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Abstract

Background: Population-based studies have provided insight into the sociodemographic
profile and health status of the population. However, ensuring that population-based studies
effectively represent the entire spectrum of education levels is challenging. Participants in
these studies are voluntary, resulting in some groups choosing not to participate or providing
inaccurate information about their education, which can lead to inaccurate estimates of the

association between education and health outcomes.

Aim: The aim of this thesis was to assess the sociodemographic characteristics of participants
and non-participants in the Tromsg Study (Tromsg7, 2015-16), focusing on education as a
proxy for socioeconomic status (SES) by investigating the completeness and correctness of
self-reported education compared to national registry data and exploring the consequences of
using these two data sources on educational trends in cardiometabolic diseases. Finally, this
study sought to explore the longitudinal educational gradient in total cholesterol levels and the

potential influence of LLD (lipid-lowering drug) treatment on this gradient.

Methods: In paper I, sociodemographic characteristics of participants and non-participants
were examined by linking the Tromsg7 invitation file to Statistics Norway (SSB). To explore
the association between these characteristics and participation we applied logistic regression.
In paper I, Tromsg7 were also linked to SSB to compare self-reported and SSB-recorded
educational levels. Completeness and correctness were used to measure the validity of self-
reported educational levels. Moreover, multivariable logistic regression was used to compare
educational trends in cardiometabolic diseases between self-reported and SSB-recorded
educational levels. Finally, linear mixed models were used to assess longitudinal change in
cholesterol according to educational levels in sex-specific models, divided into groups based

on whether they were treated or untreated.

Results: Sociodemographic characteristics vary between participants and non-participants.
Non-participants were, men aged 40-49 and 80-99 years, who were unmarried, widowed,
separated, or divorced, foreign born, lower education and income, residential renters and lived
in low-SES areas. Self-reported education was found to be adequately complete and correct,
however, it yielded a weaker association in cardiometabolic diseases compared to the registry
data. The educational gradient attenuated over time and disappeared in Tromsg7. There was
no educational gradient in cholesterol levels among LLD users in any survey or age group.



Conclusion: Sociodemographic differences in participation must be considered, particularly
when investigating the relationship between SES and health outcomes. The self-reported
educational level was adequately complete and correct. Educational trends in the risk of
cardiometabolic diseases were observed in both the self-report and the SSB data. No
educational gradient was observed among LLD users, which suggests the potential role of

LLD treatment in reducing social inequality in health.



Sammendrag

Bakgrunn: Befolkningsundersgkelser gir innsikt i sosiodemografiske profiler og helsestatus
for en befolkning. Det er imidlertid en utfordring a sikre at befolkningsundersgkelser
representerer alle med ulike utdanningsnivaer. Deltakere i disse studier er frivillige, noe som
resulterer i at noen grupper velger a ikke delta eller gir ungyaktig informasjon om sin
utdanning. Dette kan potensielt fgre til ungyaktig estimering av sammenhengen mellom
utdanning og helseutfall.

Formal: Formalet var 8 sammenligne de sosiodemografiske kjennetegnene til deltakere og
ikke deltakere i Tromsgundersgkelsen (Tromsg7, 2015-16). Undersgke validiteten av
selvrapporterte utdanningsniva og utforske konsekvensen av a bruke selvrapporterte og
registerdata om utdanningstrender innen kardiometabolske sykdommer. Til slutt, undersgke
utdanningsgradienten i totalt kolesterolniva og utforske virkningen av lipidsenkende

medisiner (LLD) over tid.

Metode: I artikkel I ble sosiodemografiske forskjeller blant deltakere og ikke deltakere
undersgkt ved & koble invitasjonsfilen til Tromsg7 til Statistisk Sentralbyra (SSB). Vi
estimerte odds ratio (OR) for deltakelse. | artikkel I1, koblet vi ogsa Tromsg7 til SSB for &
sammenligne den selvrapporterte og SSB-registrerte utdanningsnivaene. Completeness,
correctness ble brukt for & male validiteten av selvrapportert utdanningsniva. Multinominal
logistisk regresjon ble brukt for & undersgke utdanningstrenden i kardiometabolske
sykdommer mellom Tromsg7 og SSB. | artikkel 111, brukte vi linezer mixed models for &
undersgke den longitudinelle endringen i kolesterolnivaet i de ulike utdanningsgruppene og
effekten av LLD.

Resultat: Den sosiodemografiske profilen varierer mellom deltakere og ikke deltakere. Ikke
deltakere kjennetegnes av menn, aldersgruppene 40-49 og 80-99 ar, ugifte, enker og
separerte/skilte, fadt utenfor Norge, hadde lavere utdanning og inntekt, var leietakere og
bodde i et lavt sosiogkonomisk omrade. Selvrapportert utdanningsniva er tilstrekkelig
complete og correct, men kan gi svakere sammenhenger mellom utdanningsniva og
kardiometabolske sykdommer sammenlignet med registerdata. Utdanningsgradienten ble
svekket over tid og ingen gradient ble observert i Tromsg7. Ingen observert
utdanningsgradient i kolesterolnivaer blant brukere av LLD i noen av undersgkelsene eller

aldersgrupper.



Konklusjon: Sosiodemografiske forskjeller i deltakelse ser ikke ut til & pavirke estimering av
sammenhengen mellom eksponering og helseutfall i stor grad. Selvrapportert utdanningsniva

er tilstrekkelig complete og correct. Utdanningstrender for kardiometabolske sykdommer ble

observert hos bade i Tromsg7 og hos SSB. Utdanningsgradienten i kolesterolverdier som ble

observert blant ikke brukere, ble ikke observert blant brukere av LLD. Funnene indikerer at

behandling med LLD har en utjevnende effekt pa sosial ulikhet i helse.



1 Introduction

When comparing socioeconomic groups in the society, one can observe systematic
differences in health. The higher the education and income the group has, the higher the
proportion of the group’s member have good health. These differences are known as social
inequality in health (1). Social inequality in health is a major concern of public health (2),
which is, a major concern of epidemiology, given its focus on the cause of the distribution of
health and disease in populations. Epidemiological research is one of many areas of study that
provide evidence for understanding the causes of social inequality in health and how to reduce
it (3). Information concerning an individual’s socioeconomic status (SES) is collected often
through self-administrated questionnaires within epidemiological population-based studies.
Persons from diverse backgrounds who participate in epidemiological research should
represent the study population (4). The questionnaire gathers the intended information,

ensuring the validity of estimated exposure-outcome associations.

In this thesis, | will address sociodemographic differences in participation and the validity of
the variable serving as a proxy for SES in the Tromsg Study. | then utilized this knowledge in
empirical research by investigating the educational gradient in total cholesterol levels and the
longitudinal influence of lipid-lowering drugs (LLDs). Hence, the thesis focused on education
as a proxy for SES, with education as this thesis’s primary exposure. More detail on the
thesis’s three aims is at the end of this chapter. This chapter first presents social inequality in
health and indicators usually used to measure inequality in health. I then narrow the focus to

how education is used in epidemiological research and population-based studies.

1.1 Social inequality in health

Norway is characterized by an increasingly high standard of living for much of the
population. It is one of the best countries to live in worldwide, with high scores on health
parameters (5). Nevertheless, there are some significant and growing social inequalities.
Social inequality in health can be described as unequally distributed resources due to social
positions or statuses (6). For example, a social gradient is present when the higher education
and income a person has, the healthier and longer lives they will have compared to their less

educated and income peers.



During the 1980s and 1990s, socioeconomic inequalities in mortality widened in many
countries (7). This, differences in social groups within countries today are often substantial. It
has been 16 years since Norway adopted its first National Strategy to Reduce Social
Inequalities in Health (8). Even after adoption, there are still persistent inequalities in life
expectancy and mortality rates in Norway (5). For instance, men and women with higher
education have 6.4 and 5 years longer life expectancy than men and women with primary
education in Norway (9). In European countries, there is a difference between 5 and 10 years
in average life expectancy at birth (6). Social inequality in health is not only seen in Europe
but also worldwide (10-14).

Social inequality in health currently represents one of the greatest challenges for public health
worldwide, because it leads to unfair suffering while hindering social progress and economic
development (15). Health inequalities are believed to arise due to disparities in social,
economic, and environmental living conditions, constituting an unfair burden on certain
groups of the population (16). Therefore, an in-depth investigation of the characteristics of

groups most affected by these inequalities is important.

1.2 Indicators of social inequality in health

Several social indicators have been used in epidemiological research to describe SES. The
most frequently used have been education, income, and occupation. In health research, they
have been used to understand the complex interplay between SES and various health

outcomes.

Occupation

In Western European countries, occupation is often categorized based on prestige, skills,
social influence, and power (17). There are several ways to categorize occupation. One
possibility is listed in the International Standard Classification of Occupation (ISCO-08),
prepared by the International Labour Organization. The ISCO-08 divides occupations into ten
major groups: managers; professionals; technicians and associate professionals; clerical
support workers; skilled agricultural, forestry, and fishery workers; craft-related trades
workers; plant and machine operators and assemblers; elementary occupations; and the armed

forces (18). One of the strengths of occupational data is that it is often available in routine



data sources, including census data. However, the drawbacks include that occupation cannot

be readily assigned to people currently unemployed (19).

Income

Income is a straightforward indicator of material resources. Individual and household income
are two variables often used in research to describe a person’s SES. Individual income reflects
an individual’s earning ability, while household income captures the living standards and life
chances household members experience by sharing goods and services (20, 21). The most
typical income-based indicators are a household’s total cash income, measured over months

and calendar years.

Nonetheless, there are limitations to using household income since household members may
have unequal access to household income (21). Moreover, accurately measuring family
income through interviews or self-administrated questionnaires may be a difficult task due to
several reasons, such as lack of information about spouse income or finding income to be a
sensitive matter or the question being seen as intrusive. Therefore, the proportion of
(informative) missing values may be higher than for education or occupation, making it
difficult for the person completing the questionnaire to accurately report the income of all
family members, which increases the likelihood of measurement errors (22). In addition,
comparing income across populations and studies can be complex, as different studies collect
different types of income (e.g., family disposable income vs. income from work only and net

VS. gross).

Education

Information on education is often measured as years completed or formal schooling
credentials (17). Education is commonly used as an indicator of SES in health inequalities
research due to the general acceptance that it is easy to measure and normally fixed in early
adulthood. Additionally, in most nations, education shapes individuals’ future occupational
positions and earning potential (23). Once established, the level of education is almost not
subject to change, making it less applicable than occupation and income when it comes to
tackling important intervention questions (24). Indeed, people’s occupations may change
throughout their lifetimes. However, their level of education likely remains relatively stable as

they age. For instance, people’s occupations and incomes are influenced by their health and



market fluctuations. Thus, when they reach retirement age, their SES may change to that of a
pensioner while their educational level remains constant (25).

However, there are drawbacks to measuring education. Most societies have complex
educational systems that have often changed over time. Therefore, education is difficult to
compare over time since the percentage of people with higher education has increased,
making age an important factor when investigating educational differences (26). Such cohort
effects can be essential and should be considered in epidemiological studies (19).
Furthermore, measuring the years of education or levels of attainment may contain no
information about the quality of the educational experience, which can be crucial when
considering the impact of education on health outcomes tied to knowledge, cognitive skills,

and analytic abilities (19).

Other indicators

As interest in social inequality has grown, more social indicators have been used to
investigate its association with health inequality because various health outcomes are not just
associated with education, income, and occupation but with other sociodemographic
indicators. The term “sociodemographic” refers to a combination of social and demographic
indicators that define individuals within a specific group or population.

Other commonly used indicators in epidemiology research are age (27, 28), sex (29, 30), race
and ethnicity (31, 32), marital status (33, 34), residential status (35), geographic area (36, 37),
and neighborhood deprivation/area-level-SES (38-40). Area-level characteristics are derived
from individual-level or small-area data and can categorize regions along the spectrum from
disadvantaged to prosperous. They also serve as a proxy for SES of those living in such areas
(41). When comparing participants and non-participants, these indicators are often used for
investigating epidemiological population-based cohorts. These diverse characteristics provide
valuable insights about both individuals and their communities (42). In epidemiological
research, lifestyle (43, 44), disease (45, 46), and health behaviors (47-49) are correlated with

sociodemographic indicators.

Often each indicator is related to aspects of socioeconomic stratification and may be more or
less relevant to different health outcomes at different stages over the life course. Hence, these
indicators depend on the aim or research question and which indicator is most suitable to

represent an individual’s SES.



1.3 Educational inequality in health

Extensive epidemiological research over the decades, has established that education is
strongly correlated with health. Individuals with higher educational attainment live healthier
and longer lives compared to individuals with lower education (50). The general pattern of
increasing education being related to better health is referred to as the “educational gradient”
(51). Education shapes lives and is critical to lifting people out of poverty and reducing
socioeconomic inequalities (52). With decreasing education, individuals may experience more
unfavorable health across a range of outcomes, including depressive symptoms (53),
cardiovascular risk factors (54-56), and poor self-rated health (57). Moreover, education
attainment is associated with health literacy and has been hypothesized to be on the pathway
between education and health (58). Indeed, poor health in early life can limit education in
adulthood. However, concerning occupation and income changes that can lead to reverse
causation, education level has the advantage of being unlikely to be influenced by adverse
health conditions in adulthood (59).

Despite perceptions of education as a straightforward measure for social epidemiological
purposes, the relationship between education and health is complex, with underlying
mechanisms, including psychosocial, material, and behavioral mechanisms and pathways
(23). Hahn and Truman (60) constructed a model indicating three major pathways linking
education and health outcomes in adulthood with knowledge, problem-solving skills,
emotional awareness, self-regulation, personal values, and interactional skills. The first
pathway is the psychosocial environment, which includes a sense of control, social standing,
and social support, reflecting and bolstering capacity and agency. The second pathway is
work, through which individuals may achieve satisfaction and income while gaining access to
many health-related resources. Third, healthy behavior may protect an individual against

health risks and facilitate negotiation with the healthcare system (60).

The knowledge and skills attained through education may affect people’s cognitive
functioning, making them more receptive to health messages and more able to communicate
with and access appropriate health services (19). Education may improve the ability to
navigate the healthcare system and obtain access to optimal care (61), and facilitates the
understanding of therapeutic measures (62), resulting in better compliance and a higher
commitment to treatment. Patient adherence to medication treatment has been associated with



educational attainment since it contributes to understanding medication’s effects, side effects,

and usage (63).

1.4 The education variable in epidemiologic research

In epidemiological research, education is often used as a proxy for SES because it believed to
capture individual’ knowledge-related assets. Education is often used as an exposure (64),
covariate (65), or mediator (66) in statistical analyses. Thus, an inaccurate measure of
education can affect the study results in several ways.

First, introducing errors in estimates may result in wrongful claims of associations. Second, if
education is used as an exposure, the results may not accurately reflect the true effect of the
exposure on the outcome of interest. Lastly, if education is used as a covariate or mediator, it
can lead to reduced precision and potential confounding. It can also introduce bias in the
statistical adjustment that may not accurately account for the true association between
variables, leading to inaccurate or misleading results (67). Hence, education must be
accurately measured and transparently reported since it can have significant implications for

the interpretation of research findings and the development of public health policies.

Pharmacoepidemiology is “the study of interactions between drugs and the human population,
investigating, in real life conditions of life, benefits, risks and use of drugs” (68). The
pharmacoepidemiologic literature has demonstrated an association between SES and
medication treatment (69). Cardiovascular disease (CVD) is the leading cause of death
globally and the second leading cause of death in Norway after cancer (70). In Norway, high

total cholesterol ranked as the fourth most crucial risk factor for mortality in 2016 (71).

Use of medication is an important and critical intervention to prevent and treat CVD.
Moreover, LLDs help control elevated levels of different lipid forms in patients with
hyperlipidemia (72). Understanding the efficacy and potential side effects of medication
treatment has been associated with education (73, 74). Specifically, educational gradients in
drug consumption have been reported to be similar to socioeconomic gradients in disease
prevalence and incidence. For instance, a Swedish study reported an educational gradient in
dispensed drugs, with lower levels of education having the highest odds of being prescribed
drugs related to CVD, such as antihypertensive drugs and LLDs (73). Moreover, low SES has
been positively associated with nonadherence (75, 76), which can widen the social differences

in LLD treatment. On the other hand, some researchers have suggested that LLDs reduce the
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educational gradient (56, 77), indicating the importance of medication treatment in reducing
social health inequality.

1.5 Education in population-based studies

Population-based studies play an essential role in enhancing our understanding of the
association, the causation and the prevalence and incidence rates while helping to identify risk
factors (78). Results from population-based studies provide wide spectrum of knowledge on
various health outcomes (79-82). Moreover, providing knowledge that has implication for
health policies. Hence, achieving sufficient participation to ensure that the sample accurately
represents the population under investigation is of importance. Participation in research is
voluntary, and there have been reported that individuals with lower education participate less
in population-based studies (83-85). Systematic differences between participants and non-
participants, can challenge the validity and generalizability of the results. Investigating the
characteristics of non-participants can provide valuable insight and enable the development of
strategies to increase participation among specific groups, and not just only educational
groups. However, research on non-participation in population-based studies is often limited

due to the high cost, for example, of linking to a registry.

Nonetheless, some countries have investigated non-participation characteristics. Certain
characteristics (e.g., being female, being married, having a high education and income,
owning a home, and residing in a privileged neighborhood), have been extensively
documented in the literature as factors influencing participation in population-based studies
(86-89). Individuals with these characteristics are more likely to accept invitations to
participate in health studies. For instance, individuals with higher education tend to have
greater trust in science and are more motivated to contribute to health-related research (90),
while the reason for lower participation among those with lower education was for declining
health (91). Moreover, measures of participants’ education have played a crucial role in
population-based studies. They have described the population while providing a critical

explanatory variable for diverse health-related outcomes (92-95).

Self-reported questionnaires are commonly used in population-based studies to collect data.
While they provide valuable participant information, self-reported data are prone to various
biases and can potentially yield less reliable findings (96). The feeling of overwhelming with

comprehensive questionnaire and uncertainty of meaning of the questions among participants
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with lower education have been reported (97). Given that the self-reported questionnaire
targets an entire population, including individuals from diverse SES backgrounds, these

instruments must be designed to be easily comprehensible.

A common risk arises when a question intended to measure a particular aspect fails to do so
due to the complexity of the phrasing or the participant’s misunderstanding of the question.
Regardless of whether participants intentionally or unintentionally self-report wrong personal
information, it impacts the questionnaire’s validity and introduces measurement error, which
can impact the study’s internal validity, making it more difficult to establish a clear cause-
and-effect relationship. Therefore, validity (i.e., data accuracy) is determined by comparing
self-reported data to registry data; however, this method requires comprehensive registry data
that allows linkage, which is limited in most countries (98). Indeed, validation studies of self-
reported education have been previously conducted in countries like Switzerland (99), the UK
(100), and the US (101). However, to my knowledge, these studies have not used a
population-based data. This investigation is important to contextualize the accuracy of self-

reported education within a population-based setting.

1.6 Rationale and aims

There is a common understanding in the literature that higher education attainment has fewer
risk factors related to CVD, this information are often provided by population-based studies.
Yet, what if the information available from these studies regarding education and health is
comprised by bias? This raises questions about the extent to which these biases might affect

the interpretation and implication of research findings.

The overall aim of this thesis was to investigate how the Tromsg Study reflects the target
population and produced valid education information. Moreover, the study sought to
determine how these findings affected the longitudinal education gradient in cholesterol
levels, especially in the context of LLD use. The specific aims are delineated in three papers,

listed below:

Paper I: A comparison of the sociodemographic characteristics of participants and non-
participants of the seventh survey in the Tromsg Study (Tromsg7, 2015-16), a population-
based health survey.



Paper Il: An investigation of the completeness and correctness of self-reported educational
level in the Tromsg Study, using data from Statistics Norway (SSB), and exploring the
consequence of using these two data sources on educational trends in cardiometabolic

diseases.

Paper I11: Investigate the longitudinal educational gradient in total cholesterol levels and

whether this is affected by the use of LLD.



2 Materials and Methods

2.1 The Tromsg Study

The Tromsg Study is an ongoing, longitudinal, population-based cohort study covering a
broad range of health problems and diseases. Tromsg is the largest urban area in Northern
Norway, and the Tromsg municipality is the eighth largest municipality in the country, with
approximately 75,000 inhabitants (102). There was a rapid increase in CVD mortality in
Norway from 1951 to 1970. Especially the northern areas had a very high prevalence of CVD
mortality. Researchers at the newly established University of Tromsg started in 1974 a
population study aiming at identifying the major CVD risk factors and investigate why the
Northen Norway had a very high CVD mortality rate compared to others (103). Since then,
the Tromsg Study has expanded to cover many conditions and purposes. Seven surveys,
referred to as Tromsg1-7, were conducted between 1974 and 2016. Tromsg8 is planned for
2025-2026. The Tromsg Study has been extensively described in cohort profiles (104-106),
and on the Tromsg Study homepage, www.tromsostudy.com. Individuals with registered
home addresses in Tromsg municipality meeting the age criteria (Table 1) have been recruited
to the Tromsg Study. The Tromse Study’s data collection has included questionnaires and
interviews, measurements, biological sampling, and clinical examinations. From Tromsg4
onward, more extensive clinical examinations were added, and each survey included two
visits. This thesis includes participation from Tromsg4 (1994-1995), Tromsg5 (2001),
Tromsg6 (2007-2008), and Tromsg7 (2015-2016). The English translation of the full

guestionnaires is available on the home page.

Who was invited?

The first visit consisted of a basic examination of the total study sample invited to
participate. The data collection included questionnaires with several examinations, such as
blood pressure and pulse measurements, anthropometric measurements, pain sensitivity tests
(Tromsg7 only), and the sampling of blood, urine, hair, nose, and throat swabs.
Questionnaires included previous and present diseases, symptoms, and health problems.
Moreover, they inquired about the use of drugs, lifestyle choices, social and psychological
functioning, and SES (106).

The second visit included a pre-defined subsample of the total invited sample, which was
different from Tromsg survey to Tromsg survey. The data collection included additional

10


http://www.tromsostudy.com/

biological sampling, physical function tests, cognitive tests, 12-lead ECGs, echocardiology,
carotid artery ultrasonography, echocardiography, lung function tests, eye examinations
(Tromsg6-7 only), and DXA scans (Tromsg6-7 only) (104). We did not use information from

the second visit in our articles in this thesis.

Table 1. Overview of surveys in the Tromsg Study this thesis is based on

Survey Year Invited Participants Age Attendance

Tromsg4 1994-95 37,558 27,158 2597 2%

Tromsg5 2001 10,353 8130 30-89 79%

Tromsg6 2007-08 19,762 12,984 30-87 66%

Tromsg7 2015-16 32,591 21,083 40-104 65%
Tromsg4

Tromsg4 was conducted during 1994-1995 as the largest of the Tromsg Studies. In Tromsg4,
all inhabitants 25 years and older were invited to participate (N = 37,558), and 27,158 women
and men participated (72% attendance). All participants received a brief questionnaire
accompanied by an invitation. Everyone in the 55-74 age group, along with 5-10% in the 25—
54 and 75-85 age groups, was invited to undergo an extensive second examination (107).

Tromsg5

Tromsg5 was conducted in 2001. Two groups participated: those who participated in the
second visit of Tromsg4 and a small group that the Norwegian Institute of Public Health
(NIPH) wanted to investigate as part of its nationwide health study (the NIPH panel; n =
1,916). The attendance rate was high among individuals who participated in Tromsg4 (89%)
but somewhat lower for individuals in the NIPH panel (57%). All invited received a three-
page questionnaire accompanied by the invitation. Different questionnaires were sent to
people under 70 and those 70 years and older. All participants received another questionnaire
for the health survey by Troms and Finnmark (2001-2002), which they were asked to
complete (108).

Tromsg6
Tromsg6 was conducted during 2007-2008, and four groups were invited: all residents aged
40-42 and 60-97 years, a 40% random sample of subjects aged 43-59 years, a 10% random

sample of subjects aged 30-39, and subjects who attended the second visit in Tromsg4. New
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questions were also introduced in Tromsg6 concerning household income and occupation
status (105).

Tromsg7

Tromsg7 was conducted during 2015-2016, and all inhabitants 40 years of age or older were
invited to participate (N = 32,591). All invited participants received a personal invitation by
mail, including an invitation letter, an information brochure, and a four-page questionnaire
(Q1) in paper format. The invitation letter included a username and password for completing

the questionnaire online (106).

2.2 Measurements of educational level

The Tromsg Study
In each survey, education was assessed by self-report, but the question was asked differently

in each survey. For instance, Tromsg4 and Tromsg6 inquired about education as follows:

What is the highest level of education you have completed?
1. 7-10-year primary/secondary school, modern secondary school
2. Technical school, middle school, vocational school, and 1-2 years of senior high
school
3. High school diploma (3—4 years)
4. College/university, less than 4 years

5. College/university, 4 or more years.

In Tromsg5, education was assessed with the question, ‘How many years of education have

you had?’. Participants wrote down their years of education.

In Tromsg7, inquired about education as follows:

What is the highest level of education you have completed?
1. Primary/secondary education (up to 10 years of schooling)
2. Upper secondary education (a minimum of 3 years)
3. Tertiary education, short: college/university less than 4 years

4. Tertiary education, long: college/university 4 years or more.
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Statistics Norway

The Norwegian Standard Classification of Education (NUS) was initially prepared for SSB in
1970 and subsequently revised in 1973, 1989, and 2000 (NUS2000). NUS, consisting of nine
levels (0-9) along with a value for an unspecific level, was used for grouping people’s
education activities and education background (Table 2). The level classification was meant
to provide the best possible picture of the structure of the Norwegian education system (109).
In the NUS2000, the digit “9” refers to “other” or an “unspecified” level, with a broad field,

narrow field, detailed field, and individual educational programs.

Table 2. The Norwegian Standard Classification of Education as of 2023 (109).

Tripartition of levels Level Level name Class level

0 No education and pre-school education Under school age

1 Primary education 1% - 7" class level
Compulsory education 2 Lower secondary education 8"- 10" class level

3 Upper secondary, basic 11" - 12" class level
Intermediate education 4 Upper secondary, final year 13" class level +

5 Post-secondary not higher education 14" class level +

6 First stage of higher education, undergraduate level 14" - 17" class level
Higher education 7 First stage of higher education, graduate level 18" - 19" class level

8 ggsgggoit?ge of higher education (postgraduate 20" class level +

9 Unspecified

SSB regrouped the NUS2000 codes for our study before linking the Tromsg data with theirs.
The new codes were as follows: no education, primary education, upper secondary education,
vocational education, university/college education, short university/college, long
university/college, and unspecified/missing. Individuals in the category of no education were
mainly immigrants who self-reported no education and Norwegians who did not pass primary
education before the 1980s and did not continue with any education afterwards (110).
Individuals registered with unspecified education were those for whom the SSB did not have

educational information.

2.3 Statistics Norway — national institute of Norway

SSB, established in 1876, is the national statistics institute of Norway and the main producer
of official statistics. It is responsible for collecting, producing, and communicating statistics

related to the economy, population, and society at national, regional, and local levels. SSB
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contributes to statistics on sociodemographic variables in the population. Since 1964, with the
introduction of the Norwegian personal identification number for all citizens, it has been
possible to identify individual characteristics with high accuracy in SSB’s database (111).
While aggregated data is publicly available, person-specific data can be purchased upon
request. In this study, paper | and 1l were linked to SSB, and both study periods were from
2015 to 2016 (Troms@7). More detailed information on SSB variables used in this thesis

appears in Sections 2.4.

2.4 Study samples and variables

Paper |

Paper I’s purpose was to compare the sociodemographic characteristics of participants and
non-participants. A linkage using the unique 11-digit personal identification number of all
invited to Tromsg7 (N = 32,591) was created by SSB so that we could assess the information
of non-participants. All variables in the analyses were collected from SSB; none were self-
reported. We gained information on sociodemographic variables normally included in
epidemiology research: age, sex (women/men), marital status (married, unmarried, widow(er),
and divorced/separated), country of birth included Norway, Western countries (Western
Europe, North America, and Oceania), Eastern Europe (including Russia), and other countries
(Asia, Africa, and South America). The regions of birth in Norway included Tromsg,
Northern Norway (Finnmark, Troms, and Nordland), and South Norway (counties south of
Nordland). We were mainly interested in the northern area, which is why all counties south of

Norway were grouped as one.

Education was defined and grouped as in Tromsg7. Residential ownership was defined as an
owner (freeholder or parts-/shareholder) or renter. Income was from individual work, the sum
of employee income, and net income from self-employment earned during the calendar year.
Cash for care and parental benefits were included. Household income was after-tax income
calculated as the sum of wages and salaries, income from self-employment, property income,
and transfers received minus the total assessed taxes and negative transfers of the households.
Because of few observations, the lowest and highest income categories in our dataset were
merged with the second lowest and second highest respectively, for both individual and
household income, leading to six categories:< 249,999 NOK, 250,000-349,999 NOK,
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350,000-449,999 NOK, 450,000-549,999 NOK, 550,000-749,999 NOK, and > 750,000
NOK.

Residential ownership status, education, and household and individual income were needed to
create two additional variables: individual SES and area SES. More information on how

individual- and area-specific SESs were constructed appears in Section 2.6.

Paper 11

Paper Il included participants attending Tromsg7 (N = 21,083) to investigate the validity of
self-reported education from a population study linking Tromsg7 data to SSB, using the
unique 11-digit personal identification number assigned to each resident of Norway at birth or
immigration. The education variable we received from SSB is the regrouped NUS2000 code
contained seven categories, as mentioned in section 2.2 — Statistics Norway. We excluded
those who did not self-report their education in Tromsg7 (n = 369), lacked information about
education in SSB (n = 80), and those specified as having “no education, unspecified, and
preschool education” (n = 19). No education, unspecified and preschool education, were
grouped as 0 in the SSB dataset. The final sample included 20,615 participants from
Tromsg7. Upper secondary and vocational education were merged to compare the self-
reported education variable in Tromsg7 with SSB.

Variables in paper Il included information about age and sex, self-reported information about
myocardial infarctions, cerebral strokes, angina pectoris, and diabetes (i.e., “Do you have or
have you had a myocardial infarction/cerebral stroke/angina pectoris/diabetes?”” Answers
included “No,” “Yes, now,” and “Yes, previously.”). Self-rated health status was a holistic
reflection of the person’s disease burden and mental and social conditions (i.e., “How do you
generally consider your health to be?” Answer alternatives included “Very bad,” “Bad,”
“Neither good nor bad,” “Good,” and “Excellent.”). Differences in SES misreporting were
studied previously (112). We were curious if health status and self-rated health status were

associated with education misreporting, so they were included in the analyses.

We also included variables asking if participants were living with a spouse (i.e., “Do you live

with a spouse/partner?” Answer choices were binary: “Yes” or “No”) since marital status was

unavailable at the time of applying for variables. Moreover, information on household income

was requested (i.e., “What was the household’s total taxable income last year, including

income from work, social benefits, and similar sources?” Possible answers included “Less

than 150,000 NOK,” “150,000-250,000 NOK,” “251,000-350,000 NOK,” “351,000—-450,000
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NOK,” “451,000-550,000 NOK,” “551,000-750,000 NOK,” “751,000-1,000,000 NOK,” and
“More than 1,000,000 NOK”.

Paper 111

Paper III’s purpose was to investigate the longitudinal educational gradient in total cholesterol
levels and whether there is affected by the use of LLDs. Data were from participants who
attended Tromsg4 in 1994-1995 and at least participated in one or more surveys conducted in
2001 (Tromsgb), 2007—2008 (Tromsg6), or/and 2015-2016 (Tromsg7). Participants who used
LLDs (n = 241), were over 80 years of age (n = 5), had missing information on education (n =
103) in Tromsg4, and did not have a total cholesterol measurement in the surveys (n = 353)

were excluded. Ending with 17,550 participants between the ages of 25 and 78.

Baseline information on education was compiled using a self-reported questionnaire. Use of
LLD was assessed through questionnaire (“Yes” or “No” in Tromse4-Tromsg7) and written
list of brand-named medicines used regularly during the preceding four weeks and
participants could bring the medications with them to the study center; those writing a brand
name with ATC code C10 were included as LLD users. The questionnaire information was
checked by health personnel at the examination site. Information regarding a history of stroke,

myocardial infarction, and daily smoking was also assessed using a self-report questionnaire.

The Tromsg Study data collection had trained personnel who performed all clinical
measurements and blood sampling with similar procedures. Non-fasting venous blood
samples were collected with a brief venous statis applied to the upper arm, released before
venipuncture with the participant sitting. The serum total cholesterol concentrations were
analyzed within 24 hours (laboratory ISO certification NS-EN 1SO 15189:2012) at the
Department of Laboratory Medicine, University Hospital of North Norway, Tromsg. Weight
and height were measured at the examination site as well. Body mass index (BMI; kg/m?) was

calculated as weight (kg) divided by the square of heigh (m).

2.5 Ethics

The Regional Committee for Medical and Health Research Ethics (REK) and the Norwegian
Data Protection Authority approved the Tromsg Study. All procedures performed were in
accordance with the 1964 Declaration of Helsinki and its later amendments. This Ph.D.
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project was approved by the REK North (reference 60845) and the Norwegian Centre for
research data (now Sikt) (ref. 809230). However, in paper I, we asked for information on
individuals who did not attend the Tromsg Study. Therefore, the project team conducted a
data protection impact assessment (DPIA). The project was approved on 22.11.2021, by the
Data Protection Officer at UiT the Arctic University of Norway. Paper | and Il were not
defined as health research by the REK North and were exempt from the requirement of study
preapproval. For paper I11, informed written consent was obtained from all participants in

Tromsg4—7.

2.6 Statistical analyses

Descriptive analyses are illustrated with means and standard deviations (SDs) for continuous
variables or as numbers and percentages for categorical variables. All analyses in paper | and
I1 were performed in Stata 16.0 (StataCorp, College Station, TX, USA). Paper Il used Stata
MP 17.0 (StataCorp LLC, College Station, TX, USA).

Paper |

In paper I, sex-specific binary logistic regression was used to estimate odds ratios (ORs) and
corresponding 95% confidence intervals (CIs) of participation in unadjusted and age-adjusted
models. We additionally adjusted for individual-level SES on area SES level. To illustrate
differences in participation, we created a sex-specific forest plot across levels of each
coefficient. We used z-scores to create an index for individual SES and area SES. Z-scores
allow taking data points from populations with different means and standard deviations to

place them on a common scale (113).

Individual-level SES was calculated based on educational level, individual income, total
household income, and residential status. For each of these four variables, a z-score was
calculated and summarized to give an individual-level SES score. We also created a
geographical SES index based on 36 geographical subdivisions of the municipality of Tromsg
defined in a local public health report (114). The geographical SES index was calculated as
the average individual-level SES score in each geographical subdivision, resulting in a
continuous variable ranging from —1.73 to 1.24. We then categorized the subdivisions as low-
SES, medium-SES, or high-SES areas based on tertiles using the command “xtile” in the

statistical program Stata. Participation in Tromsg7 within each of the 36 geographical

17



subdivisions was also divided into tertiles: low (59.3%), medium (66.7%), and high (68.5%),
and the spatial distribution of SES areas and participation in the 36 geographical subdivisions
were graphed using choropleth maps created in Python 3 (mainly using pandas, geopandas,
and Plotly express packages). A GeoJSON file was collected from the Norwegian Mapping
Authority (115), while a base map from OpenStreetMap (116) was used.

Paper 11

Paper Il assessed the validity of self-reported education by linkage with SSB-recorded
educational level as the comparator or “gold standard” to calculate sensitivity and positive
predictive value (PPV). We did not include specificity and negative predictive value because
the focus was to investigate the accurately of self-reported data and sensitivity and PPV
addressed this aspect. However, those two terms are normally used in clinical diagnostic,
since the aim of paper Il is not related to diagnostics, we used terms that are more accurate for
this setting: completeness for sensitivity and correctness for PPV.

Completeness measured the proportion of recorded observations actually recorded in the gold
standard data source, while correctness measured the proportion of recorded observations in
the registry that were correct (117). Agreement between self-reported and SSB-recorded
educational levels was measured by the percentages observed in Cohen’s kappa agreement
and weighted kappa, two standard tools for describing the degree of agreement between two
observers on a categorical scale (118). When study results can be expressed in more than two
categories, weighted kappa is the most appropriate (119). Weighted kappa coefficient and
kappa agreement were interpreted as proposed by Viera and Garrett (120) (less than chance:
< 0.00, slight: 0.00-0.20, fair: 0.21-0.40, moderate: 0.41-0.60, substantial: 0.61-0.80, and
almost perfect: 0.81-1.00).

Multinomial logistic regression was further used to calculate ORs of over- or underreporting
educational levels, reported using 95% Cls. Comparisons between self-reported and SSB-
recorded educational levels were stratified by sex and age group (40-52, 53-62, and 63-99
years). These age groups were constructed after considering the school reform of 1959, which
made seven years of primary education mandatory. Those who started primary school in 1959
were 63 years old in Tromsg7. The 53-62 age group was constructed to reflect another school
reform in 1969, where nine years of primary schooling became mandatory in Norway. We
considered that 63—99 was a wide age range, but we decided not to split the age group

because the oldest age group would become too small. Logistic regression models were used
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to estimate ORs of self-reported cardiometabolic diseases in Tromsg7 according to self-
reported and SSB-recorded educational levels. A randomization test with 10,000 permutations
of the data file was used to compare trends (i.e., the categorical educational level variable
modeled as a linear term) between self-reported and SSB-recorded educational levels. This

analysis was conducted in R version 4.2.2 (2022-11-01 ucrt).

Paper 111

In paper 111, we used linear mixed models to estimate mean cholesterol according to baseline
education, survey of the Tromsg Study, and LLD use. The main models were adjusted for
baseline age. They included indicator variables for baseline education, survey time, LLD use,
and all two- and three-way cross-products between the indicator variables. A random
intercept on the participant level was included to control for repeated observations within

each subject.

In separate models, we tested for a linear trend over education by modeling education as a
continuous variable in the aforementioned models. We also calculated the change in the
coefficient of total cholesterol from Tromsg4 to Tromsg7. We additionally performed sex-
specific analyses in each of two baseline age groups: 25-49 and 50-78 years. A sensitivity
analysis was conducted among the participants who attended all four surveys (i.e., completely
observed) to determine if the results were consistent with the principal analysis. Figures in the

article was created in Excel.
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3 Results — main results of papers

3.1 Paper |

Comparing the sociodemographic characteristics of participants and non-participants in
the population-based Tromsg Study

The aim of paper | was to compare the sociodemographic characteristics of participants and
non-participants of the seventh survey of the Tromsg Study (Tromsg7, 2015-2016). A total of
32,591 individuals over 40 years old were invited to participate in Tromsg7, 21,083 (65%)
participated. The characteristics of non-participation were men between 40-49 and 80-99
years with a marital status other than married who were foreign-born individuals and
residential renters. Moreover, they had lower education and income and lived in low-SES

areas.

3.2 Paper Il

Validity of self-reported educational level in the Tromsg Study.

The aim of paper 11 was to investigate the completeness and correctness of self-reported
educational level in the Tromsg Study using data from SSB to explore the consequences of
using these two data sources on educational trends in cardiometabolic diseases. A total of
20,615 participants over 40 years old were included in this study. Overall, we found that the
self-reported educational level in the Tromsg Study was adequately complete and correct for

research, with fair weighted kappa values in all age groups for women and men.

The completeness of self-reported educational level was very high among those with a
college/university education >4 years (> 97% in all age groups and both sexes). High
completeness (67-92% in all age groups and both sexes) among those with primary education.
Low correctness was also found in both of these educational groups, with 29-62% for

college/university education >4 years and 48-67% for primary education.

The highest degree of underreporting was among those with SSB-recorded upper secondary
educational levels and self-reported primary educational levels, while the highest degree of
overreporting was among those with SSB-recorded college/university education of less than
four years and self-reported college/university education of equal to or greater than four years.

Women were more likely to overreport or underreport their educational level than men.
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Unfortunately, the weighted kappa coefficient in the supplementary Table 1 and 2 in paper 11,
is Cohens kappa coefficient. Coefficient in the paper was reported as “fair” for all age groups
and both women (0.41, 0.48 & 0.51) and men (0.52, 0.53 & 0.59). The right weighted kappa

coefficient for women (0.66, 0.65 & 0.60) and men (0.72, 0.69 & 0.68) (appendix 2 & 3)

indicating moderate to substantial as proposed by Viera and Garrett (120).

Educational trends were found in the risk of self-reported cardiometabolic diseases when
using self-reported and SSB-recorded educational levels. The educational trends in
cardiometabolic diseases were strongest pronounced when using the educational levels as
found in the registry, and less pronounced when using self-reported educational levels.
However, the way self-report from questionnaire and SSB measure education is not a 100%

overlapping.

3.3 Paper Il

Longitudinal cholesterol trends across educational groups: The influence of lipid-
lowering drugs in the population-based Tromsg Study 1994-2016.

The aim of paper Il was to investigate the longitudinal educational gradient in total
cholesterol levels and whether this is affected by the use of LLD. Among untreated women,
the cholesterol level increased from 1994-95 to 2015-16 (0.33-0.48 mmol/L), except for
women with primary education (-0.12 mmol/L). Cholesterol levels also decreased among
untreated men (-0.40 to -0.06 mmol/L), but more extensively among treated women (-1.88 to
-1.35 mmol/L), and men (-2.21 to -1.84 mmol/L) across all educational groups. The treated
and untreated participants with the lowest educational levels were generally associated with
the largest decreases in cholesterol levels. At baseline, we observed a significant inverse
association between education and cholesterol levels among the untreated. This educational
trend attenuated over time and disappeared in 2015-16, no association between education
levels and cholesterol levels was observed, among women or men or among untreated or

those who became LLD users.

LLD users experienced a more substantial decrease in cholesterol levels over time compared
to non-users. The educational gradient in cholesterol levels observed among LLD non-users
was not apparent among users. LLD treatment may reduce the social disparity associated with

cholesterol management.
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4 Discussion

The overall aim of this thesis was to investigate how the Tromsg Study reflects the target
population and produced valid education information. Moreover, the study sought to
determine how these findings affected the longitudinal education gradient in cholesterol

levels, especially in the context of LLD use.

4.1 Discussion of methodology

This chapter presents the methodological considerations of this thesis and discusses bias types

and their implications.

4.1.1 Data considerations

Official statistics and administrative data offer a broader and potentially more accurate
information source for population estimates (121). However, population-based studies often
provide more comprehensive information, allowing researchers to collect a broader range of
data directly from individuals. For instance, the Norwegian Prescription Database can provide
information on prescribed drugs only, while population-based surveys can provide

information about both prescribed and over-the-counter drugs.

SSB gathers information about Norway’s population from various reliable sources, and
quality requirements for Norwegian official statistics are described in the Statistics Act (111).
The education attainment of the Norwegian population includes residents in Norway aged 16
years or older by the end of the calendar year (122). In general, missing data on education is
minimal (about 3%), and most is from immigrants (123). SSB collects sociodemographic data
from various administrative sources, such as the Norwegian Tax Administration, the National
Diploma Database, tax registers, and other administrative sources. However, data collection
and processing errors are unavoidable and include coding errors, revision errors, and data
processing errors. SSB states that comprehensive efforts have been made to minimize these

errors, and SSB now regards these types of errors as relatively insignificant (124).

SSB does not have educational information on completed education by Norwegian-born
individuals abroad between 1980 and 1986. In 1992, data on Norwegian-born individuals who
studied abroad between 1986-1992 and received financial support were obtained from the
State Educational Loan Fund (Lanekassen). There was some missing information on
education from SSB in paper | and Il (0.5%). However, we do not know if this missing
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information was from Norwegian borns or immigrants. SSB has attempted to overcome this
issue by collecting information on immigrants’ educational levels through surveys and
imputation techniques. However, as in the Tromsg Study, non-response among immigrants

has been high, making it difficult to check the accuracy of the information (125).

4.1.2 Study design

The aim of paper | and Il was to compare participants and non-participants and validate
education variables in Tromsg7. Using cross-sectional data made it possible to compare and
validate data collected at a specific time with SSB’s data. A longitudinal design was also an
option to follow participants and non-participants over a period to understand how their
characteristics changed over time and how they influenced participation and reported
education. However, cross-sectional analysis seemed appropriate for these two papers due to

the efficiency of comparing and validating existing data at a single time point.

Paper 111 used an observational longitudinal design, which allowed for describing time trends
in population subgroups, such as cohorts. The design was appropriate for the aim of paper Ill,
which was to investigate the educational gradient with the same participants over time. The
design, together with the statistical method of linear mixed models described below (Section
4.1.8), was considered an appropriate approach to investigate the educational gradient in

cholesterol levels over time.

4.1.3 Internal validity

A valid study is equivalent to an unbiased study, a study that, based on its design, methods,
and procedures, will produce overall results close to the truth (119). The validity of a research
study includes two domains: internal and external. Internal validity examines how the study
was designed, conducted, and analyzed satisfactorily to answer the research question (126).
The internal validity can be threatened by three types of bias, selection bias, information bias
and confounding. These biases could also affect the external validity. External validity is
defined as “the degree to which results of a study may apply, be generalized, or be transported

to populations or groups that did not participate in the study” (127).

4.1.4 Selection bias
I have in paper I reported and discussed groups that are underrepresented in the Tromsg
Study, which could have introduced selection bias. Therefore, | do not discuss the

characteristics of non-participants in this section, but other factors related to selection bias.
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Selection bias is defined as “bias in the estimated association or effect of an exposure on an
outcome that arises from the procedures used to select individuals into the study or the
analysis” (127). Several concerns arise in cases of high proportions of non-participation, for
instance, if there are systematic differences between participants and non-participants

concerning sociodemographics or health.

The participation rate in the Tromsg Study was relatively high (Table 1), while other
population-based studies have experienced a decrease in participation (128). Hopstock et al.
(106) believed that continuous participant dialogue, strong community ties, and researcher
involvement were key to maintaining participation in the Tromsg Study. The participation
rate can affect selection bias if there is a systematic difference in who chooses to participate.
Participation in the Tromsg Study is voluntary, so potential bias due to differences in non-
participation is unavoidable. Participants in population-based studies tend to have more
favorable health statuses (129), which could lead to them not being representative. Higher-
educated women were more represented in our study. However, in a validation study, despite
a slight overrepresentation of women with higher education, no significant source of selection
bias was observed that could seriously invalidate the estimation of population-attributable risk
(130).

From Tromsg4 onward, participants from the previous survey were invited to follow up, and
new participants were invited to reduce the risk of selection bias. However, the response rate
has been consistently higher among repeat than new participants, which could lead to
selection bias because of the health profile differences between participants and non-
participants (87, 131). Since we included repeated measures in paper Ill, certain individuals
may have been more motivated to participate in repeated surveys, potentially introducing self-
selection bias into its sample. In paper 111, only participants attended Tromsg4 and had certain
criteria that have been described in section 2.4, was included in the analyses. New participants
after Tromsg4, was not included in our sample in paper I1I.

One of the key purpose of epidemiological research is the measurement of disease outcomes
in relation to a population at risk, understanding risk factors and observing potential changes
in these factors (132). This could be achieved with cohort studies, however, re-inviting
previous participants for longitudinal follow-up must be considered to allow for a more
comprehensive examination of health- related trends, unless data could be retained from other

sources such as registers.
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4.1.5 Recall and information bias

Self-reported data are prone to bias since individuals intentionally or unintentionally
misreport information due to social desirability or recall bias (96). Systematic error due to
differences in accuracy or completeness in recalling past events or experiences is called recall
bias (127). Paper Il had 561 participants over 80 years old, so recall bias could have applied

since these participants had a potentially longer time after completing their education.

I performed a multinominal analysis by splitting the oldest age groups, 63-79 and 80-99 to
investigate if the older age groups 80-99 years are affected by recall bias (data not shown).
The results showed that 80-99 years are less likely to overreport (OR 0.59, 95% CI 0.43 —
0.82, 40-52 years old ref. group), and they underreport almost the same as the 63-79 (OR 3.01
95% Cl 2.64 — 3.45, 80-99 years OR 3.32, 95% CI 2.56 — 4.09). When stratified by sex,
women underreported their education four times more, while men underreported two times
more than the reference group, indicating potential recall bias among older age groups. Recall
bias may apply more to the oldest age groups, as other studies also found participants’ age
significantly associated with misreporting (99). Moreover, the options in the Tromsg7
questionnaire could possibly not be recognizable for the oldest participants in our study, as
educational system has changed over time. Furthermore, those who finished primary
education long time ago, could have self-reported correct from when they finished, but since
the educational system has changed throughout the years, SSB could place them in upper
secondary, which does not necessary mean that they self-reported wrong. More to this issue is

added under section 4.1.6 Confounding.

In paper 111, we used self-reported LLD use, which is also prone to recall bias. However, in a
population-based study from Netherland linked with the drug registry, kappa values of LLDs
were found to have very good agreement (0.81) (133). Moreover, self-reported use of drugs
taken regularly over time reflected chronic exposure and was found reliable (134). The main
weakness in our study is that we do not know the exact time when the participants started
with LLD treatment. We only know their status when they attend each survey and self-report

whether they are user or not.

Information bias is the systematically inaccurate measurement of the exposure or outcome
variables, which produces misclassification bias (78). Misclassification bias is a systematic
error occurring when an individual is assigned to the wrong category, which can occur at any

stage of the research process (135). Comparisons between correctly classified and

25



misclassified information can be informative, but such data are not always available or are
expensive. Moreover, inaccuracy of education information of the population have been

reported in Brazilian censuses (136).

Exposure misclassification was observed due to misreport of educational level in paper I,
which could have led to weaker association between education and cardiometabolic diseases.
A Danish study (137) reported similar findings as ours. Despite some inconsistencies, the
Danish authors concluded that their data were valid for socioeconomic analyses. A validation
study supported this finding by reporting that while surveys and registry measures measure
education differently, both data showed an association with the outcome variable (138). This
finding was confirmed in our study. Even though the overall weakening of the association
between self-reported education and cardiometabolic diseases in paper I was weak, we still

found an association, which was confirmed using SSB data.

4.1.6 Confounding

Confounding occurs when a third variable is related to the exposure and the outcome.
Therefore, if the confounding variable is not properly controlled, then the estimated effect of
the exposure may be biased (127). Confounders can be handled in the design of a study or in
the statistical analysis by stratification or adjustment to attain valid results (139). Age and sex
were considered potential confounders in all three papers because they had the potential to
influence the exposure and the outcome. Not only is the risk for high cholesterol levels
associated with age, but our papers also consisted of participants from 40 to 99 years old, 25
to 78 years old in paper 111, which reflected that the meaning of educational levels and the
implications of educational achievements vary among different birth cohorts. Comparing the
educational levels of participants aged over 80 years to those aged 40 years was complicated
since they were educated under different circumstances, with varying access to educational
opportunities beyond compulsory education (23). Therefore, since we had participants from

several birth cohorts, adjusting for age is necessary.

In the literature, sex differences in health behavior (86, 140) and outcome (CVD) (141) have
been reported. In paper I, age and sex were considered confounders and were handled by
adjustment and stratification. We did not adjust for other potential confounders since the main
goal was to examine the effect of each sociodemographic characteristic and its contribution to
participation. The only exception was that individual-level SES was adjusted to understand
the influence of area SES on participation.
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In paper 11, we stratified after sex and school reform in 1959 and 1969 and adjusted for age. In
paper 111, the confounders, centered age and sex, were handled by stratification and
adjustment in the regression models. There is, however, always potential of not adjusting all
possible confounders, and some confounders could be unmeasured and therefore not
accounted for. We did not include potential confounders like BMI because the specific aim
was to investigate the presence of an educational gradient in total cholesterol levels over time
and the impact of LLDs. Thus, including BMI would have broadened the scope beyond our

intention with paper I11.

The use of directed acyclic graphs (DAGS) in conjunction with the existing literature helped
me clarify the factors involved and how they fit into a conceptual causal model (78).
Concerning paper 111, a DAG is illustrated in Figure 1. However, as described in the
Introduction chapter, the pathways from education to good health are complex, so causal
pathways are often not fully understood, which is the case in paper Ill. For instance, there
may be other unmeasured confounders that paper 111 did not consider contributing to

understanding this complex pathway, such as health literacy and reimbursement policy.

Age&Sex | & | |jpid-lowering drugs

h 4

Social inequality in
health

Total cholesterol levels >

Y

Education

Figure 1. Directed acyclic graph of variables in paper 111

4.1.7 External validity

Other population-based studies, both national and international, have showed that individuals
with lower education (142-144) and income (95, 145), men (87, 146), marital statuses other
than married (89), and living in lower-SES areas or neighborhoods (129) were less likely to
participate. These findings were supported in paper I, indicating a common challenge within
population-based studies to recruit the same subgroups across countries. However, these
studies were mainly in Western countries (i.e., Norway, Denmark, Finland, Belgium, the UK,
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and Switzerland) (85, 87-89, 129, 144, 147) and one Chinese study (143). Therefore, the
results of the present study have general validity corresponding to similar studies with the

same social distribution, mainly in Western countries.

Furthermore, immigrants were also underrepresented in our study. Indeed, immigrants are a
complex group to recruit, so most population-based studies are underrepresented by them (88,
97, 148). Various explanations have been proposed such as, language barrier, participation
decrease due to explicitly stating in the questionnaire that the identity of the respondent would
be saved by the investigator, questionnaire’s complexity, respondent’ lack of identification

with the question, and sensitive questions (97, 148).

The proportion of participants with lower education and increasing use of LLDs in paper 11
corresponding with the national report by SSB (149), indicating that the study participants
were representative of the Norwegian population but not low- and middle-income countries,
where higher statin use is associated with higher education (150). If the generous
reimbursement policy in Norway could explain the results in paper 111 (i.e., no educational
gradient among LLD users), this effect may not be seen in other countries, who have different
reimbursement policy. In Norway, reimbursement policy is available for all individuals living

in Norway, regardless social status.

4.1.8 Statistical considerations

Paper |

We used logistic regression as it is an appropriate statistical method when the outcome
variable is binary. Multicollinearity may be an issue when including several explanatory
variables, but is not relevant for this paper, since variables were only included in univariate
and bivariate analyses (with age). Therefore, multicollinearity between different indicators of
SES was not relevant. Individual- and household income variables was not normal distributed
in our data, so in addition to mean value in the paper, we also added results from interquartile
range.

The strength of using z-scores to calculate individual and area SES was the standardization
and aggregation of the data. However, it was important that the selected variables adequately
captured the SES of individuals. If not, the calculated SES score may not have accurately
represented the true SES. The selected variables, education, individual and household income,

and residential status, were considered to capture all SESs adequately. Furthermore, data from
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SSB was used in all analyses to help avoid bias (i.e., social desirability and recall biases)

while providing an accurate reflection of each individual’s SES.

Paper 11

We used completeness and correctness to investigate the validity of self-reported education
compared to the gold standard: SSB. Figure 3 explains how completeness and correctness
were calculated similarly to sensitivity and PPV. Sensitivity and PPV are well-known
validation tools for screening and clinical tests, and by using completeness and correctness in
paper 11 was considered complementary because both measures were necessary for a complete
understanding of the data’s accuracy. However, one weakness of using completeness and
correctness was that there were no unambiguous cut-off points for low-, moderate-, and high-
quality data. Nevertheless, most authors who have used these two terms have seemed to agree
that sensitivity and PPV > 80% are fairly good to good, while > 90% is very good to excellent
(151).

Table 3. Calculation of completeness and correctness by Hogan and Wagner (117).

Gold standard positive  Gold standard negative Total
CPR positive a b a+b
CPR negative c d ¢c+d
Total a+c b+d a+tb+c+d

Completeness = a/(a+c)  Correctness = a/(a+b)

Agreement between self-report and registry data was measured with Cohen’s kappa, which is
frequently used to test interrater reliability, represents the extent to which the data collected in
the study are correct representations of the variables measured (152). Kappa agreement is
easily calculated and directly interpretable but cannot account for possible guessing by raters,
possibly overestimating agreement (152). Weighted kappa was used to calculate the weighted
kappa coefficient, as one of the purposes was to investigate agreement between two data

sources.
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Kappa can be weighted to reflect the degree of disagreement, which emphasizes larger
differences between ratings over smaller ones. However, this reflection is impossible with
unweighted kappa, which treats all disagreements equally. Hence, unweighted kappa is

unsuitable for ordinal scales (153), so weighted kappa was chosen.

Weighed kappa in Stata was calculated as follows:
1 =10 —jl/(e=1)

Here, i and j index the rows and columns of the ratings by the two raters, while « is the
maximum number of possible ratings (154).

Paper 111

To investigate longitudinal trends over 22 years (1994-2016) for the same participants, linear
mixed models were considered a suitable statistical method. One of their advantages was the
ability to uncover data relationships and patterns, even with missing values. Using linear
mixed models, we assumed two assumptions: 1) the dependent variable’s (i.e., cholesterol
level) residuals were normally distributed, and 2) the random intercept was included to
account for variation in the baseline levels of the outcome variable among different
educational groups. Residuals associated with random intercepts were conducted to ensure
that the assumption of normally distributed and homoscedastic residuals was met. As shown
in Figure 2, the residuals were normally distributed for cholesterol levels (A) and the random

intercept (B).
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2

Density
4

©= T T T Sk T
5 10 15 -4 -2 0 2 4
Total cholesterol (mmol/l) Residuals

Figure 2. Histogram of residuals for the dependent variable (A) and the random intercept (B)
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4.2 Summary of the results

Differences in sociodemographic characteristics were observed among participants and non-
participants, where men, younger (40-49 years old) and older (80-99 years old) individuals,
individuals with a marital status other than married, foreign-born individuals, residential
renters, individuals with lower education and income, and individuals living in low-SES areas
were less likely to participate in a population-based study. Self-reported educational levels
were adequately complete and correct but could have produced weaker associations in
cardiometabolic diseases than registry data. LLD users experienced a more substantial
decrease in cholesterol over time than non-users. The educational gradient in cholesterol
levels observed before the introduction of statins was not apparent among LLD users in

surveys of the Tromsg study conducted after statins were introduced.

4.3 Discussion of main results

The main results were detailed discussed in paper I-111. Therefore, this section overviews this
thesis’ contribution to knowledge in this field. I also discuss how the results from paper I and
Il could have affected the results in paper 111, ending with a conclusion, implications, and

further perspectives.

Paper |

The participation in the Tromsg Study varied according to sociodemographic variables (i.e.,
women ages 5079, married, Norwegian-born, with lower education and income, residential
owners, and living in high-SES areas) being more likely to participate. The findings in paper |
agreed with other population-based studies in Norway that reported differences in
participation’s sociodemographics. In addition to sociodemographic characteristics, the
Tromsg Study also reported that living in low area SES is associated with increased CVD risk
due to unhealthy lifestyle (155), the Hordaland Health Study (HUSK) reported that non-
participants were associated with poorer health (156), while the HUNT study found higher
mortality and a higher prevalence of several chronic diseases (87), and the Oslo Health Study
(HUBRO) reported that non-participants received disability benefit to a greater extent than
participants (88). These studies, including paper I, underscored the presence of health

inequality in Norway since health is distributed differently among the Norwegian population.
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Lower levels of education and higher CVD risk profile are often reported among non-
participants (157), this could have led to underestimation of association estimates between
education and cholesterol levels in paper 111. However, HUSK (156) reporting that differences
in sociodemographic profiles in participation did not seem to introduce bias in the association
between the exposure and outcome, which was supported by another study (158). Since
HUSK had a similar profile as the Tromsg Study, selection bias might not have affected the

estimated association to a significant extend of the findings in paper III.

Paper 11

In paper 11, we reported that self-reported education was adequately complete and correct for
research, but results should be interpreted with caution since they had certain limitations. In
paper 11, the results showed that those with upper secondary education underreported while
those with college/university <4 overreported, leading to misclassification bias and weaker
association in cardiometabolic diseases. One way to estimate more accurately is to
dichotomize the self-reported education into low (primary and upper secondary) and high
(college/university <4 years & college/university >4 years). By dichotomizing education,
there may be a stronger association and more precise estimates of the results. However,
dichotomizing may come at the cost of some insights within the low and high educational

groups. For instance, one could not speak of a gradient if there were only two groups.

In Tromsg7, education was based on duration, whereas SSB measures the highest completed
degree. These differences in measurement approaches could explain the low correctness in the
lowest and highest educational level found in paper 11. However, would the accuracy improve
if SSB and the Tromsg Study measured education precisely the same? The answer is
uncertain since we must consider other biases, for instance, the influence of social desirability
bias, which involves the tendency to report socially desirable or undesirable behaviors (159).
This was confirmed by another validation study of education (99, 138). Moreover, since SSB
only categorized completed degree, it might not reflect an individual’s true education
achievement. In Norway, it’s common for people to take work-related courses over the years
that don’t lead to a formal degree but are aimed at self-development and improving their
professional knowledge. These courses may have been part of the self-reported education in

the Tromsg7 questionnaire, but it does not match up with SSB-registry.

The wording of the education question in the Tromsg7 questionnaire should also be

discussed. The wording “4 years or more” was meant as the normative duration of tertiary
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education in the Tromsg Study. However, this phrase could have been interpreted as years
spent in education, although it was probably intended to mean education at the master’s level
or higher. This could partly explain why women with college/university <4 years overreport
their education, they could have been on maternity leave and been delay in education. The
wording of the education question in questionnaires was also of concern in another
Norwegian population-based study (160). As population-based studies have individuals with
different knowledge of how to interpret questions, a clear question and perhaps a follow-up
question could help to avoid confusion by specifying the completed education level.
Simplified wording to make the question more understandable would be important for
immigrants and older participants. Even though immigrants among the participants in
Tromse7 were few, differences in the country’s educational system could confuse them,
resulting in their misreporting of their actual educational levels (101). Since the education
system has changed over time and could have confused those who finished their education
long time ago, adding extra questions could make the line of questioning less confusing.

We observed underreporting among participants with upper secondary education and
overreporting of college/university <4 years, this could had affected our results in paper I11. |
speculate that misreport of educational level observed in Tromsg7, also applies to Tromsg4.
The results in paper 111 might be both underestimated due to misclassification of self-reported
educational levels. If we were to use the education variable from SSB, the educational
gradient might be more pronounced. Although misreporting of self-reported educational
levels produced a weaker gradient compared to SSB data in this thesis, there was still an
observable educational gradient. This finding suggests that self-reported education can be a

valid indicator for SES when investigation the relationship between education and health.

Paper 111

A general decrease in cholesterol was observed among non-users, however, even with a
decrease, their cholesterol levels were still high (> 5 mmol/l). Randomized controlled trials of
statins have demonstrated their efficacy in primary and secondary prevention of CVD (161,

162). Similar effect of statins have also been reported in population-based studies (163, 164).

In paper 111, we observed that the prevalence of current LLD users was substantially higher
among participants with lower education, which could have been due to the greater
prevalence of risk factors such as high BMI, smoking, poor diet, and low exercise among

individuals with lower education (165). All these risk factors are related to increase total
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cholesterol levels. We also observed that individuals with lower education who were on LLD
treatment experienced a larger reduction in cholesterol levels. A Danish study found that
individuals with lower education are having more frequent cholesterol measurements and
medical treatment than other educational groups (77), this might indicate that individuals with
lower education have higher risk factors for CVD than higher education. This can underscore
a Norwegian report, who found Norwegian adults with lower education visited their general
practitioners more frequently than those with higher education, which could have led to closer

follow-up on cholesterol measurements (166).

Whether LLD treatment is as effective in women as in men has been a never-ending debate in
the literature since women are often underrepresented in statin trials (167). Furthermore, non-
adherent among women have been reported to be, dissatisfied with cholesterol treatment, not
being prescribed with LLD and side effect (168, 169). Hunt et al. (170) reported no sex
differences in cholesterol levels with LLD treatment. Our study supported this finding. Even
though we observed a larger effect of LLD treatment in men, both women and men
experienced a substantial decrease in cholesterol levels over 22 years across educational
levels compared to non-users. The impact of medication treatment on reducing social

inequalities has been reported not only for cholesterol but also for blood pressure levels (171).

We also observed that, among LLD users older than 50 years, there was a larger decrease in
cholesterol levels compared to participants under 49 years. This observation was consistent
with findings from another study (80) and could be explained by the changing of
recommended dosages of statin types, resulting in more effective treatment over time (172).
The reimbursement policy may have played a role in reducing the social inequality observed
in our study. Reimbursements contributed to increasing statin usage in a study from Italy,
however, changes in reimbursement policies (i.e., removal of co-payment) led to a drop in
statin use, which could lead to health risks and increased health inequalities (173). This was
also reported in a systematic review article, where reimbursement was found to affect

adherence to statins (174).

34



5 Conclusion

This thesis showed that certain subgroups are underrepresented in the Tromsg Study.
Exposure misclassification of self-reported education was explored, even with this limitation,
educational gradient in cardiometabolic diseases was observed when using self-report and
registry data. The use of LLD seemed to reduce the educational gradient in cholesterol levels
and, therefore, may reduce social inequality in health. The Norwegian reimbursement policy

of providing medications at a low cost to everyone may explain this faded gradient.
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6 Implications and further perspectives

To my knowledge, the Tromsg Study has never conducted a study of participants and non-
participants with linkage to registry data. The results in paper | contributed to a better
understanding of the non-participants and the geographic area of Tromsg municipality. Non-
participants are likely to be a heterogeneous group. Hence, recruitment efforts should target a
specific group, not everyone, which can lead to the involvement of those more likely to
participate, possibly widening the gap between participation and non-participation groups
further. Findings in this thesis contributes to where to recruit for Tromsg8 and further

surveys. Some suggestions include:

e Efforts should be made to recruit subgroups that are underrepresented, since they are a
part of the population being studied.

e The health status or risk profile of individuals with lower education who chose to
participate and those who chose not to participate could differ, which should be further
investigated.

e Presence of participation bias may not affect the estimates of association in a large extent,

but this might have implication for prevalence studies.

One of the purposes of collecting information about education in the Tromsg Study was to use
it as a proxy for SES since education serves as a significant explanatory variable for diverse
health and behavior outcomes. Paper Il contributed to validating self-reported education.
Hence, further research can strengthen this understanding of self-reported education when

used as an exposure, covariate, or confounder. Some suggestions include:

e Validate other SES variables in the Tromsg Study and explore socioeconomic gradient in
health compared to registry data.

e Changing the wording or adding a follow-up question may lead to a more accurate self-
report of the educational level, while avoiding misunderstandings for future Tromsg
studies.

o Validation of self-reported variables is highly recommended, for example, by linking the
Tromsg Study to the Norwegian Prescription Database to access the validation of the self-

report of LLD and other medications.

Cholesterol is an important risk factor for CVD, and we know that lower levels of education
are associated with higher risk of cardiovascular mortality. Our findings, supported by the

36



literature, indicate that social inequality in health exists, while LLD treatment contributes to
reducing the inequality. This finding underscores the necessity of optimal medical treatment.

Some suggestions include:

e More studies are needed to clarify the association between different educational levels and
cholesterol levels from a longitudinal perspective.

e The effect of LLDs on reducing the educational gradient in cholesterol levels requires
further study for policy implications.

e Lower deductible for all health-related expenses contribute to reduce social inequality in
health.

Finally, education inequality in health is unfair. Hence, further research is needed to fully
understand the underlying mechanisms and health behavior, especially among those with

lower education.
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Abstract

Background Differences in the sociodemographic characteristics of participants and non-participants in population-
based studies may introduce bias and reduce the generalizability of research findings. This study aimed to compare
the sociodemographic characteristics of participants and non-participants of the seventh survey of the Tromsg Study
(Tromsg7, 2015-16), a population-based health survey.

Methods A total of 32,591 individuals were invited to Tromsg7. We compared the sociodemographic character-
istics of participants and non-participants by linking the Tromsg?7 invitation file to Statistics Norway, and explored

the association between these characteristics and participation using logistic regression. Furthermore, we created a
geographical socioeconomic status (area SES) index (low-SES, medium-SES, and high-SES area) based on individual
educational level, individual income, total household income, and residential ownership status. We then mapped the
relationship between area SES and participation in Tromsg7.

Results Men, people aged 40-49 and 80-89 years, those who were unmarried, widowed, separated/divorced, born
outside of Norway, had lower education, had lower income, were residential renters, and lived in a low-SES area had a
lower probability of participation in Tromsg?7.

Conclusions Sociodemographic differences in participation must be considered to avoid biased estimates in
research based on population-based studies, especially when the relationship between SES and health is being
explored. Particular attention should be paid to the recruitment of groups with lower SES to population-based studies.
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Background

Population-based studies are important, as they are often
used as a source of data on determinants of health and
as a source of information on people’s health status [1].
As such, these surveys should adequately reflect the tar-
get population for the relevant indicators. A problem
with population-based studies is that participation is vol-
untary, thus people can choose not to participate. Non-
participation can reduce the precision of estimates, and
more seriously may introduce selection bias if both the
exposure and the outcome under investigation affect the
probability of participation, and may reduce the general-
izability of the results [2]. The presence of selection bias
cannot usually be inferred from the study data alone;
participation studies are therefore necessary to identify
any underrepresented subgroups [3]. Knowledge of the
characteristics of non-participants may help to improve
recruitment procedures and representativeness, lead-
ing to more accurate assumptions and conclusions in
population-based studies, i.e., estimations of prevalence
and incidence, and associations between exposures and
outcomes.

Sociodemographic characteristics refer to a combi-
nation of social and demographic factors [4], including
socioeconomic status (SES), which is often measured by
an individual’s educational attainment, occupation, and
income [5]. Individuals with low SES have been reported
to have poorer health status and to be less likely to par-
ticipate in health surveys compared with individuals
with high SES [6-10]. Men, people who are unmarried,
and those with low education or low income are also
less likely to participate, according to previous studies
[10-13]. The association between participation and age
[14-16] or belonging to an ethnic minority [11, 17] is
inconsistent in the literature.

National registers with high-quality individual-level
data can be useful in providing information on non-
participants, which can be compared with information
on participants. The present study used register data to
compare the sociodemographic characteristics of partici-
pants and non-participants of the seventh survey of the
Tromse Study (Tromse?).

Methods

Study population

The Tromse Study is an ongoing population-based
health survey. It currently consists of seven surveys
(Tromse1-7) conducted between 1974 and 2016 in the
municipality of Tromsg, Northern Norway. The study
population consists of complete birth cohorts and ran-
dom samples [18, 19]. Tromse7 was carried out between
2015 and 2016, inviting all inhabitants aged 40 years and
above in the municipality of Tromsg to participate. A
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total of 32,591 eligible individuals were invited and 65%
participated in Tromsg7 [20].

Linkage to statistics Norway

Information on sociodemographic characteristics
recorded in Statistics Norway (SSB), which covers the
entire Norwegian population, was linked with data from
the Tromse7 invitation file, which covered all 32,591
invited individuals, using the unique 11-digit personal
identification number assigned to each resident of Nor-
way at birth or immigration. SSB performed the linkage
and all personal identification numbers were deleted.

Sociodemographic characteristics of participants

and non-participants

All sociodemographic characteristics of participants and
non-participants of Tromsg7 were taken from the SSB,
including age (10-years age intervals), sex, and marital
status (married, unmarried, widow(er), and divorced/
separated). The category “divorced/separated” included
the subgroups separated (n=517), separated partner-
ship (n=4), and divorced partner (n=25). The category
“married” included registered partnerships (n=20). Data
was also collected on country of birth, which was cate-
gorized into four broad groups: Norway, Western coun-
tries (Western Europe, North America, and Oceania),
Eastern Europe (including Russia), and other countries
(Asia, Africa, and South America). Individuals born in
Norway were further categorized into three regions of
birth: Tromsg, Northern Norway (Finnmark, Troms, and
Nordland), and South Norway (counties south of Nord-
land). Finally, information was extracted on the highest
completed educational level (primary education, upper
secondary education, college/university<4 years; and
college/university >4 years), income (defined as individ-
ual income and total household income and categorized
as in the Tromse Study questionnaire: < 250,000 Norwe-
gian kroner (NOK) to>750,000 NOK), and residential
ownership status (owner or renter).

Statistical analyses

Descriptive characteristics were presented as number
(percent). Sex-specific binary logistic regression analy-
ses were used to estimate odds ratios (ORs) and corre-
sponding 95% confidence intervals (CIs) of participation
in unadjusted and age-adjusted models. The variable
area SES was adjusted for individual-level socioeconomic
status.

Individual-level SES was calculated based on educa-
tional level, individual income, total household income,
and residential ownership status. For each of these four
variables, a Z-score was calculated and then summarized
to give an individual-level SES score. We also created a
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geographical SES index, based on 36 geographical subdi-
visions of the municipality of Tromse defined in a local
Public Health report [21]. These geographical subdivi-
sions are based on the basic geographical and statistical
units of the municipality of Tromse, in order to estab-
lish small, stable geographical units that give a flexible
basis for the presentation of regional statistics [22]. The
geographical SES index was calculated as the average
individual-level SES score in each of the geographical
subdivisions, resulting in a continuous variable rang-
ing from -1.73 to 1.24, and then categorized as low-SES
area, medium-SES area, or high-SES area, based on ter-
tiles using the command xtile in the statistical program
Stata. Participation in Tromsg7 within each of the 36
geographical subdivisions was also divided into tertiles:
low (59.3%), medium (66.7%), and high (68.5%), and the
spatial distribution of SES areas and participation in the
36 geographical subdivisions was graphed using chorop-
leth maps.

Analyses were performed in Stata 16.0 (StataCorp, Col-
lege Station, TX, USA). Choropleth maps were created in
Python 3 (using mainly the pandas, geopandas, and plotly
express packages). A GeoJ]SON file was collected from
the Norwegian Mapping Authority [23], while a base map
from OpenStreetMap [24] was used.

Results

A total of 32,591 individuals were invited to Tromse7,
of which 11,508 (35%) did not participate. The mean
age of participants and non-participants was 57.3 years
and 57.6 years, respectively. The median individual and
total household income for participants were 431,799
NOK (IQR: 8680—585,830 NOK) and 725,354 NOK
(IQR: 489,059—943,548 NOK), respectively. The cor-
responding figures for non-participants were 244,083
NOK (IQR: 0 — 524,675 NOK) and 546,086 NOK (IQR:
321,302 — 831,602 NOK). The sociodemographic dis-
tribution of participants differed from that of non-par-
ticipants (Table 1). In both women and men, those who
were unmarried, widowed, separated/divorced, born
outside of Norway, had lower education, had lower
income, were residential renters, and lived in a low-SES
area had a lower probability of participation (Fig. 1 and
Supplementary Table 1).

Men were less likely to participate than women (age-
adjusted OR 0.79, 95% Cl 0.75 — 0.82, analysis not
shown). Invitees aged 80-99 years were less likely to
participate (women: OR 0.27, 95% Cl 0.24 — 0.31; men:
OR 0.76, 95% Cl 0.65 — 0.89) compared to the young-
est age group (40-49 years) and other age groups.
However, the youngest age group was less likely to par-
ticipate than those aged 50-79 years in both sexes. The
odds of participation were highest among those with an
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educational level of college/university < 4 years, for both
women (OR 2.20, 95% Cl 1.99 — 2.42) and men (OR
2.22,95% Cl12.00 — 2.47).

Participation decreased with decreasing individual
and total household income for men. Among women,
those with medium individual income (450,000-549,999
NOK) were more likely to participate than those with
the highest individual income, while women with lowest
individual income were less likely to participate. Lastly,
individuals living in medium- and high-SES areas had
higher odds to participate than those living in low-SES
areas, after adjustment for individual-level SES. How-
ever, the estimated effect of area SES was not very strong
(women: OR 1.24, 95% CI1 1.13 — 1.35; men: OR 1.17, 95%
Cl 1.08 — 1.28). Individual-level SES showed a stronger
effect, and those with high individual-level SES were
around three times more likely to participate than those
with low individual-level SES, in both sexes.

Generally, individuals living in high-SES areas, located
on the West side of the city, had higher participation.
None of the low-SES areas had high participation, but
not all high SES areas had high participation, and there
was more variation in participation in medium-SES areas
(Fig. 2).

Discussion

This study showed that men, people aged 49-49 and
80-89 years, those who were unmarried, widowed, sepa-
rated/divorced, born outside of Norway, had lower edu-
cation, had lower income, were residential renters, and
lived in a low-SES area had a lower probability of partici-
pation in Tromse7.

In accordance with results from Norwegian [9, 25, 26],
Finnish [27, 28], and Dutch [29] studies, our study found
that men were less likely to participate than women. In
a previous Finnish study, women were found to engage
more frequently in health behavior and to seek health-
related information more often than men [30]. The ten-
dency of men to have lower interest in participating in
population-based studies has also been shown previously
[31], and previous surveys of the Tromse Study have had
lower participation among men [18, 19]. In an attempt
to increase participation among men in the age group
40-49 vyears, they were specifically targeted during the
planning of Tromse7 [20].

In the literature, evidence regarding study participation
and age is much less consistent. We found that people
aged 40—49 and 80-99 years were less likely to partici-
pate, whereas some studies have found that age does not
affect participation [16], others found that individuals
(40-49 years old) were more likely to participate [15],
and still others found higher participation among older
(>60 years) individuals [14, 32]. Less participation among
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Table 1 Distribution of sociodemographic characteristics among participants and non-participants by sex, Tromsg7 (2015-2016)

Women Men
(n=16,537) (n=16,054)
Participants n=11,073  Non-participants Participantsn=10,010 Non-
(%) n=>5464 (%) (%) participants
n=6044 (%)
Age, years
40-49 3377 (30.5) 1816 (33.3) 3055 (30.5) 2509 (414)
50-59 3245 (29.3) 1289 (23.6) 2790 (27.9) 1537 (25.4)
60-69 2677 (24.2) 909 (16.6) 2502 (25 0) 1041 (17.2)
70-79 1361 (12.3) 640 (11.7) 3.1) 582 (9.6)
80-99 413 (3.7) 810(14.8) 348 (35) 375(6.2)
Marital status
Married 5768 (52.1) 2096 (38.4) 6023 (60.2) 2634 (43.6)
Unmarried 1429 (22.8) 1429 (26.1) 2491 (24.9) 2259 (37.3)
Widowed 850(7.7) 899 (16.5) 207 (2.0) 193 (3.2)
Separated/divorced 1930 (17.4) 1040 (19.0) 1289 (12.9) 958 (15.9)
Country of birth®
Norway 10328 (93.3) 4848 (88.7) 9464 (94.5) 5048 (83.5)
Western countries 403 (3.6) 215(3.9) 354 (3.5) 362 (6.0)
Eastern Europe 138 (1.2) 197 (3.6) 63 (0.6) 366 (6.1)
Other countries 204 (1.8) 204 (3.7) 129(1.3) 268 (4.4)
Region of birth®
Tromsg 4084 (39.5) 1817 (37.5) 3966 (41.9) 2201 (43.6)
Northern Norway“ 3674 (35.6) 1719 (354) 3125 (33.0) 1556 (30.8)
South Norwayd 2570 (24.9) 1312 (27.1) 2373 (25.1) 1291 (25.6)
Educational level
Primary 1875 (17.0) 1655 (30.9) 2(16.2) 1516 (25.9)
Upper secondary 4071 (36.9) 1784 (33.2) 4428 (44.9) 2406 (41.1)
College/university <4 years 3589 (32.6) 1293 (24.1) 2299 (23.1) 1030 (17.6)
College/university >4 years 1486 (13.5) 632 (11.8) 1576 (15.8) 900 (15.4)
Individual income (NOK)®©
< 249,999 4474 (404) 3151 (58.2) 3214 (32.1) 2583 (43.0)
250,000-349,999 660 (6.0) 288(5.3) 309 (3.1) 289 (4.8)
350,000-449,999 1642 (14.8) 596 (11.0) 844 (84) 3(10.2)
450,000-549,999 1978 (17.9) 589 (10.9) 1597 (16.0) 772 (12.8)
550,000-749,999 1746 (15.8) 550(10.2) 2263 (22.6) 926 (15.6)
> 750,000 568 (5.1) 239 (4.4) 1775 (17.8) 820 (13.6)
Total household income (NOK)®
< 249,999 543 (4.9) 958 (17.7) 319(3.2) 797 (13.3)
250,000-349,999 1040 (9.4) 756 (14.0) 559 (5.6) 728 (12.1)
350,000-449,999 1219(11.0) 576 (10.6) 774.(7.7) 680 (11.3)
450,000-549,999 1161 (10.5) 611(11.3) 947 (9.5) 667 (11.1)
550,000-749,999 2268 (20.5) 896 (16.6) 2333(233) 1084 (18.1)
> 750,000 4839 (43.7) 1616 (29.8) 5071 (50.7) 2048 (34.1)
Residential ownership status
Owner 10,208 (92.2) 4269 (80.6) 9245 (92.4) 4635 (77.5)
Renter 860 (7.8) 1025 (19.4) 761 (7.6) 1349 (22.5)
Area SES
Low 3526 (31.8) 2128 (38.9) 3142 (314) 2447 (40.5)
Medium 4028 (36.4) 1891 (34.6) 3731 (373) 1986 (32.8)

High 3519(31.8) 1445 (26.5) 3137 (31.3) 1611 (26.7)
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Table 1 (continued)

Women Men

(n=16,537) (n=16,054)

Participants n=11,073  Non-participants Participantsn=10,010 Non-

(%)

n=>5464 (%)

(%)

participants
n=6044 (%)

Individual-level SES
Low
Medium
High

3289 (29.9)
4358 (39.5)
3372 (30.6)

2597 (50.5)
1509 (29.3)
1042 (20.2)

2249 (22.6)
3669 (36.9)
4039 (40.5)

2490 (43.3)
1699 (29.5)
1567 (27.2)

Percentage calculated to equal 100% in column

NOK Norwegian kroner, SES Socioeconomic status, EUR Euro, USD United States dollar

@ Western countries (Western Europe, North America, and Oceania), Eastern Europe (including Russia), and Others (Asia, Africa, and Southern America)

® Among individuals born in Norway

€ Northern Norway: County of Troms, Nordland, and Finnmark, excluding Tromsg
d South Norway: Counties south of Nordland County

€ 100,000 NOK=10,480 EUR/11,526 USD

the oldest age group could be associated with poorer
health among the very old [27, 28]; however, findings
from another study suggested that older people’s health
conditions do not affect survey participation [33]. Dif-
ferent explanations for participation in health surveys
have been explored earlier [31, 34, 35]. Older persons
(>65 years) think that it is a civic duty to participate in
population-based research, while lower participation
among younger individuals may be due to a lack of time
and a perception that their health is good [31, 34].

It has been suggested that marriage may encourage
positive health behaviors, which over time cumulate and
facilitate desirable health outcomes [36]. We observed
that people with marital statuses other than married
were less likely to participate than married individuals
of both sexes. This is in accordance with other popu-
lation-based studies [16, 25, 37]. Previous studies have
highlighted the increased health and survival among
married individuals compared to unmarried individuals
[38, 39], which seems to be the case for men in particu-
lar [39, 40]. A possible explanation was proposed in a
qualitative study on participants and non-participants
of community health screening, which found that the
decision to participate in screening is often made by a
partner [41]. Sala et al. [33] reported that, among cou-
ples, if one partner took part in a health survey the
other was more likely to respond as well.

According to several studies, participants born in the
country where a survey is conducted are more likely to
participate than those born outside of the country [9, 11,
12, 15]. Even though the municipality of Tromse is cur-
rently the 12th most populous in Norway, it has relatively
few immigrants (16%, year 2021) compared to other pop-
ulous municipalities in the country [42, 43]. Furthermore,

the Tromso Study questionnaires are in Norwegian, and
to participate in the Tromsg Study, individuals had to
master the Norwegian language. In an Australian study,
speaking the same language at home as was used in the
questionnaire was associated with higher odds of partici-
pation [15]. This indicates that language difficulties hin-
der participation.

In our study, increased educational level, total house-
hold income, and being a residential owner were all
socioeconomic factors associated with an increased
probability of participation. Prior literature has also
reported that participation was more likely among
individuals with high educational level, income [7-11,
44], and among residential owners [14, 15, 37]. Bopp
et al. [37] suggested that residential owners are more
likely to participate because they move less frequently,
and are therefore easier to track. Education is con-
sidered an important social determinant of health, as
it helps to promote and sustain healthy lifestyles and
positive health choices [45]. Nadelsen et al. [46] found
that as years of college increased, trust in science also
increased. Furthermore, the authors suggested that
people with more education are more likely to have a
deeper understanding of science and the work of sci-
entists, and are thus more likely to be engaged in criti-
cal examinations of scientific issues. For instance, UiT
The Arctic University of Norway and The University
Hospital of North Norway are among the largest pub-
lic workplaces in the municipality of Tromse [47], and
their employees belong to occupational groups with a
higher educational level. As research is as a part of their
work tasks, they have an deeper understanding of sci-
ence and their willingness to participate might be higher
than that observed in other workplaces. In addition,
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Fig. 1 Age-adjusted odds ratios for participation by sex, Tromsa7 (2015-2016). *Reference group. **Additionally adjusted for individual-level

socioeconomic status

different employers in Tromse were asked to give their
employees time off from work to participate in Tromse7
[48]. Indeed, a Norwegian qualitative study showed
that reasons for not participating in a population-based
study included difficulty in taking a day off from work
and loss of salary during participation [34]. This might
apply especially to individuals in low-income groups,
as they are more financially vulnerable than those with
higher income. Furthermore, in this qualitative study, an
informant suggested that if people were to get paid by
their employer to participate in health research, more
people might participate [34]. Some have suggested
providing modest financial compensation for lost work
time and travel expenses as a token of appreciation to

increase participation rates [28, 34]. Olsen et al. [49]
found that a scratch lottery ticket incentive increased
participation among individuals with lower education,
and this might apply to low-income groups as well.
However, these approaches are expensive, especially
for a population-based study whose target group is the
entire general population.

Individuals with low SES do not only participate less
compared to individuals with high SES, but their par-
ticipation decreases over time, according to a follow-
up study of a randomized controlled trial [50]. Indeed,
participation in health surveys decreases over time in
all educational levels, though the decline seems fastest
for those with low education [44].
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Fig. 2 Choropleth maps of socioeconomic status (SES) areas (A) and participation (%) in the Tromsa Study (B) in 36 subdivisions of the municipality
Tromsg, Troms@7 (2015-2016). Maps: Kartverket (CC-BY 4.0), Carto/OpenStreetMap©(CC BY-SA 2.0), MapBox®. SES area based on the average
individual-level SES score in each geographical subdivision [21]. SES: socioeconomic status
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It has been suggested that participation may not
depend only on individual characteristics, but also on
geographical features [51]. The SES of the surrounding
area has been reported to be associated with lower par-
ticipation in cohort studies [14, 16, 51]. This is consist-
ent with our findings, which showed that those living
in high-SES areas were more likely to participate than
those living in low-SES areas. Sala et al. [33] found that
participation among women was associated with their
socioeconomic background and the wealth of their resi-
dential area. Bender et al. [52] hypothesize that residents
of deprived neighborhoods may be lack of social support
to participate in health check and they may also be less
trusting of public health authorities.

The literature is generally consistent in showing that
those living in economically disadvantaged areas have
poorer health [53, 54]. For instance, the prevalence of dia-
betes mellitus has been found to be lower for those living
in areas with medium and high SES for both women and
men, compared to those living in areas with low SES [55].
Those who volunteer to participate in health surveys are
often more likely to have favorable exposures and health
profiles compared to those who do not [14, 56, 57]. Soci-
odemographic differences in participation can lead to bias
in the population-level estimates and in the associations
with health status and health behaviors. For instance,
low educational level and low income are both positively
associated with unhealthy dietary habits [58]. If low edu-
cational level is also associated with non-participation, as
we have shown, and unhealthy dietary habits are associ-
ated with the probability of participation, any resultant
associations will be biased (selection bias). A false conclu-
sion might thus be drawn about the health status of the
population. Furthermore, non-participation can lead to
an underestimation of the prevalence of health indicators
and harmful health behaviors [29], as well as reduced pre-
cision of estimates.

Efforts should be made to recruit subgroups that we
have shown to be underrepresented in our study. For
example, our findings show non-participation by area
SES. This can help the Tromse Study and other popula-
tion-based studies when planning recruitment for future
surveys. However, sending extra reminders has shown lit-
tle impact on the sociodemographic distribution among
participants, so other methods to increase the participa-
tion of underrepresented groups should be explored [59].

Strength and limitations

The main strength of this study is the linkage of infor-
mation on sociodemographic characteristics from the
Tromse Study to that from the SSB, a national register.
Another strength is the use of a large population-based
study with reasonably high participation. Our study
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provides an overview of the representativeness of the
Tromse Study regarding a variety of sociodemographic
characteristics. A potential limitation of this study is that
we have categorized continuous variables; as there are no
perfect cut-off points for variables like income, informa-
tion might be lost in categorization. Errors in the collec-
tion and processing of the income data are unavoidable,
even for administrative data. Income information for
employed individuals was based on complete registration
from employers and other administrative data. An exten-
sive work from SSB has been carried out to minimize
errors, and we consider errors to be relatively insignifi-
cant. Whereas information from self-employed individu-
als in Norway is self-reported, but they are required to
provide accurate taxable income, which is carefully con-
trolled by the tax authorities.

In conclusion, sociodemographic differences in par-
ticipation must be considered to avoid biased estimates
in research based on population-based studies, espe-
cially when the relationship between SES and health is
being explored. Particular attention should be paid to
the recruitment of groups with lower SES to population-
based studies.
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Validity of self-reported educational level
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Abstract

Background: Self-reported data on educational level have been collected for decades in the Tromse Study, but their validity
has yet to be established. Aum: To investigate the completeness and correctness of self-reported educational level in the
Tromse Study, using data from Statistics Norway. In addition, we explored the consequence of using these two data sources
on educational trends in cardiometabolic diseases. Methods: We compared self-reported and Statistics Norway-recorded
educational level (primary, upper secondary, college/university <4 years, and college/university =4 years) among 20,615
participants in the seventh survey of the Tromse Study (Tromse7, 2015-2016). Sensitivity, positive predictive value and
weighted kappa were used to measure the validity of self-reported educational level in three age groups (40-52, 53—-62,
63-99 years). Multivariable logistic regression was used to compare educational trends in cardiometabolic diseases between
self-reported and Statistics Norway-recorded educational level. Results: Sensitivity of self-reported educational level was
highest among those with a college/university education of 4 years or more (=97% in all age groups and both sexes).
Sensitivity for primary educational level ranged from 67% to 92% (all age groups and both sexes). The lowest positive
predictive value was observed among women with a college/university education of 4 years or more (29-46%). Weighted
kappa was substantial (0.52—-0.59) among men and moderate to substantial (0.41-0.51) among women. Educational trends
in the risk of cardiometabolic diseases were less pronounced when self-reported educational level was used. Conclusions:
Self-reported educational level in Tromsg7 is adequately complete and correct. Self-reported data may produce
weaker associations between educational level and cardiometabolic diseases than registry-based data.

Keywords: Self-report, education, validation, survey, completeness, correctness

Introduction

Self-administrated questionnaires are often used in epi-
demiological studies to obtain information about a per-
son’s education. Inaccurate self-reported data occur
when individuals answer questions incorrectly, which
can lead to exposure misclassification, and thereby to
less reliable study findings [1]. Education is an impor-
tant determinant of socioeconomic status, as it confers
skills that help individuals utilise health information,
and it affects future income and occupational class [2,
3]. Indeed, education has become the principal
pathway to higher incomes, stable employment and

healthier lifestyle [4]. Furthermore, as self-reported
education is often used as an exposure and covariate in
health research [5, 6], it is important to assess the valid-
ity of that variable. Validation studies on this variable
should be done to produce estimates of misclassifica-
tion in self-reported data and help determine if study
results are biased. Data accuracy can be determined by
comparing self-reported data to a gold standard data
source and is often calculated by two measures: correct-
ness, the proportion of recorded observations in the
registry that are correct; and completeness, which
measures the proportion of recorded observations that
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are actually recorded in the gold standard data source
[7]. Studies of the quality of reported education are not
new in the literature. However, research on the validity
of self-reported education within epidemiology is still
scarce. This study aimed to investigate the complete-
ness and correctness of self-reported educational level
in the Tromse Study, using data from Statistics Norway
(SSB). In addition, we explored the consequence of
using these two data sources on educational trends in
cardiometabolic diseases.

Methods
The Tromso Study

The Tromse Study is an ongoing population-based
health survey, which consists of seven surveys
(Tromse1-7) conducted between 1974 and 2016 in
the municipality of Tromse, northern Norway. The
study population consists of complete birth cohorts
and random samples of other cohorts [8, 9]. All inhab-
itants of the municipality aged 40 years and above
were invited to participate in Tromse7 (2015-2016),
and the study questionnaire collected information on
topics such as health issues, symptoms, diseases, use of
medication and healthcare services, employment, and
sociodemographic and lifestyle factors.

Study population

Data on self-reported educational level from Tromse7
was linked to data from SSB, the national statistical
institute of Norway and the main producer of official
statistics, using the unique 11-digit identification
number assigned to all individuals living in Norway.
A total of 21,083 people participated in Tromse7
(attendance 65%), of which 20,615 had records in
SSB and were included in the analyses. A total of 468
were excluded from the analysis. Of these 99 persons
lack information about education in SSB (19 persons
were specified as ‘no education, unspecified, and pre-
school education’) and 369 had no education in
Tromsa7.

Self-reported educarional level, household
ncome, and other variables

In the Tromse7 questionnaire, participants were
asked to respond to the question: “What is the highest
level of education you have completed?’. Response
options were: primary/partly secondary education
(up to 10 years of schooling); upper secondary educa-
tion (minimum 3 years); tertiary education, short:
college/university less than 4 years; and tertiary edu-
cation, long: college/university 4 years or more (see

link to questionnaire in Supplemental material). They
were also asked to report their total pre-taxable
household income for the previous year, using eight
categories from 150,000 NOK or less to 1,000,000
NOK or more. The two lowest income groups
(=<150,000 NOK and 150,000-250,000 NOK) were
merged in the analysis. Participants reported their
current and previous status for the following cardio-
metabolic diseases: diabetes, myocardial infarction,
angina pectoris, and cerebral stroke, which were cat-
egorised as binary variables. Participants reported
their self-rated health status as ‘very bad’, ‘bad’, ‘nei-
ther good nor bad’, ‘good’ and ‘excellent’, which was
regrouped into three categories (‘bad’, ‘neither good
nor bad’ and ‘good’). Finally, participants reported
whether or not they lived with a spouse.

SSB-recorded educational level

Educational information in SSB comes from admin-
istrative sources, such as educational institutions,
and the State Educational Loan Fund provides sup-
plemental data on education acquired abroad [10].
SSB records the highest completed educational level.
The Norwegian Standard Classification of Education
has nine educational levels alone, including a value
for unspecified level [11]. These were regrouped by
SSB into: no education or preschool education; pri-
mary education; upper secondary education; voca-
tional education; university/college education, short;
and university/college education, long. We further-
more excluded participants in the group with no
education, preschool education or unspecified edu-
cation from the analysis. We also merged the catego-
ries upper secondary education and vocational
education leaving four educational levels (primary
education, upper secondary education, university/
college education <4 years, and university/college
education =4 years) that were comparable to the
self-reported educational levels in Tromso7.

Statistical analyses

We assessed the validity of self-reported educational
level in Tromse7 by estimating sensitivity (complete-
ness) and positive predictive value (PPV, correctness),
using SSB-recorded educational level as the gold
standard. Agreement between self-reported and SSB-
recorded educational level was measured by percent-
age observed agreement and weighted kappa. Kappa
values and kappa agreement were interpreted as pro-
posed by Viera and Garrett [12] (less than chance:
<0.00, slight: 0.00-0.20, fair: 0.21-0.40, moderate:
0.41-0.60, substantial: 0.61-0.80, or almost perfect:
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Table I. Socioeconomic characteristcs of study population in the Tromse Study 2015-16.

Women (%) n=10,826

Men (%) n=9789

Age group
40-52 years
53-62 years
63-99 years

Educational level
Primary education
Upper secondary education
College/university <4 years
College/university =4 years

Household income®?
<250,000 NOK
251,000-350,000 NOK
350,000-450,000 NOK
450,000-550,000 NOK
550,000-750,000 NOK
750,000-1,000,000 NOK
>1,000,000 NOK

4372 (41.4)
3067 (28.3)
3387 (31.3)

2597 (24.0)
2749 (25.4)
1913 (17.7)
3567 (32.9)

725 (7.0)
892 (8.7)
1110 (10.8)
1311 (12.7)
1749 (17.0)
2259 (22.0)
2244 (21.8)

3865 (39.5)
2682 (27.4)
3242 (33.1)

2163 (22.1)
2989 (30.5)
2082 (21.3)
2555 (26.1)

396 (4.1)
509 (5.3)
764 (7.9)
976 (10.1)

1780 (18.5)

2453 (25.5)

2744 (28.5)

Values are numbers (%).
2100,000 NOK = 11,500 USD.

b703 missing value.

0.81-1.00). Multinomial logistic regression was used
to calculate odds ratios (ORs) of over or underreport-
ing educational level. Comparisons between self-
reported and SSB-recorded educational level were
stratified by age group (40-52, 53-62 and 63-99
years) and sex. These age groups were constructed
after taking into account the school reform of 1959,
when 7 years of primary education was made manda-
tory. Those who started primary school in 1959 were
63 years old in Tromse7. The 53—62 age group was
constructed to reflect another school reform in 1969.
Logistic regression models were also used to estimate
ORs of self-reported cardiometabolic diseases in
Tromse7 according to self-reported and SSB-
recorded educational levels. A randomisation test
with 10,000 permutations of the data file was used to
compare trends, that is, the categorical educational
level variable modelled as a linear term, between self-
reported and SSB-recorded educational level. The
linearity assumption was reasonably met and self-
reported and SSB-recorded educational levels were
therefore modelled as linear terms.

Ethics

This study was approved by the Norwegian Centre
for Research Data (NSD Data Protection Services)
(reference 809230). All participants in the Tromse
Study have given written informed consent for their
data to be used in research. This study was not
defined as health research by the Regional Ethics
Committee North and was exempted from the
requirement of study preapproval.

Results

Of the 20,615 individuals included in the analysis,
53% were women; the mean age was 57 years (stand-
ard deviation (SD): 11.3 years, range: 40-99 years).
The proportion of women with college/university
education of 4 years or more was higher than that
among men (33% vs. 26%, respectively); this was
also seen for the primary educational level (24% vs.
22%, respectively). The proportion of women with
household income of 1,000,000 NOK or more was
lower than that among men (22% vs. 28%, respec-
tively) (Table I).

Sensitivity of self-reported educational level was
highest among those with a college/university educa-
tion of 4 years or more (=97% in all age groups and
both sexes), and lowest among those with a college/
university education of less than 4 years (37-58% in
all age groups and both sexes) (Table II). Among
women who self-reported primary educational level,
sensitivity ranged from 67% to 92%, compared to
72-91% among men. PPVs for women with a col-
lege/university education of 4 years or more were
between 29-46% and 59-62% for men. The PPV
was 48—67% among women, compared to 52-66%
among men with primary education. In all age groups
and both sexes, the highest degree of underreporting
in Tromse7 was observed among those with SSB-
recorded upper secondary educational level, but a
self-reported primary educational level, whereas the
highest degree of overreporting was observed among
those with SSB-recorded college/university educa-
tion less than 4 years, but a self-reported college/uni-
versity education of 4 years or more (Supplemental
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Table II. Validity of self-reported educational level compared to that recorded in Statistics Norway by age and stratified by sex. The Tromse

Study 2015-2016.

Age Women Men
Sensitivity (%) PPV (%) Sensitivity (%) PPV (%)
40-52 years
Primary education 67.2 66.8 72.3 65.8
Upper secondary education 73.6 86.2 69.0 87.3
College/university <4 years 40.2 77.2 51.3 64.3
College/university =4 years 99.1 46.0 99.1 60.3
53-62 years
Primary education 70.5 62.8 75.5 61.4
Upper secondary education 64.5 82.2 60.1 86.1
College/university <4 years 37.0 66.4 53.9 54.0
College/university =4 years 98.4 37.5 97.2 58.5
63-99 years
Primary education 92.0 48.4 90.8 51.5
Upper secondary education 43.3 88.1 49.7 88.6
College/university <4 years 37.2 68.3 57.9 56.5
College/university =4 years 96.7 29.1 96.6 62.1

PPV: positive predictive value.

Table I and Table II). For women, kappa agreement
varied from moderate to substantial (57-64%), and
was substantial in all age groups for men (65-71%).
A fair corresponding weighted kappa value was found
in all age groups for women (0.41, 0.48 and 0.51,
respectively), and for men (0.52, 0.54 and 0.59,
respectively).

Among those aged 40-52 and 53-62 years, the
proportions of self-reported and SSB-recorded pri-
mary educational level were similar. However, in
those aged 63-99 years, there was a notable differ-
ence (Supplemental Table III). All age groups showed
higher self-reported than SSB-recorded college/uni-
versity education of 4 years or more, and this was
especially evident in the youngest age group.

The difference between self-reported and SSB-
recorded educational levels varied by sex (Figure 1),
that is, levels of education registered by SSB sub-
tracted self-reported level of education in Tromse7.
Zero represents individuals who self-reported the
same educational level as in the SSB registry.
Numbers *1, 2 and 3 indicate levels of underreport-
ing or overreporting. Women were more likely to
overreport (OR 1.46, 95% confidence interval (CI)
1.36-1.57) and underreport (OR 1.10, 95% CI
0.99-1.21) their educational level compared to men.
Women aged 53-62 years overreported more often
than those aged 40-52 years (OR 1.13, 95% CI
1.02-1.26), and the odds of underreporting are
higher among women aged 53-62 years (OR 1.95,
95% CI 1.58-2.41) and 63-99 years (OR 4.47, 95%
CI 3.68-5.43) compared to 40-49 years (Table III).
Higher odds of underreporting was also found among
men aged 53—62 years (OR 1.47,95% CI 1.10-1.94)
and 63-99 years (OR 1.29, 95% CI 1.11-1.50)

compared to 40-49 years. Men aged 53-62 years
overreported more than those aged 40-52 years (OR
1.06,95% CI 0.94-1.20). For participants who lived
with a spouse, the ORs for overreporting were 0.56
(95% CI 0.48-0.64) for women, and 0.73 (95% CI
0.63-0.86) for men. The ORs for underreporting
were 1.62 (95% CI 1.36-1.92) for women and 1.46
(95% CI 1.21-1.77) for men. Underreporting edu-
cational level was more common among men with
bad (OR 1.46, 95% CI 1.10-1.94) and neither good
nor bad health (OR 1.29,95% CI 1.11-1.50), com-
pared with those with good health. Finally, overre-
porting of educational level increased, while
underreporting decreased, with increasing household
income.

We found educational trends in the risk of self-
reported cardiometabolic diseases when using both
self-reported and SSB-recorded educational level
(Table IV). For women the odds for diabetes
increased by 31% per one-level decrease in self-
reported educational level (OR 1.31, 95% CI 1.20—-
1.42), while the odds increased by 44% per one-level
decrease in SSB-recorded educational level (OR
1.44,95% CI 1.29-1.61).We saw the same trends for
myocardial infarction, angina pectoris, and stroke,
also for men. However, the educational trend was
less pronounced when using the self-reported educa-
tional level.

Discussion

We found that self-reported data on educational level
in Tromse7 achieved very high completeness (=97%
in all age groups and both sexes) for participants with
a college/university education of 4 years or more, and
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Table III. Sex-specific odds ratios of under and overreporting of educational level from Tromse7 and Statistics Norway.

n (%) Overreporting vs. correctly Underreporting vs. correctly
reported OR (95% CI) reported OR (95% CI)
Women
Age group
40-52 years 3977 (41.7) Reference group Reference group
53-62 years 2767 (29.1) 1.13 (1.02-1.26) 1.95 (1.58-2.41)
63-99 years 2784 (29.2) 0.97 (0.85-1.11) 4.47 (3.68-5.43)
Living with spouse 6926 (72.7) 0.56 (0.48-0.64) 1.62 (1.36-1.92)
Self-rated health
Bad 575 (6.0) 1.05 (0.85-1.29) 0.94 (0.71-1.26)
Neither good nor bad 2364 (24.8) 0.87 (0.77-0.98) 1.05 (0.90-1.22)
Good 6589 (69.2) Reference group Reference group
Household income
<250,000 NOK 606 (6.4) 0.17 (0.12-0.22) 5.71 (3.92-8.33)
251,000-350,000 NOK 754 (7.9) 0.29 (0.23-0.38) 7.25 (5.07-10.38)
351,000-450,000 NOK 945 (9.9) 0.35 (0.28-0.44) 6.75 (4.79-9.52)
451,000-550,000 NOK 1155 (12.1) 0.65 (0.55-0.78) 4.54 (3.23-6.37)
551,000-750,000 NOK 1635 (17.1) 0.52 (0.45-0.61) 3.40 (2.46-4.69)
751,000-1,000,000 NOK 2217 (23.3) 0.76 (0.67-0.87) 2.40 (1.74-3.33)
=1,000,000 NOK 2216 (23.3) Reference group Reference group
Men
Age group
40-52 years 3702 (39.8) Reference group Reference group
53-62 years 2576 (27.7) 1.06 (0.94-1.20) 1.47 (1.10-1.94)
63-99 years 3024 (32.5) 0.98 (0.86-1.12) 1.29 (1.11-1.50)
Living with spouse 7621 (81.9) 0.73 (0.63-0.86) 1.46 (1.21-1.77)
Self-rated health
Bad 429 (4.6) 1.37 (1.07-1.75) 1.46 (1.10-1.94)
Neither good nor bad 2394 (25.7) 0.93 (0.82-1.05) 1.29 (1.11-1.50)
Good 6479 (69.6) Reference group Reference group
Household income
<250,000 NOK 341 (3.7) 0.29 (0.20-0.44) 6.38 (4.47-9.10)
251,000-350,000 NOK 466 (5.0) 0.41 (0.30-0.56) 5.18 (3.70-7.25)
351,000-450,000 NOK 715 (7.7) 0.52 (0.41-0.67) 4.50 (3.32-6.09)
451,000-550,000 NOK 923 (9.9) 0.64 (0.52-0.79) 4.80 (3.62-6.36)
551,000-750,000 NOK 1717 (18.5) 0.73 (0.62-0.85) 3.20 (2.47-4.14)
751,000-1,000,000 NOK 2417 (26.0) 0.85 (0.75-0.97) 2.26 (1.76-2.91)
=1,000,000 NOK 2723 (29.3) Reference group Reference group

CI: confidence interval; OR: odds ratio. The Tromse Study 2015-16.
100,000 NOK = 11,500 USD.

Mutually adjusted for all listed variables.

Total missing values for women 7=1298.

Total missing values for men n=486.

high completeness (67-92% in all age groups and
both sexes) for those with a primary educational
level. However, low correctness was found for both of
these educational levels (29—62% for college/univer-
sity education =4 years and 48-67% for primary
educational level, respectively). Our findings showed
substantial agreement (65-71%) in all age groups for
men, and moderate to substantial agreement for
women (57-64%). Fair weighted kappa values were
found in both women (0.41-0.51) and men (0.52—
0.59). Educational trends in cardiometabolic dis-
eases were less pronounced when self-reported
educational level was used rather than registry-
recorded educational level.

The degree of completeness was highest among
those with a college/university education of 4 years or
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more, indicating near-perfect self-reporting. However,
completeness among those with primary educational
level was slightly lower. Low correctness was found in
all age groups in our highest and lowest categories of
educational level. There are several possible explana-
tions for this low correctness. First, individuals might
consider that they belong in the highest educational
category because they have taken courses or pro-
grammes that were not necessarily included in a
degree. Indeed, it is common in Norway to take work-
related continuing education courses, but they do not
necessarily culminate in a formal degree. SSB only
places individuals in the category of college/university
education of 4 years or more if they have completed a
Master’s degree or a PhD [11]. In addition, Tromse7
and SSB measure the educational level differently:
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Figure 1. Differences between self-reported and Statistics Norway-recorded educational level by sex. The Tromse Study 2015-16.
Negative numbers indicate underreporting and the positive numbers indicate overreporting.

Table IV. Age-adjusted odds ratios for the association between cardiometabolic diseases and educational level from Tromse7 and Statistics

Norway.

Tromse7 OR
(95% CI)»

Statistics Norway OR
(95% CI)?

P value equality®

Women

Diabetes mellitus (509 out of 10,510)¢
Myocardial infarction (166 out of 10,459)
Angina pectoris (158 out of 10,447)
Stroke (206 out of 10,482)

Men

Diabetes mellitus (579 out of 9580)¢
Myocardial infarction (550 out of 9540)
Angina pectoris (290 out of 9514)

Stroke (314 out 0of 9561)

1.31 (1.20-1.42)
1.44 (1.23-1.72)
1.17 (1.01-1.36)
1.21 (1.07-1.39)

1.21 (1.12-1.31)
1.19 (1.09-1.29)
1.08 (0.98-1.21)
1.12 (1.01-1.25)

1.44 (1.29-1.61) 0.004
1.66 (1.35-2.17) 0.098
1.47 (1.20-1.81) 0.102
1.38 (1.17-1.66) 0.063
1.26 (1.14-1.38) 0.034
1.28 (1.14-1.40) 0.044
1.13 (0.99-1.29) 0.128
1.13 (1.00-1.29) 0.109

CI: confidence interval; OR: odds ratio.

2Education as linear term, per level decrease.

bP value for equality between ORs based on education from Statistics Norway and Tromse7. The Tromse Study 2015-16.

<Diabetes mellitus types 1 and 2.

SSB asks for the highest completed degree, whereas
Tromse7 asked for the duration of education.
Moreover, it has been hypothesised that question-
naire respondents sometimes give answers that are
more in line with prevailing social norms than their
factual situation [13]. When individuals provide
answers they believe to be more socially desirable,
rather than revealing their true attitudes, prefer-
ences, or beliefs, it is referred to as social desirability
bias [14]; it is one of the most common and perva-
sive sources of bias that affects the validity of survey
research findings and might also explain some of the
overreporting of the educational level in our study.
Previous studies also found that those who claimed
to have a degree did not, in fact, have any degree
[15, 16].

It is often harder to get a correct answer to questions
about education. Some might think they do not have
the education they ‘should have’ due to a feeling of
social prestige, and therefore report a higher educa-
tional level than they actually have [10]. The age group
53-62 years had a higher tendency to overreport their
educational level than the youngest age group, while
others have found a higher tendency of overreporting
among the youngest age group [10]. Second, it is dif-
ficult to measure education appropriately, as most soci-
eties have complex educational systems that change
over time [17, 18]. In Troms@a7, the participants of dif-
ferent age groups have received their education within
different school systems, as the Norwegian educational
system has been reformed continuously from 1959,
which may make it difficult for these participants to



report their educational level correctly; for example,
the transition from several different degrees with spe-
cific Norwegian and Latin titles to Bachelor and
Master degrees [19]. SSB has re-classified the educa-
tional level of those with what were previously the low-
est and middle educational levels due to changes in the
Norwegian educational system [10, 20]. Self-reporting
of educational level could also be subject to recall bias,
particularly among the oldest participants [10, 16].

Finally, overreporting of educational level in ques-
tionnaires due to misunderstanding has been
reported [21, 22]. It has been suggested that this mis-
understanding is linked to the question regarding the
duration of education (total years of education versus
highest obtained degree) [21, 22], and misclassifica-
tion can occur when inferring attainment of a degree
from years of schooling.

Previous studies observed misreporting of educa-
tional level in both sexes, although it was higher
among women, which was also the case in our study
[15, 23]. Our data suggest that participants from the
most affluent households are more likely to overre-
port their educational level. A previous study found
that women who reported having a higher degree
also tended to have higher earnings than those who
reported their educational level correctly [15]. High-
income individuals are more likely than low-income
individuals to report their education correctly [23],
which is consistent with our findings in the highest
household income category.

Knowing the extent of misreporting also has obvious
implications for the interpretation of other studies that
use educational attainment as an exposure or for
descriptive purposes. When education is used as a con-
founding variable, misclassification may affect the effi-
ciency of adjustment for confounding effects, and thus
seriously bias the results [1, 24]. Extensive literature
over several decades has reported that people of lower
socioeconomic status tend to have a higher prevalence
of cardiometabolic diseases [5, 6, 25, 26]. Education is
often used as a proxy for socioeconomic status [27],
and one purpose of collecting information about edu-
cation in the Tromseg Study was to use this variable as a
proxy for socioeconomic status; thus misreporting may
lead to misclassification. This distortion in the associa-
tion between the exposure and outcome might create a
less pronounced educational trend when self-reported
educational data are used. Researchers should therefore
be aware of the potential shortcomings of using self-
reported education compared to administrative records.

Strengths and limitations

The main strength of this study is the individual
complete linkage between a health survey and a
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national register, using the unique national identifi-
cation number. The Tromse Study is a population-
based study with a relatively large sample and good
representativeness of both women and men. Data on
educational level from SSB are based on reports from
various educational institutions in Norway and
abroad, and we assessed the criterion validity to be
reasonably high. This study also has some limitations
as the Tromse Study and SSB measure educational
level differently, with Tromse7 recording years of
completed education, and SSB measuring completed
education. This might result in low correctness and
kappa values in our study. Although the dataset from
the SSB had some missing values, the proportion was
very low (0.5%) and did not impact the results.
Changes in the wording of questionnaires or the
addition of extra questions might help future partici-
pants to provide their educational level more cor-
rectly. For instance, asking for the highest level of
education, rather than the number of years of educa-
tion could improve accuracy.

In conclusion, this study found that data on self-
reported educational level in Tromse7 is adequately
complete and correct for research, with fair weighed
kappa values in all age groups and both sexes. A con-
siderable proportion of participants, however, did
not answer these questions correctly, which can lead
to misclassification, and may explain why educational
trends in cardiometabolic diseases were less pro-
nounced when using self-reported educational level.
We consider our findings to be important for epide-
miological research, as they contribute to knowledge
on the degree of misclassification and validation of
self-reported educational level.
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Supplementary Table 1 in paper I. Odds ratios for participation by sex, Tromsg7
(2015-2016).

Supplementary Table 1 in paper II. Sex-specific cross tabulation of self-reported and
Statistics Norway-recorded educational level by age. The Tromsg Study 2015-2016.

Supplementary Table 2 in paper 11. Sex-specific cross tabulation of self-reported and
Statistics Norway-recorded educational level by age. The Tromsg Study 2015-2016.
Bolded numbers reflect positive predictive value.

Supplementary Table 3 in paper Il. Distribution of self-reported and Statistics
Norway-recorded educational level by age and sex. The Tromsg Study 2015-2016.






Supplementary Table 1. Odds ratios for participation by sex, Tromsg7 (2015-2016).

Women Men Women Men
Crude OR Crude OR Adjusted OR Adjusted OR
(95% ClI) (95% CI) (95% ClI)? (95% CI)°
Age, years
40-49 Ref. Ref. - -
50-59 1.35(1.24-1.48) 1.49(1.37-1.62) - -
60-69 158 (1.44-1.74) 1.97 (1.80 - 2.16) - -
70-79 1.14 (1.02 -1.28) 1.86(1.66 —2.07) - -
80-99 0.27 (0.24-0.31) 0.76 (0.65 —0.89) - -
Marital status
Married Ref. Ref. Ref. Ref.
Unmarried 0.64 (0.59-0.70) 0.48(0.45-0.52) 0.66(0.61-0.72) 0.52(0.49 -0.57)
Widowed 0.34(0.31-0.38) 0.47(0.38-0.57) 0.61(0.54-0.70) 0.56 (0.45-0.69)

Separated/divorced
Country of birth
Norway
Western countries
Eastern Europe
Other countries
Region of birth
Tromsg
Northern Norway
South Norway
Educational level
Primary
Upper secondary
College/university <4 years
College/university >4 years
Individual income (NOK)
<249,999
250,000-349,999
350,000-449,999
450,000-549,999
550,000-749,999
>750,000
Total household income
(NOK)
<249,999
250,000-349,999
350,000-449,999
450,000-549,999
550,000-749,999
>750,000
Residential ownership status
Owner
Renter
Area SES?
Low

0.67 (0.62 — 0.74)

Ref.

0.88 (0.74 - 1.04)
0.26 (0.26 —0.41)
0.39 (0.39 - 0.57)

Ref.
0.95 (0.88 — 1.03)
0.87 (0.80 — 0.95)

Ref.

2.01(1.85-2.20)
2.45 (2.24 - 2.69)
2.08 (1.85-2.33)

0.60 (0.51 - 0.70)
0.96 (0.79 - 1.18)
1.16 (0.97 - 1.38)
1.41 (1.18 — 1.69)
1.34 (1.12 - 1.60)
Ref.

0.19 (0.17 - 0.21)
0.46 (0.41 - 0.51)
0.71 (0.63 - 0.79)
0.63(0.57 -0.71)
0.85 (0.77 - 0.93)
Ref.

2.84 (2.58 — 3.14)
Ref.

Ref.

0.59 (0.53 — 0.65)

Ref.

0.52 (0.45-0.61)
0.09 (0.07 - 0.12)
0.26 (0.21 - 0.32)

Ref.
1.11(1.03-1.21)
1.02 (0.94 - 1.11)

Ref.

1.75(1.61-1.92)
2.10 (1.90 - 2.32)
1.65(1.48 - 1.83)

0.57 (0.52 - 0.63)
0.49 (0.41 - 0.59)
0.64 (0.56 — 0.73)
0.96 (0.85 - 1.08)
1.13 (1.01 — 1.26)
Ref.

0.16 (0.14 - 0.19)
0.31(0.27 - 0.35)
0.46 (0.41 - 0.52)
0.57 (0.51 - 0.64)
0.87 (0.80 - 0.95)
Ref.

3.53(3.21-3.89)
Ref.

Ref.

0.65 (0.60 — 0.72)

Ref.

0.81 (0.68 —0.96)
0.30 (0.24 - 0.38)
0.44 (0.36 — 0.53)

Ref.
1.02 (0.94 - 1.11)
1.03(0.93-1.13)

Ref.

1.80 (1.65-1.97)
2.20 (1.99 —2.42)
1.88 (1.67 - 2.12)

0.52 (0.44 - 0.61)
0.90 (0.73 - 1.10)
1.14 (0.95 - 1.36)
1.44 (1.21-1.72)
1.35(1.13 - 1.62)
Ref.

0.22 (0.19 - 0.25)
0.45 (0.40 - 0.51)
0.71 (0.63 - 0.80)
0.59 (0.53 - 0.67)
0.80 (0.72 - 0.88)
Ref.

2.66 (2.41 - 2.94)
Ref.

Ref.

0.56 (0.51 — 0.61)

Ref.

0.54 (0.46 — 0.63)
0.10 (0.08 - 0.13)
0.28 (0.23 - 0.35)

Ref.
1.09 (1.00 - 1.18)
0.98 (0.89 - 1.07)

Ref.

1.77 (1.62 - 1.93)
2.22 (2.00 - 2.47)
1.74 (1.56 — 1.94)

0.34 (0.30 - 0.38)
0.42 (0.35-0.51)
0.61 (0.53 - 0.70)
0.99 (0.88 - 1.12)
1.17 (1.04 - 1.31)
Ref.

0.15(0.13-0.17)
0.28 (0.25-0.31)
0.43 (0.38 - 0.49)
0.49 (0.44 — 0.55)
0.79 (0.72 - 0.86)
Ref.

3.32(3.02 - 3.66)
Ref.

Ref.



High 1.47(1.35-159) 152(1.40-1.64) 124(1.13-135) 1.17(1.08-1.28)
Individual-level SES

Low Ref. Ref. Ref. Ref.

Medium 2.28(2.11-2.46) 2.39(2.20-2.59) 2.23(2.05-2.43) 2.62(2.41-2.85)

High 2.56(2.34-2.79) 2.85(2.63-3.10) 2.84(2.58-3.14) 3.73(3.41-4.08)
2Adjusted for age.

bAdditionally adjusted for individual-level SES.
OR: odds ratio, CI: confidence interval, NOK: Norwegian kroner, SES: socioeconomic status.






Supplementary Table 1. Sex-specific cross tabulation of self-reported and Statistics Norway-recorded
educational level by age. The Tromsg Study 2015-2016. Bolded numbers reflect positive predictive

value.
Statistics Norway
Primary Upper College/university ~ College/university ~Agreement Weighted
education, secondary <4 years, >4 years, (%) kappa
Age group n (%) education, n (%) n (%)
Women n (%)
40-52 years 64.4 0.66
Primary education 258 (66.8) 125 (32.4) 3(0.8) 0(0.0)
Upper secondary
1 . 21 (86.2 47 (4.4 1(0.1
education 00(9-3) 921 (86.2) (44) 0.1)
College/university
20 (2.1 190 (20. 733 (77.2 7 (0.7
<4 years 0(2.1) 90 (20.0) 33(77.2) (0.7)
College/university
. 16 (0. 1040 (52. 46.
>4 years 6 (0.3) 6 (0.8) 040 (52.9) 905 (46.0)
53-62 years 60.8 0.65
Primary education 403 (62.8) 234 (36.4) 5(0.8) 0(0.0)
Tromsg7
Upper secondary
. 127 (145 719 (82.2 28 (3.2 1(0.1
education (14.5) (82.2) (32) 0.1)
College/university
36 (6.4 147 (26.3 371 (66.4 5(0.9
<4 years (6.4) (26.3) (66.4) (0.9)
College/university
6 (0.6 15 (1.5 598 (60.4 372 (37.5
>4 years (06) (L5) (60.4) (37.5)
63-99 years 56.7 0.60
Primary education 759 (48.4) 803 (51.2) 7(0.4) 0(0.0)
Upper secondary
55 (6.8 709 (88.1 40 (5.0 1(0.1
education (68) (88.1) (.0) 01)
College/university
6 (1.5 117 (29.0 276 (68.3 5.2
<4 years (L5) (20.0) (68.3) (12)
Il iversi
Collegeluniversity ., o) 7(1.1) 420 (69.0) 177 (29.1)

>4 years

Percentages calculated to equal 100% in row.






Supplementary Table 2. Sex-specific cross tabulation of self-reported and Statistics Norway-recorded
educational level by age. The Tromsg Study 2015-2016. Bolded numbers reflect positive predictive

value.
Statistics Norway
Primary Upper College/university  College/university ~Agreement Weighted
education, secondary <4 years, >4 years, (%) kappa
Age group n (%) education, n (%) n (%)
Men n (%)
40-52 years 70.6 0.72
Primary education 337 (65.8) 175 (34.2) 0(0.0) 0(0.0)
Upper secondary
101 (8.1 1 7. 4(44 2
education 01 (8.1) 083 (87.3) 54(4.4) 3(0.2)
College/university
23 (2.7 274 (32. 43 (64. 4 (0.
<4 years 3(2.7) (32.5) 543 (64.3) (0.5)
College/university
4 . 461 (36.4 764 (60.2
>4 years 5(0.4) 38 (3.0) 61 (36.4) 64 (60.2)
53-62 years 66.9 0.69
Primary education 364 (61.4) 227 (38.2) 1(0.2) 1(0.2)
Tromsg7
Upper secondary
. 89 (10.5 730 (86.1 26 (3.1 3(0.3
education (10-5) (86.1) (31) 03)
College/university
28 (4.7 239 (40.2 321 (53.9 7.2
<d4years (4.7) (40.2) (53.9) (12)
College/university
1(0.2 19 (2.9 248 (38.4 378 (58.5
>4 years 02) (29) (38.4) (58.5)
63-99 years 64.9 0.68
Primary education 545 (51.5) 513 (48.5) 0(0.0) 0(0.0)
Upper secondary
45 (5.0 797 (88.6 56 (6.2 2(0.2
education (6.0) (886) (62) 02)
College/university
9(14 259 (40.3 363 (56.4 12 (1.9
<4 years (14) (40.3) (56.4) (L9)
College/university
1(0.2 34 (5.3 208 (32.4 398 (62.1
4 years 02) (5.3) (32.4) (62.1)

Percentages calculated to equal 100% in row.






Supplementary Table 3. Distribution of self-reported and Statistics Norway-recorded educational level
by age and sex. The Tromsg Study 2015-2016.

Women (n = 10 826)

Men (n = 9789)

Age group Tromsg? ﬁltfrt-\i;g;s Tromsg? ﬁltSrt\i/ig;S
n64) n) " )

40-52 years

Primary education 386 (8.8) 384 (8.8) 512 (12.3) 466 (12.1)
Upper secondary education 1069 (24.5) 1251 (28.6) 1241 (32.1) 1570 (40.6)
College/university <4 years 950 (21.7) 1823 (41.7) 844 (21.8) 1058 (27.4)
College/university >4 years 1967 (45.0) 913(20.9) 1268(32.8) 771(19.9)
53-62 years

Primary education 642 (20.9) 572 (18.6) 593 (22.1) 482(18.0)
Upper secondary education 875 (28.5) 1115 (36.4) 848 (31.6) 1215 (45.3)
College/university <4 years 559 (18.2) 1002 (32.7) 595(22.2) 596 (22.2)
College/university >4 years 991 (32.3) 378 (12.3) 646(24.1) 389 (14.5)
63-99 years

Primary education 1569 (46.3) 825(24.4) 1058 (32.6) 600 (18.5)
Upper secondary education 805 (23.8) 1636 (48.3) 900 (27.8) 1630 (49.4)
College/university <4 years 404 (11.9) 743 (21.9) 643(19.8) 627 (19.3)
College/university >4 years 609 (18.0) 183 (5.4) 641 (19.8) 412 (12.7)
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