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In today’s health care, we are accountable for our own health and responsible 
for making cautious health-related decisions based on available information. 
Health literacy is a vital competence in accomplishing this. Knowledge about 
people’s health literacy is therefore central to nurses aiming at adapting health 
information to target groups. The overall aim of this thesis was to measure health 
literacy in people with type 2 diabetes and in the general Norwegian population.

This thesis demonstrates the usefulness of Rasch modelling as an addition to 
confirmatory factor analysis in evaluating psychometric properties of health-
related scales, such as the HLS-EU-Q47 and the FCCHL. The results indicate 
that the short form of HLS-EU-Q47, the HLS-N-Q12, meet the assumptions and 
the requirements of fundamental measurements and could be used to measure 
health literacy in both people with type 2 diabetes and in the general Norwegian 
population.

Judging whether health information from various sources are valid and reliable 
was found to be the most difficult health-literacy task in both populations. 
Explaining variance in health literacy in people with type 2 diabetes, health 
literacy stood out as being positively associated with education, good general 
health and empowerment.
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Abstract 

Measuring health literacy 
Evaluating psychometric properties of the HLS-EU-Q47 and the FCCHL, 

suggesting instrument refinements and exploring health literacy in people with type 

2 diabetes and in the general Norwegian population 

 

Aim: The overall aim was to measure health literacy (HL) in people with type 2 diabetes 

(T2DM) and in the general Norwegian population. 

Methods: Sampling 388 people with T2DM (papers I, II and IV) and 900 individuals (III) 

in the general Norwegian population a cross-sectional design was applied. Rasch modelling 

and confirmatory factor analysis were used to evaluate the psychometric properties of the 

47 items HLS-EU-Q47 questionnaire (I and III) and the 14 items FCCHL scale (II), and to 

develop and evaluate a 12 item short version, HLS-N-Q12 (III and IV), based on HLS-

EU-Q47. Descriptive and inferential statistics were used to describe HL and to investigate 

associations between HL and various independent variables.  

Main results: The HLS-EU-Q47 displayed psychometric shortcomings in both 

populations (I and III). A 12-dimensional model described the data best. Several items 

showed misfit to the Rasch model and statistical dependence. Aiming at meeting the 

requirements of objective measurement, the HLS-N-Q12 was suggested (III and IV). 

Evaluating the FCCHL in people with T2DM, the data fitted a three-dimensional model 

best (II). Several items showed misfit to the Rasch model and unordered response 

categories. However, a three-dimensional 12-item version of the FCCHL had acceptable 

psychometric properties. Education, good general health and empowerment were positively 

associated with HL in people with T2DM, explaining about 17% of the total variance in 

HL (IV).  

Conclusions: In both populations, the HLS-N-Q12 displayed solid psychometric 

properties and might therefore be used as a measure of HL for both clinical and research 

purposes. Nurses and other health professionals must be aware that HL influence 

individuals’ proficiency in managing their health. Hence, nurses and other health 

professionals should map HL in individuals and adapt health information accordingly.  

 

Keywords: confirmatory factor analysis, FCCHL, health literacy, health-promotion 

nursing, HLS-EU-Q47, HLS-N-Q12, measurement, Norwegian population, psychometric 

evaluation, Rasch modelling, type 2 diabetes, validation.  



2 

 

 

Sammendrag 

Måling av health literacy 

Evaluering av psykometriske egenskaper for HLS-EU-Q47 og FCCHL, forslag til 

instrumentforbedringer og kartlegging av health literacy blant personer med 

diabetes type 2 og generell norsk befolkning 

 

Hensikt: Avhandlingens overordnede hensikt var å måle health literacy (HL) blant 

personer med diabetes type 2 (T2DM) og generell norsk befolkning. 

Metode: Kvantitativ tverrsnittsstudie hvor 388 personer med T2DM (artikkel I, II og IV) 

og 900 personer fra norsk befolkning (III) var inkludert. Rasch modellering og 

konfirmatorisk faktoranalyse ble anvendt for å evaluere de psykometriske egenskapene til 

instrumentene HLS-EU-Q47 (I og III) og FCCHL (II), som består av henholdsvis 47 og 

14 spørsmål, og for å utvikle og evaluere en kortversjon av HLS-EU-Q47, HLS-N-Q12, 

bestående av 12 spørsmål (III og IV). Deskriptiv og inferensiell statistikk ble anvendt for å 

beskrive HL i utvalgene og for å studere sammenhenger mellom HL og ulike uavhengige 

variabler. 

Hovedresultater: HLS-EU-Q47 viste psykometriske svakheter i begge utvalgene (I og III). 

HLS-EU-Q47 data viste best tilpasning til en 12-dimensjonal modell. Flere spørsmål viste 

dårlig tilpasning til Rasch modellen, samt statistisk avhengighet. Med hensikt i å oppnå 

kravene for objektive målinger, ble HLS-N-Q12 foreslått (III og IV). I evalueringen av 

FCCHL blant personer med T2DM viste data best tilpasning til en tredimensjonal modell 

(II). Spørsmål med dårlig tilpasning til Rasch modellen og uordnede svarkategorier ble 

avdekket. Imidlertid viste en tredimensjonal versjon av FCCHL bestående av 12 spørsmål 

akseptable psykometriske egenskaper. Utdanning, god generell helse og empowerment, var 

positivt assosiert med HL blant personer med T2DM, og forklarte rundt 17% av den totale 

variansen av HL (IV). 

Konklusjoner: HLS-N-Q12 viste solide psykometriske egenskaper i begge populasjonene 

og kan derfor anvendes for å måle HL både i praksis og innen forskning.  Sykepleiere og 

andre profesjonelle helsearbeidere må være oppmerksomme på at HL påvirker den enkeltes 

muligheter for å håndtere egen helse. Sykepleiere og andre profesjonelle helsearbeidere bør 

dermed kartlegge HL hos den enkelte og tilpasse helseinformasjon deretter.  

 

Nøkkelord: FCCHL, health literacy, helsefremmende sykepleie, HLS-EU-Q47, HLS-N-

Q12, konfirmatorisk faktor analyse, måling, norsk befolkning, personer med diabetes type 

2, psykometrisk evaluering, Rasch modellering, validering. 
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Introduction 

The goal of today’s health care system is to improve and maintain good health in the 

population while also enabling people to manage their own health. Furthermore, there is 

an expectation of increased responsibility for own health, as well as participation and 

involvement in such health decisions (Ministry of Health and Care Services, 2009, 2011, 

2015a). To meet these expectations, health-promotion strategies, such as health 

communication, are emphasised, in which nurses play a central role at both the individual 

and community levels. As such, nurses are responsible for conveying health information 

tailored to the individuals, as well as ensuring that individuals can use this information in 

their everyday lives (Macabasco-O'Connell & Fry-Bowers, 2011).  

 

When emphasising responsibility for own health, we must consider that assumptions are 

different. Efforts should be made to strengthen the individual's ability to master and take 

responsibility for his or her health (Ministry of Health and Care Services, 2015a). Act of 

Patient's and Users Rights (1999) states that the form of participation in health decisions 

should be adapted to each individual's ability to give and receive health information. Such 

abilities could be linked to health literacy (HL). To be able to understand and use health 

information to make health-related decisions, adequate HL is needed (Nutbeam, 2017). In 

short, HL comprises the skills necessary to access, understand and apply health information 

to manage own health (Kickbusch, Pelikan, Apfel, & Tsouros, 2013) and could be 

considered a prerequisite for making healthy choices in everyday life.  

 

In a report from World Health Organisation (WHO) (Kickbusch et al., 2013) it is claimed 

that HL is one of the most important determinants of health. HL can be considered a 

necessity for being able to manage and control own health and to benefit from any health 

services offered. Several studies show that many people have limited HL (Berkman, 

Sheridan, Donahue, Halpern, & Crotty, 2011; Nakayama et al., 2015; Paasche‐Orlow, 

Parker, Gazmararian, Nielsen‐Bohlman, & Rudd, 2005; Parker et al., 1999; Sørensen et al., 

2015; von Wagner, Knight, Steptoe, & Wardle, 2007; Williams, Davis, Parker, & Weiss, 

2002). Furthermore, those with low HL skills are more likely to be in poorer health and, 

more exposed for complications and having higher mortality than those who have high HL 

(Kickbusch et al., 2013). People with chronic diseases, such as diabetes, may be particularly 

vulnerable to low HL (Gazmararian, Williams, Peel, & Baker, 2003; Heijmans, Waverijn, 

Rademakers, van der Vaart, & Rijken, 2015). Living with type 2 diabetes (T2DM) demands 

much from those affected, heavily influencing their daily lives and requiring, to a large 

extent, self-management of the disease and treatment. People with T2DM must deal with 

information on medication, diet and other health behaviours, requiring adequate HL.  
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Several international studies show that reading and understanding instructions for 

administration of modern diabetes medications, implementing dietary restrictions and 

gaining insight into physiological processes involved in the disease might be great challenges 

(Bohanny et al., 2013; Kim, Love, Quistberg, & Shea, 2004; Schillinger et al., 2002; Williams 

et al., 2002).  

 

Nurses and other health professionals should be aware that people might have different 

levels of HL. In fact, Loan et al. (2018) calls for action to increase nurses’ knowledge of HL 

and how HL of individuals’ could be enhanced. However, little is known concerning to 

what extent people with T2DM in Norway, or the Norwegian population in general, have 

such skills. Central authorities (Ministry of Health and Care Services, 2011, 2015a) are 

seeking after knowledge of conditions to promote health and how to master of own health, 

in which HL might be important. Hence, knowledge about people’s HL is needed to better 

adapt health communication to target groups. Adapted health communication can make 

the information more usable for individuals, enabling them to participate in health decisions 

and take responsibility for their own health. Optimising health communication also might 

prevent misunderstandings and avert complications, thereby improving quality of care and 

patient safety (Dickens, Lambert, Cromwell, & Piano, 2013).  

 

To meet the expectation of increased participation and responsibility for own health, HL 

in individuals and populations should be considered. Since the purpose of today's public 

health policy is to build prerequisites for people to be able to take control of and master 

their own health (Ministry of Health and Care Services, 2015a), strengthening people's HL 

will be a high priority. Hence, measuring HL in populations would provide important 

knowledge that could be used to improve health communication and, thus, individuals’ 

possibilities for managing own health. However, the validity and reliability of several HL 

instruments have not been properly reported (Altin, Finke, Kautz-Freimuth, & Stock, 

2014), and only a few HL instruments have been validated using modern test theory, such 

as Rasch modelling (Nguyen, Paasche-Orlow, Kim, Han, & Chan, 2015; Nguyen, Paasche-

Orlow, & McCormack, 2017). Instruments with sound psychometric properties are needed 

to provide valid and reliable results to create recommendations for practice. Hence, this 

thesis is about evaluating HL instruments’ psychometric properties, suggesting new 

versions of HL instruments and using these versions to measure HL in people with T2DM 

and in the general Norwegian population. 

 

 

  



9 

 

 

Background  

Health communication, health literacy (HL) and empowerment are central aspects in 

health-promoting nursing, which intends to strengthen the resources of an individual or 

target group so that they can improve or maintain health. HL could be viewed as such a 

resource. When health information is tailored to an individual's HL, the person can actively 

participate in health communication through his or her own resources, which can 

strengthen the person's ability to manage and promote own health.  

Health promotion in nursing 

Health promotion is emphasised in today’s health care system, both internationally and in 

Norway, in which the goal is to keep the population healthy and build good health in all 

parts of the population (Ministry of Health and Care Services, 2015a, 2015b). Such a 

reorientation of the health care system toward more health promotion and disease 

prevention implies that this has become an increasingly important part of nursing practice 

(Kemppainen, Tossavainen, & Turunen, 2013; Ministry of Education and Research, 2008).  

 

Nurses have various fundamental responsibilities, from caring for ill patients to promoting 

health (International Counsil of Nurses (ICN), 2017), which is also reflected in the 

definition of nursing by Virginia Henderson: ‘The unique function of the nurse is to assist 

the individual, sick or well, in the performance of those activities contributing to health or 

its recovery (or to peaceful death) that he would perform unaided if he had the necessary 

strength, will or knowledge. And to do this in such a way as to help him gain independence 

as rapidly as possible (Henderson, 1977, p. 4)’.  Hence, back in 1977, Henderson viewed 

health promotion as a central part of nursing practice as she described the unique function 

of the nurse in assisting both sick and well people with activities that contribute to health 

and gaining independence.  

 

The Norwegian Nurses Organisation (2017) anchors the emphasis of health promotion and 

disease prevention in nursing in a political platform for public health, noting that nurses 

should contribute to enhancing health among individuals, groups and the population as a 

whole in all contexts and life stages. Health promotion is defined in the Ottawa Charter 

(WHO, 1986) as ‘the process of enabling people to increase control over, and to improve, 

their health’. According to this definition, health promotion in nursing practice aims to 

strengthen the individual’s or target group’s resources to improve or control health. The 

goal is to guide individuals toward self-management and active participation in health 

decisions by taking responsibility for their own health (Finbråten, 2018; Kemppainen et al., 

2013).    
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With the shift in today’s health care system to a larger emphasis on health promotion, nurses 

should take a more active role and be more visible in health-promotion activities (Ross & 

Kleman, 2018; Whitehead, 2010). At the community level, nurses can act as consultants to 

plan health-promotion activities, contribute to developing public-health profiles and health-

education plans, and participate in developing national public health policy (Norwegian 

Nurses Organisation, 2017; Ross & Kleman, 2018). However, one key function of nurses 

in health promotion is communicating health information on both community and 

individual levels to increase individuals’ knowledge of health determinants and diseases, 

thereby increasing the prerequisites for taking control of their health. Building personal 

skills by providing information is also one main strategy for health promotion noted in the 

Ottawa Charter (WHO, 1986). Possessing the ability to identify health challenges, including 

different types of diseases and symptoms, and having communication and guidance skills 

make nurses unique in the health-promotion context. Providing knowledge about health 

and disease also is anchored in Henderson (1977) definition of nursing. 

Health communication 

Health communication deals with communicating health-related information at both the 

individual and community levels, and it is a key strategy for informing people about 

determinants of health and keeping health issues on the public agenda. The intent is to 

increase knowledge, influence attitudes and develop personal skills to enable individuals to 

manage their own health and make health-promoting decisions (Earle, Lloyd, Sidell, & 

Spurr, 2007; Schiavo, 2014; WHO, 1998). The importance of health communication also is 

anchored in legislation (Act of Patient's and Users Rights, 1999) and white papers (Ministry 

of Health and Care Services, 2015a, 2015b) which emphasise that people should have access 

to reliable information necessary to gain insight into their health conditions as active 

partners in making health decisions. 

 

Health communication in the form of teaching and counselling is a key function of nurses. 

In the Code of Ethics for Nurses (ICN, 2012; Norwegian Nurses Organisation, 2011), it is 

emphasised that a nurse should promote the individual’s ability to make independent health 

decisions by providing adequate, individualised information. In addition, the nurse must 

ensure that the individuals understand the information, as well as facilitate the individual’s 

ability to participate actively in health communication. The goal of health communication 

is for the individual to develop his or her skills and acquire the prerequisites needed to 

manage own health (Nutbeam, 2000; Schiavo, 2014). In health-promotion nursing, 

strengthening people’s resources for safeguarding their health through communication is 

stressed. 
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The ‘patient’ in health-promotion nursing 

The population as a whole could be considered a target group for health promotion to 

maintain and improve health in the entire population (Norwegian Nurses Organisation, 

2017). On one hand, the health of the Norwegian population as a whole generally is good, 

with a steadily rising life expectancy. On the other hand, the challenge in today's health care 

system is that health status seems to be distributed unevenly among social groups in the 

population. The pathological picture also has changed during the past century from being 

dominated by infectious diseases to being characterised more by non-communicable 

diseases such as cardiovascular diseases, cancer, type 2 diabetes (T2DM), respiratory 

diseases, muscle and spinal diseases, accidents and mental-health illnesses. These diseases 

are largely affected by health-related behaviours. Knowledge on how to promote health and 

cope with lifestyle diseases is sought after in this context (Ministry of Health and Care 

Services, 2011, 2013, 2015a; Norwegian Institute of Public Health, 2017). In this thesis, the 

general Norwegian population and those with T2DM are the target groups. As the 

Norwegian population’s health generally is good, and the participants were recruited 

through their home addresses or phone numbers, I have chosen not to use the term ‘patient’ 

in describing the participants, but rather ‘individual’ and ‘person’ in singular cases and 

‘individuals’ and ‘people’ in plural cases. 

Norwegian population 

As the health condition in Norwegians’ is generally good, the goal of the nation’s health 

care system today is to maintain and improve health in all parts of the population – a goal 

reflected in the focus on health promotion and disease prevention in several white papers 

(Ministry of Health and Care Services, 2009, 2011, 2013, 2015a). 

 

The aim of health-promotion activities directed at the population is to create prerequisites 

for making healthy choices and supporting personal health. Along with health politics, 

health communication could be considered a cornerstone in health promotion at the 

community level (Tones & Tilford, 2001). However, health communication is available 

from different sources, such as various organisations, government authorities, mass media 

and personal communication with health professionals, such as nurses. Since there are many 

actors with different backgrounds and skills who communicate health information at the 

community level, such information might have varying validity and reliability. As health 

information is highly accessible from different sources together with an emphasis on 

responsibility for own health, people face more choices regarding how to manage their own 

health than ever before. To deal with this large amount of health information, several 

cognitive and practical competencies are required, such as HL. Those who master the 

search for relevant information and can distinguish legitimate from malicious sources can 
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benefit greatly from the large amount of available health information, but those who cannot 

might have limited opportunities to take responsibility for their own health. The purpose is 

for the individual to be more involved and accountable in decisions about their own health. 

WHO (Kickbusch et al., 2013) points out that many people seem to have limited HL skills 

and may not be able to meet this expectation of shared decision-making. The gap between 

expectations of shared decision-making and people's prerequisites for this is something 

WHO refers to as the ‘health-decision paradox’ (Kickbusch et al., 2013). However, Act of 

Patient's and Users Rights (1999) states that the form of participation must be adapted to 

the individual's ability to provide and receive information. This requires knowledge about 

the target group and the prerequisites needed to deal with provided health information. 

People with type 2 diabetes 

The incidence of T2DM is considered a health problem that is constantly increasing in 

prevalence in children, adolescents and adults, both nationally and internationally. 

Worldwide, about 450 million people have diabetes (International Diabetes Federation, 

2017a). T2DM is more common than type 1 diabetes, with about 90% of all diabetes being 

T2DM. The Norwegian Institute of Public Health (2017) has estimated that about 245,000 

people in Norway have diabetes, of which about 216,000 have T2DM.  

 

T2DM is characterised by chronic hyperglycaemia and disorders of carbohydrate, fat and 

protein metabolism (International Diabetes Federation, 2017a; Norwegian Directorate of 

Health, 2017). T2DM occurs primarily in middle-age and elderly people. In addition, T2DM 

has a close connection with lifestyle and health behaviours, with overweight and obesity 

considered as risk factors. In addition, hereditary factors also might influence the risk of 

developing T2DM.  

 

T2DM treatment includes weight reduction, diet and blood-glucose-lowering drugs. People 

with T2DM also are advised to stop smoking to prevent cardiovascular diseases and to 

restrict alcohol intake. Living with T2DM requires changes in health behaviours, handling 

daily self-management and multiple care activities (Powers et al., 2015). Consequently, living 

with T2DM requires particular knowledge and skills concerning disease, factors that affect 

blood-sugar levels such as diet and physical activity, complications that may occur, 

measurement of blood glucose and drug administration (Norwegian Directorate of Health, 

2017). Therefore, in addition to adequate treatment, health information and diabetes 

education are important for managing diabetes in everyday life and are considered as 

cornerstones in diabetes treatment (Cavanaugh, 2011; Ellis et al., 2004; Funnell et al., 2009; 

Funnell & Piatt, 2017; International Diabetes Federation, 2017b; The Norwegian 

Directorate of Health, 2017; Powers et al., 2015), in which nurses play a key role (Haas et 

al., 2013). 



13 

 

 

 

In diabetes treatment, the term patient education (or diabetes self-management education) is used 

synonymously with the term health communication (e.g., Ellis et al., 2004; Funnell & Piatt, 

2017). However, there might be a slight distinction between the meaning of the terms. The 

term patient education could be considered to be more grounded in paternalism, as education 

might be considered to encompass teaching ahead of learning and building capacities 

(Tones & Tilford, 2001). The term health communication is more about mobilisation of 

individuals’ resources, and thus could be considered grounded in health promotion and 

salutogenesis, in which principles such as participation and empowerment are emphasised 

(Finbråten & Pettersen, 2009; Tones & Tilford, 2001). As diabetes education is an established 

term, this term, in this thesis, is meant to be synonymous with more salutogenic health 

communication. Moreover, according to the description of self-management education by 

Funnell & Piatt (2017), the concept of diabetes self-management education could be 

considered as being built on the same ideology as health communication. 

 

People with T2DM should be offered a diabetes-education programme at the time of 

diagnosis and an annual review. Diabetes education is recommended to develop knowledge, 

skills and attitudes. The purpose of such education is to enable individuals to participate in 

informed decision-making and support self-management to improve diabetes-related 

outcomes, enhance glycaemic control, prevent complications and comorbidity, and 

improve quality of life (Bagnasco et al., 2014; Boren, 2009; Funnell et al., 2009; Haas et al., 

2012; Powers et al., 2015; Steinsbekk, Rygg, Lisulo, Rise, & Fretheim, 2012). In that way, 

diabetes education could be considered to have a health-promotion component. There is 

wide variance in how diabetes education is offered globally (Schwarz et al., 2013), and also 

within Norway (Norwegian Directorate of Health, 2017). General practitioners usually 

offer follow-up and treatment for people with T2DM in Norway, but some of these people 

also are offered education at the Norwegian National Advisory Unit on Learning and 

Mastery in Health. Those with serious complications and/or complex comorbidity are 

offered a follow-up by a diabetes team (consisting of a diabetes nurse, specialist physician 

and dietitian) from specialist health services (Norwegian Directorate of Health, 2017).  

 

Diabetes education should be evidence-based, have specific aims and be adapted to 

individuals’ needs. However, diabetes education’s effectiveness depends on individuals’ 

various characteristics, such as age, gender, ethnicity, HL level and possibility for self-care, 

which need to be considered when planning and implementing diabetes education (Boren, 

2009; Norwegian Directorate of Health, 2017; Tang, Pang, Chan, Yeung, & Yeung, 2008). 

In this way, it will be important for individuals in coping with the illness that he/she 

understands and can use the information they receive to help maintain health and manage 

diabetes in their daily lives. 
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Health literacy (HL) 

A central concept in health communication is HL, which can be considered as a prerequisite 

for being able to deal with and proactively obtain health information. Successful health 

communication assumes certain competency levels both in the nurse and the individual. 

The nurse must be able to use evidence-based information and be well-versed in 

communication and counselling. On the other hand, the individual likely needs different 

prerequisites for perceiving, understanding and using this information to maintain his or 

her own health, reflecting the concept of HL (Tappe & Galer‐Unti, 2001). Therefore, 

successful health communication requires that the health communication is adapted to the 

individual's HL.  

 

The HL concept was introduced in the mid-1970s (Simonds, 1974), but is still a relatively 

unknown concept within public health and nursing research and practice realms, especially 

in Scandinavian countries. However, over the past decade, more attention has been paid to 

the importance of individuals’ HL for its health-communication benefits (Ishikawa & 

Kiuchi, 2010; Rudd, Rosenfeld, & Simonds, 2012). The European Commission (2007) also 

has highlighted HL as a priority area to promote population health and empowerment.  

Definitions and models of health literacy 

Several HL definitions and models exist. A systematic review of Sørensen et al. (2012) 

revealed 17 definitions and 12 conceptual models of HL. Two of the most-cited HL 

definitions come from WHO (1998) and Ratzan and Parker (2000). WHO (1998, p. 10) 

defines HL as: ‘the cognitive and social skills which determine the motivation and ability of 

individuals to gain access to, understand and use information in ways which promote and 

maintain good health’. Ratzan and Parker (2000, p. ix) define HL as: ‘the degree to which 

individuals have the capacity to obtain, process and understand basic health information 

and services needed to make appropriate health decisions’. Berkman, Davis, and 

McCormack (2010, p. 16) later modified this definition to ‘the degree to which individuals 

can obtain, process, understand and communicate about health-related information needed 

to make informed health decisions’. Kickbusch, Wait and Maag (2005, p. 8) say HL is 

context-driven and define it as ‘the ability to make sound health decisions in the context of 

everyday life – at home, in the community, at the workplace, in the health care system, the 

marketplace and the political arena. It is a critical empowerment strategy to increase 

people’s control over their health, their ability to seek out information and their ability to 

take responsibility’. 

 

Based on the definitions that were found in a systematic review, Sørensen et al. (2012, p. 3) 

have suggested a new all-inclusive definition of HL: ‘Health literacy is linked to literacy and 
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entails people’s knowledge, motivation and competences to access, understand, appraise 

and apply health information in order to make judgments and take decisions in everyday 

life concerning health care, disease prevention and health promotion to maintain or 

improve quality of life during the life course’. 

 

Common to these definitions is that they all include an ability, skill or capacity in obtaining, 

understanding and using health information to make adequate decisions related to health 

in various contexts. In addition, Berkman et al. (2010) emphasise the ability to communicate 

about health. Being able to articulate ideas about own health and challenges, could be 

considered important to preventing misunderstandings. Sørensen et al. (2012) definition is 

the most comprehensive, but communication skills as described in the definition by 

Berkman et al. (2010) are not included. The individual perspective is not emphasised as 

much in Sørensen et al. (2012) definition, as in the other aforementioned definitions. 

Hence, the definition also could be considered relevant at the population level. 

Furthermore, Sørensen et al. (2012) points out that HL may be constantly evolving and that 

it may vary according to health context. 

 

Currently, there is no common consensus on how HL should be defined, which means 

different approaches to the term are used in different research environments. A different 

understanding of the concept becomes problematic when HL is to be operationalised and 

measured, and when comparing results across different studies (Nguyen et al., 2017). The 

presence of different definitions probably is because the concept has developed in different 

parts of the world, varying in which abilities and skills are considered necessary to deal with 

health information in each specific context. For the same reason, the concept has developed 

in various forms throughout history (Berkman et al., 2010). In the last century, reading and 

writing abilities were sufficient to deal with information from health professionals. 

However, with increased expectations of active participation in health decisions, increased 

responsibility for own health and digital development in health information, additional 

competencies regarding dealing with health information are required. First, reading 

requirements are increased. In addition, skills in being able to apply and critically evaluate 

health information from different sources are needed. On one hand, HL comprises a set of 

skills or abilities. On the other hand, HL also is about the individual demands to which a 

person is exposed (Parker, 2009). In addition, it is possible that technological developments 

also will affect future definitions and how to understand HL. 

 

With several extant HL definitions come several HL models, all aimed at explaining 

different aspects of the concept. Based on the health-promoting perspective in this thesis, 

two models were chosen: the three types of HL by Nutbeam (2000) and the public-health 

model of HL by Sørensen et al. (2012). 



16 

 

 

 

Modelled from the three types of literacy by Freebody and Luke (1990), Nutbeam (2000) 

outlined three types of HL:  

 Functional HL (FHL) comprises skills regarding reading and writing that are 

necessary to function in everyday life.  

 Interactive HL (IHL; also called communicative HL) comprises skills necessary to 

participate in everyday activities, such as understanding different types of 

communication and applying new information whenever required.  

 Critical HL (CHL) comprises more advanced cognitive skills, such as the ability to 

critically analyse and assess health information from different sources, and the ability 

to use such information to achieve better control of life situations. 

 

These types of HL recently have been expanded (Smith, Nutbeam, & McCaffery, 2013), 

with FHL now including numerical understanding, including the ability to read and 

understand graphical representations; basic knowledge of the structure and function of the 

human body; and knowledge about factors and behaviours that can cause health risks. In 

addition to the afore mentioned skills, IHL also can be viewed as including the individual's 

communication skills and the ability to participate actively in dialogue with health 

professionals. Moreover, IHL includes the ability to navigate the health care system (Ratzan, 

2001; Smith et al., 2013). In addition to what has been mentioned above, CHL can be 

viewed as  including the ability to engage in health issues and participate in shared decision-

making (Smith et al., 2013). 

 

Sørensen et al. (2012) constructed a model that reflects their definition. This model contains 

many of the same competencies described in the Nutbeam (2000) model, but they are 

combined in a slightly different way. The Sørensen et al. (2012) model combines the 

dimensions of HL with factors influencing or influenced by HL. According to this model, 

HL comprises the competencies required to search for and access health information, 

understand the content of it, interpret and assess the information, and adequately apply the 

health information. All these skills are considered necessary to master three health-related 

life situations: a) as a patient in health care; b) as a person at risk of developing disease 

(disease prevention); and c) as a presumably healthy person using health information to 

promote health (Sørensen et al., 2012). The argument is that a person in need of health care 

requires skills that differ from those of a healthy person looking for information to maintain 

or promote health. Thus, the individual's HL might vary according to context. By 

combining the four cognitive domains with the three health domains, a 3 x 4 cell HL matrix 

is formed, comprising 12 theoretical sub-dimensions of HL (Sørensen et al., 2012), in which 

clinical, medical and public health operations of HL are included. The level of HL will vary 
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depending on cognitive and social development, as well as the individual’s previous 

experiences with similar processes. 

 

Nutbeam (2008) describes two approaches to HL: i) HL as a clinical risk factor, and ii) HL 

as a resource or personal asset. Considering HL as a clinical risk factor, i.e., an individual’s 

limited ability to read and understand basic health information or limited knowledge of 

health, might imply that instructions for medication and treatment could be misunderstood, 

which, in turn, might cause different kinds of complications. HL as a clinical risk factor 

may be considered to be related to the FHL level of HL. HL research in the U.S. primarily 

is related to this type of thinking. 

 

On the other hand, Nutbeam (2008) points out that HL is about more than being able to 

read and write; HL can be considered a value in itself. A high level of HL could be 

considered as a resource that can help individuals gain increased control over personal, 

social and environmental factors that promote health. Considering HL as a resource can be 

linked to a public health approach to the term. HL research related to this thinking mainly 

is a tradition in Europe, Australia and Asia. 

 

HL also can be understood as both a result and a means (Nutbeam, 2000; Ratzan, 2001). 

Individuals’ HL can be improved through health communication and, consequently, can be 

considered a result of health communication. Through health communication, the 

individual gains a better understanding of health determinants and how to promote health 

in an appropriate manner. However, HL also could be considered a competency that 

enables individuals to gather relevant and reliable health information, as well as understand 

and apply this data to promote and maintain their own health. In this way, HL also can be 

understood as a means of achieving health-promoting behaviours (Finbråten, 2015, 2018). 

This also could be linked to the HL-health communication continuum described by Schiavo 

(2014), in which health communication is considered central for building HL, and increased 

HL might give the individual increased benefits from health communication. In addition to 

increasing people’s HL through health communication, the possibility for participation and 

taking responsibility for own health also may be affected by demands related to accessibility, 

understandability, and usability of written and oral health information, along with the 

structured general health system and services (Wieczorek, Ganahl, & Dietscher, 2017). In 

this way, HL should be considered as both individual competence and interaction between 

this individual competence and the demands of health systems (Sørensen et al., 2012). 

Hence, to facilitate participation and take responsibility for own health, such demands 

should be decreased.  
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Health literacy and empowerment  

In addition to HL, empowerment is a central concept within health-promotion nursing. 

Empowerment can be considered a complex concept that includes several characteristics 

that may be related to both individual and social level (Herbert, Gagnon, Rennick, & 

O'Loughlin, 2009). WHO (1998, p. 6) defines empowerment as ‘a process through which 

people gain greater control over decisions and actions affecting their health’. However, 

empowerment could be considered more than a process. At the individual level, 

empowerment also refers to individuals’ ability to make decisions and exert control over 

one’s life and health (Tones & Tilford, 2001; WHO, 1998).  

 

Nutbeam (2000) claims that higher HL allows for greater autonomy and empowerment. 

Sørensen et al. (2012) also understand HL as an asset for improving people’s empowerment. 

Hence, individual empowerment could be understood as a result of health communication 

and HL (Finbråten & Pettersen, 2009; Nutbeam, 2000). This is supported by Tones and 

Tilford (2001), who point out that empowerment can be achieved by building individual 

capacity. People are empowered when they have sufficient knowledge, skills, attitudes and 

self-awareness to make rational decisions and implement decisions to improve the quality 

of their lives (Funnell et al., 1991). Through acquisition of knowledge and skills, HL also 

could be considered as a means for gaining greater control over determinants of health, 

again reflecting the definition of empowerment (Kickbusch et al., 2005). However, Schulz and 

Nakamoto (2013) point out that sufficient HL does not necessarily lead to empowerment, 

but that it should be emphasised in such situations.  

 

One of the key strategies in health promotion is to empower people by developing personal 

skills. HL can be regarded as such a skill, simultaneously constituting a resource for 

promoting and maintaining health (see Nutbeam's understanding of HL as a resource). By 

strengthening people's HL, they will gain greater control over factors that affect their health. 

Thus, HL in health promotion can be tied to both capacity building and social change 

(Nutbeam, 2000; Pleasant & Kuruvilla, 2008), which could be linked to empowerment. 

 

Defining empowerment as a process, HL, health communication and empowerment could 

be viewed as mutually dependent. Adapting health communication to the individual’s HL 

level might enable an individual to participate in his or her own health issues. Thus, the 

principle of user involvement and empowerment is taken care of, along with the individual’s 

resources and opportunities for coping. Moreover, it is possible that health communication, 

along with empowerment, can build HL. By emphasising the principle of empowerment in 

health communication, health communication might be better adapted to the individual’s 

HL. Schulz and Nakamoto (2013) claim that health status depends on both HL and 
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empowerment, as the individual can take responsibility for and manage own health, first at 

a high level of HL, and simultaneously with a high degree of empowerment.  

Health literacy in populations 

Several international studies have shown that many people have limited HL, creating 

difficulties in understanding and using the health information they receive from nurses and 

other health professionals (Berens, Vogt, Messer, Hurrelmann, & Schaeffer, 2016; Berkman 

et al., 2011; Duong et al., 2015; Nakayama et al., 2015; Paasche‐Orlow et al., 2005; Palumbo, 

Annarumma, Adinolfi, Musella, & Piscopo, 2016; Parker et al., 1999; Sørensen et al., 2015; 

von Wagner et al., 2007; Williams et al., 2002). There often is a gap between what individuals 

actually understand and what the professional expects or believes they understand (Parker 

et al., 1999). Based on a population study recently conducted in eight EU countries, the 

researchers claimed that almost half of the surveyed population had limited HL (Sørensen 

et al., 2015). None of the Nordic countries participated in this survey. However, Lundetræ 

and Gabrielsen (2016) claim that about 12% of adults in Nordic countries have poor general 

literacy skills and that limited literacy is related to poor self-reported health. As literacy and 

health outcomes are found to be related in Nordic countries, knowledge of HL in the 

Norwegian population is desirable to better adapt health communication among the 

population. 

 

According to the Sørensen et al. (2012) model, demographic, psychosocial and cultural 

factors may affect individuals’ HL. Low HL usually is associated with age, i.e., older 

individuals (Berens et al., 2016; Duong et al., 2015; Palumbo et al., 2016; Rudd, 2007; 

Sørensen et al., 2015) and socioeconomic status, i.e., lower income and educational levels 

(Kickbusch et al., 2013; Palumbo et al., 2016; Rudd, 2007; Sørensen et al., 2015; van der 

Heide et al., 2013). The same applies to those from minority backgrounds (Berkman, 2011; 

Kickbusch et al., 2013; Sørensen et al., 2015). The UN Economic and Social Council (2010) 

and a WHO report (Kickbusch et al., 2013) consider limited HL to be a key global health 

challenge and regard HL as one of the most important determinants of social inequality in 

health.  

 

Low HL has been associated with poor health conditions (Berkman et al., 2011; Sørensen 

et al., 2015), increased use of health services, longer hospital stays (Sørensen et al., 2015; 

Vandenbosch et al., 2016) and higher mortality (Berkman et al., 2011; Bostock & Steptoe, 

2012). In addition, individuals with low HL are more likely to engage in health-damaging 

behaviours and are less likely to participate in health-promoting and preventive practices 

than those with higher HL (Berkman et al., 2011; Fernandez, Larson, & Zikmund-Fisher, 
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2016; Kickbusch et al., 2013; Parker et al., 1999; Sørensen et al., 2015; Vandenbosch et al., 

2016).  

 

Boren (2009) claims that HL is vital to enabling people to manage their health. Low HL 

also causes challenges related to taking responsibility for own health, as well as participating 

in shared decision-making (Kickbusch et al., 2013; Smith et al., 2013). At the same time, 

Macabasco-O'Connell and Fry-Bowers (2011) point out that nurses are insufficiently aware 

of which individuals might have low HL and how low HL may affect individuals’ health. 

Through a systematic review, Rajah, Ahmad Hassali, Jou and Murugiah (2017) found that 

most studies reported that health professionals generally had inadequate knowledge about 

HL and that only a few had skills in identifying individuals with low HL. In fact, most 

nurses tend to overestimate the individual’s HL (Dickens et al., 2013). Hence, it is possible 

that health communication is not properly adapted to each individual's HL. Coleman (2011) 

claim that anyone who interacts with individuals or populations via oral or written 

communication should have basic competency about HL.  

Health literacy in people with type 2 diabetes (T2DM)  

People with chronic diseases such as diabetes appear to be particularly vulnerable to low 

HL, and many people lack knowledge about conditions that affect the disease process 

(Gazmararian et al., 2003; Heijmans et al., 2015). Dealing with health communication and 

diabetes education requires that individuals have the capacity to understand and use both 

written and oral information. Some studies show that there is a connection between low 

HL and limited knowledge about diabetes (Kim et al., 2004; Powell, Hill, & Clancy, 2007; 

van der Heide et al., 2014) and poorer glycaemic control (Cavanaugh et al., 2008; Powell et 

al., 2007; Schillinger et al., 2002; Tang et al., 2008; van der Heide et al., 2014). Hence, HL 

could be considered decisive for diabetes self-management (Bailey et al., 2014; Schillinger 

et al., 2002; Tang et al., 2008). In addition, Schillinger et al. (2002) claim that people with 

diabetes and low HL are more likely to experience typical complications of the disease. 

Boren (2009) points out that people with the greatest burden often have the least access to 

health information that they can understand. Moreover, Al Sayah, Williams, Pederson, 

Majumdar, and Johnson (2014) found that nurses very seldom check whether the 

individuals with T2DM understand the provided information, which might lead to 

difficulties in properly self-management of their diabetes. 

 

Other studies show that there is limited evidence of an association between HL and 

glycaemic control (Al Sayah, Majumdar, Williams, Robertson, & Johnson, 2013a; Bains & 

Egede, 2011; Fransen, von Wagner, & Essink-Bot, 2012), and that research has provided 

mixed results regarding this association (Bailey et al., 2014). However, most studies have 

found an association between HL and diabetes knowledge (Bailey et al., 2014; Bains & 
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Egede, 2011). HL has been measured using various instruments in different studies; thus, 

it is difficult to compare results across studies. Even though HL could be considered as a 

multidimensional construct, in most of these studies, HL has been measured using 

instruments that only comprise the FHL dimension. When measuring HL in broader 

perspectives, Lai, Ishikawa, Kiuchi, Mooppil and Griva (2013) and Heijmans et al. (2015) 

found an association between HL and self-management in people with diabetes on 

haemodialysis and in people with chronic diseases, respectively. Thus, the association 

between HL and the consequences it may have for health, individual empowerment and 

opportunities for self-management of T2DM is still unclear and requires further research. 

Instruments intending to measure health literacy 

Along with the many definitions and models of HL, several instruments intending to 

measure HL also exist. Consequently, a common consensus on how HL should be 

measured has not been reached (Sørensen & Pleasant, 2017). Altin et al. (2014) and Haun, 

Valerio, McCormack, Sørensen and Paasche-Orlow (2014) identified 17 and 51 

instruments, respectively. Nguyen et al. (2017) claim that over 150 HL instruments currently 

exist. These disparities suggest it is challenging to compare results across studies. About a 

third of the instruments are performance-based, in which individuals are asked to perform 

different tasks related to word recognition and numeracy, together with reading and writing 

tasks. Such instruments intend to measure HL directly (Altin et al., 2014). Examples of such 

instruments are Test of Functional Health Literacy in Adults (TOFHLA; Parker, Baker, 

Williams, & Nurss, 1995) and the Rapid Estimate of Adult Literacy in Medicine (REALM; 

Davis et al., 1993). Furthermore, Chew, Bradley and Boyko (2004) have developed three 

screening questions, concerning reading difficulties, that could be used to identify low HL 

in individuals: ‘How often do you have someone help you read hospital materials?’, ‘How 

confident are you filling out medical forms by yourself?’ and ‘How often do you have 

problems learning about your medical condition because of difficulty understanding written 

information?’ In U.S. HL research, in which low HL is considered a clinical risk factor, 

these instruments are used frequently. However, such instruments have various 

shortcomings, as they are not fully based on recent definitions of HL and may be considered 

limited to only measuring individuals’ FHL levels. These instruments also might be valid 

only within a health care context and might not be relevant across different health care 

contexts (Jordan, Osborne, & Buchbinder, 2011; Nguyen et al., 2017).   

 

HL also is measured using subjective measurements and mixed-measurement approaches 

that involve self-reporting of HL skills (Altin et al., 2014). Such measurements are used in 

European, Asian and Australian HL research, which emphasises a public-health approach 

to HL. These instruments view HL as a multidimensional construct (Altin et al., 2014) and 

constitute a more indirect approach through psychometric attitudes, treating HL as a latent 
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trait. Examples of such instruments are the European Health Literacy Survey Questionnaire 

(HLS-EU-Q47; HLS-EU Consortium, 2012) and the Functional, Communicative and Critical 

Health Literacy Scale (FCCHL; Ishikawa, Takeuchi, & Yano, 2008), which were chosen for 

this thesis.  

 

In contrast to many other instruments intended to measure HL, the HLS-EU-Q47 and the 

FCCHL were developed based on a conceptual framework. As recommended for HL 

instruments (Pleasant, McKinney, & Rikard, 2011), both the HLS-EU-Q47 and FCCHL 

aim to allow for comparisons of HL across different health settings. The HLS-EU-Q47 

also is designed to allow for comparisons across populations. The HLS-EU-Q47 and 

FCCHL can be viewed as offering different, but complementary, approaches to HL. They 

reflect different theoretical models, yet include several of the same skills to consider HL 

adequacy. Both instruments contain HL tasks that will be highly relevant for nurses in 

planning and implementing health communication at individual and community levels.  

European Health Literacy Survey Questionnaire (HLS-EU-Q47)  

The HLS-EU-Q47 instrument was developed to comprise a broader understanding of HL 

by meeting the complex demand of dealing with health information in modern society 

(Sørensen et al., 2013). The instrument was developed by a consortium consisting of 

representatives from eight EU member countries, led by Maastricht University (HLS-EU 

Consortium, 2012; Sørensen et al., 2013). The HLS-EU-Q47 reflects the definition and 

conceptual model of Sørensen et al. (2012) and aims to reflect the individual’s competence 

in accessing, understanding, appraising and applying health information across three health 

domains: health care, disease prevention and health promotion.  

 

The HLS-EU Consortium (2012) claims that the instrument could be used to determine 

whether an individual or group’s HL could be considered inadequate, problematic, 

sufficient or excellent. The instrument’s psychometric properties have been examined using 

principal component analysis (PCA), in which a factor structure of the four cognitive 

domains within each of the three health domains was revealed (Cronbach’s alpha for the 

domains varied between 0.51 and 0.91 (Sørensen et al., 2013) and was 0.97 for the entire 

HL scale (HLS-EU Consortium, 2012)). This factor structure was later supported using 

confirmatory factor analysis (CFA) (Duong et al., 2017a; Duong et al., 2015; Nakayama et 

al., 2015). However, the three health domains were treated as uncorrelated, orthogonal 

subscales in these studies. To my knowledge, the instrument has not been validated earlier 

in people with T2DM, nor in the general Norwegian population. Hence, it is necessary to 

test its psychometric properties in these populations. 
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The HLS-EU Consortium (2012) also developed two short versions of the HLS-EU-Q47, 

the HLS-EU-Q16 and the HLS-EU-Q6, consisting of 16 and six items, respectively. The 

HLS-EU-Q16 was developed using dichotomous Rasch modelling, whereas the HLS-EU-

Q6 was developed through CFA of the HLS-EU-Q16 (Pelikan & Ganahl, 2017; Pelikan, 

Röthlin, & Ganahl, 2014). However, these short versions are somewhat conceptually 

unbalanced. The dimension of applying health information within health-promotion 

settings is not covered by the HLS-EU-Q16, whereas only half of the 12 sub-dimensions 

of HL, as defined by the conceptual model, are covered in the HLS-EU-Q6. More recently, 

the 12-item health-literacy questionnaire (HL-SF12) was developed by the Asian Health 

Literacy research consortium. The HL-SF12 consists of one item from each of the 12 sub-

dimensions of HL. Applying CFA, the HL-SF12 showed acceptable fit as a three-factor 

model, and the Cronbach’s alpha was reported to be 0.87 (Duong et al., 2017b).  

Functional, Communicative and Critical Health Literacy Scale (FCCHL) 

The FCCHL of Ishikawa et al. (2008) until recently had been the only instrument measuring 

IHL and CHL, in addition to FHL. The instrument was developed based on the three levels 

of HL described by Nutbeam (2000), with the aim of measuring HL in people with T2DM 

(Ishikawa et al., 2008). The FCCHL was by Al Sayah, Williams, and Johnson (2013b), 

considered the widest approach to HL and the most applicable instrument for detecting 

inadequate HL in people with diabetes.  

 

The FCCHL earlier has been validated using exploratory factor analysis in people with 

T2DM (Ishikawa et al., 2008), as well as CFA on data from chronically ill people (Dwinger, 

Kriston, Harter, & Dirmaier, 2015) and in individuals with breast cancer and rheumatic 

diseases (van der Vaart et al., 2012). Dwinger et al. (2015) found that a two-factor model 

(consisting of the FHL subscale and a combined IHL and CHL subscale) of the FCCHL 

obtained best fit, and they concluded that further research on the factor structure was 

needed. The IHL and CHL subscales also are found to be highly correlated (Heijmans et 

al., 2015; van der Vaart et al., 2012). Ishikawa et al. (2008) reported varying subscale 

reliability for the three subscales (Cronbach’s alpha equalled 0.84, 0.77 and 0.65 for FHL, 

IHL and CHL, respectively). However, the FCCHL has been validated neither in English 

nor in Norwegian. 

Evaluating psychometric properties 

Key criteria for evaluating the quality of quantitative instruments deal with validity and 

reliability (Polit & Beck, 2012). Instruments used in nursing research (and in other fields of 

research) should be validated thoroughly before conclusions from analyses are used to 

provide recommendations for practice, future research and policies. Validity concerns to 

which extent empirical evidence and the theoretical framework support the interpretations 
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and use of test scores, and the consequences that follows. Scores are used to support claims 

about a respondent or a group of respondents having some standing on a latent trait, i.e., 

some level of achievement. Hence, validating interpretations and use of scale scores mean 

evaluating the claims based on these scores (Kane, 2013). Reliability concerns the precision 

and consistency of the information obtained (Polit & Beck, 2012). Reliability is therefore a 

measure of how well a scale can differentiate between individuals with high and low 

proficiency on the latent trait (Hagquist, Bruce, & Gustavsson, 2009). So far, there is limited 

evidence on the reliability and validity of several HL measures (Altin et al., 2014; Jordan et 

al., 2011; Nguyen et al., 2015; Nguyen et al., 2017). Documentation on the psychometric 

properties of the HLS-EU-Q47 and FCCHL also is insufficient.  

 

Three main psychometric paradigms exist: classical test theory (CTT), item response theory 

(IRT) and Rasch measurement theory (Andrich, 2011; Petrillo, Cano, McLeod, & Coon, 

2015), where the latter can be interpreted as a subgroup of IRT. IRT and Rasch models, 

being conceptually different, are often referred to as modern test theory. To evaluate the 

psychometric properties of instruments within nursing science, CTT most frequently is 

used together with Cronbach’s alpha (Hagquist et al., 2009; Polit & Beck, 2012). Within HL 

research, only 12% of the instruments have been validated using IRT or Rasch modelling 

(Nguyen et al., 2015). Neither the HLS-EU-Q47 nor the FCCHL seem to have been 

validated using IRT or Rasch modelling. 

Classical test theory (CCT) and confirmatory factor analysis (CFA) 

To evaluate psychometric properties within the CTT paradigm, exploratory factor analysis, 

PCA and CFA are used (Polit & Beck, 2012). Factor analysis (and PCA) is used to 

investigate which items in a set of variables form subsets that are independent of each other 

(Tabachnick & Fidell, 2014). Variables that are correlated with one another and at the same 

time independent of other subsets could constitute factors. In CTT, the items are presumed 

to be roughly equivalent indicators of the construct.  

 

CFA focuses on the relationship between observed variables and latent variables, and is 

used to confirm a hypothesised measurement model (Brown, 2015; Schumacker & Lomax, 

2010); whether relations exist between the items, between the items and the underlying 

dimensions/factors/constructs/traits and how strongly the factors are related. CFA is 

therefore used to evaluate dimensionality (discriminant validity) (Brown, 2015; Hair, 2014; 

Makransky, Lilleholt, & Aaby, 2017; Polit & Beck, 2012; Schumacker & Lomax, 2010). 

However, one of the problems with factor analysis is that no available external criteria exist 

against which the data could be tested (cf Rasch model). 
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Modern test theory – item response theory and Rasch models 

Item-response theory 

IRT provides more details on the precision of a measure and provides a much richer 

description of the performance of each item than CTT (Nguyen, Han, Kim, & Chan, 2014). 

Hence, IRT is optimal for investigating the quality of each item. The use of IRT models is 

appropriate, both in designing, constructing and evaluating instruments (Hambleton, 

Swaminathan, & Rogers, 1991). 

 

Three main IRT models exist: the one-parameter IRT model, which corresponds to the 

Rasch model; the two-parameter model (an item discrimination parameter is included); and 

the three-parameter model (both an item discrimination parameter and an item pseudo-

guessing parameter or lower asymptote are included). All IRT models contain one or more 

item parameters describing the item characteristics and one or more person parameters 

describing person characteristics (Hambleton et al., 1991). The main difference between 

IRT and Rasch modelling is that in IRT, the discrimination parameter is allowed to vary by 

item, whereas in Rasch modelling, the discrimination parameter is constant (Nguyen et al., 

2017). However, the additional parameters in IRT violate some requirements of 

measurement (such as specific objectivity and invariance [described below]), and entails that 

IRT is descriptive, whereas the Rasch modelling is prescriptive (Shaw, 1991). In this thesis, 

Rasch modelling was chosen. 

Rasch modelling 

Rasch modelling is a type of modern test theory named after the Danish mathematician 

Georg Rasch (Rasch, 1980), and means testing data against the probabilistic Rasch model 

to check whether the data conform to the model and expected response patterns (Duncan, 

1984; Tennant & Conaghan, 2007). Rasch modelling is typically used to evaluate the 

psychometric properties of scales measuring different aspects of an assumed 

unidimensional construct (Hagquist et al., 2009). The polytomous Rasch models assume 

that the probability of a respondent ticking off a certain response category is a logistic 

function of the relative distance between the item and the person’s location on a linear scale 

(Tennant & Conaghan, 2007).   

 

A dichotomous Rasch model (Rasch, 1980) is used when the item has two response 

categories, whereas one of the polytomous Rasch models, the Partial Credit Model 

(Masters, 1982) or the Rating Scale Model (Andrich, 1978) is used for items with more than 

two response categories. 
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If the data fit the expectations of a Rasch model, the assumptions and requirements for 

fundamental measurement are met. Thus, Kreiner (2013) claims that Rasch modelling is 

the ideal psychometric measurement because it satisfies all known psychometric 

requirements of a scale.  

 

For psychometric sound measurements, several requirements should be met. To determine 

whether items conform to the unidimensional Rasch model, local independence among 

items is required (Hagquist et al., 2009). Local independence means that all variations 

among the responses should be captured by the person’s ability/proficiency (Marais & 

Andrich, 2008). Furthermore, there should not be any patterns in the data other than those 

captured by the latent trait. Violation of local independence might occur in two ways: 

response dependence or trait dependence (or multidimensionality)(Marais & Andrich, 

2008). Response dependence occurs if a response to an item is dependent on the response 

to a previous item. Multidimensionality refers to more than one latent trait influencing how 

persons responds to the items (Andrich, Humphry, & Marais, 2012; Hagquist et al., 2009; 

Marais & Andrich, 2008). Trait dependence and response dependence influence reliability 

indices, where trait dependence tends to decrease reliability indices while response 

dependence increases reliability indices. Unidimensionality refers to items measuring only 

one latent trait. If data from a scale measuring several aspects of a construct, such as the 

HLS-EU-Q47 or the FCCHL, fit a unidimensional Rasch model, it is justifiable to sum the 

responses of each single item to a total score for each person (Andrich, 1988). Cronbach’s 

alpha, which is most frequently used in nursing research to report the reliability of a scale, 

is a valid measure of reliability only when the scale is unidimensional (Hagquist et al., 2009).  

 

When the requirement of unidimensionality does not hold, the generalized Rasch model 

referred to as the Multidimensional Random Coefficients Multinominal Logit model (Adams, 

Wilson, & Wang, 1997) should be considered. This model takes into account that a scale is 

constructed from different but related or correlated aspects (subscales) of a construct. 

Another option is to use what is referred to as the consecutive approach (Briggs & Wilson, 

2003). For practical purposes, this approach refers to applying the unidimensional approach 

for each subscale consecutively as these were independent. Applying the consecutive 

approach implies treating related subscales as uncorrelated or orthogonal. For scales 

measuring different aspects of a construct, the multidimensional approach will result in 

improved parameter estimations and subscale reliability indices, as compared to the 

consecutive approach (Briggs & Wilson, 2003). The multidimensional approach is an 

improvement of the more commonly used consecutive approach. The multidimensional 

and unidimensional approaches could be interpreted as hierarchically related nested models. 

Thus, data-model fit can be compared using deviance statistics (Allen & Wilson, 2006). 
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To allow for comparisons of scores across person factors, the items must be invariant 

(Hagquist, 2001), which means the measurement should be constant across the range of 

items (Andrich, 1988), and the instrument should work in the same way for all individuals 

(Hagquist et al., 2009). This implies that the items should work in the same way across 

person factors, such as gender, age and educational level. This is crucial when comparing 

scores across such demographic variables. Items displaying differential item functioning 

(DIF) across sample groups indicate lack of invariance. 

 

There are two forms of DIF: uniform DIF and non-uniform DIF. Uniform DIF refers to 

when the significant effect between groups, e.g., gender, is constant across the latent trait, 

whereas non-uniform DIF occurs when the differences vary along the latent trait (Hagquist 

& Andrich, 2004; Hagquist et al., 2009; Tennant & Conaghan, 2007).  

 

When data sufficiently fit a Rasch model, our measurement meets the important 

requirements associated with objective measurement, such as, monotonicity, 

homogeneity/invariance, sufficiency and specific objectivity. Monotonicity implies that 

probability of a positive response to an item increases with higher ability, and 

homogeneity/invariance implies that the least difficult item should be least difficult for all 

groups of respondents (Kreiner, 2013). Sufficiency means that the unweighted score sum 

contains all the information about the respondent and that no information has been lost 

when adding the scores of the items to a total score (Nielsen & Kreiner, 2013). An 

important attribute of the Rasch model is that the person and the item parameter can be 

estimated independently of each other (Hagquist & Andrich, 2004; Rasch, 1980), which is 

referred to as specific objectivity. It follows from specific objectivity that the calibration of 

the items are independent of the individuals used to calibrate it, and vice versa (Tennant, 

McKenna, & Hagell, 2004a). Other IRT models do not meet any of the mentioned 

requirements, except for monotonicity (in some sense). 

 

A Rasch analysis implies testing observed values (percentage of respondents) up against 

expected or model predicted values (probabilities) (Tennant & Conaghan, 2007). Owing to 

this, we refer to Rasch models as prescriptive. Other IRT models are descriptive in the 

sense that several item parameters are estimated to describe or re-create the observed values 

as good as possible (Shaw, 1991). It follows that the data-model residuals shrinks. 

Therefore, fit indices most often indicate better data-model fit for other IRT models. 

However, Rasch models are parsimonious models meeting the requirements of objective 

measurement. Tests of fit are based on fit residuals, such as chi-square and infit/outfit 

statistics (Tennant & Conaghan, 2007). 
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Exploring the psychometric properties of scales also involves evaluating targeting and 

ordering of response categories. As person and item parameters are estimated on the same 

metric with the unit “logits” or log-odds, the distribution of person estimates (proficiency 

or attitude) can be compared to the distribution of item estimates, or more specific, the 

item thresholds (difficulty or affective level). For a well-targeted scale, the two distributions 

align well. Poorly targeted scales might result in lower reliability (i.e., problems in 

differentiating between individuals at different locations on the latent trait), and an 

increased possibility for observing unordered response categories (Hagquist et al., 2009; 

Tennant & Conaghan, 2007). The ordering of response categories should also be 

investigated for polytomous questionnaire items to disclose whether adjacent thresholds 

for each item are significantly different and in correct order (Andrich, 2011; Tennant & 

Conaghan, 2007). In the case of graded responses (and dichotomous ones), there is a 

theoretical proportion of times in which each response would occur. This probability is a 

function of the person parameter and item parameter. The threshold indicate the location 

on the latent trait where the probability of a response in one of two adjacent response 

categories is equal. To confirm an ordinal scoring model, which is transformed into interval 

using Rasch model, these thresholds must be in the correct order (Andrich, 2011). 

Unordered response categories indicates some problem in the data. 

Similarities and differences between CTT/CFA and Rasch modelling 

CTT/CFA and Rasch modelling are both confirmatory approaches, and are used to 

evaluate validity and reliability of constructs. 

 

A key difference between the paradigms of CTT and Rasch modelling is that CTT is based 

on inter-item and item-to-total correlations to estimate the relationships among items and 

intends to describe the set of data, whereas Rasch modelling aims to assess fit to the model 

(Andrich, 2011; Petrillo et al., 2015; Salzberger & Sinkovics, 2006). The Rasch model is a 

probabilistic model that focuses on the relationship between the person’s ability and the 

item’s difficulty, in contrast to factor analysis, which focuses on the correlation between the 

items in a construct (Hagquist et al., 2009). Rasch modelling also provides detailed 

information about the items. Moreover, in Rasch modelling, a bandwidth of the item 

location estimates are desired, which is not an issue in CTT. Cronbach’s alpha, which is 

frequently used as a measure of reliability within CTT, is based on correlations. The person 

separation index (PSI) is used to specify the reliability of unidimensional scales in the Rasch 

paradigm. The PSI indicates the capability of differentiating individuals along a latent scale 

(Hagquist et al., 2009) and provides more accurate reliability scores than alpha (Nguyen et 

al., 2017).  
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Traditionally, CTT is used in nursing research to examine psychometric properties of 

composite scales (Hagquist et al., 2009; Polit & Beck, 2012). So far, only a few studies have 

applied modern test theory within nursing and HL research (Nguyen et al., 2015; Nguyen 

et al., 2017). The advantage of using CTT is that most researchers within nursing are familiar 

with this kind of analysis. However, CTT has four main weaknesses: i) it requires 

measurement at interval levels; ii) the findings are both sample- and scale-dependent; iii) 

missing data are not handled easily; and iv) the standard error of measurement is constant 

(Petrillo et al., 2015).  

 

Measurement instruments in health and nursing research aim to measure traits or quantities 

that are not directly measurable. Responses to a set of rating-scale items, which measure a 

latent variable (in this study, HL), are most frequently at an ordinal level (Tennant et al., 

2004a), which precludes mathematical operations, such as addition and subtraction of 

scores. When applying CFA, it is assumed to be a metric or interval scale, even though that 

this might be doubtful (Salzberger & Sinkovics, 2006). Rasch modelling can disclose 

measurement problems that are not detected using CFA as a stand-alone methodology and 

is therefore recommended for rigorous evaluation of instruments used in nursing science 

(Hagquist et al., 2009). Rasch modelling provides a range of additional measurement 

properties compared with CTT (Tennant et al., 2004a) and seems to provide more precise 

person estimates (Salzberger & Sinkovics, 2006). Rasch modelling should therefore be 

applied to a larger extent in evaluating psychometric properties of instruments used in 

nursing research. There is a call for more Rasch modelling in health and nursing 

measurement (Nguyen et al., 2015; Nguyen et al., 2017).  

CFA might provide detailed overall fit of the model (Gebhardt, 2016). Thus, CFA could be 

used to assess the general structure and dimensionality of a set of items, whereas Rasch 

modelling can provide more detailed information about the characteristics of the items. A 

combination of Rasch modelling and CFA also is recommended when there is a desire to 

reduce a set of items to a smaller scale (Christensen, Engelhard, & Salzberger Jr, 2012). 
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Rationale  

Health literacy (HL) is crucial for benefitting from health communication, making and 

communicating decisions about health-related issues and taking responsibility for own 

health. For health professionals, knowledge about individual’s HL is vital for tailoring 

health communication. Several studies have aimed at disclosing HL in people with type 2 

diabetes (T2DM) and in larger populations, but the knowledge base about HL is still limited 

in the Scandinavian countries, and particularly in Norway.  

 

Earlier surveys mapping HL in people with T2DM were limited to assessing basic skills, 

such as reading and writing skills (FHL) in clinical contexts. Knowledge about HL in 

broader contexts is therefore warranted, such as HL levels relevant to everyday 

management of T2DM. Further, deeper knowledge about the link between HL and 

glycaemic control, general health status and empowerment in people with T2DM is needed. 

 

The HLS-EU-Q47 has been recommended for surveying HL in broad populations, but the 

instrument has not yet been validated neither in people with T2DM, nor in the general 

Norwegian population. The HLS-EU-Q47 is quite lengthy and time-consuming, so a 

shorter version scaffolded on the same theoretical model is sought for.  

 

The FCCHL, which is recommended for measuring HL in people with diabetes, has not 

yet been translated and validated in Norwegian. Earlier research concluded that further 

research exploring the factor structure or dimensionality of FCCHL is needed. 

 

Only a few HL instruments have been validated using Rasch modelling, which could 

disclose measurement problems that may not be detected using confirmatory factor analysis 

(CFA) alone. Studies using unidimensional and multidimensional Rasch modelling together 

with CFA are almost non-existent within health-related research. 
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Overall and specific aims 

The overall aim of this thesis was to measure health literacy (HL) in people with type 2 

diabetes (T2DM) and in the general Norwegian population. The overall aim was 

operationalised into four specific objectives reported in four papers: 

 

I. To validate the HLS-EU-Q47 in people with T2DM.  

 

II. To validate the FCCHL by applying Rasch modelling and CFA in people with 

T2DM.  

 

III. To (i) evaluate the psychometric properties of the HLS-EU-Q47 and associated 

short versions in the Norwegian population, and (ii) suggest a parsimonious 

unidimensional short version (HLS-N-Q12) with acceptable psychometric 

properties. 

 

IV. To (i) evaluate the psychometric properties of the HLS-N-Q12 in people with 

T2DM and (ii) examine the association between HL as measured by the HLS-

N-Q12 and demographic variables, general health, health behaviour and 

empowerment. 
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Methods 

Design 

This thesis comprises four papers (I-IV), all of which have a quantitative, cross-sectional 

design. Using Rasch modelling and confirmatory factor analysis (CFA), the HLS-EU-Q47 

(I) and the FCCHL (II) were validated in people with type 2 diabetes (T2DM). The HLS-

EU-Q47 also was validated using Rasch modelling in a sample representing the general 

Norwegian population (III). Paper III goes beyond paper I by suggesting a shorter version 

of the HLS-EU-Q47, the HLS-N-Q12, which meets the assumptions and requirements of 

objective measurement. The HLS-N-Q12 (an approximate unidimensional interval 

variable) was used in paper IV to measure health literacy (HL) in people with T2DM. 

Analysis of variance (ANOVA) and t-tests were used to investigate the differences in HL 

regarding demographic variables, health behaviour and empowerment-related indicators. 

The HLS-N-Q12 also was used as the continuous outcome variable in a sequential multiple 

linear regression (Table 1). 

  

Table 1 Overview of the papers in the thesis 

Paper Method/design Sample  Data collection Data analyses 

I Quantitative/ 

Cross-sectional 

T2DMa  

n=388 

 

HLS-EU-Q47b 

Paper-and-pencil 

Rasch modelling and 

CFAe 

II Quantitative/ 

Cross-sectional 

T2DMa  

n=386 

 

FCCHLc  

Paper-and-pencil 

Rasch modelling, CFAe, 

t–tests and ANOVAf 

III Quantitative/ 

Cross-sectional 

Norwegian  

population  

n=900 

 

HLS-EU-Q47b  

Phone interviews 

Rasch modelling and 

CFAe 

IV Quantitative/ 

Cross-sectional 

T2DMa 

 n=388 

HLS-N-Q12d 

Paper-and-pencil 

Rasch modelling and 

CFAe, ANOVAf, t-tests 

and sequential multiple 

linear regression 
aType 2 diabetes, bEuropean Health Literacy Survey Questionnaire, cFunctional, Communicative and Critical Health 
Literacy scale, dHealth Literacy Survey Questionnaire-Norwegian short version (HLS-N-Q12 data were extracted from 
data of the entire HLS-EU-Q47), eConfirmatory factor analysis, fAnalysis of variance. 

 

In addition to the data analyses mentioned in Table 1, descriptive statistics such as 

percentage distribution and mean/median were used to describe sample characteristics in 

all papers. Percentage distribution for specific response categories of the HLS-EU-Q47 and 

FCCHL items (unpublished) also was used to describe the number of respondents 

perceiving HL tasks as difficult. 
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Sample and data collection 

The samples in papers I, II and IV consisted of males and females above 18 years old 

diagnosed with T2DM who are members of the Norwegian Diabetes Association. A total 

of 16,754 people with T2DM were members of the Norwegian Diabetes Association at the 

time of sampling. A random sample of 999 people with T2DM was drawn from the 7,655 

members in nine out of the 19 Norwegian counties. All parts of the country were 

represented, though they were stratified by county to reflect the geographical distribution 

in the target population. According to the Norwegian Diabetes Association, the mean age 

of members with T2DM was 68 years old at the time of sampling, 47% of whom were male 

and 53% female (Norwegian Diabetes Association, personal communication, 7 May 2015). 

The data were collected in March-April 2015 (HSF) through a self-administered, paper-

and-pencil questionnaire distributed by regular mail. In the first transmission of the 

questionnaire, 307 individuals responded. After a follow-up, another 99 responded. Of 

these 406 respondents, 18 were excluded because they were diagnosed with type 1 diabetes. 

Thirty-one individuals contacted us and reported health conditions incompatible with 

responding to the questionnaire. Hence, analyses were performed on 388 (386 in paper II, 

as two respondents had not answered the FCCHL) out of 950 possible responses, resulting 

in a response rate of 41%.  

 

The sample of 900 individuals in paper III was randomly selected from the general 

Norwegian population – males and females age 16 and up. The sampling and data collection 

were performed by the international survey agency Ipsos under standards that guarantee 

representativeness. The data collection was performed in November 2014 using computer-

assisted phone interviews. Sample characteristics are described in Table 2. 
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Table 2 Sample characteristics  

 Paper I 
T2DMa 

n= 388  

Paper II 
T2DMa 

n= 386 

Paper III 
Nor. pop.b 

n= 900 

Paper IV 
T2DMa  

n= 388  

Gender, n (%)     

- males 207 (53) 207 (53) 441 (49) 207 (53) 

- females 167 (43) 165 (43) 459 (51) 167 (43) 

- missing 14 (4) 14 (4) 0 14 (4) 

     
Education, n (%)     

- Lowerc 196 (51) 195 (51) 385 (43) 196 (51) 

- Higherd 118 (30) 118 (30) 512 (57) 118 (30) 

- other  51 (13) 51 (13)  51 (13) 

- missing 23 (6) 22 (6) 3 (<1) 23 (6) 

     

Age     

- Mean ± sd 73.0 ± 8.6 73.0 ± 8.8 47.0 ± 17.7 73.0 ± 8.6 

- Median  74 74 48 74 

- Lower-upper 50-92 50-92 16-91 50-92 

- missing 13 13 0 13 
aType 2 diabetes, bNorwegian population, c ≤13 years (10 years compulsory school and up to three years 
of upper-secondary school), d≥14 years (education at university/university college level) 

 

Description of surveys 

Data on HL were collected using the HLS-EU-Q47 (47 items) and the FCCHL (14 items). 

Data on empowerment-related indicators (four items) and health behaviour (three items) 

also were collected. In addition, data on general health status (one single item), the latest 

glycated haemoglobin (HbA1C) levels (only for people with T2DM), and demographic 

variables such as gender, age and education were collected.  

The HLS-EU-Q47 

The 47 items of the HLS-EU-Q47 (HLS-EU Consortium, 2012) were developed to reflect 

four cognitive domains (access, understand, appraise and apply health information) across 

three health domains (health care, disease prevention and health promotion). The resulting 

12 item categories define 12 theoretical subscales. Table 3 shows the 47 items distributed 

across the 12 subscales containing three to five items each.  
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Table 3 The distribution of items across the health domains and the cognitive domains of the  

HLS-EU-Q47 framework 

 Health domains  

Cognitive domains Health care 

Disease  

Prevention 

Health  

Promotion Sum 

Access 4 4 5 13 

Understand 4 3 4 11 

Appraise 4 5 3 12 

Apply 4 3 4 11 

Sum 16 15 16 47 

 

The items intend to measure the perceived difficulty in finding and applying health 

information to promote and manage physical and mental health, understand health 

information from different sources and judge whether health information in media is 

reliable (for item wording, please see Table 8) (Sørensen et al., 2013). Originally, the HLS-

EU-Q47 items were anchored with the phrase ‘On a scale from very easy to very difficult, 

how easy would you say it is to …’ with an associated four-point rating scale offering the 

following response categories: very easy (1), easy (2), difficult (3) and very difficult (4). In 

this thesis, the response scale was reversed to make higher scores reflect higher HL. In the 

paper-and-pencil versions (I, IV), the response category ‘don’t know’ was added, whereas 

in the phone interviews (III), the ‘don’t know’ option was used only when respondents 

stated it spontaneously. In statistical analyses, the ‘don’t know’ responses were recoded to 

‘systematic missing’.  

The FCCHL 

The original FCCHL consists of 14 items and intends to reflect the three realms of HL, as 

defined by Nutbeam (2000). The five items, FHL1-FHL5, of the FHL subscale intend to 

measure self-reported reading comprehension, while items IHL1-IHL5 in the IHL subscale 

assess self-reported skills in finding, understanding and applying information, and 

communicating personal ideas about diabetes. The four items, CHL1-CHL4, of the CHL 

subscale assess self-reported proficiency in critically judging the reliability, validity and 

applicability of available health-related information. In the original version, the response 

categories range from 1 (never) to 4 (often), with higher scores indicating higher HL (FHL 

items are reverse-scored). To improve the low reliability of the CHL subscale (Cronbach’s 

alpha=0.65), as reported by Ishikawa et al. (2008), the response scale was extended from 

four to six categories: never (1), very seldom (2), quite seldom (3), quite often (4), very often 

(5) and always (6) (II). Higher scores in the subscales IHL and CHL indicate higher HL. 

The FHL items are reverse-scored. Increasing the number of response categories (or adding 

items) increases the number of ‘points’ available for discriminating between respondents 
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with high and low proficiency (Preston & Colman, 2000). Furthermore, the response 

category ‘don’t know’ was added and recoded as ‘systematic missing’ (II). 

Additional items 

Inspired by the Diabetes Empowerment Scale (Anderson, Funnell, Fitzgerald, & Marrero, 

2000) and WHO's definition of individual empowerment (WHO, 1998), four items 

reflecting aspects of individual empowerment were developed and used as indicators of 

empowerment. Using a four-point rating resembling HLS-EU-Q47, these items assessed i) 

perceived difficulty in taking control over one’s own health in daily life, ii) implementing 

intended goals, iii) taking responsibility for personal physical and mental health through 

physical activity, healthier nutrition and social behaviours, and iv) participating actively in 

communication with health professionals (IV).  

 

Health behaviours were measured using three items on physical activity, tobacco use and 

alcohol consumption (IV). The items were developed through inspiration from 

corresponding items in the HLS-EU-Q47 (HLS-EU Consortium, 2012). The frequency of 

physical activity was measured by asking ‘How often have you been physically active for at 

least 30 minutes during the last 30 days?’, which had a four-point response scale: none of 

the days, some of the days, some days every week, or every or almost every day. Tobacco 

use was measured by asking ‘How would you best describe your use of tobacco (such as 

cigarettes, cigars and tobacco pipes)?’. This item had a four-point response scale: smoke 

every day, smoke now and then, former smoker, or never smoked. Alcohol consumption 

was measured by asking, ‘How often have you been drinking alcohol for the last 30 days?’. 

This item had a seven-point response scale: none of the days, once, two to three times, 

once a week, two to three times a week, four to six times a week, or every day. The response 

category ‘do not want to answer’ also was offered for the three items and was recoded as a 

missing value. 

Translation procedure  

The translation procedure of the HLS-EU-Q47 and FCCHL included forward and 

backward translations. In addition, cognitive interviews and a pilot study were conducted. 

Translation of HLS-EU-Q47 and FCCHL 

The HLS-EU-Q47 and FCCHL were translated according to Brislin’s translation model 

(Brislin, 1970) and were translated from English into Norwegian by three of the paper 

authors (HSF, KSP and ØG; I, II and III). After reaching a consensus, a professional 

translator performed a blind back-translation. No errors were observed, but the use of 

synonyms was discussed further to achieve better sentence structure in Norwegian.   
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Cognitive interviews 

After translation, the wording of the HLS-EU-Q47 and FCCHL items was examined 

further in cognitive interviews with representatives of the respondent groups. The cognitive 

interviews were moderated in December 2013–January 2014 (HSF). Thirteen people 

participated in these interviews, eight females and five males, of which a total of six 

individuals had T2DM. Seven interviewees had completed upper secondary school, whereas 

the other six had completed education at the university level. People with T2DM were 

recruited from the Norwegian Diabetes Association, whereas purposive sampling was used 

to recruit the others. The interviews took place either at interviewees’ homes or in a public 

place, such as a library, café or at the University. The length of the interviews was about 

one hour each. 

 

The aim of the cognitive interviews was to clarify whether the items were correctly 

interpreted and to clarify possible ambiguities (Drennan, 2003; Polit & Beck, 2012). A 

thinking-aloud procedure was used in the interviews, in which the interviewees talked about 

their understanding of each question, and whether there were words or phrases that they 

did not understand. The expressed thoughts of the interviewees and the observations that 

were made during the interviews were noted in a protocol by the interviewer (HSF). The 

analysis of the material was conducted by reviewing the comments and possible challenges 

on each item in the instruments.  

 

The cognitive interviews led to minor revisions of the item wording. Some ‘difficult’ words 

were replaced with synonyms that improved on the interviewees’ interpretation of item 

content. Several interviewees said the word ‘reliable’ was difficult to understand, as this 

word is not commonly used in Norwegian. Thus, ‘reliable’ was replaced with a Norwegian 

word that is close to ‘rely on’/’trustworthy’ in relation to ‘reproducibility’ in English. Some 

interviewees also mentioned that they did not have sufficient competence to judge whether 

health information from different sources is reliable (e.g., HLS-EU-Q47 items 12 and 28, 

and FCCHL item CHL3). HLS-EU-Q47 items 3 and 7 (the wording of the items is shown 

in Table 8), concerned with the difficulty of knowing and understanding what to do in a 

medical emergency, were reported as redundant and dependent, as they overlap. The 

interviewees needed to read these items several times to notice the difference. One 

suggestion was to replace ‘understand’ with ‘know’ in item 7. However, as these verbs might 

reflect different cognitive processes, ‘understand’ remained in item 7. Overall, the 

participants reported that the FCCHL items (II) were formulated clearly.  
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Pilot study  

The HLS-EU-Q47 and FCCHL were piloted in March 2014 (HSF) with the intent of 

refining the item wordings and improving their psychometric quality prior to implementing 

them in a large-scale survey (Polit & Beck, 2012). Members of the Norwegian Diabetes 

Association with T2DM from four of the 19 counties in Norway (one county from each of 

the four regions) were invited to participate. A web link to an electronic questionnaire was 

distributed by e-mail to 932 members, of which 144 e-mail addresses were invalid (resulting 

in a sample of N = 788). A total of 193 people responded, resulting in a response rate of 

24%. Simultaneously, a web link to the electronic questionnaire was distributed by e-mail 

to 3,100 employees in four municipalities (municipalities from each of the four counties 

where the data collection from people with T2DM was performed), of which 31 e-mail 

addresses were invalid. A total of 262 employees responded. Of the 193 with T2DM who 

participated, 121 (63%) were males and 66 (34%) females (six individuals with missing value 

for gender); 106 (55%) had completed education at the upper-secondary level, with 69 

(36%) completing education at the university level. The mean age of people with T2DM 

was 62.5±11.1 years. Of the 262 municipality employees, 48 (18%) were males and 207 

(79%) females (seven individuals with missing value for gender), 69 (26%) had completed 

education at the upper-secondary level and 182 (70%) had completed education at the 

university level. The mean age of the municipality employees was 45.1±10.8. 

 

In the pilot study, the HLS-EU-Q47 and FCCHL were tested against the unidimensional 

Rasch model. The HLS-EU-Q47 and the FCCHL suffered from locally independent items, 

items with unordered response categories, items functioning differentially across levels of 

person factors and poor data-model fit.  

 

Based on the pilot study, as many as 17 of the HLS-EU-Q47 items were adapted further, 

with the intent of improving fit to the unidimensional Rasch-model. Based on the cognitive 

interviews and the pilot study of the FCCHL, a subordinate clause was added to the FHL1 

and FHL5 items to clarify item content. 

Data analyses (I-IV) 

Rasch modelling and CFA were used to evaluate the psychometric properties of the HLS-

EU-Q47 (I and III), FCCHL (II), the newly developed HLS-N-Q12 and other associated 

short versions of HLS-EU-Q47 (III). Descriptive statistics, such as frequencies, percentage, 

mean and standard deviation (sd), were used to describe the sample, whereas t-tests and 

ANOVA (II and IV), along with sequential multiple linear regression, were used to 

investigate the relationship between HL and person factors (IV) (Table 1). 
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Psychometric evaluation of HLS-EU-Q47, FCCHL and HLS-N-Q12 

Rasch modelling was used together with CFA to evaluate the psychometric properties of 

the instruments HLS-EU-Q47, FCCHL and HLS-N-Q12 at overall level (dimensionality, 

data-model fit and reliability)(I-IV), whereas Rasch modelling was applied for analyses at 

item level. The same validation procedure was performed for the HL-SF12 and the HLS-

EU-Q16 (III). Scale and subscale reliability was assessed using person separation index 

(PSI) (I-IV), person separation reliability (PSR) (I-III), Coefficient H (III and IV) and 

Cronbach’s alpha (I). 

 

Using the statistical packages RUMM2030 (Andrich, Sheridan, & Luo, 2003) and ConQuest 

4 (Adams, Wu, & Wilson, 2015), the data were tested up against the partial-credit 

parametrisation of the unidimensional Rasch model (Rasch, 1980) and the partial-credit 

parametrisation of the multidimensional random coefficients’ multinomial logit model 

(MRCML; Adams et al., 1997). RUMM2030 applies pairwise maximum-likelihood 

estimation (PMLE; Katsikatsou, Moustaki, Yang-Wallentin, & Jöreskog, 2012) for item-

location estimates, whereas ConQuest 4 uses marginal maximum-likelihood estimation 

(MMLE; Bock & Aitkin, 1981) for item-location estimates. Both statistical packages apply 

Warm’s mean-weighted likelihood estimation (WLE) for person-location estimates (Warm, 

1989). CFA was performed using SPSS 23 AMOS (IBM Corporation, 2015)(I) and LISREL 

9.30 (Jöreskog & Sörbom, 2017) softwares (II, III and IV). AMOS applies maximum-

likelihood estimation, whereas robust maximum-likelihood estimation was applied using 

LISREL. 

Rasch modelling 

Applying Rasch modelling to the HLS-EU-Q47 (I and III) and the associated short versions 

(III and IV) the following hypothesis was tested: ‘The composite scale represents a well-

targeted scale with acceptable person separation (reliability) that consists of locally 

independent items. The items have ordered response categories, are functioning in the same 

way for the different levels of relevant person factors (DIF) and show acceptable individual 

fit to the unidimensional polytomous Rasch model’. 

 

When performing Rasch modelling, unidimensional, multidimensional (two-, three- and 12-

dimensional) and consecutive approaches of the HLS-EU-Q47 were applied and compared 

(I and III), whereas unidimensional (IV) and three-dimensional approaches were applied 

and compared (III) for the short versions. The consecutive and the two- and three-

dimensional approaches were also applied for the FCCHL data (II). A unidimensional 

approach implies testing data against the unidimensional Rasch model and assumes that all 

the items measure one single dimension or one single latent trait (Allen & Wilson, 2006; 
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Briggs & Wilson, 2003). The multidimensional approach refers to an oblique or unrestricted 

multidimensional Rasch analysis where the sub-dimensions of the latent trait are allowed to 

covary. When applying the consecutive approach, the subscales are treated as orthogonal 

and uncorrelated. Likelihood-ratio chi-square test statistics were used to compare data-

model fit for nested models, such as one-, three and 12-dimensional models of HLS-EU-

Q47 data (I and III) and two- and three-dimensional models of FCCHL data (II). Akaike’s 

information criterion (AIC; Akaike, 1974) was used to compare the data-model fit for non-

nested models (II and III). Lower values of deviance and AIC indicate a better fit between 

the data and the model (Adams & Wu, 2010). Data-model fit of the short versions was 

assessed using total item chi-square (III and IV) (Table 4). 

 

Dimensionality was explored using the combined PCA and t-test procedure (Hagell, 2014; 

Smith, 2002). The targeting of the instruments was explored comparing the distribution of 

the item threshold estimates to the distribution of the person estimates (Tennant & 

Conaghan, 2007). Analyses at item level included analyses of item fit, DIF, response 

dependence and ordering of the response categories. Analyses performed to answer the 

aforementioned hypothesis are specified in Table 4.  
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Table 4 Types of analyses with reference values 

Analyses Tests  Reference Software  

Dimensionality PCA/t-test 
procedure 

Proportions of significant t-
tests >5 % indicate 
multidimensionalitya 

 

RUMM2030 

 Fractal indices 
r: correlation 
between subscales 
c: the subscale’s 
unique variance 
A: common 
variance of the 
subscales  
 

Low values of r and A, along 
with high values of c, indicate 
multidimensionality b 

RUMM2030 

Data-model fit Akaike’s 
information 
criterion (AIC) 
 
Deviance 
 

Total item 2 with 
p-values 
 

 
 
Lower values indicate better 
data-model fitc 

 

 

Insignificant total item 2 
indicates good data-model fit 

 
 
ConQuest4 
 
 
 
RUMM2030 

Item fit 2 statistics with p-
values 
 
 
fit residuals 

P-values <5 % Bonferroni-
adjusted are deemed as misfit 
 
Values under/above -2.5/ 2.5 
indicate over-/under-
discriminationd 

 

RUMM2030 
 
 
RUMM2030 

 Infit weighted mean 
square (MNSQ) 

Infit values outside 95% 
confidence interval and T-
values >1.96 indicate under-
discriminating itemse 

 

ConQuest4 

Differential item 
functioning 
(DIF) 

Analysis of variance 
(two-way ANOVA) 

High F-values with 
probability <5% Bonferroni-
adjusted indicates DIFf 

 

RUMM2030 

Targeting Person-item 
location 

The distribution of person 
location estimates reflects the 
distribution of the item 
location estimates.  
Logit values close to 0 
indicate good targeting 
between the person’s ability 
and the item difficultyg 

 

RUMM2030/ 
ConQuest4 

  
 
 
 
 

 continued 
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Table 4 Continued  

Analyses Tests  Reference Software  

Response 
dependence 

Residual 
correlations 

>0.3 indicates response 
dependenceh 

 

RUMM2030 

Ordering of 
response 
categories  
 

Ordering of 
thresholds  

That the thresholds are in 
correct orderi 

 

RUMM2030 

Reliability Person separation 
index (PSI) 
person separation 
reliability (PSR) 

>0.85 at individual level 
>0.65 at group levelj 

RUMM2030 
 
ConQuest4 

Suggestions for references (a selection) for the different analyses: a(Smith, 2002), b(Andrich, 2009), c(Akaike, 1974), 
d(Pallant & Tennant, 2007) e(Adams & Wu, 2010), f(Andrich & Hagquist, 2014), g(Tennant & Conaghan, 2007), 
h(Andrich, Humphry, & Marais, 2012), i(Hagquist & Andrich, 2004), j(Frisbie, 1988). 

 

In addition to the analyses mentioned above, item-location estimates were used to describe 

the items’ difficulty levels (I-IV). 

Confirmatory factor analysis 

CFA was used to assess the overall model fit, including discriminant validity 

(dimensionality) and factorial validity (loadings or common variance) (I-IV). To assess data-

model fit, the goodness-of-fit indices described in Tables 5 and 6 were used.  

 

Table 5 Goodness-of-fit indices applied when CFA was performed using the SPSS 23 AMOS software (I) 

Fit indices Good-model-fit criteria 

Normed chi-square (2/df), Values <0.3 are acceptablea 
 

Root-mean-squared error of 
approximation (RMSEA) 
 

Values <0.06 indicate good model fit;  
Values <0.08 are considered acceptableb  

Comparative fit index (CFI) Values 0.95 indicate good model fit  
Values >0.9 are considered acceptableb  

References: aKline (1998), bBrown (2015)  

 

AMOS was used only in paper I. AMOS uses maximum-likelihood estimation, and might 

not accurately estimate categorical variables (Albright & Park, 2009). It could be discussed 

whether data from a four-point rating scale can be considered to be at interval level (Hair, 

2014). If data are considered ordinal, it is recommended to use PRELIS to calculate 

polychoric correlation matrices, which are used to create an asymptotic covariance matrix 

for input into LISREL (Flora & Curran, 2004; Schumacker & Lomax, 2010). LISREL uses 

robust maximum-likelihood estimation and outputs the Satorra-Bentler scaled chi-square, 

which is adjusted for deviations from normal distribution owing to data at the ordinal level 
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(Satorra & Bentler, 2001, 2010). AMOS and LISREL include slightly different sets of 

goodness-of-fit indices, but both include key values such as chi-square statistics, RMSEA 

and CFI (Hair, 2014). 

 

Table 6 Goodness-of-fit indices applied when CFA was performed using the LISREL software (II, III, IV) 

Fit indices Good-model-fit criteria 

Satorra-Bentler scaled chi-square, p  
p > 0.05 

Normed Satorra-Bentler chi-square (2/df), Values <0.3 are acceptablea 

Standardised root-mean-square residual (SRMR) 

 
Values < 0.05 indicate good model fitb 
Values <0.08 could be deemed acceptablec  

 
RMSEA  Values ≤ 0.05 indicate good model fitb  

Values <0.08 could be deemed acceptablec 

 
CFI 

> 0.95b 
Non-normed fit index (NNFI) (equal to Tucker 
and Lewis fit index, TLI) 
 

> 0.95b 

Coefficient H (reliability) 
>0.85 at individual level 
 >0.65 at group level 

References: aKline (1998) bSchumacker and Lomax (2010), cHu and Bentler (1999) 

 

The fit of the HLS-N-Q12 (and the HL-SF12 and HLS-EU-Q16) was also described using 

log-likelihood statistics, such as -2LL (deviance), AIC and the Bayesian information 

criterion (III). In addition, communality values was described. Communality is the squared 

factor loadings. Factor loadings provide information on to what extent an item/variable 

can measure the latent variable – in this case, HL. Hence, the value of communality 

indicates the amount of variance for each item that could be accounted for by the latent 

variable (Brown, 2015; Schumacker & Lomax, 2010).  

 

Goodness-of-fit indices and AIC obtained from CFA were used with likelihood-ratio test 

statistics and AIC obtained from Rasch modelling to compare data-model fit of the various 

short versions (HLS-N-Q12, HL-SF12 and HLS-EU-Q16) and to compare the 

unidimensional and three-dimensional approaches to the short versions (III). 

Measuring health literacy in people with T2DM (II and IV) 

When applying the FCCHL (II) and the HLS-N-Q12 (IV) to measure HL in people with 

T2DM, the raw data were transformed into logit values using ConQuest4 and RUMM2030, 

respectively. Hence, analyses were performed on person-location estimates, which could be 

considered as continuous data and at interval level. Descriptive statistics were used to 
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describe the samples: frequencies and percentages for categorical/nominal data (such as 

gender, educational level, general health, HbA1c [when dichotomised], health behaviour 

and empowerment related indicators) and mean, standard deviation, median and range for 

continuous data (such as age and HbA1c). Furthermore, independent t-tests and ANOVA 

were used to compare HL across different levels of person factors (II and IV). Independent 

t-tests were used to compare mean scores of HL for dichotomous person factors, such as 

gender, educational level and empowerment-related indicators, whereas ANOVA was used 

to compare mean scores of HL across different age groups. Variables that gave statistically 

significant differences in HL (education, general health and empowerment-related 

indicators) were entered sequentially as independent variables in a sequential multiple linear 

regression analysis (IV). Analyses were performed using SPSS versions 23 and 24 (IBM 

Corporation, 2016). 

Handling missing data 

Missing data are a common problem in self-reporting measures (Fox‐Wasylyshyn & El‐

Masri, 2005), but we observed few missing values in our data. Applying the HLS-EU-Q47 

in people with T2DM (data collected using paper-and-pencil questionnaires) 34 out of 47 

items had less than 10 missing values (I). Applying the HLS-EU-Q47 in the general 

Norwegian population (data collection using phone interviews), no missing data were 

observed (III). In both populations, ‘don’t know’ responses were later recoded to missing 

values. There was, on average, 3% (29/900) and 7% (29/388) ‘don’t know’ responses per 

item for the general Norwegian population (III) and for people with T2DM (I), respectively.  

In people with T2DM, item 36 (‘find out about efforts to promote your health at work’) 

had the highest number of missing values (21) and ‘don’t know’ responses (110), which 

might be due to the large proportion of retirees in this sample (85%) (I). Hence, the 

missingness in this item could not be considered “missing completely at random (MCAR) 

(Fox‐Wasylyshyn & El‐Masri, 2005). In the general Norwegian population, item 2 (‘find 

information on treatments of illnesses that concern you’) had the highest amount of ‘don’t 

know’ responses (69).  

 

Few items had missing values when applying the FCCHL in people with T2DM (II). Item 

FHL5 had the lowest number of missing values (five), whereas items IHL3 and CHL3 had 

the highest (15). Recoding ‘don’t know’ responses to the FCCHL to missing values resulted 

in seven missing values for item FHL1 as the lowest and 37 for item CHL2 as the highest. 

The higher number of missing values for the IHL and CHL subscales might be owing to 

the fact that these items were printed on the back of a page. This missing was interpret as 

not reached. The 10 respondents who seemed to overlook the IHL and CHL subscale items 

were removed from the analyses. 
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Except for reasons of missing data described above, the missing data could be considered 

completely at random (after performing Little's Missing Completely at Random Test (Little, 

1988). 

  

IRT analyses handles missing values (Salzberger & Sinkovics, 2006). Hence, when applying 

Rasch modelling to evaluate the psychometric properties of the HLS-EU-Q47, the HLS-

N-Q12 and the FCCHL, analyses were conducted on incomplete data (except the subtest 

analyses in RUMM) (I-IV). When performing CFA on the HLS-EU-Q47 using the SPSS 

AMOS software (I), mean imputation was used to achieve a complete data set. The imputed 

values were calculated based on the individual’s score on the completed items in the 

respective health domain. However, as recommended by the HLS-EU Consortium (2012), 

individuals with fewer than 38 responses out of 47 (70 individuals) were excluded from the 

data set before running CFA (I). Running CFA on the FCCHL and the HLS-N-Q12 using 

the LISREL software (II-IV), the default “listwise deletion” was applied. As recommended 

by Polit and Beck (2012), listwise deletion was used for the independent variables in the 

sequential multiple-regression analyses. 

Ethical considerations 

The studies have been conducted in accordance with ethical principles stated in The ICN 

code of ethics for nurses (ICN, 2012) and in The ethical guidelines for nursing research in the Nordic 

countries (Northern Nurses Federation, 2003). The latter ethical guidelines were developed 

based on the United Nations’ (UN) Universal Declaration of Human Rights (United 

Nations, 1948) and the Helsinki Declaration (World Medical Association, 1964), and 

include four ethical principles – autonomy, beneficence, non-maleficence and justice – all 

of which have been considered throughout this doctoral study.  

 

Central to the principle of autonomy is that participation in research should be voluntary and 

based on informed consent (Northern Nurses Federation, 2003). Attached to the paper-

and-pencil questionnaire (I, II and IV) was an information letter distributed to respondents. 

The letter contained information about the purpose of the study, that participation was 

voluntary and that the respondents could withdraw from the study at any time without 

giving any reasons. The respondents also were informed that participation in the study and 

their answers would not affect their follow-up from the health care system, and that 

withdrawing from the study would not elicit negative consequences for future follow-up. 

Similar information was given orally to those who responded through phone interviews 

(III). Principles such as anonymity and confidentiality were ensured throughout the entire 

research process. The questionnaires were anonymised with codes, and the code list with 

names was stored separately from the questionnaires (I, II and IV). The questionnaires were 
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stored in lockable cabinets, whereas the code list was stored on a password-protected PC. 

The respondents could not be identified by their answers. The identities of those 

responding through phone interviews (III) are unknown.  

 

According to the principle of beneficence, research should be of potential benefit for target 

individuals and populations (Northern Nurses Federation, 2003). So far, there has been a 

lack of knowledge about HL in people with T2DM (especially regarding HL in a broader 

perspective) and in the general Norwegian population. Hence, this research may lead to 

that nurses (and other health professionals) becoming more aware that people might have 

different levels of HL and tailoring health communication to the individual’s HL. Hence, a 

potential benefit might be that individuals get more customised health information and, 

consequently, to a larger extent, can use this information to manage and promote own 

health. The instruments used for measuring HL in this study, until now, had not been 

properly validated. Knowledge-based interventions in nursing practice should be 

implemented based on findings obtained from valid and reliable instruments, as such 

findings might contain less bias, and interventions, consequently, might be more 

appropriate and based on  individuals’ needs. For the results to benefit the target groups, it 

is important that the results and their implications are accessible to nurses and other health 

professionals who provide health information. Along with the papers included in this thesis, 

the results and implications should be presented at conferences and in other forums where 

nurses and other health professionals are present. Publications adapted to target 

populations also should be utilised to publish such data.  

 

In addition to benefits, it is necessary to reflect on the principle of non-maleficence, i.e., the 

research must not impart harmful effects on respondents (Northern Nurses Federation, 

2003). The respondents in this doctoral study were not exposed to injury or strain. 

However, it is necessary to reflect on the complexity of asking questions about knowledge 

and skills. On one hand, it could be beneficial, as respondents might become more aware 

of HL skills. On the other hand, it may be perceived as humiliating for respondents to 

disclose their lack of such skills and worry about the risk of stigma. In addition, the 

questionnaire was quite lengthy and could have been quite time-consuming to fill out. The 

mean age of people with T2DM in this study was quite high (I, II and IV). Hence, it is 

possible that it could have been stressful to complete the questionnaire. However, an 

advantage of using paper-and-pencil questionnaires is that it is possible for respondents to 

take breaks whenever they wish. As data were collected using paper-and-pencil 

questionnaires and phone interviews conducted by an agency, the respondents were not in 

direct contact with researchers. Thus, it might have been difficult to ask clarifying questions. 

However, in the information letter, contact information was provided, and respondents 

were invited to contact researcher (HSF) if necessary. 
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The principle of justice indicates that it is the duty of the researcher to protect weak groups and 

to ensure that these groups are not exploited in research (Northern Nurses Federation, 

2003). As data were collected using paper-and-pencil questionnaires and phone interviews 

conducted by an agency, there has not been close contact between researchers and 

respondents. Hence, it is not known whether the respondents could be considered as 

particularly vulnerable. The respondents with T2DM had on average relatively high age. 

However, most people with T2DM (82%) reported fairly good to very good health. The 

same was true for the general Norwegian population, in which 92% reported fairly good to 

very good health. 

 

Both the pilot and main studies were reported and approved at the Norwegian Centre for 

Research Data (NSD) under reference numbers 35789 and 38917, respectively. The study 

was not considered to be notifiable at Regional Committees for Medical and Health 

Research Ethics (REC). During the cognitive interviews, data concerning individuals’ 

understanding of the questions were collected, but were not linked to personal data. Hence, 

ethical approval was not needed for the cognitive interviews. Nevertheless, the interviewees 

were treated with respect, participation was voluntary and the interviews took place after 

informed consent.  

 

Permission to use the HLS-EU-Q47 and FCCHL was received from the respective 

developers. 
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Main results 

The results are presented in four sections: ‘Psychometric properties of HLS-EU-Q47 (I and 

III)’, ‘Development and validation of HLS-N-Q12 (III and IV)’, ‘Psychometric properties 

of FCCHL (II)’ and ‘Health literacy in people with T2DM (II and IV) and in the general 

Norwegian population (III)’. In addition, some unpublished descriptive results regarding 

health literacy (HL) in people with type 2 diabetes (T2DM) and in the general Norwegian 

population are described. At the end of this result section, a short summary of the main 

results is presented. 

Psychometric properties of HLS-EU-Q47 (I and III)  

Applying Rasch modelling and confirmatory factor analysis (CFA), psychometric 

weaknesses of the HLS-EU-Q47 were observed at both the overall and item levels. 

Overall fit 

Rasch modelling indicated that the requirement of local independence was violated by both 

trait dependence (multidimensionality) and response dependence. Subtest analyses showed 

that the HLS-EU-Q47 could not be considered sufficiently unidimensional (I and III). 

Using a likelihood-ratio test, the data showed best fit to a 12-dimensional model both in 

people with T2DM (I) and in the general Norwegian population (III; Table 7), which was 

supported by CFA as the 12-dimensional model obtained best goodness-of-fit indices. 

Performing Rasch modelling, the consecutive approach had the poorest data-model fit 

(highest AIC and deviance) for data from the general Norwegian population (III) and a 

worse fit than the three-dimensional approach for data from people with T2DM (I). 

Response dependence was observed in several pairs of items. All nine pairs that showed 

response dependence in data from the general Norwegian population (III) also showed 

response dependence in data from people with T2DM (I). Furthermore, 15 additional pairs 

of items showed response dependence in people with T2DM. The unidimensional 

approach obtained high reliability values (PSR=0.95 [T2DM] [I] and 0.93 [general 

Norwegian population] [III]), but they are biased by response dependence. Several of the 

12 subscales obtained from the 12-dimensional approach obtained reliability indices lower 

than recommended values (I and III). 
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Analyses at item level 

Regardless of analysis approach to the dimensions, several items under-

discriminated. Applying the unidimensional approach on data from people with 

T2DM (I) and in the general Norwegian population (III), seven and five items 

under-discriminated, respectively, with four of the items (29, 38, 45 and 47) 

under-discriminated in both populations. Applying the three-dimensional 

approach, four items (11, 12, 29 and 30) under-discriminated in both populations. 

Additional four items (15, 31, 45 and 47) under-discriminated in people with 

T2DM (I), and one item (38) in the general Norwegian population (III). Applying 

the 12-dimensional approach, only two items (11 and 38) under-discriminated in 

people with T2DM (I), whereas five items (12, 18, 19, 38 and 43) under-

discriminated in the general Norwegian population (III).  

 

While few items displayed DIF in data from people with T2DM (item 45 

displayed uniform and items 16 and 19 displayed non-uniform DIF for gender 

when the 12-dimensional approach was applied [I]), several items displayed DIF 

for gender, age and education in data from the general Norwegian population 

(III), indicating that the items are within-item biased (applying the 

unidimensional approach, two, 10 and three items displayed DIF for gender, age 

and education, respectively. Applying the consecutive approach to the three 

health domains, two, 13 and six items displayed DIF for gender, age and 

education, respectively, and applying the consecutive approach to the 12 

subscales, two, 13 and eight items displayed DIF for gender, age and education, 

respectively). 

 

None of the items showed unordered response categories in data from people 

with T2DM (I), whereas three items (8, 15 and 21) showed unordered response 

categories when applying the unidimensional and consecutive approach to the 

three health domains in data from the general Norwegian population (III). 

Development and validation of HLS-N-Q12 (III and IV) 

We wanted to develop a short version reflecting the conceptual HL model 

scaffolding the HLS-EU-Q47 and also meeting the requirements of objective 

measurement. The HLS-N-Q12 was developed stepwise, excluding poorly 

discriminating items, items displaying DIF, and items found to be redundant in 

papers I and III. In addition, the selection of items was based on a qualitative 

evaluation of the item content. The 12-cell matrix of Sørensen et al. (2012) also 
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was used to ensure that important HL information was not lost. Hence, the HLS-

N-Q12 comprises items from the four cognitive domains across the three health 

domains, one item from each of 12 theoretical sub-dimensions. The following 

items from the HLS-EU-Q47 are included in the HLS-N-Q12: 2, 7, 10, 14, 18, 

23, 28, 30, 32, 38, 43 and 44 (please see Table 8 for item wording).  

 

The HLS-N-Q12 displayed acceptable fit to the unidimensional Rasch model 

(total item chi-square: 62.80, p= 0.377 and 112.61, p= 0.361 in data from people 

with T2DM [IV] and in the general Norwegian population [III], respectively), 

achieved acceptable goodness-of-fit indices (except RMSEA in people with 

T2DM) using CFA, and obtained acceptable reliability both in the general 

Norwegian population (PSI=0.75 and H coefficient= 0.83; III) and in people 

with T2DM (PSI=0.85 and H coefficient= 0.92; IV). Performing Rasch 

modelling, a minor violation in unidimensionality was found when applying the 

combined PCA and t-test procedure in data from the general Norwegian 

population (III). Investigating the lower binominal 95% confidence interval (CI) 

proportion indicated acceptable unidimensionality in people with T2DM (IV). 

Moreover, no items showed response dependence; thus, the requirement of local 

independence could be considered met. All items showed good fit to the Rasch 

model, and no items displaying DIF were observed. All items had ordered 

response categories (III and IV). The HLS-N-Q12 also could be considered quite 

well-targeted both in people with T2DM and in the general Norwegian 

population, as the mean person levels were 0.78 (Figure 1) and 0.76 (Figure 2), 

respectively. The item thresholds could be considered well-distributed along the 

continuum and fit the person-location estimates well. 
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Figure 1 The distribution of person-location estimates (above the x-axis) and the distribution of item-location 

estimates (below the x-axis) for the HLS-N-Q12 in people with T2DM 

 

 

 

 
Figure 2 The distribution of person-location estimates (above the x-axis) and the distribution of item-location 

estimates (below the x-axis) for the HLS-N-Q12 in the general Norwegian population 

 

Psychometric properties of FCCHL (II) 

Overall fit 

Investigating data-model fit using likelihood ratio test statistics, the FCCHL 

obtained best fit to a three-dimensional Rasch model (treating the three subscales 

as correlated). Relatively high correlation was found between the IHL and CHL 

subscales (r = 0.80 and r = 0.75, using original data set in consecutive and 
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multidimensional analyses, respectively), whereas relatively low correlation was 

found between the FHL subscale and the IHL and CHL subscales (FHL and 

IHL r = 0.32 and r = 0.21, FHL and CHL r = 0.16 and r = 0.20). The three-

dimensional approach also had better data-model fit (AIC = 13,453) than the 

more frequently used consecutive approach (AIC = 14,066; treating the subscales 

as uncorrelated). However, the data fit better to the consecutive approach than 

the unidimensional model (AIC = 14,388; treating the subscales as parallel and 

measuring HL as one single dimension). The three correlated subscales obtained 

acceptable reliability (person separation reliability [PSR] = 0.84, 0.79 and 0.81 for 

FHL, IHL and CHL, respectively). The three-factor model also obtained best 

goodness-of-fit indices through CFA. 

Analyses at item level 

Investigating the FCCHL at item level, misfitted items and items with within-

item bias were observed. The items FHL1, FHL5 and IHL4 under-discriminated 

according to Rasch-model expectations when the three-dimensional (and 

consecutive) approach was applied. These items also had the lowest factor 

loadings when performing CFA. FHL1 also displayed DIF favouring males. 

Moreover, items with unordered response categories (IHL2 and IHL3) were 

observed when applying the consecutive and unidimensional approaches, 

whereas response category No. 2 (‘very seldom’) did not work as intended.  

Resolving items with misfit 

Based on the results from the validation procedure, a new 12-item version of the 

FCCHL was explored, in which the under-discriminating items FHL1 and FHL5 

were discarded, and the response categories ‘very seldom’ (2) and ‘quite seldom’ 

(3) were merged for the IHL items. Applying Rasch modelling, the three-

dimensional model of the suggested 12-item FCCHL obtained much lower AIC 

(ΔAIC = 13453-10904=2549) than the three-dimensional model of the original 

14-item version. There were no big differences observed in the goodness-of-fit 

indices obtained from CFA between the models. Despite fewer items, the 

reliability (PSI/PSR) of the FHL subscale increased slightly (from 0.85 to 0.88 

and from 0.84 to 0.89 when applying the consecutive and three-dimensional 

approaches, respectively) when the items FHL1 and FHL5 were excluded. 

However, despite under-discrimination, the IHL4 was kept in the IHL subscale 

because excluding this item would lead to decreased PSI, and important 

information would have been lost. Hence, a 12-item version of the three-
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dimensional FCCHL with more response categories than the original achieved 

the best fit and could be used for measuring HL in people with T2DM.  

Health literacy in people with T2DM through FCCHL (II) and HLS-

N-Q12 (IV)  

Investigating item difficulty by applying the FCCHL in people with T2DM, items 

FHL3 (‘found that the content was too difficult’), IHL3 (‘understood the 

obtained information’) and CHL1 (‘considered whether the information was 

applicable to your situation’) had the lowest item-location estimates (-0.259,           

-0.727 and -0.328, respectively) on the respective subscales and, consequently, 

were the easiest items to endorse. With the highest item-location estimates within 

the respective subscales FHL2 (‘found characters and words that you did not 

know’), IHL4 (‘communicated your thoughts about your illness to someone’) and 

CHL3 (‘checked whether the information was valid and reliable’) were the 

hardest to endorse (item-location estimates of 0.188, 0.633 and 0.423, 

respectively [II]).  

 

Applying the HLS-N-Q12, item 23 (‘understand why you need health 

screenings’) was the easiest to endorse (item-location estimate of -3.161), whereas 

items 28 (‘judge if the information on health risks in the media is reliable’) and 

10 (‘judge the advantages and disadvantages of different treatment options’) had 

the highest location estimates (1.171 and 1.156) and, thus, were the hardest to 

endorse (IV).  

 

Investigating HL by means of the FCCHL in people with T2DM across 

demographic variables, those who completed their education at the university 

level had a significantly higher FHL (mean 1.928 vs. 0.638, p=0.001), IHL (mean 

1.006 vs. 0.514, p=0.005) and CHL (mean 0.583 vs. 0.088, p=0.008) than those 

with lower educational levels. Those who reported good overall health had a 

significantly higher FHL (mean 1.233 vs. 0.260, p=0.035), IHL (mean 0.756 vs. 

0.213, p=0.011) and CHL (mean 0.226 vs. -0.231, p=0.036) than their 

counterparts. Applying the FCCHL, females were found to have significantly 

higher FHL proficiency than males (mean 1.556 vs 0.661, p=0.011; II). Those 

who had completed education at the university level and those who reported 

good overall health also had significantly higher HL when the HLS-N-Q12 was 

applied (mean 1.195 vs. 0.599, p=0.001 and mean 0.892 vs. 0.235, p=0.002, 

respectively [IV]). No significant differences in HL were observed across gender 

when applying the HLS-N-Q12 (IV). No significant differences in HL were 
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observed across age or HbA1c (II and IV), nor were any significant differences 

observed between age groups when treating the variable age as categorical. 

Investigating HL between those reporting (n=312) HbA1c levels against those 

not reporting (n=76) their HbA1c, the former group had significantly higher HL 

as measured by the HLS-N-Q12 (mean 0.852 vs. 0.459, p=0.044; IV). Those who 

reported their latest HbA1c levels also had significantly higher FHL (mean 1.249 

vs. 0.160, p=0.023) and CHL (mean 0.211 vs. -0.171, p=0.035) than their 

counterparts when applying the FCCHL (II).  

 

Applying the HLS-N-Q12, no significant differences in HL were observed for 

health-behaviour variables, but those who reported the empowerment-related 

indicators as easy had significantly higher HL (control health: mean 1.044 vs. 

0.229, p<0.001; implement goals: mean 1.213 vs. 0.425, p<0.001; responsibility: 

mean 1.075 vs. 0.213, p<0.001; participate actively: mean 1.105 vs. 0.086, 

p<0.001). A significantly higher HL also was found in those reporting that they 

had been in contact with a nurse (n= 214) regarding their health situations, 

compared with those who had not (n=150; mean 0.967 vs. 0.594, p=0.021; IV).  

 

The variables that showed statistically significant differences in HL when 

applying the HLS-N-Q12 were entered further as independent variables in 

sequential multiple linear regression (IV). The independent variables education, 

health and empowerment-related indicators explained about 17% of the variance 

on the dependent variable HL. Furthermore, the empowerment-related 

indicators contributed the most to the variance in HL proficiency (12%). The 

items ‘implement goals about your own health’ and ‘participate actively in health 

communication with health professionals’ made the strongest and most 

significant contributions to the final model (β=0.14, p=0.049 and β=0.17, 

p=0.006, respectively), along with variable education (β=0.13, p=0.032). 

Health literacy in the general Norwegian population through HLS-

N-Q12 (III) 

Item-location estimates were reported to describe the item difficulty of HLS-N-

Q12. As for people with T2DM, item 23 (‘understand why you need health 

screenings’) was the easiest to endorse (item-location estimate of -1.158). The 

items 28 (‘judge if the information on health risks in the media is reliable’) and 

10 (‘judge the advantages and disadvantages of different treatment options’) had 

the highest location estimates (1.068 and 0.892, respectively) and, thus, were the 

hardest to endorse (III).  
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Unpublished results 

In addition to results obtained through the papers (I-IV), some supplementary 

unpublished results regarding HL in people with T2DM and in the general 

Norwegian population obtained from the HLS-EU-Q47 and the FCCHL are 

described below.  

Percentage distribution in responses to HLS-EU-Q47 items in 

people with T2DM and in general Norwegian population 

The percentage of ‘difficult’ or ‘very difficult’ responses for each item could be 

used to describe HL in people with T2DM and in the general Norwegian 

population (Table 8). As the age composition in the sample of people with T2DM 

was between 50 and 92, those in the general Norwegian population below 50 

years old were excluded when comparing the responses of people with T2DM 

with people in the general Norwegian population. 

 

Table 8 Percentage (%) distribution of ‘difficult’ or ‘very difficult’ responses of all HLS-EU-Q47 items for 

people in the general Norwegian population compared with people with T2DM  

HD CD Item Na1  

n=900 
% 

Na2 

n=415 
% 

T2DMb 

n=388 
% 

Difference 
% 

 On a scale from very difficult to very 
easy, how easy would you say it is to:  

    

HC A 1) find information about symptoms of 
illnesses that concern you 16 22 19 3 

 A 2) find information on treatments of 
illnesses that concern you 23 28 24 4 

 A 3) find out what to do in case of a medical 
emergency 27 32 30 2 

 A 4) find out where to get professional help 
when you are ill 13 13 8 5 

 B 5) understand what your doctor says to 
you 16 16 9 7 

 B 6) understand the leaflets that come with 
your medicine 28 30 25 5 

 B 7) understand what to do in a medical 
emergency 40 43 38 5 

 B 8) understand your doctor’s or 
pharmacist’s instruction on how to take a 
prescribed medicine 4 4 6 -2 

 C 9) judge how information from your 
doctor applies to you 15 14 11 3 

 C 10) judge the advantages and 
disadvantages of different treatment 
options 58 58 54 4 

       

   continued 



58 

 

 

Table 8 Continued     

HD CD Item Na1  

n=900 
% 

Na2 

n=415 
% 

T2DMb 

n=388 
% 

Difference 
% 

  On a scale from very difficult to very 
easy, how easy would you say it is to: 

    

 C 11) judge when you may need to get a 
second opinion from another doctor 52 45 42 3 

 C 12) judge if the information about illness 
in the media is reliable 68 71 59 12 

 D 13) use information the doctor gives you 
to make decisions about your illness 24 23 20 3 

 D 14) follow the instructions on medication 9 9 12 -3 
 D 15) call an ambulance in an emergency 5 6 11 -5 
 D 16) follow instructions from your doctor 

or pharmacist 5 6 7 -1 
 
DP 

A 17) find information about how to 
manage unhealthy behaviour such as 
smoking, low physical activity and 
drinking too much 10 12 10 2 

 A 18) find information on how to manage 
mental health problems like stress or 
depression 42 44 49 -5 

 A 19) find information about vaccinations 
and health screening that you should have 32 29 15 14 

 A 20) find information on how to prevent 
or manage conditions like being 
overweight, high blood pressure or high 
cholesterol 15 16 22 -6 

 B 21) understand health warnings about 
behaviour such as smoking, low physical 
activity and drinking too much 4 3 6 -3 

 B 22) understand why you need 
vaccinations 15 18 10 8 

 B 23) understand why you need health 
screenings 7 7 3 4 

 C 24) judge how reliable health warnings 
are, such as smoking, low physical activity 
and drinking too much 14 15 9 6 

 C 25) judge when you need to go to a 
doctor for a check-up 36 27 21 6 

 C 26) judge which vaccinations you may 
need 46 42 38 4 

 C 27) judge which health screenings you 
should have 40 32 14 18 

 C 28) judge if the information on health 
risks in the media is reliable 65 66 55 11 

 D 29) decide if you should have a flu 
vaccination 34 28 23 5 

 D 30) decide how you can protect yourself 
from illness based on advice from family 
and friends 40 43 47 -4 

     continued 
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Table 8 Continued     

HD CD Item Na1  

n=900 
% 

Na2 

n=415 
% 

T2DMb 

n=388 
% 

Difference 
% 

 On a scale from very difficult to very 
easy, how easy would you say it is to: 

    

 D 31) decide how you can protect yourself 
from illness based on information in the 
media 53 54 50 4 

HP A 32) find information on healthy activities 
such as exercise, healthy food and 
nutrition 7 6 14 -8 

 A 33) find out about activities that are good 
for your mental well-being 21 19 20 -1 

 A 34) find information on how your 
neighbourhood could be more health 
friendly 61 61 46 15 

 A 35) find out about political changes that 
may affect health 71 70 59 11 

 A 36) find out about efforts to promote 
your health at work 38 36 34 2 

 B 37) understand advice on health from 
family members or friends 25 32 29 3 

 B 38) understand information on food 
packaging 48 52 48 4 

 B 39) understand information in the media 
on how to get healthier 29 31 37 -6 

 B 40) understand information on how to 
keep your mind healthy 33 31 38 -7 

 C 41) judge how where you live affects your 
health and wellbeing 28 21 25 -4 

 C 42) judge how your housing conditions 
help you to stay healthy 24 16 20 -4 

 C 43) judge which everyday behaviour is 
related to health 12 9 13 -4 

 D 44) make decisions to improve your 
health 36 38 35 3 

 D 45) join a sports club or exercise class if 
you want to 19 19 26 -7 

 D 46) influence your living conditions that 
affect your health and wellbeing 33 31 28 3 

 D 47) take part in activities that improve 
health and wellbeing in your community 31 33 33 0 

HD: health domain; CD: cognitive domain. Theoretically defined health domain subscales; 
DP: disease prevention (15 items); HC: healthcare (16 items); HP: health promotion (16 items) 
Theoretically defined cognitive domain subscales: A: access (13 items); B: understand (11 
items); C: appraise (12 items); D: apply (11 items) 
Na1: Norwegian population, data collection performed using Computer Assisted Telephone 
Interviews, n=900 
Na2: Norwegian population, data collection performed using Computer Assisted Telephone 
Interviews, n=415 (those younger than 50 are excluded) 
b T2DM: people with type 2 diabetes; data collection performed using paper and pencil, 
n=388 
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For most items, respondents in the general Norwegian population had a higher 

percentage of ‘difficult’ or ‘very difficult’ responses. For six of the items (12, 19, 

27, 28, 34 and 35), this difference was above 10%. For eight items (10, 12, 18, 28, 

31, 34, 35 and 38), close to or above half of the respondents, both in people with 

T2DM and in the general Norwegian population, said they found the HL task 

‘difficult’ or ‘very difficult’. Judging whether information in media is reliable 

(items 12 and 28) seems to be viewed as ‘difficult’ for many individuals. 

According to the responses, it is far easier to find information about physical 

health (item 32) than to find information about mental-health problems (item 

18). Regarding health-promoting activities, finding information on how the 

neighbourhood could become more health-friendly (item 34) and finding out 

about political changes that may affect health (item 35) are perceived as ‘difficult’ 

for many people. 

Percentage distribution in responses to FCCHL items in people 

with T2DM  

Responding to the lower end of the response categories of the FCCHL (FHL 

items were reverse-scored) might indicate lower HL. The percentage distribution 

of ‘never’ or ‘seldom’ responses (FHL items ‘often’ and ‘always’) from people 

with T2DM based on the FCCHL is presented in Table 9. 
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Table 9 Percentage (%) distribution of people with T2DM responding with ‘never’ or ‘seldom’ to each 

FCCHL item in the revised 12-item version (FHL items were reverse-scoreda)  

Item Label % 

 In reading instructions or leaflets from 
hospitals/pharmacies,  
you … 

 

FHL1 found that the print was too small to read (even when 
you wore glasses) 

Discardedb 

FHL2 found characters and words that you did not know 40 

FHL3 found that the content was too difficult 35 

FHL4 needed a long time to read and understand them 
because of difficult words and terms 

34 

FHL5 needed someone to help you read them because of 
difficult words and terms 

Discardedb 

 Since being diagnosed with diabetes, you have …  

IHL1 collected information from various sources 30 

IHL2 extracted the information you wanted 12 

IHL3 understood the obtained information 8 

IHL4 communicated your thoughts about your illness to 
someone 

39 

IHL5 applied the obtained information to your daily life 17 

CHL1 considered whether the information was applicable to 
your situation 

33 

CHL2 considered the credibility of the information 37 

CHL3 checked whether the information was valid and reliable 53 

CHL4 collected information to make health-related decisions 42 
FHL: functional health literacy; IHL: interactive health literacy; CHL: critical health literacy.  
aReverse-scored, meaning that the table shows percentage of respondents responding ‘often’ or ‘always’ 
to FHL items. 
bDiscarded: item not reported for the revised 12-item version due to under-discrimination.  

 

Across the three FHL items, over one-third (34-40%) reported that they often or 

always encounter instructions or leaflets that are hard to read and understand 

(Table 9). Within IHL, there were greater variations across the items. Only 8% 

said they never or seldom understand obtained information (IHL3), whereas 

two-fifths never or seldom communicate their thoughts about health and 

illnesses (IHL4). More than half reported that they never or seldom check 

whether obtained information is valid and reliable (CHL3). About a third 

reported that they never or seldom consider whether the information they 

encounter is applicable or credible (CHL1 and CHL2), whereas about two-fifths 

never or seldom collect information to make health-related decisions (CHL4). 
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Summary of main results  

 The HLS-EU-Q47 met Rasch-model expectations neither in people with 

T2DM nor in the general Norwegian population. Applying Rasch 

modelling and CFA, the HLS-EU-Q47 obtained best fit to a 12-

dimensional model both in people with T2DM (I) and in the general 

Norwegian population (III). In addition, several items showed poor fit to 

the Rasch model, were within-item biased (displayed DIF) and were 

collecting redundant information. 

 

 Evaluating psychometric properties by applying Rasch modelling and 

CFA, our newly developed HLS-N-Q12 was found to be a valid and 

reliable instrument both in the general Norwegian population (III) and in 

people with T2DM (IV). The HLS-N-Q12 meets the assumptions and 

requirements of objective measurement.  

 

 Performing Rasch modelling, the FCCHL suffered from under-

discriminated items and items with unordered response categories. 

Resolving misfitted items and unordered response categories, a three-

dimensional, 12-item version of the FCCHL could be considered as a 

valid and reliable scale (confirmed by Rasch modelling and CFA) that 

could be used for measuring HL in people with T2DM (II). 

 

 Regardless of the instrument used, the most challenging HL task for 

people with T2DM and in the general Norwegian population was judging 

whether health information is valid and reliable. Items concerning this 

task had the highest item-location estimates and, thus, could be 

considered the hardest to endorse (II, III and IV).  

 

 People with T2DM who had completed education at the university level 

and those who assessed their general health as good had statistically 

significantly higher HL estimates. No statistically significant differences in 

HL regarding age were found (II and IV), nor were statistically significant 

associations between HL and health behaviour or HbA1c found. People 

with T2DM who perceived empowerment-related indicators as easy had 

statistically significantly higher HL estimates (IV).  
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 People with T2DM who reported that they had been in contact with a 

nurse regarding their health situation during the previous year had 

statistically significantly higher HL than those who had not been (IV). 

 

 Sequential multiple linear regression revealed that about 17% of the total 

variance in HL was explained by the independent variables education, 

health and empowerment-related indicators. Empowerment-related 

indicators contributed the most to the variance in HL (IV). 

 

 According to the HLS-EU-Q47 items, people with T2DM generally had 

a smaller percentage of ‘difficult’ or ‘very difficult’ responses than those 

in the general Norwegian population (unpublished results). 

 

 Applying the FCCHL to people with T2DM, over one-third reported that 

they often or always had trouble reading and understanding written 

materials, and over half seldom or never check whether information is 

valid and reliable (unpublished results). 
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Discussion 

The discussion is divided into two parts: discussion of results and methodological 

considerations. In the first part, the results are discussed according to the aim of 

the thesis, whereas in part two, considerations are discussed according to the 

design and measurement of health literacy (HL). 

Discussion of results 

The overall aim of the thesis was to measure HL in people with type 2 diabetes 

(T2DM) and in the general Norwegian population. Before results about HL in 

these populations could be presented, evaluating the psychometric properties of 

the selected instruments was necessary.  

Psychometric properties of HLS-EU-Q47 (I and III) 

Our hypothesis that the HLS-EU-Q47 would display acceptable fit to the 

unidimensional polytomous Rasch and meet the requirements of fundamental 

measurement was not met. Trait violation (multidimensionality) and response 

violation (response dependence) of local independence were observed. Both in 

people with T2DM (I) and in the general Norwegian population (III), the HLS-

EU-Q47 data showed best fit to a 12-dimensional Rasch model, a result later 

confirmed by Huang et al. (2018). The 12-dimensional factor model also obtained 

the best goodness-of-fit indices when performing CFA on the T2DM dataset. 

Hence, when using the HLS-EU-Q47 to measure HL in people with T2DM or 

in general populations, a multidimensional-analysis approach is recommended. 

However, a 12-dimensional scale would provide 12 sub-scores of the individual’s 

HL. Twelve different but related scores is impractical in clinical situations, and 

few items per subscale implies low reliability and possible bad targeting. 

 

The common practice of summing up a total HL score based on the HLS-EU-

Q47 items, and then based on cut-off values categorize individuals according 

inadequate, problematic, sufficient or excellent HL (Berens et al., 2016; HLS-EU 

Consortium, 2012; Nakayama et al., 2015; Palumbo et al., 2016; Sørensen et al., 

2015; Toci, Burazeri, Sørensen, Kamberi, & Brand, 2015) is problematic. Based 

on our findings regarding violations of unidimensionality, summing up a total 

HL score based on the HLS-EU-Q47 items could not be recommended. A 

multidimensional measure should not uncritically be summed up to one over-all 

score, and the suggested cut-off values for this overall HL score are poorly 

defined. The common practice associated with the HLS-EU-Q47 might 
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therefore result in invalid measures of HL and a description of HL levels that 

might initiate poorly founded health policies and health reforms. Nor the 

consecutive approach to the three health domains could be recommended, as the 

consecutive approach had worse data-model fit than the three-dimensional and 

the 12-dimensional approaches. On the other hand, the three-dimensional 

approach, treating the three health domains as correlated, obtained better data-

model fit than the one- and two-dimensional approaches. The three health 

domains also had acceptable reliability indices both in people with T2DM (I) and 

in the general Norwegian population (III), but these were lower in the general 

Norwegian population compared with other population studies (Duong et al., 

2017a; HLS-EU Consortium, 2012; Nakayama et al., 2015).  

 

Further, when measured up against Rasch models several HLS-EU-Q47 items 

discriminated too poorly between respondents with high and low standing on the 

latent trait(s) (I and III). Under-discriminating items are problematic because they 

tap into other constructs that do not correlate positively with the latent trait 

(Masters, 1988). For example, item 29 (‘decide if you should have a flu 

vaccination’), which under-discriminated in both datasets (people with T2DM 

and the general Norwegian population), might reflect concerns about alleged side 

effects of vaccines. 

 

Even though few items displaying DIF were observed in data from people with 

T2DM (I), several items displayed DIF for age and education in data from the 

general Norwegian population (III). This implies that people with higher vs. 

lower education, as well as younger and older people, probably interpret and 

perceive these items differently. Consequently, comparisons of HL across age 

groups or educational levels might be problematic (Hagquist et al., 2009). 

 

As the HLS-EU-Q47 showed weaknesses in data from people with T2DM (I) 

and in the general Norwegian population (III), and is quite lengthy and time 

consuming, a short version, HLS-N-Q12, was developed. 

Psychometric properties of HLS-N-Q12 (III and IV) 

The newly developed HLS-N-Q12, a short version of the HLS-EU-Q47, has 

several strengths compared with the original HLS-EU-Q47. Evaluated in our two 

samples, the HLS-N-Q12 represented a well-targeted scale with acceptable 

person separation (reliability). All 12 items had ordered response categories, were 

functioning in the same way for the different levels of relevant person factors (no 
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items displayed DIF) and showed acceptable individual fit to the unidimensional 

partial credit Rasch model (III and IV). According to the PCA and t-test 

procedure, the HLS-N-Q12 was strictly unidimensional in people with T2DM 

(IV). When performing CFA on data from the general Norwegian population, a 

three-dimensional approach to the HLS-N-Q12 obtained somewhat better 

goodness-of-fit indices than the unidimensional one (III). Owing to few items 

per subscale, the three subscales obtained low coefficient H values (reliability), 

and a three-dimensional approach might therefore be less usable in practice. 

Moreover, only minor violations of unidimensionality were found when 

considering the lower binominal 95% CI proportions (Hagell, 2014; Hagquist et 

al., 2009). Hence, the HLS-N-Q12 might be considered sufficiently 

unidimensional. Moreover, Horton, Marais, and Christensen (2013) claim that 

the mathematical assumption of unidimensionality is seldom fully met in practice. 

Moreover, HL is a multidimensional concept. Therefore, we should allow small 

violations of dimensionality to increase face validity. Furthermore, 

unidimensionality is a relative matter and also should include an assessment of 

the purpose of the measurement, along with theoretical and practical 

considerations (Andrich, 1988; Hagell, 2014). Providing one HL score on the 

individual, the unidimensional approach to the HLS-N-Q12 is far easier to use in 

practice compared with the three-dimensional one. Performing CFA, the HLS-

N-Q12 obtained acceptable goodness-of-fit indices, except the RMSEA, which 

was higher than recommended in people with T2DM (IV). However, Brown 

(2015) claims that this may be of less concern, as other goodness-of-fit indices 

suggest acceptable model fit.  

Applying Rasch modelling on data from the general Norwegian population, the 

HLS-N-Q12 obtained better fit than the other short versions: HLS-EU-Q16 

(HLS-EU Consortium, 2012) and HL-SF12 (Duong et al., 2017b) (III). Both the 

HLS-EU-Q16 and the HL-SF12 displayed unordered response categories and 

DIF (III). 

In summary, the HLS-N-Q12 can therefore be recommended for use in HL 

screenings at both the individual and community levels. Nevertheless, increasing 

the number of response categories in future studies from four to six could be 

recommended to increase the reliability (Preston & Colman, 2000) of the HLS-

N-Q12. Future studies should further explore the dimensionality of the HLS-N-

Q12. Moreover, item 38 (‘understand information on food packaging’) should be 

further explored, as this item under-discriminated when applying one-, three- and 

12-dimensional approaches to the entire HLS-EU-Q47. However, when applying 
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the unidimensional approach to the HLS-N-Q12, the item showed good model 

fit. Further application of the HLS-N-Q12 to other populations will yield more 

evidence regarding the validity and reliability of the scale. Future validation 

should be performed across cultures, nationalities, ethnicities and in people with 

different health conditions, to ensure that any comparisons of scores are not 

biased by DIF according to these factors (Tennant et al., 2004b).  

Psychometric properties of FCCHL (II) 

Previous studies applying the FCCHL have either treated the subscales FHL, 

IHL and CHL as independent/orthogonal (applying a consecutive approach) or 

as completely parallel (applying a unidimensional approach). Validating the 

FCCHL in chronically ill patients, Dwinger et al. (2015) found that the FCCHL 

showed best fit to two-dimensional models (FHL and a combined IHL and CHL 

scale). Investigating the dimensionality of the FCCHL by applying Rasch 

modelling and CFA in people with T2DM (II), a three-dimensional model re-

flecting the three subscales achieved best fit indices. Applying Rasch modelling, 

the three-dimensional approach obtained better fit (lower AIC) than the consec-

utive one. The reliability (PSR) for the three correlated subscales also was ac-

ceptable. Hence, a three-dimensional approach (in which the correlations be-

tween the subscales are taken into account) is recommended when using the 

FCCHL to describe HL in people with T2DM. However, most goodness-of-fit 

indices (except normed Satorra-Bentler scaled chi-square and SRMR) of the 

three-factor model were below the recommended values when CFA was per-

formed. The goodness-of-fit indices also were lower than those described by van 

der Vaart et al. (2012). Like other studies investigating FCCHL (Dwinger et al., 

2015; Heijmans et al., 2015; Ishikawa et al., 2008; van der Vaart et al., 2012),  

higher correlation between IHL and CHL was found than between FHL and 

those two subscales. 

Compared with Ishikawa et al. (2008), we obtained higher reliability estimates for 

all three subscales in our study. Hence, extending the number of response 

categories could be considered beneficial, at least for the FHL and CHL 

subscales. However, when applying a six-point rating scale, two IHL items (IHL2 

and IHL3) had unordered response categories. Unordered response categories 

could be caused either by multidimensionality within the subscale, a lack of data 

in the relevant part of the continuum or bad targeting (Hagquist & Andrich, 

2004). Application of the combined PCA of residuals and the paired t-test 

procedure indicated that the IHL subscale might violate unidimensionality. 
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Furthermore, few people were located at the locations of reversed thresholds, 

most likely owing to bad targeting. Unordered response categories might also 

occur if respondents experience difficulties discriminating between the response 

options (Pallant & Tennant, 2007). However, the response scale was well 

accepted by the interviewees during the cognitive interviews. The number of 

response categories should be further explored in future studies. 

Applying Rasch modelling, three FCCHL items (FHL1, FHL5 and IHL4) under-

discriminated in both three-dimensional and consecutive approaches. The same 

items had the lowest factor loading on their respective dimensions when applying 

three-dimensional CFA. These under-discriminating items might tap into other 

constructs. Respondents’ opinions about the font size could have influenced 

their response to the items FHL 1 (‘found that the print was too small to read’) 

and FHL 5 (‘needed someone to help you read information from hospitals and 

pharmacies’), and might be independent of their HL. Communicating thoughts 

about illnesses to others (item IHL4) could be dependent on whether the 

respondent actually have someone they trust for communication about health 

problems. Moreover, the word ‘communicate’ might have been perceived as 

unclear and the word could have been specified to ‘expressing thoughts about 

health and illness’.  

The 12-item version of the FCCHL, which was formed by excluding the items 

FHL1 and FHL5 and merging two response categories of IHL items, obtained 

better data-model fit (AIC) than the original 14-item version. The reliability of 

the FHL subscale increased, and the three remaining FHL items obtained better 

fit to the Rasch model. However, the 12-item version is conceptually unbalanced 

weighting the IHL aspect more than the FHL and the CHL aspect. Hence, the 

scale could benefit from constructing additional items. On the basis of the 

description of the three types of HL by Nutbeam (2000) and Smith et al. (2013), 

additional FHL items could assess knowledge about determinants of health and 

how to navigate the health care system. Additional CHL items should reflect 

social, economic and environmental determinants of health. Due to under-

discrimination, the item IHL4 should be further explored in future studies. The 

item was retained in the IHL subscale because the PSI decreased when IHL4 was 

discarded, and valuable information would have been lost if the item was 

discarded. It also could be desirable to develop additional items for the FCCHL 

that could contribute to obtaining a unidimensional instrument. Then the 

instrument could be used to estimate a total HL score for individuals.  
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To sum up, based on the results of Rasch modelling and CFA of the HLS-EU-

Q47, HLS-N-Q12 and the FCCHL, the HLS-N-Q12 had the best psychometric 

properties and, consequently, is recommended for measuring HL in people with 

T2DM in future studies. The HLS-N-Q12 is also recommended when measuring 

HL in general populations. The HLS-N-Q12 reflects the theoretical framework 

of Sørensen et al. (2012) and meets the requirements of fundamental 

measurement. Moreover, the instrument is less time consuming.  

Health literacy in people with T2DM (II and IV) and in the general 

Norwegian population (III) 

Regardless of the instrument used, judging or checking the validity and reliability 

of health information is conceived as the most difficult both in people with 

T2DM (II) and in the general Norwegian population (III). As these items could 

be considered linked to CHL, the results are in accordance with Heijmans et al. 

(2015), Ishikawa et al. (2008) and van der Vaart et al. (2012), who also found 

CHL to be the most difficult. Moreover, this is in line with Freebody and Luke 

(1990) who claim that CHL comprises more advanced cognitive skills. As a result, 

people might use information that is not evidence-based as a basis for health-

related decisions while managing health, which might elicit fatal consequences. 

Moreover, difficulty in determining the validity and reliability of health 

information constitute a great challenge in today's information society. Internet 

and the media generally offer huge amounts of health information. HL 

proficiency is needed to deal with this information. Firstly, this requires a higher 

degree of reading skills and being able to navigate on the web. Secondly, skills in 

being able critically evaluate health information from different sources are 

necessary. It is also possible that technological development within health and 

health information will require also other HL skills. However, in health 

communication, it is important that nurses (and other health professionals) 

collect information about the individual’s frame of understanding, as well as the 

evidentiary basis of this understanding. Nurses also should guide individuals in 

accessing health information and sources of health information that might be 

considered valid and reliable. In addition, nurses should participate in developing 

and promoting online portals with adapted evidence-based information.  

 

Applying the HLS-N-Q12, judging the advantages and disadvantages of different 

treatment options (item 10) was one of the items with the highest difficulty 

reported by both people with T2DM (IV) and the general Norwegian population 
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(III). Hence, making health decisions might be quite challenging. Therefore, 

nurses and other health professionals should clarify different options with 

associated consequences and guide individuals with their decisions regarding 

health.  

 

As there is a lack of evidence for cut-off scores on inadequate and sufficient HL 

provided by the HLS-EU Consortium (2012), it was impossible to compare HL 

in people with T2DM and in the general Norwegian population with other 

European (Berens et al., 2016; Palumbo et al., 2016; Sørensen et al., 2015; Toci 

et al., 2015) and Asian (Nakayama et al., 2015; Duong et al., 2017a) populations. 

In the absence of valid cut-off scores, the percentage of ‘difficult’ or ‘very 

difficult’ responses was presented (unpublished data). Surprisingly, for most 

items, respondents in the general Norwegian population had a higher percentage 

of ‘difficult’ or ‘very difficult’ responses than people with T2DM. It could be 

expected that people with T2DM have a higher burden in dealing with health 

information and managing their health, as they must live with a chronic disease 

that requires a high degree of self-management. However, people with T2DM 

who participated in this study were members of the Norwegian Diabetes 

Association, and members of such organisations might be more interested in 

factors affecting health and glycaemic control and more motivated in managing 

their chronic disease than non-members. In addition, for some HL tasks, such as 

finding information about or judging whether vaccinations and health screenings 

are needed, clear guidelines for people with T2DM exist (Norwegian Directorate 

of Health, 2017). Hence, these individuals do not need to decide whether these 

are needed. However, finding and understanding information about mental 

health and associated problems were perceived as more difficult in people with 

T2DM compared with those in the general Norwegian population (unpublished 

data). As other studies (e.g. Ali, Stone, Peters, Davies, & Khunti, 2006; Anderson, 

Freedland, Clouse, & Lustman, 2001; Semenkovich, Brown, Svrakic, & Lustman, 

2015) have found that people with T2DM are more exposed to mental-health 

problems such as depression, it is important to facilitate accessibility and 

understandability of such information. 

 

After investigating HL in people with T2DM across levels of person factors, 

those who had completed education at the university level and those perceiving 

their general health as good had significantly higher HL than their counterparts. 

This finding was valid both when applying the FCCHL (II) and when applying 

the HLS-N-Q12 (IV). The association between HL and educational level also is 



71 

 

 

in accordance with other studies (Heijmans et al., 2015; Lai et al., 2013). 

According to the link between HL and educational level, efforts to improve HL 

should be implemented already in primary and secondary school, emphasising 

the development of reading and writing abilities, knowledge of health 

determinants and the ability to critically assess health information from different 

sources. Individuals with poor health might have a higher burden, and even a 

higher need, for health information to manage own health. Hence, it is important 

for nurses to be aware of this gap between the need for information and low HL.   

 

Previous studies have showed uncertainties regarding the association between 

HL and glycaemic control (Al Sayah et al., 2013a; Bailey et al., 2014; Bains & 

Egede, 2011). Applying the FCCHL (II) and the HLS-N-Q12 (IV), no statistically 

significant differences in HL regarding high vs. recommended HbA1c levels were 

found. However, those who reported their latest HbA1c levels were found to 

have statistically significantly higher HL than those who did not report their latest 

HbA1c levels. One reason why people do not report their latest HbA1c levels 

might be because they do not know this value. Contrary to previous studies 

investigating HL in general populations (Berens et al., 2016; Duong et al., 2015; 

Palumbo et al., 2016; Rudd, 2007; Sørensen et al., 2015), no statistically significant 

differences in HL regarding age were found in people with T2DM (II and IV). 

 

Despite the strong association between T2DM and health behaviours, no 

statistically significant differences in HL were found regarding physical activity, 

smoking behaviour or alcohol consumption (IV). This is in contrast with van der 

Heide et al. (2014) and Friis, Vind, Simmons and Maindal (2016), who found an 

association between limited HL and being physically inactive. However, in these 

studies, individuals with type 1 diabetes or T2DM were not distinguished. 

Moreover, HL was measured using other instruments. The lack of coherence 

between HL and health behaviours found in paper IV might be due to the high 

average age in the sample, and because participants’ T2DM is tied more to age 

than to unhealthy behaviours. Moreover, only 4% of participants were current or 

former smokers, which could have influenced the lack of coherence between HL 

and smoking behaviour. However, Friis et al. (2016) found no connection 

between HL and smoking behaviour.  

 

People with T2DM who had been in contact with a nurse during the previous 

year regarding their health situations had statistically significantly higher HL than 

those who had not. It is not known whether this contact was related to diabetes 



72 

 

 

follow-up or other health issues. Nevertheless, follow-ups by nurses seem to be 

beneficial for individuals’ HL. One reason could be nurses’ competence in health 

communication, and that nurses might have more time to explain and adapt 

health information to individuals. Thus, it could be recommended for people 

with T2DM to be offered follow-ups with nurses in addition to follow-ups 

provided by their general practitioners. Today, this is not a part of the regular 

follow-up protocol for people with T2DM in Norway (Norwegian Directorate 

of Health, 2017).  

 

People with T2DM who perceived empowerment indicators as easy were found 

to have statistically significantly higher HL than those perceiving these indicators 

as difficult. Empowerment-related indicators also contributed the most to the 

total HL variance (IV). This association could underpin the theory of Nutbeam 

(2000), describing the close connection between the two concepts. However, 

Nutbeam (2000) claims that higher HL allows for greater empowerment. Based 

on our findings, we cannot predict whether higher HL is tied to greater 

empowerment or whether the opposite is the case. Lee et al. (2016) found that 

empowerment affected HL in people with T2DM. Whether HL leads to 

empowerment, or the opposite is the case, might be dependent on how 

empowerment is defined. Lee et al. (2016) claim that defining empowerment as a 

process and applying an empowerment approach in health communication could 

provide better HL. However, Schulz and Nakamoto (2013) point to a challenge 

in that empowerment programs often assume a high level of knowledge and HL, 

whereas HL programs consider empowerment to be a goal and might take for 

granted that high levels of HL naturally will lead to effective involvement and 

beneficial self-management. Hence, both HL and empowerment should be 

emphasised in health communication. 

 

As the final model (with education, general health and empowerment as 

independent variables) explained 17% of the HL variance in people with T2DM 

(IV), nurses should be aware that other factors also influence people’s HL. 

According to Sørensen et al. (2012), HL antecedents may include, among other 

individual characteristics, general literacy and prior experience with illnesses and 

the health care system. In addition, according to the definition of HL by Sørensen 

et al. (2012), factors such as motivation and diabetes knowledge also might 

contribute to HL variance. However, HL also could be affected by factors at the 

community level, such as how the health care system is structured.  
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Concerning empowerment-related indicators, participating actively in health 

communication and implementing goals regarding health produced statistically 

significant, standardised β coefficients (IV). Hence, nurses should be aware that 

indviduals might have different prerequisites for active participation in health 

communication and decisions, and should encourage and facilitate participation 

by adapting health communication to each individual’s HL. The latter also is 

consistent with the findings of Engström, Leksell, Johansson and 

Gudbjörnsdottir (2016), who found that individuals with diabetes wanted 

information tailored to their individual needs. The legislation (Act of Patient's 

and Users Rights, 1999) also states that participation should be adapted to the 

individual’s prerequisites to deal with health information. Implementing goals 

regarding health could be dependent on abilities and skills necessary to utilise 

health information in everyday life. In health communication with individuals, 

nurses should investigate whether the individual actually has such abilities and 

skills, then, working with the individual, explore success factors and any obstacles 

that may arise in the process of achieving goals. Providing health communication 

that is adapted to the individual’s HL, with the intent of enabling and 

empowering the individual, might be considered linked to person-centred care, 

which is one of five core (later six) competencies of nursing and other health 

professionals defined by Greiner and Knebel (2003). According to Greiner and 

Knebel (2003), person-centred care deals with adapting care delivery, including 

health communication, while simultaneously acknowledging the individual's 

preferences and emphasising shared decision-making, all with the intent of 

advocating disease prevention and health promotion. Richard Osborne, a 

professor in public health and a researcher within the area of HL, stated that: ‘If 

a person does not have adequate health literacy, or the health worker is unaware 

of the person`s health-literacy level, we cannot generate person-centred care’ 

(personal communication, 8 October 2012). This is also supported by Parnell 

(2014), who views nurses’ attention to the individual’s HL as a necessity for 

person-centred care. 

 

Altogether, this points to that person-centred, nurse-led health communication 

adapted to the individual’s HL could be recommended to enable people with 

T2DM to participate in health-related decisions and take control of their own 

health. Hence, HL in individuals and populations needs to be measured, 

preferably using the HLS-N-Q12 so that communication becomes properly 

adapted.  
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Methodological considerations 

Some limitations need to be acknowledged. The sample of people with T2DM 

was drawn from the member list of the Norwegian Diabetes Association (I, II 

and IV). Those might not be representative of the T2DM population in Norway, 

as members of such organisations might be more informed and motivated in 

managing their disease than non-members. However, it was difficult to reach 

non-members, as we were not allowed to use the Norwegian Patient Registry. 

We considered recruiting individuals from the Norwegian Diabetes Register to 

reach non-members, but at the time of sampling, only a small number of 

individuals were registered, and the register did only include individuals from 

delimited parts of the country. As a high number of members with T2DM are 

registered in the Norwegian Diabetes Association, it was considered satisfactory 

to use the member list for recruiting respondents. Moreover, the mean age of the 

sample of people with T2DM was 73. Hence, the sample was considered 

representative of elderly people with T2DM. However, the Norwegian Diabetes 

Association (personal communication, 7 May 2015) states that the mean age of 

members with T2DM is 68. Moreover, the Norwegian Diabetes Association said 

there might be some uncertainties in how they registered members’ ages. 

 

The sample size of people with T2DM (I, II and IV) was relatively small. 

However, in Rasch modelling, there is no exact recommendation for sample size. 

Linacre (1994) recommends 250 individuals and 10 extra individuals per response 

category for scales with polytomous data. Within CFA, at least 300 cases are 

recommended (Hair, 2014), or a ratio between participants and variables of 5:1 

(Velicer & Fava, 1998). Hence, the sample size was interpreted as sufficient for 

initiating important discussions and drawing sufficiently trustworthy conclusions. 

 

Data in people with T2DM were collected using self-administrated paper-and-

pencil questionnaires (I, II and IV), which could be quite challenging for those 

with limited HL, especially those with low FHL, as the items require reading-

comprehension abilities. A consequence might be that those with the lowest HL 

were unable to answer. However, during the cognitive interviews, all participants 

(regardless of educational level) reported that the items were clearly stated. It also 

is necessary to consider the possibility that those who chose to answer the 

questionnaire were the most engaged in the topic or had the highest HL. The 

advantages of using paper-and-pencil questionnaires include lower risk for 

interviewer bias and a lesser likelihood of respondents answering according to 

what they think is expected by an interviewer (Polit & Beck, 2012).  
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Sampling of the general Norwegian population (III) was accomplished through 

the international survey agency Ipsos, using its standards for achieving 

representativeness. The age and gender distribution of the sample reflected the 

population well. However, the educational level in the sample was higher than 

that of the general Norwegian population. More than half of the respondents had 

an education at the university level, whereas this was true for 33% of the general 

population (Statistics Norway, 2017).  

 

The HLS-EU-Q47, FCCHL and newly developed HLS-N-Q12 were designed to 

measure HL. Thus, they intend to reflect the concept of HL. The connection 

between theoretical framework and the sample of items is referred to as content 

validity (Polit & Beck, 2012), which comprises a subjective assessment of whether 

the items measure what they are intended to measure. According to the definition 

and model of HL by Sørensen et al. (2012), the sample of items in the HLS-EU-

Q47 (and therefore the HLS-N-Q12) (I, III and IV) could be considered to cover 

most of the competencies described by the framework. However, in the 

definitions by WHO (1998) and Sørensen et al. (2012), HL comprises both 

proficiency and motivation. Whether ‘motivation’ is covered depends on how 

motivation is defined. If motivation is defined as the reason for acting a certain 

way or expressing a specific behaviour, it could be considered covered by the 

items. The FCCHL (II) seems to cover most of the content of the FHL, IHL and 

CHL as defined by Nutbeam (2000). However, writing skills and the use of 

available information seem to be omitted. With the recent elaboration of the 

three types of HL by Smith et al. (2013), the FCCHL could benefit from 

constructing additional items. Messick (1989) argues that all concerns about 

validity actually are about construct validity, as well as the content validity 

described above. Through the papers, the HLS-EU-Q47 (I and III), the FCCHL 

(II) and the newly developed HLS-N-Q12 (III and IV) were thoroughly validated 

applying Rasch modelling and CFA, and consequently the construct validity of 

the instruments were assessed. 

 

No significant differences in HL were found regarding health behaviour, which 

might be due to how these factors were operationalised and measured. Alcohol 

consumption could have been measured by asking individuals to report the 

number of alcohol units per week instead of asking how often they were drinking 

alcohol. Nevertheless, there is a risk of response bias when reporting such 

behaviour (Polit & Beck, 2012). Data on nutrition also should have been 
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included. It can be difficult to report daily calorie intakes, especially by individuals 

with low HL. However, questions about nutrition could have been about, e.g., 

intakes of vegetables and whole-grain products. 

 

Running CFA using the LISREL software and when performing regression 

analysis, listwise deletion was used as a default for missing data. The disadvantage 

of deletion approach, such as listwise deletion, is that they lead to a loss of 

information and a loss of precision. Deletion methods also could be biased, as 

only individuals with complete data not can be considered as a random sample 

(Little & Rubin, 2002). Mean imputations retain the sample size but affect 

variance. However, for analyses based on correlations, such as factor analysis and 

regression analysis, listwise deletion is recommended (Polit & Beck, 2012).  

 

This thesis is based on four quantitative papers. Using a qualitative approach, 

more in-depth information about HL in individuals could have been obtained 

(Polit & Beck, 2012), especially information about which HL tasks the individuals 

consider decisive for participating actively in health decisions and taking 

responsibility for their own health. However, the main intent of this thesis was 

to measure HL in people with T2DM and in the general Norwegian population. 

Hence, the method chosen is considered appropriate. 
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Conclusion and implications  

 The HLS-EU-Q47 sum score does not meet the requirements for 

fundamental measurement neither in people with T2DM nor in the 

general Norwegian population. As the data fit a 12-dimensional Rasch 

model and a 12-factor confirmatory factor model best, the analyses did 

not support the estimation of one overall ‘HL score’.  

 

 The HLS-N-Q12 meets the requirements for fundamental measurement 

and could be recommended as a tool for measuring individuals’ HL level 

without the need to apply advanced psychometric methods on site. 

 

 A three-dimensional, 12-item version of the FCCHL had best fit to the 

Rasch model and could be used for measuring HL in people with T2DM, 

although the scale could benefit from additional items measuring FHL 

and CHL. 

 

 Nursing research, education and practice should place greater emphasis 

on the importance of using reliable and valid HL instruments. HL (and 

other) instruments should be thoroughly validated before being used in 

large surveys. 

 

 Rasch methodology should be used to a larger extent within nursing 

research, as it facilitates the disclosure of measurement problems that 

might go undetected using classical test theory alone.  

 Nurses and other health professionals should be more aware of the 

association between low HL and the ability in managing own health. 

Nurses and other health professionals should map HL in individuals 

(applying the HLS-N-Q12) and tailor health communication to the 

individual’s HL level. Nurses and other health professionals also should 

guide individuals in accessing valid and reliable health information from 

different sources.  

 

 In people with T2DM, there is an association between low HL and lower 

educational levels, worse health and lesser empowerment-related 

indicators. Hence, nurses and other health professionals should pay 

particular attention to those with lower educational levels and bad health 
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to ensure that the information they provide to individuals is 

understandable and usable in the individuals’ daily lives. 
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Future research 

 The psychometric properties of the HLS-N-Q12 should be investigated 

further across different cultures and aspects, e.g., languages, ethnicities, 

health conditions.  

 

 The dimensionality of HLS-N-Q12 and the item fit of item 38 should be 

investigated further. 

 

 Adequate and useful cut-off scores of the HLS-N-Q12 should be 

developed. 

 

 The association between HL and health outcomes, access to health 

services, health behaviour and empowerment should be investigated 

further in younger people with T2DM, in the general Norwegian 

population and in other subpopulations. 

 

 Qualitative research should be conducted to get deeper insight into how 

individuals perceive health communication with nurses and other health 

professionals, and how health communication could be better adapted to 

their HL. This knowledge is needed to promote participation in health 

decisions and so that individuals could obtain greater control and take 

responsibility over their own health. Based on this knowledge, an 

intervention study could be conducted.  

 

 Qualitative and quantitative research should be conducted to identify 

improvement areas to ease the accessibility and understandability of 

health services. 

 

 Research focusing on the accessibility, reliability and applicability of 

online health portals should be conducted. 

 

 Intervention studies concerning HL programmes intending to strengthen 

HL in individuals should be implemented and evaluated. 
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