures on the job [25].
Occupations were categorized according to the simplified, 3-class version of the European
Socio-economic Classification scheme (supplementary data 2) [35].

2.5. Statistical Analysis

To show the distribution of follow-up time and events, demographic factors, and baseline health
characteristics across occupational groups, cross-tabulations were conducted. Numbers of affected
individuals, percentages, and measures of central tendency and variability are presented.

Logistic, linear, and Cox regression models were used. First, logistic regression models were
fitted separately for each sex and occupational group to study associations between the number of
individual chronic conditions, entered as restricted cubic splines, and death in the following 10-year
period. These models were adjusted for continuous age. Results from each model were subsequently
combined in a joint graph showing mortality as estimated proportions (with 95% confidence intervals
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(CIs)) at age 60 years and presented for 0 to 12 individual chronic conditions. Joint graphs of the
complete range of individual chronic conditions, as well as a sensitivity analysis in which the same
method was used to study the association between the number of organ-grouped chronic conditions
and 10-year risk of death and accompanying descriptive tables of frequencies and number of events by
individual and organ-grouped conditions, are in supplementary data 3. The logistic regression model
to study the associations of organ-grouped chronic conditions necessitated the inclusion of age squared.
Second, to formally test if multimorbidity was modified by occupation, we specified linear regression
models to investigate statistical interactions between continuous multimorbidity and occupation on
an additive scale. We also fit models with statistical interactions between multimorbidity and sex.
The threshold significance level was p < 0.05.

Finally, we modeled time to death using sex-stratified Cox proportional hazard models with a
composite variable containing different combinations of multimorbidity (yes or no) and occupation
(low, middle, or high). We used age measured in years as the time scale to either date of emigration,
all-cause mortality, or end of follow-up (1 February 2019), whichever came first. We report hazard
ratios with 95% Cls in forest plots. The number of deaths, total frequency, and proportions are listed by
joint multimorbidity and occupational group measures, sex, and occupational groups in supplementary
data 4.

All statistical analyses were done in Stata IC (StataCorp. 2019. Stata Statistical Software: Release 16.
StataCorp LLC, College Station, TX, USA) and all visualizations were created with the user-written
Stata coefplot command [36]. Data analysis took place from January to June 2020.

2.6. Patient and Public Involvement

Participants, patients, and stakeholders took part in the preparation of HUNT3. The data collection
was completed from October 2006 to June 2008. At the time of designing this secondary analysis study,
no patient groups represented the universal topic multimorbidity, and therefore no patient or public
representatives were involved.

2.7. Ethics Statement

The Regional Committee for Medical and Health Research Ethics in Norway approved the current
study (project no. 2014/2265).

3. Results

Included in the analyses were 31,132 of 50,807 HUNTS3 participants (61.3%) with complete data on
multimorbidity, work, and registry status (Figure 1), followed for a mean (standard deviation (SD)) of
11.1 (1.5) years (Table 1). Individuals were excluded because of withdrawn consent (1 = 6), incomplete
participation (n = 9610), unspecified occupation (1 = 25), or missing occupational data (n = 1571),
younger than 35 years (1 = 4827) or 75 years or older (n = 3636). No individuals were excluded due to
missing registry data. Sociodemographic characteristics for individuals who were ineligible or had
missing data are presented in supplementary data 5.

Nearly half the sample (15,261 of 31,132 (49.0%)) were designated as part of the low occupational
groups, and a quarter (7501 of 31,132 (24.1%)) were in the high occupational group. The low occupational
group had higher proportions of all measures of multimorbidity and reported a higher number of
long-term conditions. A total of 2254 of 31,132 individuals (7.2%) died by the end of the study.
By occupational group, this included 373 of 7501 (5.0%) in the high occupational group and 1310 of
15,261 (8.6%) in the low occupational group. Among the groups of multimorbidity, 1795 of 19,409
individuals (9.2%) with three or more individual conditions died, as did 1642 of 16,546 individuals
(9.9%) with complex multimorbidity and 1312 of 11,861 individuals (11.1%) with multimorbidity and
frailty (supplementary data 4). Risk of death according to occupation and number of individual chronic
conditions are depicted for women and men in Figure 2.
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Table 1. Sociodemographic characteristics and health profile at baseline and follow-up time and events
in occupational strata, the HUNT Study 2006-2008 (HUNT3).

Occupational Grou
Characteristics and Outcomes P P

High Middle Low Total
Cohort, baseline, No. (%) 7501 (100) 8370 (100) 15261  (100) 31,132 (100)
Women No. (%) 3702 (49.4) 4427 (52.9) 8821 (57.8) 16,950 (54)
Men No. (%) 3799 (50.6) 3943 (47.1) 6440 (422) 14182 (46)
Age, years, mean (SD) 53 (10.2) 55 (10.7) 56 (10.5) 55 (10.5)
Health status, baseline
Individual LTCs, median (IQR) 3 (1to5) 3 (2to5) 4 (2t0 6) 3 (2to5)
Organ-grouped LTCs, median (IQR) 2 (1to3) 3 (1to4) 3 (2to4) 3 (1to4)
>3 individual LTCs, No. (%) 3919 (52.2) 5088 (60.8) 10402 (68.2) 19,409  (62.3)

Complex multimorbidity, No. (%) 3191  (42.5) 4298  (51.4) 9057  (59.3) 16546 (53.1)
Multimorbidity with frailty, No. (%) b€ 2070 (27.6) 3081  (368) 6710  (440) 11861 (38.1)

End of follow-up

Follow-up time, years, mean (SD) 11.1 (1.3) 11.1 (1.5) 11.0 (1.6) 11.1 (1.5)
Person-years, thousands (%) 83.5 (24.3) 93.0 (27.0) 167.6 (48.7) 344.2 (100)
Deaths, No. (%) 373 (5.0) 571 (6.8) 1310 (8.6) 2254 (7.2)

Deaths in women, No. (%) 118 (31.6) 210 (36.8) 608 (46.4) 936 (41.5)
Deaths in men, No. (%) 255 (68.4) 361 (63.2) 702 (53.6) 1318 (58.5)

Age at death, years, mean (SD) 71.2 8.7) 729 8.2) 71.9 (8.6) 72.0 (8.5)

Abbreviations: No., number; SD, standard deviation; IQR, interquartile range; LTC, long-term condition. # Three or
more organ-grouped LTCs. ® Two or more individual LTCs and one dimension of frailty (poor health, mental illness,
physical or social impairment). € In total, 15 people had data missing on frailty.

Women Men
8% — Low 25%7 Low
Middle Middle
— High —— High
20% 20%
15% 15%
10% 10%
5% 5%
0% 0%
0 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
Number of individual conditions Number of individual conditions

Figure 2. Estimated 10-year all-cause risk of death by number of individual long-term conditions and
occupational group for women and men. Shading indicates 95% Cis. Low, middle, and high indicate
occupational groups.

Mortality increased by the number of individual chronic conditions in all occupational groups,
but to varying degrees. For women, there was no clear tendency that occupation modified the
association between the number of single conditions and mortality (additive statistical interaction
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p = 0.41), whereas for men, the low occupational group had a steeper increase than the middle and high
occupational groups (additive statistical interaction p < 0.001). We also found evidence of a statistically
significant interaction in which the number of conditions was more strongly associated with mortality
for men compared with the same association in women (additive statistical interaction p = 0.03).
A sensitivity analysis with multimorbidity measured as organ-grouped chronic conditions found the
same statistical interactions and associations. In contrast to individual disease count, occupational
differences in the risk of death in women were detectable for the full range of organ-grouped conditions
(supplementary data 3, Figure S2).

Figure 3 shows hazard ratios (HRs) and 95% CI for mortality according to combinations of the
categorical multimorbidity measures and occupation levels for women and men.

Women Men
. . . 1.00
High:0-2 single LTC ° 437 High:0-2 single LTC o

Middle:0-2 single LTC EREET Middle:0-2 single LTC ——;
Low:0-2 single LTC —_— Low:0-2 single LTC —tm
High:2 3 single LTC —_—————— High:2 3 single LTC —

Middle: 3 single LTC —_——— Middle:> 3 single LTC —_—

Low:z 3 single LTC —_— Low:z 3 single LTC —
050 100 150 200 250 300 350 4.00 050 100 150 200 250 300 350 4.00
00 1.00
High:0-2 group LTC ° High:0-2 group LTC °
1.19 1.05
Middle:0-2 group LTC —_— Middle:0-2 group LTC ——
1.71 44
Low:0-2 group LTC —_— Low:0-2 group LTC —_—
1.86 50
High:2 3 group LTC —_— High:2 3 group LTC —_—
> o
Middle:> 3 group LTC —_—— Middle:> 3 group LTC —_—
8
Low:z 3 group LTC —_— Low:2 3 group LTC ——
050 1.00 150 200 250 300 350 4.00 050 1.00 150 200 250 300 350 4.00
1 1.00
High:<2MM&<1frailty °, High:<2MM8&<1frailty 0%

Middle:<2MM&<1frailty — Middle:<2MM&<1frailty — e
Low:<2MM&<1frailty —_— Low:<2MM&<1frailty —
High:22MM&21frailty —_———— High: 1frailty N

Middle:22MM8&21frailty —_——— Middle:22MMa21frailty —_—
Low:22MM&21frailty S — Low:z2MM&z1frailty e

050 100 150 200 250 3.00 3.50 4.00 050 1.00 150 200 250 3.00 350 4.00
Hazard Ratio (HR) Hazard Ratio (HR)

Figure 3. Hazard Ratios and 95% CIs for all-cause mortality between occupational groups with and
without multimorbidity, separate for men and women. Abbreviations: LTC = long-term condition;
MM, multimorbidity; 2MM & 1frailty = two individual long-term conditions plus one dimension of
frailty (poor self-rated health, mental illness, physical impairment, or social impairment). Top panels,
multimorbidity with a threshold of at least three individual long-term conditions; middle panels,
multimorbidity as a threshold with at least three organ-grouped long-term conditions; bottom panel,
multimorbidity with more than two individual long-term conditions and frailty.

Compared with the reference category (individuals in the high occupation group whose health
status was below the threshold of multimorbidity), the overall pattern suggests that the relative risk of
death increased gradually with decreasing occupation levels and the presence of multimorbidity for
both women and men. There was more than a two-fold risk of death in the low occupational group
with all measures of multimorbidity compared with the reference category for both women and men.

4. Discussion

4.1. Summary of Findings

In this population cohort study on joint outcomes of socioeconomic position and multimorbidity
on mortality, we found that all measures of multimorbidity and all-cause mortality were more
common in lower occupational groups. Mortality increased with the number of chronic conditions,
and occupational gradients were consistent. There was a tendency toward a stronger association
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between multimorbidity and mortality in men in lower occupational groups. Relative risk differences
increased with lower occupational groups and the presence of multimorbidity.

4.2. Possible Mechanisms and Explanations

Socioeconomic differences in mortality result from unequal distribution of power, income,
and resources [1]. Occupational position entails these general elements and particular outcomes of
biopsychosocial exposures in the workplace [25], where negative factors tend to concentrate in lower
occupational groups [1]. Multimorbidity may be associated with death through the lethality of each
condition, interplay between conditions (including frailty), and conditions and treatments (such as
polypharmacy and fragmented health care) [19]. The presence of frailty should initiate comprehensive,
integrated care in patients with 2 or more individual conditions [34]. In this study, the relative risks
were greatest with the presence of joint multimorbidity and frailty.

Because mortality increases with individual disease counts and any multimorbidity measure,
a decrease in absolute and relative socioeconomic differences can be expected [37]. In women,
absolute risk differences were diminished in the high occupational group, while the gradient between
middle and low occupational groups persisted. This may imply heterogeneity in the multimorbidity
measure, particularly in women. The occupational differences in mortality were greater by count of
organ-grouped chronic conditions (supplementary data 3), and this may reflect that grouping by body
system makes the measure more uniform and enables it to detect social gradients to a greater extent
than simple disease counts. It seems that a continuous measure of multimorbidity better captures the
impact of socioeconomic position on mortality.

4.3. Comparison with Existing Literature

In a review of 26 articles on the association between multimorbidity and mortality, all measures
of multimorbidity increased mortality [19]. Three recent population cohorts, including 240,000
individuals [26] to 1.1 million individuals [28] and one worker cohort of 6425 people [27], have studied
the joint outcome of socioeconomic position and multimorbidity on mortality. Two studies also explored
the association of socioeconomic position with the transition from healthy to multimorbid [27,28] and
frail [27]. Multimorbidity was measured as individual disease counts of 39 chronic conditions [26] or
43 chronic conditions [29] and as a threshold of 2 or more of 9 long-term conditions [27] and 30 long-term
conditions [28]. Proxies for socioeconomic position were education [26,27], occupation [27], and area
deprivation [28,29].

Similar to our findings, all [26-29] reported higher prevalence of multimorbidity in lower
socioeconomic groups and more deaths with increasing multimorbidity and lower social position.
With increasing disease count in a range of zero to more than four conditions, the impact of
socioeconomic position on mortality were considered to decrease [26] or be stable [29]. The effect of
increasing disease counts on mortality risk was larger among men [29], which corresponds to our
findings. On the other hand, our study suggests increased mortality with consistent occupational
gradients, with increasing disease counts for a greater range of individual conditions.

Socioeconomic position measured as occupation had the strongest association with onset of
multimorbidity, physical frailty, and mortality [27]. In the presence of multimorbidity and frailty
studied as separate measures, there were no social gradients in mortality [27]. In contrast, our study
suggested intact occupational gradients in the presence of all categorical measures of multimorbidity.

Finally, in women with multimorbidity, life expectancy was equal across social strata, while men
with multimorbidity had sustained social differences in survival [28]. Our findings also suggest that
socioeconomic position can modify the association between multimorbidity and mortality in men but
not in women.

We have not identified other studies of the outcome of socioeconomic position and joint
multimorbidity and frailty on mortality. One study [23] reported the combination of multimorbidity and
frailty to increase mortality risk, and adjustment by socioeconomic position resulted in no modification.
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In contrast, our stratified analysis on joint multimorbidity and frailty reveals occupational gradients in
association with mortality.

Bias toward healthy older adults [26,28] and healthy workers [27] is likely in several of the
studies, which will underestimate socioeconomic differences. Measuring multimorbidity as two
individual chronic conditions has lower age specificity and detects smaller socioeconomic gradients
than measures of organ-grouped conditions [9,20,38], which may impair the ability of such studies to
detect socioeconomic differences in mortality. In sum, differences in setting and measures may explain
variation in the impact of socioeconomic position and multimorbidity with mortality.

4.4. Strengths and Limitations

The HUNT Study is illustrative for Norway [33], and trends in the material match those of Western
high-income countries [39-41]. To avoid a bias toward healthy older adults and misclassification of
socioeconomic positions in younger age groups, we restricted the age range. Job opportunities and
exposures in work may differ among birth cohorts; therefore, we adjusted by age and used age as the
time scale in the analyses.

Occupation is an established comprehensive measure of socioeconomic position that may show
stronger associations with health outcomes than unidimensional measures [27]. Occupational group
classification enables international comparison [35].

There are no standard definitions or operationalizations of multimorbidity or frailty; however,
self-report is a valid approach to measure multimorbidity in larger samples [9]. HUNT3 covers a broad
range of conditions suitable to obtain proper estimates of multimorbidity [20]. We fitted HUNT3 data
to a multidimensional frailty measure in agreement with a holistic, conceptual definition of frailty [42].
Registry data ensured no loss to follow-up and the ability to link outcomes on an individual level.

Our cohort study offers a unique opportunity to directly compare the outcome of occupational
positioning and several multimorbidity measures on all-cause mortality. We compared mortality
with reference groups that may have some morbidities, as recommended by a recent review on
multimorbidity and mortality [19]. We reported absolute and relative mortality risk differences
stratified by sex and socioeconomic position to clarify characteristics that may be useful to inform
future interventions and are compliant with recommendations on reports of socioeconomic inequalities
in health [43].

The participants in this study may to some extent have higher socioeconomic position and
lower mortality compared with nonparticipants [44]. Further age restriction increased the proportion
of individuals categorized in high occupational groups compared with the occupational groups of
noneligible individuals. In sum, estimates of the association of multimorbidity and socioeconomic
position with mortality will be conservative. Events are relatively few, and imprecision limits the
interpretation of the results.

We only explored socioeconomic gradients by use of occupational positions. Various measures
of socioeconomic position act through distinct mechanisms and associate differently with health
outcomes [24,25]. Reverse causation, whereby prior health determines job opportunities, will increase
detected differences. Our measure excludes those who had never worked, and older women are more
likely to be missing because of unclassifiable occupations. This will probably underestimate social
gradients [45].

To assess prospective health outcomes, there are recommendations to use weighted multimorbidity
measures [46]. However, this was not possible with the data available. We lack information on chronicity
for most conditions and may overestimate prevalence of multimorbidity. The multimorbidity and frailty
measures are based on a count of conditions and dimensions and not types, which may vary among
occupational groups. The heterogeneity may bias estimates in either direction. As for recognized frailty
scales, our measure may differ in accuracy of detecting frailty across age groups [13,34]. This may
underestimate outcome measures.
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In this classic cohort study, we have measured multimorbidity at baseline. The duration of
exposure prior to HUNT3 will vary by occupational group. A lack of updated measurements of health
status may underestimate socioeconomic gradients [19].

4.5. Interpretation/Implication

Cautious of limitations and confounding, there was evidence of effect measure differences in
mortality between occupational groups by the number of chronic conditions in this population cohort
study, and these were stronger in men than women. Even complex measures of multimorbidity
were prevalent. All multimorbidity measures were strongly associated with mortality with varying
but consistent gradients between occupational groups and sex. It seems a continuous measure of
organ-grouped multimorbidity would better capture the impact of socioeconomic positioning on
mortality than categorical multimorbidity measures.

Norway is a high-income country with a well-developed welfare system. Primary and specialist
health care are mostly public and financed through taxation with low costs for the individual, as are all
levels of education. Job security and standards for health, safety, and environment in the workplace are
high. The results can be transferable to similar welfare state models but can also be contrasted across
different regime types. As others have noted, political systems and priorities shape population health
and the magnitude of health inequities [30]. Observed marked differences in multimorbidity and
mortality between occupational groups in our setting might suggest that labor protection legislation is
important in all societies.

The results support that social differences in multimorbidity must be a priority in public health
and should receive increased attention in health care. Improved management in the health care sector
necessitates reforms to fit the complexity of multimorbidity, from research and education to clinicians
and organization [34,47,48].

4.6. Future Research

The use of heterogenous multimorbidity measures in this study may obscure the relation to
mortality and any socioeconomic modification thereof [10]. It may be advantageous to study clusters of
multimorbidity to clarify causes and consequences [10]. Others have argued that clusters undermine that
the norm is multiplicity, which is more than the sum of its morbidities [49,50]. Complex multimorbidity
seems a relevant measure that captures this multiplicity while remaining sufficiently uniform to detect
social differences in mortality.

On this background, we recommend exploration of complex multimorbidity as well as clusters
of multimorbidity with repeated recordings and their association with a variety of socioeconomic
position measures, health care utilization, and mortality, in an attempt to enhance future prevention
and management of multimorbidity.

5. Conclusions

Multimorbidity is common and strongly associated with mortality with varying occupational
gradients. Men in lower occupational groups seems to be a particularly vulnerable group. Prevention of
multimorbidity is of public health importance in prolonging survival of all people. The health care
sector, from workforce to organization, needs to enhance the generalist and person-centered focus
sensitive to social context to better care for this large patient group. Continuous research on various
measures of multimorbidity and associations to multiple sociodemographic variables, health care use,
and mortality will be necessary to guide prevention and management.
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