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Abstract 

There is a general agreement that a relationship exists between health 

literacy (HL) and health outcomes. Nonetheless, there are critical gaps in the 

measurement of HL and in the evidence on the impact of inadequate HL on 

health outcomes, especially in the diabetes population. These gaps need to be 

addressed before any recommendations regarding HL screening or interventions 

are implemented.  

To address these gaps, first we conducted two systematic reviews, one in 

which we reviewed the evidence on the relationship between HL and health 

outcomes in the diabetes population, and the other consisted of a review and 

evaluation of HL measures used in this population. Then we conducted a 

validation study that examined the measurement properties of a HL measure; a 

longitudinal study that examined the associations between HL and health 

outcomes in individuals with diabetes; and last, a qualitative study that examined 

the use of interactive communication loops and medical jargon in relation to HL in 

nurses’ interaction with individuals with diabetes.  

We found that the evidence on the impact of HL on health outcomes in 

the diabetes population is limited and inconclusive; measures of HL are not 

comprehensive enough with limited evidence on their measurement properties; 

the 3-brief screening questions are potentially a useful measure for screening for 

inadequate HL; inadequate HL was not associated with worse health outcomes in 

individuals with diabetes and depressive symptoms; and healthcare providers 

may place high demands on patients through their communication and interaction 

with them. 



 

 

Despite the use of rigorous research methods and the robust evidence 

generated, the overall available evidence on these relationships is still 

inconsistent and thus inconclusive. Our work highlights two crucial questions that 

need to be examined “how to comprehensively measure HL?” and “whether HL is 

modifiable?” Until, these questions – and others – are answered and conclusive 

evidence is available, we believe that, outside of the study setting, it might be 

premature to invest in routinely screening for HL or to trying to improve HL for the 

purposes of improving patient-related outcomes in diabetes, although there might 

be other reasons to do so. 
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Chapter 1 
 

Introduction 

1.1. Overview  

Health literacy (HL) is the degree to which individuals can obtain, process, 

understand, and communicate about health-related information needed to make 

informed health decisions [1]. According to the International Adult Literacy and 

Skills survey (IALS), more than half the adults in Canada have inadequate HL [2]. 

I

than age, income, education level, employment status, and race [3]. It is 

associated with a wide range of adverse direct and indirect effects on care 

processes and health outcomes [4, 5], and additional healthcare expenditures 

that range from $143 to $7,798 per person per year [6]. Additionally, inadequate 

HL is more common among older adults, ethnic minorities for whom English is a 

second language, people with low levels of income and education, and people 

with an already compromised health status [7-9]; the same populations that carry 

the greatest burden of chronic conditions [3].  

In the twentieth century, chronic conditions replaced infectious diseases as 

the dominant health threat. Diabetes, the 6th leading cause of death in Canada 

[10], affects around 2.4 million Canadians [11]; the prevalence is expected to 

reach 2.6 million in 2016 [12]. Diabetes is characterized by a high level of care 

complexity that requires extensive education and self-care management, where 

HL is anticipated to play a key role. Inadequate HL is common among individuals 

with diabetes [2], and is suggested to have adverse effects on health outcomes in 

these individuals. These include general outcomes such as misunderstandings 

about medical conditions [13], less compliance with medical instructions, 
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decreased self-management skills [14], poor self-rated health [15], and higher 

health care costs [16], as well as diabetes-specific outcomes such as worse 

glycemic control [17, 18] and higher risk of significant hypoglycemia [19]. Despite 

the growing evidence of the effects of inadequate HL on health outcomes in the 

diabetes population, the evidence has not been previously systematically 

reviewed, and thus we do not have a comprehensive understanding of these 

associations.  

Several instruments were developed to directly or indirectly assess HL 

skills. The most commonly used direct measures are the Test of Functional 

Health Literacy in Adults (TOFHLA) and its shorter form s-TOFHLA [20, 21], and 

the Rapid Estimate of Adult Literacy in Medicine (REALM) and its shorter and 

revised forms (REALM-SF, REALM-R) [20-23]. The most commonly used indirect 

measures are the Single Item Literacy Screener [24], and the 3 screening 

questions of inadequate HL [25], which are a brief version of 16 screening 

questions [26]. The development of these instruments has lagged behind the 

attention more recently paid to defining and conceptualizing HL, and hence their 

utility befall questionable. Additionally, there is limited evidence on the 

measurement properties of these instruments. Thus, we lack an understanding of 

the measurement scope of these instruments and their psychometric properties.   

As the challenges associated with inadequate HL are becoming more 

evident, it is increasingly apparent that the healthcare system has not evolved to 

serve those with inadequate HL [27, 28]. Meanwhile, healthcare providers play 

an important role. Patient-provider communication has been suggested as a 

potential pathway through which HL might impact health outcomes, particularly in 

individuals with chronic diseases where self-care is a cornerstone of disease 
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management [29, 30]. A few studies have investigated the communication style 

of care providers with T2DM patients with inadequate HL [31-33]; however, none 

of these studies examined whether care providers tailor their communication 

involved nurses who usually provide self-care management education to T2DM 

patients within primary care settings. Therefore, we lack an understanding of 

whether care providers, and particularly primary care nurses, apply 

communication strategies to ensure patient understanding, and whether they 

 

This dissertation encapsulates a body of research intended to address 

these issues. First, we performed a systematic review to examine the research 

evidence on the relationship between HL and health outcomes in the diabetes 

population. Second, we conducted another systematic review to identify and 

evaluate HL measures that have been used with the diabetes population. Third, 

using cross-sectional data from a study of predominantly African-American 

individuals with T2DM, we examined the factor structure of the most commonly 

used indirect measure of HL, and investigated its measurement properties in 

comparison to the most commonly used direct measure. Fourth, we examined 

the longitudinal associations of HL with several health outcomes using data from 

a clinical trial of 154 Canadians with T2DM who recently screened positive for 

depression. Finally, and in order to investigate the impact of HL on patient-

provider communication, we conducted a study using qualitative research 

methods and examined the use of interactive communication loops and medical 

Canadian primary care settings.     
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1.2. Defining Health Literacy and Health Outcomes 

As a relatively new construct, the definition of HL is evolving and has not 

been consistently applied [1]. First and foremost, an important distinction 

between literacy and HL is to be made. 

read and write (this is referred to as functional literacy) [34]. For example, an 

illiterate person is someone who cannot use print language to perform activities 

of daily living such as reading a bus schedule. On the other hand, HL refers to 

ge 

their health [35]. HL is broadly defined as a set of skills that people need to 

function effectively in the healthcare environment [36]. These include the ability to 

read and understand written text, locate and interpret information in documents, 

and write or complete forms (functional); the ability to speak and listen effectively 

and communicate about health-related information (interactive); and the ability to 

navigate the healthcare system and make appropriate health decisions (critical) 

[36]. 

The Can

access, understand, evaluate and communicate information as a way to promote, 

maintain and improve health in a variety of settings across the life- [37]. 

Other definitions characterize HL 

and the demands of the health care system [3, 38]. In this dissertation, we 

adopted the following definition of HL proposed by Berkman and colleagues: 

n obtain, process, 

understand, and communicate about health-related information needed to make 

[1].  
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-used term in health care policy 

over the past ten years; however, the meaning behind the term differs greatly 

depending on the user and the context. A health outcome is usually defined as a 

change in the health of an individual, group of people or population which is 

attributable to an intervention or series of interventions [39]. The term typically 

refers to the impact healthcare activities have on people  on their symptoms, 

ability to do what they want to do, and ultimately on whether they live or die. 

Health outcomes might include, for example, changes in their self-perceived 

health status or changes in the distribution of health determinants, or factors that 

are known to affect health, well-being and quality of life.  

Whatever the outcome of interest, the goals of medical care are the 

maximization of good outcomes and the minimization of poor outcomes. This 

general approach to defining outcomes may be considered in a framework that 

facilitates the assessment of the quality of care. For example, the Donabedian 

framework is a conceptual model for examining health services and evaluating 

quality of care. According to the model, information about quality of care can be 

[40].    

Structure includes all the factors that affect the context in which care is 

delivered, process is the sum of all actions that make up healthcare, and!
outcomes contain all the effects of healthcare on patients or populations including 

morbidity, mortality, pain, functional status, satisfaction, and costs [41]. 

Outcomes could be classified into immediate or short-term, intermediate, or long-

term outcomes [42]. In this dissertation, we examined HL, which is considered a 

distal factor, as a component of this structure in relation to morbidity- and health 

status-related short- and intermediate-term outcomes.  
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1.3. Scope of the Problem 

(IALS) [2], which estimated 55% of Canadians aged 16 to 65 to have inadequate 

HL [2]. This prevalence is lower than that of the U.S. population reported in a 

similar survey [2]. Only one in eight adults (12%) over age 65 appears to have 

adequate HL skills. This is particularly significant since seniors are more likely to 

have more chronic diseases and to use medication than younger age groups, 

facing a higher level of health information demands. Additionally, the IALS 

reported interesting results with respect to the relationship between HL and the 

prevalence of chronic conditions such as diabetes, hypertension, arthritis, and 

asthma. The survey reported that the strongest and only significant association 

was with diabetes; as HL scores increase (i.e. better HL), prevalence of diabetes 

decreases [2]. A similar, but weaker, correlation was found between HL and the 

prevalence of hypertension. These findings indicate the importance of HL effects 

in chronic conditions, particularly those that are influenced by life style and health 

behaviors.                

In 2003, more than 50% of Canadians aged 12 or older reported at least 

one chronic condition and by age 65, 77% of men and 85% of women had at 

least one chronic condition [43]. In 2009, almost 6.8% of Canadians were living 

with diabetes and 36.5% of them reported having two or more other chronic 

conditions [11]. Depression, for example, commonly affects 10-30% of individuals 

with diabetes [44], which makes it one of the most common comorbidities in this 

patient population. One of the ways to address the anticipated escalation in the 

rates of diabetes and other chronic diseases and the subsequent demands this 

6



will place on the health care system is to engage patients in more effective self-

management. Self-management includes all of the tasks that an individual must 

undertake to live well with one or more chronic conditions [45] in which HL plays 

a crucial role. In order to manage a chronic condition on a day-to-day basis, 

individuals must be able to understand and assess health information, which 

often includes a complex medical regimen, plan and make lifestyle adjustments 

and informed decisions, and understand how to access health care services 

when necessary. A lack of skill in these areas prevents many patients from 

engaging in effective self-management, which could have adverse effects on 

their health.   

 

1.4. Health Literacy and Health Outcomes in the Diabetes Population  

Research demonstrates that individuals with inadequate HL often cannot 

read medication labels accurately, may take medication incorrectly, may not 

understand consent forms, and generally have difficulty understanding print 

instructions for follow-up care and reading health advisories or warnings [37]. In a 

systematic review on HL and health outcomes in different patient groups, DeWalt 

and colleagues found insufficiently low and inconsistent evidence on the 

relationship between HL level and health outcomes in different patients groups 

including those with diabetes [4]. In 2011, the same investigators updated the 

2004 review, and reported growing, but yet inconsistent low evidence on these 

relationships [5].  

A thorough review of this literature suggests that individuals with diabetes 

who have limited HL have worse glycemic control [17, 18], higher rates of 

retinopathy [18], less comprehension of medication instructions, dosing, timing, 
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and warnings [46], higher risk of significant hypoglycemia [19], poorer disease 

knowledge [13, 17], and poorer patient-physician communication [33, 47, 48] 

than those with high HL levels. On the other hand, recent studies did not find a 

direct relationship between HL level and health outcomes in people with diabetes 

[49] [50] [51]. Further, recent studies suggest that HL could have an indirect 

effect on outcomes in people with diabetes through intermediate factors such as 

self-efficacy and social support [51, 52]. Accordingly, the evidence on the 

relationships between HL levels and diabetes-related health outcomes is not 

consistent across studies, and thus the effect of HL on the health of people with 

diabetes is not clear.  

The mechanisms by which HL influences health outcomes and the direct 

and indirect pathways of how HL affects several components of diabetes care 

and management have not been comprehensively investigated. A few generic 

models were developed to explain the pathways linking HL and health outcomes. 

However, these models are not comprehensive enough and do not 

accommodate the complexity of diabetes care and management, and thus they 

are not entirely useful to understand and conceptualize the pathways through 

whi -Orlow 

causal pathways between HL and health outcomes [53]. Despite its 

comprehensiveness, the model did not address the role of health care system-

related factors in determining HL skills of individuals. Further, the model did not 

illustrate all of the potential relationships and interactions between the different 

pathways. 
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Based on this basic model and the HL literature, we proposed a model 

presenting an integrative comprehensive view of how HL might influence health 

outcomes. The proposed model (Figure 1.1) is comprised of three main pillars, 

each consisting of several components: (1) individual and health care system 

characteristics, (2) health care and management, and (3) individual and system 

level outcomes. This model addresses the bi-directional interactive relationship 

between the different components within and among the three pillars. It also 

conceptualizes HL as an intermediary rather than a risk factor and shows the 

reciprocal interaction between the various components of the model. Additionally, 

this model aligns with the social cognitive theory framework. Social cognitive 

theory is an expectancy value theory that focuses on the interaction between the 

individual and the environment [54]. It emphasizes the reciprocal interplay 

between self-regulatory and environmental determinants of health behavior such 

as knowledge, self-efficacy, outcome expectations, health goals, and social and 

structural facilitators and impediments to taking health actions [55]. From this 

perspective, the proposed HL model could be viewed as an extension and 

application of the components of the social cognitive learning theory to the 

-

framework that guided the conceptualization of the projects included in this 

dissertation.       

 

1.5. Measurement of Health Literacy in the Diabetes Population  

 Since individuals often read several grade levels lower than the highest 

grade achieved in school [56], educational attainment cannot be used as a proxy 

for health literacy; this made the development of HL measures a necessity. As 
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the definitions and conceptualizations of HL have changed over the last decades, 

they became more representative of the skills needed to function successfully in 

the current society. Nonetheless, it seems that HL has been in large part limited 

by progress in developing measurement tools, primarily as a result of lack of a 

shared conceptual framework of what HL encompasses.   

Health literacy is a complicated construct that depends on the individual 

capacity and skills and the demands posed by society and the health care 

system [38, 57]

higher or lower based on variation in the complexity of the information they 

encounter. One could argue that an indi -

related materials and communication more universally integrated principals of 

clear language, making them easier to understand and a closer match to 

n health care 

context is relative to the complexity and demands of that context, and its 

measurement should account for the latter. Nonetheless, caution is warranted to 

ensure that this comprehensive conceptualization of HL is immeasurable with the 

available tools. 

To date, all of the available HL tools measure only individual capacity and 

skills irrespective of the demands of the society and healthcare system. In 

particular, these measures are mainly focused on assessing what individuals can 

read and understand in clinical contexts [38]. Therefore, they are considered 

surrogate measures of HL under the assumption that all public health and health 

care systems place similar reading and oral communication demands on 

individuals. Existing HL measures include various versions of the Rapid Estimate 

of Adult Literacy in Medicine (REALM), the Test of Functional Health Literacy in 
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Adults (TOFHLA), Health Activities Literacy Scale (HALS), Newest Vital Sign 

(NVS), Medical Achievement Reading Test (MART), Literacy Assessment for 

Diabetes (LAD), and the Short Assessment of Health Literacy for Spanish 

speaking Adults (SAHLSA). Additionally, several indirect measures of HL were 

developed and primarily applied in survey-based research such as the 3 brief 

screening questions of inadequate HL [25, 26] and the 3-level HL scale [58]. The 

National Assessment of Adult Literacy (NAAL) is considered the most 

comprehensive indirect measure; however, it is not publically available and thus 

cannot be used in research or intervention studies.  

These instruments vary in their development, structure, measurement 

scope, and subsequently their psychometric properties. Although these 

instruments have been used with several patient populations, their usefulness 

and applicability for people with diabetes remains challenging. The reason is the 

complexity of tasks and skills that are required by people who have diabetes, and 

the postulation that the available instruments do not address that complexity and 

all of the important components of HL altogether. Additionally, the continuous 

adjustment of the meaning and components of HL makes the available 

instruments questionable in what they actually measure.  

 

1.6. Health Literacy and Patient-Provider Communication  

For a significant period, the focus pertaining to HL has been on identifying 

deficits of the general public and/or patients [59]. The importance of this focus will 

not diminish nor should it be depreciated. However, there is an increasing and 

imperative need to address the demands and complexity of healthcare 
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between the expectations and processes of the system and the skills of US 

adults, we can solve the problem of health literacy and reduce barriers to good 

health [59]. 

Healthcare providers are key components of every healthcare system, and 

medical encounters are a key aspect of patient care. Verifying and evaluating 

elements of effective communication. This is important for patients with chronic 

conditions who require intensive self-care education and support, and especially 

important for those with learning challenges such as individuals with inadequate 

HL.  

On the other hand, and as the healthcare systems and environments have 

become increasingly complex, accessing health information, navigating the 

healthcare system, and self-care managing is becoming more challenging 

especially for those with inadequate HL. These individuals are more likely to have 

difficulty communicating with their health care providers and following up with 

self-care instructions due to poor understanding of basic health vocabulary, 

limited background health knowledge, and trouble assimilating new information 

and concepts [60]. Incompetent and incomplete patient-provider communication 

may result in misinformation, misunderstandings and mistakes. Patients with 

inadequate HL who have chronic diseases, e.g. diabetes, hypertension, or 

asthma have less understanding of their disease [14], report less adherence with 

medications, and may not be aware of important treatment side effects or the 

need for follow-up testing [56, 61].  

While a number of studies have investigated several aspects of patient-

provider communication, only a few examined whether healthcare providers 
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communication style and the terminology they use accordingly. Nonetheless, 

these studies only involved family physicians. Since patient-provider interaction is 

crucial for those with chronic diseases, it is imperative to understand how 

healthcare professionals who provide self-care education and counseling 

communicate with these individuals, particularly those with inadequate HL.   

 

1.7. Objectives and Program of Research  

Although the literature on health literacy is still in its early stages of 

development, it is nonetheless a vast and rapidly growing body of knowledge. 

There is general agreement that a relationship exists between health literacy and 

health outcomes. Nonetheless, there are critical gaps, especially in the diabetes 

population, that need to be addressed before any recommendations regarding 

HL screening or interventions are implemented. In particular, we lack a 

comprehensive understanding of the available evidence on the associations 

between HL and health outcomes in the diabetes population, and of the 

measurement scope and measurement properties of HL measures and their 

applicability in this population. Additionally, we lack longitudinal studies that 

provide rigorous evidence on the associations between HL and health outcomes 

in this patient population. We also lack evidence on the level of complexity of the 

tion with 

diabetes patients with different HL skills and needs within Canadian primary care 

settings.    

This dissertation intends to fill some of these evidence gaps through the following 

objectives: 
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 To identify, appraise, and synthesize research evidence on the 

relationships between HL (functional, interactive, and critical) or numeracy 

and health outcomes (i.e., knowledge, behavioral and clinical) in people 

with diabetes.  

 To identify instruments used to measure HL in people with diabetes; 

evaluate their use, measurement scope, and properties; discuss their 

strengths and weaknesses; and propose the most useful, reliable, and 

applicable measure for use in research and practice settings. 

 To examine the measurement properties of the most commonly used 

indirect measure of HL (16-Screening Questions and their brief version, 

the 3-Screening Questions) in greater detail, and identify the best set of 

items to screen for inadequate HL. 

 To explore the longitudinal associations of inadequate HL with health 

outcomes in patients with T2DM who recently screened positive for 

depression, including depressive symptoms, health-related quality of life, 

and cardio-metabolic outcomes.  

 To investigate whether primary care nurses addressed all components of 

the interactive communication loop, particularly with respect to assessing 

recall and comprehension, and avoided the use of jargon while providing 

self-management education and counseling to individuals with T2DM, and 

e 

 

The first two objectives were addressed in two separate systematic reviews 

of the literature intended to provide the most up-to-date comprehensive review of 

evidence on the associations between HL and health outcomes in the diabetes 
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population, and the measures used to assess HL in this population. The third 

objective was achieved in a validation study that examined the factor structure of 

the 16 screening questions of inadequate HL, through which a set of 6 questions 

was identified, and then used ROC analysis to compare these different sets with 

the 3-brief screening questions and the s-TOFHLA. This study was conducted 

using cross-sectional data from a study of 378 predominantly African-American 

individuals with T2DM. The fourth objective was accomplished in a longitudinal 

study that examined the associations between HL and depressive symptoms, 

health-related quality of life, and cardio-metabolic outcomes including A1c, LDL, 

and SBP. This study was conducted using baseline, 6-months and 12-months 

data from a clinical trial of 154 Canadians with T2DM who recently screened 

positive for depression. The last objective was achieved in a qualitative research 

study that examined the use of interactive communication loops and medical 

jargon in relation to HL. This study involved audio-recording interactions of 
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Chapter 2 

 
Health Literacy and Health Outcomes in Diabetes:  

A Systematic Review * 
 

Abstract 
 

Background: Low health literacy (HL) is considered a potential barrier to 

improving health outcomes in people with diabetes and other chronic conditions 

although the evidence has not been previously systematically reviewed.  

Objective: To identify, appraise, and synthesize research evidence on the 

relationships between HL (functional, interactive, and critical) or numeracy and 

health outcomes (i.e., knowledge, behavioral and clinical) in people with 

diabetes.   

Methods: English-language articles that addressed the relationship between HL 

or numeracy and at least one health outcome in people with diabetes were 

identified by two reviewers through searching six scientific databases, and hand-

searching journals and reference lists.   

Findings: 723 citations were identified and screened, 196 considered, and 34 

publications reporting data from 24 studies met the inclusion criteria and were 

included in this review. Consistent and sufficient evidence showed a positive 

association between HL and diabetes knowledge (8 studies). There was a lack of 

consistent evidence on the relationship between HL or numeracy and clinical 

outcomes, e.g., A1C (13 studies), self-reported complications (2 studies), and 

achievement of clinical goals (1 study); behavioral outcomes, e.g., self-monitoring 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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of blood glucose (1 study), self-efficacy (5 studies); or patient-provider 

interactions (i.e., patient-physician communication, information exchange, 

decision-making, and trust), and other outcomes. The majority of the studies 

were from US primary care setting (87.5%), and there were no randomized or 

other trials to improve HL. 

Conclusion: Low HL is consistently associated with poorer diabetes knowledge. 

However, there is little sufficient or consistent evidence suggesting that it is 

independently associated with processes or outcomes of diabetes-related care. 

Based on these findings it may be premature to routinely screen for low HL as a 

means for improving diabetes-related health-related outcomes.  
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2.1. Introduction 
 

Health literacy (HL) is a set of skills that people need to function 

effectively in the healthcare environment [1]. These include functional, interactive, 

critical and numeracy skills. Functional skills are the ability to read and 

understand written text, locate and interpret information in documents, and write 

or complete forms. Interactive skills are ability to speak and listen effectively and 

communicate about health-related information. Critical skills are the ability to 

navigate the healthcare system and make appropriate health decisions. 

Numeracy skills are ability to use numeric information for tasks, such as 

interpreting medication dosages and food labels [1, 2].  

age, income, employment status, education level, or race [3], and is associated 

with a wide range of adverse effects on care processes and health outcomes [4, 

5]. Low levels of HL are more prevalent in minority populations, among persons 

for whom English is a second language, people with low levels of income and 

education, and people with a compromised health status and elder communities - 

the very same populations that carry the greatest burden of chronic conditions [3, 

6-8].  

Diabetes is a prototypical chronic disease, characterized by a high level of 

complexity that requires extensive self-care education and management. The 

demands on individuals with diabetes are complicated by the fact that self-care 

often relies on printed educational materials and verbal instructions and requires 

advanced HL skills [9]. There is a growing body of literature that explores the 

relationship between HL and health outcomes in people with diabetes. Older 

studies of low HL reported adverse impacts on diabetes-related health outcomes 
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[10-12]; however, more recent studies showed no association between HL levels 

and intensity, frequency or incidence of outcomes [13, 14], and thus the effect of 

HL on the health of people with diabetes is yet unclear.  

To better understand the relationship between HL and numeracy and 

health outcomes in diabetes, we conducted a systematic review of the literature. 

Since HL and numeracy are measured as separate constructs, in synthesizing 

the literature, we considered the association between HL (functional, interactive, 

and critical components) and health outcomes, and between numeracy 

(computational component) and health outcomes separately in the diabetes 

population.   

 

2.2. Methods 

2.2.1. Data Sources, Search strategy and Study selection  

We conducted a systematic review of six databases: CINAHL, Embase, 

ERIC, Medline, psycINFO, and SCOPUS. The searches were not limited to any 

time period, language, or type of published paper. No Medical Subject Heading 

terms specifically identify HL-related articles, so we conducted the searches 

using different combinations of the following keywords: literacy, numeracy, HL, 

diabetes, diabetic, type 2 diabetes, type 1 diabetes, and the names of HL 

instruments. Keywords were matched to database specific indexing terms 

(detailed information about the search strategy are available upon request from 

FAS). Electronic searches were supplemented by hand searches, review of the 

reference lists of the included articles, and contact with content experts. 
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Additionally, authors were contacted when additional information to determine 

eligibility for inclusion was needed.  

Two reviewers screened the identified records, reviewed the full text of 

the included articles, and performed data abstraction and assessment of quality 

and strength of evidence. Criteria for inclusion were studies that: addressed the 

relationship between HL or numeracy and health outcomes in people with type 1 

or type 2 diabetes, involved the use of valid direct or indirect measure of HL or 

numeracy, addressed at least one health outcome, and were written in English. 

-rater reliability in selecting studies for 

inclusion. Initial discrepancies were addressed through consensus and, if 

necessary, resolved by the senior author (JAJ).  

 

2.2.2. Data Abstraction and Quality Assessment  

Data on the general characteristics of the studies including aim, design, 

methods, sample size and characteristics, HL measurement, outcomes 

measurement, analysis, results and conclusions were extracted (Tables S2-1 and 

S2-2). Data abstraction was done by one reviewer, and confirmed by the second 

reviewer. We were interested in summarizing evidence on the following 

outcomes: 1) clinical, 2) behavioral, 3) patient-provider relationship, and 4) other 

outcomes.  If a study produced multiple publications on the relationship between 

a particular outcome and HL, estimates from only one publication, the most 

recent one, were considered in the assessment of the strength of evidence.  

Since all the identified studies were observational, with no intervention 

intended to affect the outcome, each article was rated based on the criteria in the 
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quality rating for observational studies by the Agency for Healthcare Research 

(AHRQ) [15]. Quality ratings presented in Tables S2-1 and S2-2. Two reviewers 

independently rated the quality of studies as good, fair, or poor based on the 

criteria that focuses on detecting bias in an observational study and precision of 

measurement. Because analysis techniques differed among multiple publications 

of the same study, overall quality was assessed for each publication, not each 

study. Only studies that were of fair to good quality were included in this review. 

-rater reliability in quality rating between 

the two reviewers.   

 

2.2.3. Strength of Evidence Assessment 

The strength of the evidence for each outcome was determined using the 

AHRQ guidelines [16] for publications measuring HL and numeracy. Two 

reviewers independently graded the strength of evidence as high, moderate, low 

or insufficient on the basis of potential risk of bias of the included publications, 

consistency of effect across publications, directness of evidence, and precision of 

the estimate (Table 2- -rater reliability 

in rating the strength of evidence between the two reviewers.  

We attempted to perform a meta-analysis to quantitatively summarize the 

evidence for each outcome. In both fixed and random effects models, 

heterogeneity was large (I2 = 80-90%), which meant that a meta-analysis was not 

feasible, and pooled estimates of effects were not reported. In comparing the 

general characteristics of the studies, we noticed methodological variations 

between studies with respect to sample size, sample characteristics, HL 

measurement, and in the adjustment of potential confounders. These factors 
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might have contributed to the observed heterogeneity. For these reasons, the 

evidence from included studies was summarized qualitatively in this review.  

 

2.3. Results 

2.3.1. Literature Search 

Across all databases, the search yielded 2138 citations (Figure 2-1). After 

removal of duplicates, 723 remained. Titles and abstracts were screened for 

relevance, and based on that, 196 publications were included for full-text review. 

Of these, 32 publications met our eligibility criteria and were included. The most 

common reasons for exclusion were: review and conceptual articles (35.2%), 

studies that did not address any of the outcomes of interest (31.5%), and studies 

that did not involve individuals with diabetes (17.3%). Studies that addressed HL 

in caregivers of individuals with diabetes (N = 4), and in women with gestational 

diabetes (N = 1) were also excluded. The hand search of reference lists of 

included studies resulted in the inclusion of two additional publications. Thus, the 

total number of eligible publications was 34. Inter-rater agreement was 88% and 

- 0.84). The 34 articles were multiple 

publications from 24 studies. We reported the findings of this review based on the 

24 studies and evaluated the evidence based on estimates from the most recent 

publication of each study to avoid bias due to multiple publications.  

 

2.3.2. Characteristics of the Included Studies  

The 34 identified publications of the 24 studies were of fair to good quality 

(Tables S2-1 and S2-2), and thus they were all included in this review. Inter-rater 
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I: 

0.76-0.98). The majority of publications (29 from 21 studies) addressed only HL 

and health outcomes, while only 5 publications (from 4 studies) addressed health 

numeracy. All studies were observational; only two performed longitudinal data 

analysis (one using data from a randomized controlled trial and one from a 

prospective cohort study). There were no experimental studies that addressed 

the effect of HL and/or numeracy on health outcomes in this population. Half of 

the studies included only individuals with type 2 diabetes (12 studies) and 12 

included individuals with type 1 or type 2; no studies focused solely on type 1 

diabetes. The majority of the identified studies were conducted in the United 

States, primarily on minority or vulnerable populations.  

 

2.3.3. Health Literacy Measures 

Several instruments were used to measure HL and numeracy in these 

studies. The most commonly used measure of HL was the Test of Functional 

Health Literacy in Adults-short form (s-TOFHLA) (10 studies), followed by the 

Rapid Estimate of Adult Literacy in Medicine (REALM) (7 studies), 3-brief 

screening questions (3 studies), the original long form of the TOFHLA (2 studies), 

the revised REALM-R (1 study), self-rated Health Literacy 3-item scale (1 study). 

Diabetes Numeracy Test was used to measure diabetes numeracy (3 studies), 

and the Wide Range Achievement Test (3 studies) and Subjective Numeracy 

Scale (1 study) to measure general numeracy.  

The included studies differed in how investigators distinguished between 

levels or thresholds of HL, either as a continuous measure or categories (e.g., 

inadequate, marginal, adequate; or high versus low). When categorized, the 
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majority of the studies focused on the differences between the lowest and highest 

groups. Additionally, studies differed in which domain of HL they addressed, 

where most used measures of functional HL (23 studies), and only one study 

addressed all components (functional, interactive, and critical).  

 

2.3.4. Health literacy and Health Outcomes  

Overall, inter-rater agreement for strength of evidence ratings for HL and 

-0.98). For 

HL, there were 23 outcomes grouped into four categories: Clinical, behavioral, 

patient-provider communication, and other outcomes (Table 2-2).  

2.3.4.1.Health literacy and clinical outcomes 

Glycemic control: The relationship between HL and A1c was explored in 13 

studies; 12 of which were cross-sectional and one longitudinal [17]. Some of the 

identified studies showed that higher levels of HL were associated with better 

glycemic control [10, 12, 18, 19], and this relationship was mostly observed in 

studies that adjusted for age, sex, race, education, and treatment regimen. 

Moreover, few studies reported that HL has indirect effect on glycemic control, 

but did not show any direct associations [20]. Overall, evidence on the 

relationship between HL and glycemic control was inconsistent across studies, 

and the heterogeneity did not permit the estimation of an overall effect. 

Therefore, this evidence was rated insufficient.  

We were able to observe a trend between confounders controlled for and 

reported estimates in studies that explored that relationship between HL and A1c. 

The association between HL and A1c was significant in studies that did not adjust 
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for diabetes knowledge [10, 12, 19]; however, that association was not observed 

in studies that controlled for diabetes knowledge [13, 14, 17]. Similar trends were 

not observed for other outcomes because of the small number of available 

studies.  

Hypoglycemia:  Two studies explored the relationships between low HL and self-

reported hypoglycemia and one of these studies reported that lower HL was 

associated with higher frequency of self-reported hypoglycemia [11]. The quality 

of evidence from these two studies was rated low. 

Blood pressure: Two studies explored the relationship between HL and blood 

pressure in people with diabetes [21, 22], although only one adjusted for potential 

confounders [22]. Both studies reported that HL was not associated with blood 

pressure control. This evidence was rated low.  

Diabetes complications: The relationship between HL and self-reported 

complications was explored in two studies both adjusted for potential 

confounders [12, 22]. One study reported that lower HL was associated with 

retinopathy and stroke, but not with nephropathy, lower extremity amputation or 

ischemic heart disease [12]. The other study showed no association between HL 

and self-reported complications [22]. The evidence from these studies was 

inconsistent and rated insufficient.  

Low Density Lipoprotein (LDL): One study that adjusted for potential confounders 

explored the relationship between HL and LDL and showed that HL was not 

associated with LDL levels [22].     
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2.3.4.2. Health literacy and behavioral indicators and patient-reported outcomes  

Diabetes knowledge: Nine studies, six of which adjusted for potential 

confounders [10, 13, 14, 23-25] and three did not [21, 26, 27], provided high 

evidence that higher HL levels were associated with better diabetes knowledge.  

Self-efficacy: Five studies provided evidence on the relationship between HL and 

self-efficacy. Three studies reported adjusted results and showed no association 

between HL levels and self-efficacy [18, 21, 24]. One study that adjusted for 

confounders [28] showed no association between HL and self-efficacy, and the 

unadjusted study [29] showed that higher HL levels were associated with higher 

self-efficacy scores. The evidence was inconsistent and rated insufficient.  

Self-care: Four studies that reported adjusted results showed no association 

between HL and self-care behaviors namely diet, exercise, blood sugar testing, 

foot care, smoking cessation, and medication adherence [13, 14, 21, 25]. Since 

the evidence on this relationship was consistent, it was rated moderate.  

Self-monitoring of Blood Glucose (SMBG) and other self-management: Three 

studies explored the relationship between HL and SMBG and self-management 

support and all adjusted for potential confounders. One study did not show an 

association between HL and the frequency of SMBG [29], and another study did 

not show an association with medication adherence [13]. The third study showed 

that higher HL levels were associated with higher self-management support 

ratings [30]. The evidence from each of these studies was rated low.    

2.3.4.3. Health literacy and patient-provider interaction indicators  

Patient-provider communication: Two studies [31, 32], where only one reported 

adjusted results, showed that higher HL levels were associated with better 
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patient-physician communication [32]. The evidence from these studies was 

rated low.  

Patient trust: Two studies explored the relationship between HL and patient trust, 

where only one reported adjusted results and showed that higher HL levels were 

associated with higher scores on patient trust scores [14]. The other study did not 

show an association between HL and patient trust [29]. The evidence from the 

two studies was rated insufficient.   

Information exchange and involvement in decision-making: One study reported 

adjusted results and showed that higher HL was associated with better 

information exchange between patients and their physicians [32]. The evidence 

from this study was rated low. Another study that did not adjust for confounders, 

with their physicians [29]. The evidence from this study was rated insufficient.   

Use of computers and Internet: Two studies, where only one reported adjusted 

results [33]

and Internet for health-related learning. These studies provided low evidence that 

higher HL was associated with more frequent use of computers and Internet [33, 

34].   

Other outcomes: Six studies explored the relationship between HL and 

prevalence of heart failure, prevalence of depressive symptoms, health-related 

quality of life (HRQL), diabetes health-related beliefs, medication beliefs, and 

healthcare discrimination respectively, where all but one reported adjusted 

findings. In these studies there was no association between HL and prevalence 

of heart failure [35], prevalence of depressive symptoms [14], HRQL [29], or 

diabetes health-related beliefs [10]. One study showed that lower HL was 
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associated with medication beliefs, particularly with more concern about the 

harmfulness of medications [36], and another showed that lower HL was 

associated with higher reporting of healthcare discrimination [37]. The evidence 

on these relationships was rated low, except for HRQL which was rated 

insufficient.  

 

2.3.5. Numeracy and Health Outcomes  

Overall, inter-rater agreement for strength of evidence ratings for 

0.73-0.99). There were four outcomes grouped into three categories: Clinical, 

behavioral, and other outcomes (Table 2-3).  

2.3.5.1. Numeracy and clinical outcomes 

Glycemic control: The relationship between numeracy and A1c was explored in 

four studies. Two studies adjusted for potential confounders; one showed that 

higher numeracy was directly associated with better A1c [38] and the other 

showed indirect effect of numeracy on A1c [39]. The two other studies that 

reported unadjusted results did not show an association between numeracy and 

A1c levels [34, 40]. The evidence was rated insufficient.  

2.3.5.2. Numeracy and behavioral indicators and patient-reported outcomes  

Self-efficacy: Two studies explored the relationship between numeracy and self-

efficacy. One study reported adjusted results and showed that higher numeracy 

was associated with better self-efficacy [28], and the other study reported 

unadjusted results and showed no association between numeracy and self-

efficacy [40]. This evidence was rated insufficient.  
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Self-care: One study that did not adjust for confounders reported no association 

between numeracy and self-care [40]. This evidence was rated insufficient.  

Other outcomes: One unadjusted study explored that relationship between 

numeracy and the use of computers and internet, and reported that higher 

numeracy was associated with more frequent use of computers and Internet for 

health-related learning [34]. This evidence was rated insufficient.  

 

2.4. Discussion 

Our systematic review showed a discrepancy among studies regarding 

the relationship between HL or numeracy and several health outcomes in people 

with diabetes. Consistent evidence suggested a positive association between HL 

and diabetes knowledge but even this evidence was only rated sufficient. 

Likewise, there is likely sufficient evidence to support a positive relationship 

between HL and self-care activities. On the other hand, the evidence for an 

association between HL and clinical indicators was weak. We found little 

evidence to support (or refute) an association between HL and important clinical 

events (such as mortality, cardiovascular disease), other than self-reported 

hypoglycemia and presence of diabetic complications. The majority of this 

evidence comes from cross-sectional studies, however, limiting causal inference. 

It is important to note that substantial discrepancies exists in the literature, 

which could be due to methodological issues and challenges in the identified 

studies. One potential source of discrepancy could be the different tools used to 

measure HL [41] and differences in thresholds used to distinguish between HL 

levels [42]. This variation in estimates and thresholds, in addition to the fact that 
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these instruments measure different aspects of HL and thus reflect different skills 

[43], could have influenced the magnitude and the precision of the observed 

estimates in these studies.  

Another potential reason for discrepancy could be adjustment for 

confounders. Most studies adjusted for age, sex, race, and educational level in 

the analyses; however, few studies also adjusted for other factors such as 

diabetes duration, diabetes knowledge, self-care, self-efficacy, health status, 

treatment regimen, and many others, where some of these were included as 

mediators in the pathway between HL and outcomes [28]. Adjusting for these 

confounders that are possibly intermediate variables could have induced over-

adjustment bias in estimating direct effects of HL on outcomes [44].   

Another equally interesting observation in this review was from recent 

studies that explored factors that mediate the relationship between HL and 

diabetes-related health outcomes. Osborn and colleagues [39] found that HL was 

not directly associated with self-care and A1c, however, was indirectly associated 

with these outcomes through social support. The same investigators in 

subsequent analysis of the same study found that HL was indirectly associated 

with A1c through self-efficacy [28]. Future research should further investigate 

these mediators and others to better understand the relationship between HL and 

health outcomes and what factors should be the target of intervention, HL or the 

mediators.  

Other methodological issues that might have introduced the inconsistent 

results include the lack of power in some studies. Additionally, the heterogeneity 

of participants across studies could have also led to the observed inconsistency. 

This could indicate that HL might be related to certain outcomes in particular 
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diabetes populations but not in others. These speculations are hard to examine, 

however, with the limited data and available studies.      

A recent review by Berkman and colleagues explored the relationship 

between HL and health outcomes in patients of all ages and was not limited to 

any patient groups [4]. Their findings were similar to ours particularly on the 

relationship between HL and disease knowledge, and they reported inconsistent 

results regarding other outcomes that were not addressed in our review such as 

healthcare utilization and costs. Other reviews focused on specific populations 

such as emergency room patients [45], working-age adults [46], children [47, 48], 

and ambulatory care patients [49]. These reviews also had similar results to ours 

with respect to disease knowledge; most were not able to provide firm 

conclusions on other outcomes due to insufficient evidence. 

This review, as any other systematic review, reflects the quality of the 

published literature. Although the quality of the included studies ranged from fair 

to good, these ratings did not reflect the limitations imposed by the cross-

sectional design of the majority of the studies, using different measures of HL 

across studies, choosing different cut-points for analysis, the inconsistent and 

potentially inappropriate control for confounders, and poor reporting, which made 

comparisons between studies difficult. In addition to methodological limitations, 

the majority of the studies were conducted in primary care clinics in the US; only 

a few were population-based and very few conducted outside of the US (Japan, 

China, and Ireland).  

 

 

 

36



!

!

2.5. Conclusion 

Our review indicates that the current understanding of the effect of low HL 

on the health of people with diabetes is limited. We found that low HL is 

consistently associated with poorer diabetes knowledge. However, there is little 

sufficient or consistent evidence suggesting that it is independently associated 

with processes or outcomes of diabetes-related care. Given how important the 

topic is, we were surprised by the paucity of high-quality evidence.     

Certainly our findings suggest that it might be premature to embark on 

randomized trials or controlled interventions to improve HL in those with diabetes 

given how little we actually know. Until better evidence is available, we believe 

that, outside of the study setting, it might be premature to routinely screen for HL 

or to try to improve HL for the purposes of improving patient-related outcomes in 

diabetes  although there may be other reasons to do so. 
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Tables and Figures  
 

Table 2-1: Strength of Evidence Grades and Definitions [16] 
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Chapter 3 
 

Measuring Health Literacy in Individuals with Diabetes: A Systematic 
Review and Evaluation of Available Measures  

 

Abstract 

Objective: To identify instruments used to measure health literacy (HL) and 

numeracy in people with diabetes, evaluate their use, measurement scope and 

properties, discuss their strengths and weaknesses, and propose the most 

useful, reliable, and applicable measure for use in research and practice settings. 

Methods: A systematic literature review was conducted to identify the 

instrume

evaluate the measurement scope of the identified instruments and to evaluate 

their applicability in people with diabetes. 

Results: 56 studies were included, from which one diabetes-specific (LAD) and 

eight generic measures of HL (REALM, REALM-R, TOFHLA, s-TOFHLA, NVS, 

3-brief SQ, 3-level HL Scale, SILS) and one diabetes-specific (DNT) and two 

generic measures of numeracy (SNS, WRAT) were identified. These instruments 

were categorized into direct measures i.e. instruments that assess the 

performance of individuals on HL skills, and indirect measures that rely on self-

report of these skills. The most commonly used instruments measure selective 

domains of HL, focus mainly on reading and writing skills, and do not address 

other important skills such as verbal communication, health care system 

navigation, health-related decision making, and numeracy. The structure, mode 

and length of administration, and measurement properties were found to affect 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"!"#$%&'()"(*"+,'&"-,./+$%",.&"0$$)"/102'&,$34"!2"5.6.,"78"='22'.;&">8"?(,)&()"?!4"9$.&1%')O"

,$.2+,"2'+$%.-6"')"')3'#'31.2&"C'+,"3'.0$+$&B"."&6&+$;.+'-"%$#'$C".)3"$#.21.+'()"(*".#.'2.02$"
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the applicability of these instruments in clinical and research settings. Indirect 

self- or clinician-administered measures are the most useful in both clinical and 

research settings.   

Conclusion: This review provides an evaluation of available HL measures and 

guidance to practitioners and researchers for selecting the appropriate measures 

for use in clinical settings and research applications.    
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3.1. Introduction  

Health literacy (HL) is a set of skills that people need to function 

effectively in the healthcare environment [1]. These skills include the ability to 

read and understand written text, locate and interpret information in documents, 

and write or complete forms (functional); the ability to speak and listen effectively 

and communicate about health-related information (interactive); the ability to 

navigate the healthcare system and make appropriate health decisions (critical); 

and the ability to use numeric information for tasks, such as interpreting 

medication dosages, food labels and blood glucose measurements (numeracy) 

[1, 2]. 

Diabetes is a prototypical multifactorial chronic condition, characterized by 

a high level of complexity that requires extensive self-care education and 

management. The demands on individuals with diabetes is complicated by the 

fact that diabetes self-management often relies on printed educational material 

and verbal instructions and requires advanced HL skills [3]. With the emerging 

evidence on the adverse effects of inadequate HL on health care and outcomes 

in people with diabetes [4-7], the assessment of HL skills is becoming crucial in 

this population. Since individuals often read several grade levels lower than the 

highest grade achieved in school [8], educational attainment cannot be used as a 

proxy for HL, which made the development of HL measures a necessity.  

As a result of this, several instruments were developed to assess skills or 

screen for inadequate HL [9-13]. These instruments vary in their development, 

structure, measurement scope, and subsequently psychometric properties. 

Although these instruments have been used with several patient populations, 

their usefulness and applicability for people with diabetes remains challenging. 
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The reason is the complexity of tasks and skills that are required by people who 

have diabetes, and the postulation that the available instruments do not address 

that complexity and all of the important components of HL altogether. 

Additionally, the continuous adjustment of the meaning and components of HL 

makes the available instruments questionable in what they actually measure. We 

therefore lack an understanding of the characteristics and measurement scope of 

HL measures used in people with diabetes, and their applicability in this 

population. In this review, we identified instruments used to measure HL in 

individuals with diabetes, evaluated their measurement scope and properties, 

and proposed recommendations for their use and applicability in different 

settings.              

 

3.2. Methods 

3.2.1. Data sources, search strategy and study selection  

We conducted a systematic review of nine databases: Medline, PubMed, 

CINAHL, SCOPUS, Web of Science, ERIC, Nursing and Allied Health Source, 

Health Source (Nursing/Academic Edition), and Health and Psychosocial 

instruments. The searches were not limited to any time period, language, or type 

of published paper. The following search terms were used to identify eligible 

studies: literacy, numeracy, HL, diabetes, diabetic, type 2 diabetes, type 1 

diabetes, instrument, measure, assessment, questionnaire, survey and 

screening. Keywords were matched to database specific indexing terms. The 

names of the identified instruments were used as keywords in further searches of 

specific issues in journals and cross-referencing with identified articles (detailed 
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information about the search strategy are available upon request). The search 

strategy and retrieval process are displayed in figure 3-1.  

 

3.2.2. Data Extraction and Synthesis 

Data on the general characteristics of the studies including design, 

methods, sample characteristics, and HL measures used in each study were 

extracted (Table S3-1). From these studies, we identified the HL instruments 

used for people with diabetes (Table 3-1). Data on the measurement scope and 

psychometric properties of the identified instruments were also extracted (Table 

3-1 and Table 3-2).  

 Evaluation of the measurement scope and applicability of the identified 

interactive, critical) [2], and a diabetes-HL skill set. Functional HL focuses on 

reading and writing skills that enable an individual to function effectively in 

everyday situations; interactive (or communicative) HL includes advanced skills 

that allow a person to extract information, derive meaning from different forms of 

communication, and apply new information to changing circumstances; and 

critical HL encompasses more advanced skills for critically analyzing information 

and using information to exert greater control over life events and situations [2]. 

The HL skill set was developed based on a brief review of the literature on 

diabetes self-care and management, and it includes: 1) reading and 

understanding medication labels, information on medication bottles, blood 

glucose levels, insulin bottles and pens, and applying this information in taking 

medication and/or insulin; 2) reading and understanding diabetes education 

materials and apply the information and instructions in daily life activities; 3) 
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applying it to daily living, 

such as diet management, physical activity, smoking cessation, monitoring of 

blood glucose, and self assessment; 4) completing medical forms, glucose 

monitoring logs, and dietary logs; 5) communicating with health care providers, 

explaining health concerns, asking questions, and obtaining needed information; 

6) navigating the health care system; and 7) making appropriate health-related 

decisions. A score was assigned to each section based on the extent to which 

each domain and skill were addressed by the instrument (Table 3-2). Ratings 

were as follows: 0 = not addressed, 1 = partially addressed, 2 = fully addressed. 

assess inter-rater reliability in the ratings between the two reviewers. Scores 

were used to help in the qualitative comparison of the instruments, and not to 

rank the instruments with respect to ratings.     

 

3.3. Results 

3.3.1. Literature Search and Identification of Instruments     

Across all databases, the search yielded 1120 publications. After removal 

of duplicates, 412 remained. Titles and abstracts were screened for relevance, 

and based on that, 161 publications were included for full-text review. The full 

texts of the 161 publications were screened for eligibility, and 53 publications that 

involved the use of a HL measure in individuals with diabetes were included. 

Only articles written in English were identified in this review. The hand search of 

reference lists of included studies resulted in the inclusion of three additional 

publications. Thus, the total number of eligible studies was 56.    
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 We identified one diabetes-specific and eight generic measures of HL 

(Table 3-1): Literacy Assessment in Diabetes (LAD), Rapid Estimate of Adult 

Literacy in Medicine (the original REALM and the revised form REALM-R), Test 

of Functional Health Literacy in Adults (TOFHLA and the shorter form s-

TOFHLA), Newest Vital Sign (NVS), 3-brief Screening Questions (3-brief SQ), 

the 3-level health literacy scale (3-level HL scale), and Single Item Literacy 

Screener (SILS). In addition, we identified one diabetes-specific and two generic 

measures of numeracy: Diabetes Numeracy Test (DNT; 15-item & 43-item 

versions), Wide Range Achievement Test (WRAT; the 3-item version WRAT-3 

and the revised version WRAT-R ), and the Subjective Numeracy Scale (SNS). In 

assessments of HL in individuals with diabetes, the s-TOFHLA was the most 

commonly used (26 studies), followed by the REALM (15 studies), 3-brief SQ (7 

studies), TOFHLA (4 studies), 3-level HL scale (3 studies), SILS (2 studies), LAD 

(2 studies), and REALM-R (2 studies), NVS (1 study), WRAT (4 studies), DNT (3 

studies), and SNS (1 study).  

Several other instruments have been developed to measure general HL, 

such as the Medical Term Recognition Test (METER) [14], the News Skills 

Based Instrument [15], the Mandarin Health Literacy Scale (MHLS) [16], but their 

use in people with diabetes was not reported, and thus not included in our 

[17] was 

presented as a HL measure, but in fact resembles a diabetes knowledge test and 

thus was not considered a HL measure in this review.  
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3.3.2. Description of the Identified Instruments    

 The identified instruments were categorized into those instruments that 

directly measure HL skills i.e. assessment of the performance of these skills and 

these include: REALM, REALM-R, TOFHLA, s-TOFHLA, NVS, and LAD, and 

instruments that indirectly assess HL skills i.e. instruments that rely on self-report 

of these skills, and these include: 3-brief SQ, 3-level HL Scale, and SILS. 

Additionally numeracy instruments were also categorized into direct measures 

and these include: DNT and WRAT, and indirect measures including the SNS 

(Table 3-1). There are considerable differences among the identified instruments 

used to measure HL and numeracy. These instruments vary in their structure, 

number of items/questions/domains, administration time and mode, scoring 

system, available languages, and their measurement scope and properties, 

which entails a number of implications for their use in research and clinical 

settings. Since the WRAT was not developed to be a measure of the numeracy 

component of HL, it was not evaluated based on the identified criteria, nor 

compared with other instruments.         

 

3.3.3. Measurement Properties of the Identified Instruments  

 The REALM, TOFHLA, and s-TOFHLA have been validated in several 

populations (including people with diabetes) and have been used in most of the 

validation studies of newer HL instruments such as the 3-brief SQ, NVS and the 

SILS (Table 3-1). Among the identified instruments, the TOFHLA, s-TOFHLA, 

and the REALM have established their reliability and validity through several 

applications in different patient groups including the diabetes population. 

However, these instruments differ in their measurement scope and underlying 
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constructs from newer instruments, and thus, their typical use as a gold standard 

in validation studies might be reconsidered. For example, the 16-brief Screening 

Questions (16-brief SQs) [10], which is the long version of the 3-brief SQ [11], 

were comprehensively developed to address all domains of HL, and were 

validated against the s-TOFHLA, which only measures functional HL. For 

instance, the 3-brief SQs performed the best based on the s-TOFHLA in 

[10, 11]. This does not imply that the 

other questions of the 16-brief SQs that address interactive and critical HL have 

poor measurement properties; however, it does suggest that the validity of these 

questions should be evaluated against an instrument that measures the same 

underlying concepts. Further validation of the 16-brief SQ is therefore 

recommended. Similarly, the 3-level HL Scale which addresses all aspects of HL, 

these instruments [18, 19]. This applies to numeracy measurement instruments 

as well. Careful attention should be given to revising and developing HL and 

numeracy instruments, particularly with respect to what these instruments are 

constructed to measure, and accordingly demonstrating their performance using 

 

 

3.3.4. Measurement Scope of the Identified Instruments       

 

scope was 0.78. Based on the evaluation of the measurement scope of the 

identified instruments, we found that the most commonly used instruments (s-

TOFHLA, REALM) are not sufficiently comprehensive, i.e. they measure 
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selective domains of HL namely reading comprehension and writing ability, 

thereby tackling only functional aspects of HL (Table 3-2). Other instruments (3-

brief SQ, 3-level HL Scale, NVS) address functional HL as well as critical HL 

such as decision-making, navigating the health care system, and following 

instructions and applying health information to daily life situations (Table 3-2). 

The 3-level HL Scale was the only instrument that was found to address 

interactive HL in addition to functional and critical HL (Table 3-2). The TOFHLA 

and NVS measure computational skills and thus address the numeracy 

component of HL. DNT focuses on diabetes numeracy in addition to assessing 

functional aspects of HL, where SNS only focuses on general numeracy.     

 The 3-level HL scale appears to have the broadest measurement scope 

and the one that addresses all the identified skills and the functional, interactive 

and critical aspects of HL but not numeracy. However, this instrument was 

developed in Japanese and was not validated in the English language, and it 

does not have a brief version that would be more applicable than the long version 

in clinical settings. Overall, the identified instruments varied widely in their 

measurement scope and the component of HL they measure.  

 

3.4. Discussion  

Although their measurement scope is limited to aspects of functional HL, 

the REALM and the s-TOFHLA were found to be the most commonly used 

instruments to measure HL amongst individuals with diabetes; however, due to 

their limited measurement scope and properties, their typical use as a gold 

standard in validation studies of other instruments might be reconsidered. In a 

study that compared the estimates of poor HL using the s-TOFHLA and the 
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REALM [20], Griffin and colleagues reported that estimates of poor HL varied by 

the assessment tool used, especially after adjusting for non-response bias. The 

reason for this discrepancy in the estimates could be due to the fact that these 

instruments measure different aspects of HL and thus reflect different entities. 

This should always be considered while selecting an instrument for the 

assessment of HL and in validation studies of other HL instruments.  

 The identified instruments have inherent strengths and weaknesses as a 

result of their structure, measurement scope and properties. First, the REALM 

(all versions), TOFHLA/s-TOFHLA, NVS, and the LAD were designed to directly 

measure specific skills. The fact that these measures directly assess the skill 

level of individuals imposes many limitations on the applicability of these 

measures especially in clinical setting, where this approach might impose 

discomfort and embarrassment particularly for those who have inadequate HL 

skills [1, 21, 22]. This also applies to DNT, which is a direct measure of numeracy 

compared to the SNS as an indirect less burdensome measure of numeracy.   

 Second, direct measures require good visual acuity (particularly word 

recognition tests), good writing ability (such as the TOFHLA, NVS, DNT), and 

enough concentration to be able to complete the test. These limitations make 

direct measures less convenient for most clinical settings, and for survey-based 

research. On the other hand, indirect or self-reported HL measures (3-brief SQ, 

3-level HL scale, SILS, SNS) provide information about confidence with certain 

skills without directly assessing these skills, and therefore they are less 

burdensome and do not impose discomfort and embarrassment, which makes 

them more suitable for most clinical settings and research applications.      

71



!

!

Third, the mode of administration of identified instruments plays an 

important role in their applicability and use. The REALM (all versions), the LAD, 

and part of the DNT are word-recognition tests and are only administered by a 

clinician or researcher. This limits their use for research purposes particularly in 

survey-based studies, and makes them less practical for most clinical settings as 

they would require time from the care provider and could impose discomfort and 

embarrassment. On the other hand, instruments that are only self-administered 

(TOFHLA/s-TOFHLA, 3-level HL Scale, SNS) do not impose a lot of discomfort, 

but may have limited use since they require good visual acuity and writing skills. 

The 3-brief SQ, 3-level HL scale, SILS, and SNS could be self-administered or 

clinician/researcher-administered, which provides flexibility in their application for 

research purposes and in most clinical settings.  

Fourth, administration time is also a factor that affects the use and 

applicability of the identified instruments. The TOFHLA, DNT, and WRAT require 

a long administration time, which makes them less practical for use in most 

clinical settings. The administration times of the REALM (all versions), s-

TOFHLA, NVS, LAD, 3-brief SQ, the 3-level HL scale, SILS and SNS are 

relatively short, making these instruments useful in research and most clinical 

settings. It could be useful to use a briefer or shortened version of an instrument 

due to potential time constraints in a specific application or setting; however, it is 

important to recognize that there could be a trade-off with measurement scope, 

where briefer versions usually have a narrower scope than longer ones (16-brief 

SQ vs. 3-brief SQ, TOFHLA vs. s-TOFHLA).    

 Finally, it is important to note that direct measures (REALM, s-TOFHLA, 

NVS, LAD, DNT) use terms from the medical field and texts from real medical 

72



!

!

forms used in clinical settings, which implies that these instruments measure HL 

based on the health system demands of skill level. However, indirect measures 

(3-brief SQs, 3-level HL scale, SILS, SNS) assess HL skills by asking about 

personal abilities that are not related to specific medical forms or context. In other 

words, the level of HL skills required by medical forms and texts that are part of 

the instrument influence the HL score of individuals; individuals would score 

higher as the level of HL skills required by the forms is lower. This has a direct 

implication on measuring HL, where it was reported that measuring HL using 

different instruments yields different estimates [20]. 

Considering the measurement scope of these instruments, their 

psychometric properties, and their strengths and limitations collectively, the 3-

level HL can be considered the most useful and comprehensive instrument to 

screen for inadequate HL. However, this instrument has not been validated in 

English. For English-based instruments, the 3-brief SQs (and their longer version 

16-brief SQs) have the broadest measurement scope, demonstrated good 

measurement properties, have many advantages over other instruments, and 

could be considered the best available instrument to measure functional HL. The 

SNS, although minimally used, has good characteristics that make it very 

applicable; however, it requires further testing and validation with people who 

have diabetes.            

With the escalating evidence on the adverse effects of inadequate HL on 

health outcomes in people with diabetes [5, 7, 23, 24], measuring HL skills is 

becoming imperative. 

literacy because they are very accustomed to the medical field and its 

terminology and because some patients who have inadequate HL skills often 
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deny or conceal their deficit. Additionally, patients are often ashamed of their low 

HL, and many adults will attempt to conceal their reading impairments from 

others [21, 25]. For that, understanding the components of HL measurement and 

screening in general and in people with diabetes in particular is crucial to the 

planning and delivery of comprehensive individualized diabetes care and 

interventions.  

The findings of this review are applicable to other chronic conditions with 

similar HL demands on individuals. Additionally, this review did not only address 

the applicability and usefulness of these instruments in individuals with diabetes, 

but also provided an evaluation of these instruments and their strengths and 

weaknesses, which are transferable to determining their applicability in other 

health conditions and situations. Researchers and clinicians could use this review 

as a guide to the selection of the most suitable instrument for a particular 

research application or in clinical settings.  

 

3.5. Conclusion  

We based this evaluation on the most collective and comprehensive 

description of HL; however, without a final consensus on what the underlying 

constructs of HL are, we will continue to fail in using and developing adequate 

measures of HL and in conducting valid measurements. This evaluation of HL 

instruments used in people with diabetes showed that the most commonly used 

instruments measure selective domains of HL and are not sufficiently 

comprehensive. Each of the identified instruments has strengths and limitations 

in its measurement scope, properties, applicability, and feasibility. It appears that 

indirect self- or clinician-administered measures are the most useful in both 
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clinical and research settings. We found that the 3-level HL Scale [18] and the 3-

brief SQs [11] as the most comprehensive, applicable and useful among the 

available instruments of HL measurement in individuals with diabetes.    
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Figure 3-1: Search Strategy and Retrieval Process  

 

Databases searched (Medline, PubMed, CINAHL, 
SCOPUS, Web of Science, ERIC, Nursing and 
Allied Health Source, Health Source (Nursing/

Academic Edition), and Health and Psychosocial 
instruments ): 1120 records  !"
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412 records after duplicates removed  

412 records screened  251 records 
excluded 

161 full text articles 
assessed for eligibility  

108 records excluded due to:  
- A health literacy measure was not used  
- A health literacy measure was not used with 
people with diabetes  
- The article does not report a research-based 
study  
- The article was not written in English 

56 studies  included in the review 

53 studies  included Reference lists 
screened 

3 studies  included 
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Chapter 4 

 
Measurement Properties and Comparative Performance of Health 

Literacy Screening Questions in a Predominantly Low Income 
African American Population With Diabetes  

 
 

Abstract 

Background: The evidence on the utility of the 16 screening questions (16-SQ) 

of inadequate health literacy (HL) and their briefer version (3-SQ) is inconsistent 

and limited to studies that validated these questions among predominantly white, 

English speaking populations drawn from academic practices. Additionally, no 

investigation of measurement model of these questions and their scoring has 

been undertaken. The objective of this study was to examine the measurement 

properties of the16-SQ of inadequate HL and their briefer version (3-SQ) in 

greater detail and identify the best screen for inadequate HL in lower income 

non-white populations.  

Methods: We used cross-sectional data from a study of 378 predominantly 

African-American individuals with type-2 diabetes. We computed sensitivity, 

specificity, positive and negative likelihood ratios, and C-indices. We also 

conducted factor analysis to examine the measurement model of these 

questions, and used structural equation modeling (SEM) for confirmatory 

purposes. The s-TOFHLA was used as a reference measure.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
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Results: Mean age was 56.1 years (SD=12.4), 69% were females, and 83% 

were African-American. The prevalence of limited HL (s-TOHFLA scores <23) 

was 10%. Six questions (6-SQ) were included in the final item-reduced factor 

analysis and produced two factors explaining 58% of the variance. In 

confirmatory SEM, this 2-factor model had a good fit  (chi-square = 9.5; P = 

0.305; RMSEA = 0.023). Weighted summative score of the 6-SQ and the item 

-SQ in identifying patients with 

inadequate HL with C-indices of 0.67 and 0.75 respectively.  

Conclusion: The weighted summative score of the 6-

identifying individuals with inadequate HL in this sample of predominantly low 

income African-Americans. Further exploration of the measurement properties of 

these questions needs to be undertaken before widely recommending brief HL 

screening instruments.  
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4.1. Introduction 

Health literacy (HL) is the ability to obtain, process, or understand basic 

health information needed to make appropriate health care decisions  [1]. 

Inadequate HL has been found to adversely influence health outcomes, 

especially in low-income patients with chronic diseases [2-5]. Although routine 

screening for inadequate HL in clinical settings is still controversial, its high (46%) 

prevalence in the US population [6], and its association with poor health 

outcomes [7, 8], has led to an increased interest in HL assessments. However, 

common measures of HL, such as the Test of Functional Health Literacy in 

Adults  Short form (s-TOFHLA) and the Rapid Estimate of Adult Literacy in 

Medicine (REALM), are time consuming, require face-to face interviews, might 

introduce discomfort and embarrassment, especially for those with inadequate 

HL, cannot be administered by telephone, and they are not feasible in large 

surveys [9-12].  

Chew and colleagues developed 16 self-reported HL screening questions 

(16-SQ) [13], then identified a briefer version of three questions (3-SQ) [14]. They 

subsequently reported that out of the 3-SQ, a single item about confidence with 

completing forms with a response cut-point of somewhat, may be sufficient to 

detect patients with inadequate HL; this item did not, however, perform as well in 

identifying patients with limited (i.e. inadequate plus marginal) HL [13, 14]. This 

single item was also reported by others to perform best in identifying patients with 

inadequate HL at a university-based primary clinic [15]. Chew and colleagues 

also found that a scale combining the three questions offered no additional 

benefit to the one question about confidence with forms [14]. The question about 

needing help to read hospital materials was predictive of inadequate HL in 
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sample of patients at a university based vascular surgery clinic [16]. This same 

question, which is known as the Single Item Literacy Screener (SILS), performed 

reasonably well in ruling out inadequate HL in adults [17]. Sarkar & colleagues 

later evaluated the performance of the 3-SQ among Spanish and English-

speaking individuals with type 2 diabetes, and found that one of the 3 items 

in identifying inadequate HL in this population [18].  

Overall, the evidence on the utility of these screening questions in 

identifying inadequate HL, whether as single items or a combination of these 

items, is inconsistent. This evidence is based on studies that validated these 

questions among predominantly white, English speaking populations drawn from 

academic practices. Additionally, the original identification of the 3-SQ from the 

16-SQ was based only on Receiver Operating Characteristic (ROC) analysis in 

one patient population [13], while no investigation of the factor structure of the 

16-SQ has been undertaken. Furthermore, in all of the studies that used a 

summative score of these items [13-15, 18, 19], it was done by simple 

summation of the item scores assuming that all these items equally contribute to 

the total score. Therefore, we sought to examine the factor structure and the 

measurement properties of the 16-SQ and the 3-SQ in greater detail, and identify 

the best set of items to screen for inadequate HL in a predominantly lower 

income non-white population. 

 

4.2. Methods 

4.2.1. Design and Data Source  

This validation study used cross-sectional data from a study conducted in 
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South Carolina, USA that has been previously described in detail [20]. Briefly, 

patients were recruited at two adult primary care clinics, and were included if they 

were 18 years or older with a diagnosis of type 2 diabetes in their medical record 

and a clinic appointment between June and August 2010. Patients were ineligible 

if they did not speak English or if the research assistants determined that they 

were too ill or cognitively impaired to participate. Ethics approval of this study 

was obtained from the Institutional Review Board (IRB) at the University of South 

Carolina.  

 

4.2.2. Self-reported Health Literacy Measure 

Participants completed the 16-SQ assessing HL, including the 3-SQ on 

, and needing help 

in . All questions were scored on a five-point 

Likert scale (always=1, often=2, sometimes=3, occasionally=4, never=5) with 

higher scores indicating lower HL. The scores of items HL5  HL13 and item 

HL16 were reversed so that higher scores indicate lower self-reported HL.  

 

4.2.3. Reference Health Literacy Measure  

The s-TOFHLA was administered to all subjects; we considered it our 

reference measure as it is the most frequently used HL measure in the literature 

[9]. The s-TOFHLA is the short form of the TOFHLA, which was developed in the 

reading, writing, and numeracy skills in relation to health [21]. The s-TOFHLA 

includes 36 reading comprehension and four numeracy items, and uses the 
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modified Cloze procedure, where every fifth to seventh word in passage is 

omitted, and the respondent selects a response from four options [10]. The s-

TOFHLA scores range from 0  36, with higher scores indicating better reading 

comprehension, and thus higher functional HL. We used standard cut-offs where 

scores from 0-16 represent inadequate HL, 17-22 marginal HL, and 23-36 

adequate HL [10]. S-TOFHLA scores of 0-22 are collectively referred to as limited 

HL. We assessed the performance of the self-reported questions and their 

summative score compared to the s-TOFHLA categories of inadequate (scores 

0-16) and limited HL (scores 0-22). 

 

4.2.4. Other Measures  

Data on self-reported age, sex, race/ethnicity (black; white), years of formal 

education, employment status (employed; unemployed), health insurance 

(insured; uninsured), and annual household income (<$10,000; < $25,000; > 

$25,000) were collected. Diabetes knowledge was assessed with the Diabetes 

Knowledge Questionnaire (DKQ) [22], and diabetes-specific self-efficacy with the 

Perceived Diabetes Self-Management Scale (PDSMS) [23]. Most recent A1c 

 

 

4.2.5. Statistical Analysis  

Reliability and Validity: Descriptive statistics and estimates of reliability and 

validity were computed. Internal consistency reliability was assessed using 

correlations of each of the 16-SQ with the s-TOFHLA. Construct validity was 
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assessed using the hypothesis-testing approach. Specifically, we established a 

priori hypotheses about the direction and magnitude of correlations of the 16-SQ 

with related traits and constructs based on evidence on the relationships between 

HL and these constructs [24, 25]. We hypothesized that the 16-SQ would be 

positive and moderately correlated with education, positive and strongly 

correlated with diabetes knowledge, and positive and moderately correlated with 

self-efficacy. We used the following criteria for the strength of correlation: < 0.3 

 [26].    

ROC Analysis: We calculated C-Indices (the area under the ROC curve) for each 

question for the HL categories of inadequate (comparing s-TOFHLA scores of 0-

16 versus 17-36) and limited (comparing s-TOFHLA scores of 0-22 versus 23-

36). We considered a C-index greater than 0.6 to be useful; this is higher than 

the 0.5 cut-off that reflects discrimination no better than chance. We also 

calculated sensitivity, specificity, and positive (LR+) and negative (LR-) likelihood 

ratios for each question.  

Factor Analysis: We conducted exploratory factor analysis of the 16-SQ using the 

principal factor analysis method and oblique Promax rotation. The eigenvalues 

from the factor analysis were used to determine the number of factors in the 

optimum solution. The 16 questions were assigned to the factor on which they 

loaded most heavily in the rotated solution. Next, to minimize redundancy and 

simplify the 16-item model, we eliminated redundant items. To do so, we grouped 

the items based on their content and measurement scope, and selected the best 

item within each set based on factor loadings and C-indices. Among the 16 

 HL4), four assess 

 oblems due to 
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 HL13), and the remaining items (HL14- 

HL16) were miscellaneous, and were all included in our final selection. The items 

within each set were moderately to strongly correlated with each other (Pearson 

r: set 1: 0.55  0.66; set 2: 0.43  0.73; set 3: 0.32  0.68). The item with the 

largest factor loading and C-index within each set was selected. The 3 selected 

items along with the 3 remaining miscellaneous items formed the simplified 

model with 6 items (6-SQs) and was tested in a second factor model. 

Based on the factor models structures, weighted summative scores of the 

items within a fit factor model were computed. We used the factor models to 

predict factor-scoring coefficients, which were used to generate weights for each 

question. Then a weighted score for each set was generated using a linear 

combination of these items, each with its corresponding weight. Additionally, we 

used the net reclassification index (NRI) [27] to compare these weighted scores.  

Structural Equation Modeling (SEM): To further validate these factor models, we 

tested them as measurement models using SEM. The two models were 

estimated with a covariance matrix generated by the 378 cases, and model 

specification was based on the factor structures obtained in exploratory factor 

analysis. Subsequently, we examined the validity of the final factor model by 

testing it in a structural model, which also included age, sex, educational level 

and income as exogenous variables, and diabetes knowledge and self-efficacy 

as endogenous variables. Paths from HL variables to diabetes knowledge and 

self-efficacy, and from diabetes knowledge to self-efficacy were specified. 

Additionally, model specification included correlations among exogenous 

variables. Next, A1c was added to the model as an endogenous variable, with 

paths from HL and the other endogenous variables. For all SEM models, we 
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considered adequate model fit statistics to be represented by an insignificant Chi-

square goodness-of-fit test result at 0.05 threshold, and a root mean square error 

of approximation (RMSEA) less than 0.05 [28]. All analyses were performed 

using STATA 11.1 [29] and LISREL 8.0 [30].  

 

4.3. Results 

 

Characteristics of this sample of 378 adults with type 2 diabetes are shown 

in Table 4-1. Mean (SD) age was 56.1 (12.4) years, 69% were females, 83% 

were African-American, 39% unemployed, 39% uninsured, and 80% had annual 

income <$25,000. Diabetes knowledge (mean=15.8; SD=3.9) and self-efficacy 

(mean=28.8; SD=5.5) were generally low in this population. Based on the s-

TOFHLA, the prevalence of limited HL was 10%.   

 

4.3.2. Reliability and Validity  

-SQ and 0.53 for the 

3-SQ, which indicates good internal consistency of the former and poor of the 

latter. There was a fair to good evidence of criterion and construct validity of the 

16-SQ. The associations between all of the 16 items and the s-TOFHLA were all 

statistically significant, however, with weak-moderate Pearson correlations 

ranging from 0.12 to 0.34 (Table 4-2). Out of the 16-SQ, items HL12, HL14, HL16 

(i.e. the 3-SQ) were, in general, weakly correlated with the s-TOFHLA. As for the 

relationship between the 16-SQ and education, fourteen items had a significant 

but small correlation with years of education, and two items (HL3 and HL13) on 
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medication use were not correlated with education. The 16 items were all weakly 

correlated with diabetes knowledge. As for the relationship between the 16-SQ 

and self-efficacy, twelve items had significant, but weak, correlations with self-

efficacy (0.11  0.29); only one item of the 3-SQs (HL12) was significantly 

correlated with self-efficacy (r = 0.24). The s-TOFHLA was weakly correlated with 

years of education (r = 0.27) and self-efficacy (r = 0.11) but strongly correlated 

with diabetes knowledge (r = 0.51).  

 

4.3.3. ROC Analysis  

Overall, participants who reported worse HL based on the 16 items were 

consistently more likely to have inadequate or limited HL on the s-TOFHLA 

(Table 4-3). Six of 16-SQ each had a C-index > 0.6 for inadequate HL and 10 

questions did so for limited HL compared to the s-TOFHLA (Table 4-3). Two 

items of the 3-

successfully differentiated those with inadequate HL (s-TOFHLA 0  17) 

compared to those with marginal plus adequate HL (s-TOFHLA 18  36) with C-

indices of 0.71 (95% CI: 0.58  0.85) and 0.66 (95%CI: 0.51  0.81) respectively. 

The same items were also successful in differentiating between those with limited 

HL (s-TOFHLA 0  22) compared to those with adequate HL (s-TOFHLA 23  36) 

with a C-index of 0.71 (95% CI: 0.61  0.81) for HL12 and 0.71 (95%CI: 0.61  

0.80) for HL16. The third item of the 3- nfidence with forms) failed 

to differentiate those with inadequate HL (s-TOFHLA 0  17) compared to those 

with marginal plus adequate HL (s-TOFHLA 18  36) and those with limited HL 

(s-TOFHLA 0  22) compared to those with adequate HL (s-TOFHLA 23  36) 
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with C-indices of 0.55 (95% CI: 0.40  0.70) and 0.60 (95%CI: 0.49  0.70) 

respectively.  

Sensitivities, specificities, LR+ and LR- for the 16-SQs for detecting 

inadequate HL and limited HL based on the S-TOFHLA at each threshold are 

shown in Tables S4-1 and S4-2. The screening threshold that optimized both 

sensitivity and specificity for the majority of the questions was at the response of 

Sometimes or more for detecting both inadequate HL and limited HL. The 

performance of the 3-

 (sensitivity= 66.7%; specificity= 80.9%), 

L12) (sensitivity= 58.1%; 

(sensitivity 71%; specificity=71.7%; DOR=6.25). 

the highest sensitivity and specificity for detecting both inadequate HL and limited 

HL compared to the s-TOFHLA.  

 

4.3.4. Factor Analysis and Structural Equation Modeling 

Factor analysis of the 16-SQ produced three factors explaining 60% of 

the variance, all with eigenvalues greater than 1.0, and thus were all retained in 

the factor model (Table 4-4). This 3-factor model was tested in SEM with each of 

the factors as a latent variable with its corresponding indicators as identified in 

factor analysis, and had poor fit indices (Chi-square (d.f. 101) = 423.02; P < 

0.0001, and RMSEA = 0.098). The second simplified factor model included 6 
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items (6-SQ): HL1, HL5 and HL12 were selected from three sets based on their 

factor loadings and C-indices which were the highest for both HL thresholds, 

along with the three miscellaneous items (HL14, HL15, HL16). Factor analysis of 

this simplified model produced two factors explaining 58% of the variance, both 

with eigenvalues grater than 1.0, and thus were both retained in the factor model 

(Table 4-4). In this model, items HL12, HL14, HL16 (i.e. the 3-SQ) did not all load 

0.65 for the overall scale. In confirmatory SEM, this 2-factor model (6-SQ), which 

was specified based on its factor structure, had a good fit  (Chi-square (d.f. 8) = 

9.46; P = 0.305; RMSEA = 0.023). The previously validated 3-SQ had the largest 

 

In further validation of the 6-SQ model, the structural model which 

included diabetes knowledge and self-efficacy as endogenous variables well fit 

the data with a Chi-square (d.f. 43) = 55.89; P = 0.09, and RMSEA = 0.032. 

Adding A1C as an endogenous variable to this model, which is an extension to 

the structural model validation, also fit the data well with a Chi-square (d.f. 52) = 

63.45; P = 0.133, and RMSEA = 0.028.  

 

4.3.5. Summative Scores   

Based on the weighted summative scores, a cut-off point of 17 for the 6-

SQ maximized sensitivity and specificity and had the highest C-indices for both 

HL thresholds; 0.67 (95%CI: 0.53 - 0.82) for inadequate HL, and 0.69 (95%CI: 

0.60 - 0.79) for limited HL (Table 4-5). We also computed a weighted summative 

score for the 3-SQ to compare it with that of the 6-SQ. A cut-off point of 9 for the 
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3-SQ maximized sensitivity and specificity and had the highest C-indices for both 

inadequate (0.65; 95%CI: 0.52 - 0.79) and limited HL (0.69; 95%CI: 0.60 - 0.78).  

The 6-SQ and 3-SQ weighted summative scores had similar performance 

in identifying patients with limited HL with C-indices of 0.69 for the former and 

0.67 for the latter; however, the 6-SQ was better than the 3-SQ in identifying 

patients with inadequate HL with C-indices of 0.67 and 0.62 respectively. The 

summative scores were also compared to each item within the 3-

-SQ and 3-SQ summative scores and to 

the other items in identifying patients with inadequate HL (C-index = 0.75), 

followed by the summative score of the 6-SQ (C-index = 0.67) (Figure 4-1). 

6-SQ were the best in identifying patients with limited HL, and had similar 

performance with C-indices of 0.70, 0.70 and 0.69 respectively (Figure 4-2). Net 

proportion of patients reclassified correctly by the 6-SQ summative score 

compared to the 3-SQ summative score was 4% for inadequate HL; however, it 

was only 0.2% for limited HL. 

 

4.4. Discussion 

To our knowledge, this is the first study to explore the measurement 

properties and performance of the previously reported 16-SQ and their brief 

version, the 3-SQ, in a predominantly African American population, and the first 

to explore the factor structure of these questions. We found that the performance 

of these questions in identifying patients with inadequate HL in this population 

was not as good as their previously reported performance in other populations 

[13, 14, 18]. We also found that the test characteristics (sensitivity, specificity, C-
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indices) of the 16-SQ were poorer in this patient population than in other 

populations [13, 18]. Overall, the 16-SQ were better in discriminating between 

patients with inadequate HL vs. marginal plus adequate HL than those with 

limited HL versus adequate HL, which is consistent with the literature [13, 14, 18]. 

In contrast to the literature [13-15]

poorest performance in identifying individuals with inadequate or limited HL 

compared to the other 2 items of the 3-SQs and the summative scores. In this 

largest C-

) in discriminating across different levels of HL.   

Based on the factor analysis, we identified a set of 6 items that had a 

valid factor structure, and performed better than the 3-SQ in discriminating 

between patients with inadequate HL and those with marginal plus adequate HL. 

Additionally, the factor structures of the 3-SQ and 6-SQ indicated that the items 

within each set do not have equal contributions to the total score, and thus 

should be weighted before they are summed. The lack of weighting of these 

items in prior studies could be a reason for unsuccessful attempts to improve the 

performance of these screening questions by summing a score from a 

combination of items [14, 15]. Although none of the brief items or combinations 

was very good compared with the reference standard in this population, the item 

-SQ were the 

best screeners of inadequate HL in this population. Further, given the 

inconsistency of evidence of the utility of each of the HL items separately, the 6-

SQs present a better self-report approach of screening for inadequate HL in this 

population. 
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 This study has several limitations. First, we used the s-TOFHLA as our 

one and only reference measure and all analyses and interpretation are 

contingent upon the validity of this choice. The s-TOFHLA mainly addresses 

reading comprehension skills, while the 16-SQ focus on identifying problems in 

understanding and applying health information. Although, the s-TOFHLA has 

been the most commonly used measure by others in the field [4, 9, 31], the 

differences in what these instruments measure should be taken into 

consideration in interpreting the findings of this study. Second, because we 

aimed to study the SQ performance in diabetic patients with low socioeconomic 

status, the generalizability of the findings may be limited, but this reflects the 

importance of further validation of these questions in more diverse samples of 

patients. Third, although the parent study was not about health literacy per se, 

patients with low HL could have avoided participation because the study involves 

reading and completing a self-administered survey. This would have 

underestimated the prevalence of limited HL, and could have resulted in a biased 

assessment of screening performance of these questions. To the degree that this 

bias exists, we believe it would be even greater for studies whose purpose was to 

study HL. Fourth, and in relation to the last point, the low prevalence of 

inadequate and limited HL in this population, and thus the small numbers, might 

have played a role in the differences in performance of these questions 

compared to prior literature; however, this has implications on the utility of these 

questions in populations with low prevalence of inadequate HL. Finally, due to 

the cross-sectional nature of the data, we were not able to explore test-retest 

reliability and the longitudinal validity of these questions. Future studies should 

explore these measurement properties.  
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4.5. Conclusion 

We identified -

performed better than standard approaches to screening for inadequate HL in 

this sample. The weighted summative score of the 6-

 items or combinations of items in 

identifying individuals with inadequate HL. We believe that further exploration of 

the measurement properties of these questions in other populations, and their 

relative weighting, is needed before recommending any of the brief HL screening 

instruments for use in clinical practice. 
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Tables and Figures  
 
Table 4-1: General Characteristics of the Sample 
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Table 4-2: Correlations of 16-SQ items with the s-TOFHLA, education years, 
diabetes knowledge, and self-efficacy   
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Table 4-3: C-indices (95%CI) for 16-SQ items compared to the s-TOFHLA scores 
for inadequate and limited HL   
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Figures  

Figure 4-1: ROC curves of the 3-SQ, and the summative scales of the 3-SQ and 
6-SQ compared to the s-TOFHLA for identifying inadequate HL  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

114



!

!

Figure 4-2: ROC curves of the 3-SQ, and the summative scales of the 3-SQ and 
6-SQ compared to the s-TOFHLA for identifying limited HL  
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Chapter 5 

Lack of Association Between Inadequate Health Literacy and Health 
Outcomes in Patients with Type 2 Diabetes and Depression: 

Secondary Analysis of a Controlled Trial   
 

Abstract  

Background: Inadequate health literacy (HL) and depression have each been 

associated with poor diabetes-related outcomes, but cross-sectional studies have 

provided conflicting evidence of the association between inadequate HL and 

depressive symptoms and other outcomes in individuals with type 2 diabetes 

(T2DM).   

Objective: To examine the influence of inadequate HL on changes in depressive 

symptoms, health-related quality of life, and cardio-metabolic outcomes among 

patients with T2DM recently screened positive for depression.  

Design, Setting and Patients: Secondary analysis of data from a neutral trial 

(N=154) that compared a collaborative team care model and enhanced usual 

care for primary care T2DM patients and depression.  

Outcome Measures: Exposure of interest was inadequate HL, defined as a total 

summative score of 9 or more on the 3 brief screening questions. Outcomes of 

interest were differences in the changes in depressive symptoms (Patient Health 

Questionnaire-9 (PHQ-9) at 12-months, health-related quality of life (SF-12 and 

EQ-5D), glycemic control (A1c), low-density lipoprotein cholesterol (LDL), and 

systolic blood pressure (SBP).  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!"#$%&'()"(*"+,'&"-,./+$%",.&"0$$)"&10;'++$3"*(%"/102'-.+'()4"U(M.1+,(%&B"51;'+"<"9.:1;3.%F8"
9A"9V@H"?$**%$6"!"?(,)&()D8"V,A"JF"7.-12+6"(*"9$3'-')$".)3"A$)+'&+%68"Z)'#$%&'+6"(*"!20$%+.8"
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Results: Average age of patients was 58 years, 56% women, and predominantly 

white. Only a small proportion (N=24; 16%) had inadequate HL. In adjusted 

random effects models comparing patients with inadequate and adequate HL, all 

outcomes were neither statistically significant nor clinically important. The 

between group differences were -0.52 points for PHQ-9, -0.66 points for physical 

and -0.53 points for mental summaries of the SF-12, -0.001 points for EQ-5D, -

0.14% for A1c, -0.02 mmol/L for LDL, and -0.33 mmHg for SBP.     

Conclusion: Among primary care patients with T2DM who recently screened 

positive for depression, inadequate health literacy is not associated with worse 

outcomes over 1 year.  
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5.1. Introduction 

Health literacy (HL) is the degree to which individuals can obtain, process, 

understand, and communicate health-related information needed to make 

informed health care decisions [1]. A growing body of research suggests that 

inadequate HL is associated with adverse effects on health, such as lack of use 

of preventive services [2], delayed diagnoses [3], misunderstandings about 

medical conditions [4], less compliance with medical instructions, decreased self-

management skills [5], poor self-rated health [6], higher health care costs [7], and 

increased mortality risk [8, 9]. 

Inadequate HL is common among individuals with type 2 diabetes (T2DM) 

and has been associated with diabetes outcomes such as worse glycemic control 

[10, 11] and increased risk of hypoglycemia [12]. Depression, another complex 

chronic condition, affects 10-30% of individuals with T2DM [13], making it one of 

the most common comorbidities in this patient population. Comorbid depression 

is known to limit self-care, lead to worse health outcomes and greater health care 

costs [14-16]. With this dual complexity, the demands for self-management in 

individuals with T2DM and depression are increased, and the ability to execute 

required tasks is challenged [15]. Given the increased self-management 

demands on these patients, in the face of a complex and dynamic healthcare 

environments, exploring the influence of inadequate HL on health outcomes in 

this population is crucial.  

Despite growing evidence of the effects of inadequate HL on health 

outcomes, the evidence is limited and inconsistent in the diabetes population 

[17]. Cross-sectional studies have provided conflicting evidence of the 

association of inadequate HL with diabetes-related outcomes [17]. Given that 
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both inadequate HL and depression are potentially modifiable, it is surprising that 

there are no rigorous longitudinal data to examine the effect of inadequate HL on 

depressive symptoms and other health outcomes in this patient population. Our 

objective was to examine the longitudinal associations of inadequate HL with 

depression-related and other health outcomes in patients with T2DM who 

recently screened positive for depression in a clinical trial.  

 

5.2. Methods 

5.2.1. Study Population and Recruitment  

This longitudinal observational study used data from the TeamCare-PCN 

trial [18], conducted to evaluate the effectiveness of a collaborative team care 

model for primary care patients with T2DM [18]. Briefly, the goal of the 

intervention was to reduce depressive symptoms, achieve targets for cardio-

metabolic measures and improve lifestyle behaviours. The intervention was 

coordinated by a nurse care manager, working in collaboration with family 

physicians and specialists (i.e., psychiatrists and internists). Participants for the 

TeamCare-PCN study were recruited from four Primary Care Networks (PCN) in 

rural Alberta. Comparing this model to an enhanced usual care (i.e., screening 

for depressive symptoms and general practitioner notification), the results of the 

trial were robustly negative, permitting us to examine the natural history of newly 

identified depressive symptoms in T2DM by treating our sample as a single 

longitudinal cohort [19]. All study procedures were approved by the University of 

Alberta Health Research Ethics Board (PRO#00012663), and all participants 

provided written informed consent.  
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5.2.2. Measurements  

The TeamCare-PCN trial involved three data collection points: baseline, 6-, 

and 12 months. Anthropometric and clinical measurements data were collected 

by the care managers at the PCNs. Self-reported data was collected through a 

self-administered survey mailed to all participants at each data collection point. 

Data on the following measures were used in this study:  

Health literacy was assessed using a previously validated set of three brief 

questions screening for inadequate HL [20]. The questions were: 1) How often do 

you have problems learning about your medical condition because of difficulty 

understanding written information?; 2) How confident are you filling out medical 

forms by yourself?; and 3) How often do you have someone like a family 

member, friend, hospital or clinic worker or caregiver help you read health plan 

materials (such as written information about your health or care you are offered)? 

These questions were each scored on a five-point Likert scale with higher scores 

indicating lower HL. We used a weighted summative score of the three HL items, 

and stratified summative scores such that < 9.0 was identified as adequate HL 

and >= 9.0 as inadequate HL [21]. 

Depressive symptoms were assessed using the Patient Health Questionnaire-9 

items (PHQ-9) [22, 23]. An overall score is computed by adding scores of all 

items, ranging from 0 to 27, with higher scores indicating more severe depressive 

symptoms [23]. Patients enrolled in the trial had at least moderate depressive 

symptoms at baseline, based on a score of 10 or more [22, 23]. Improvements of 

5 points are considered clinically important [24]. Remission of depressive 

symptoms was defined as a PHQ-9 score < 10 at 12 months.   
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HRQL was assessed using SF-12 version 2 and EQ-5D-5L. The SF-12 contains 

12 items from the eight scales of the SF-36 health status inventory [25, 26]. 

These 12 items were used to generate oblique physical (PCS) and mental (MCS) 

component scores [27]; 5 points difference is considered important on these 

scores. The EQ-5D-5L is a preference-based index of HRQL, based on five 

dimensions (mobility, self-care, usual activity, pain/discomfort, and anxiety/ 

depression), each with five levels (no problem, slight problem, moderate problem, 

severe problem, and unable/extreme problem) [28]. A difference of 0.03 is 

considered important on the EQ-5D index [28].  

Cardio-metabolic outcomes: Included A1c, LDL cholesterol, and systolic blood 

pressure (SBP). Capillary blood samples were assessed for A1c and lipid profiles 

using point-of-care devices; blood pressure readings were obtained using the 

BPTru automated system [18]. Clinically important improvements in A1c, LDL 

and SBP were defined as 10% reduction or more at 12-months [29].     

Socio-demographic covariates collected were age, sex, self-identified 

race/ethnicity (categorized as white or non-white), level of education (categorized 

as less than high school or high school or more), employment status (categorized 

as employed or unemployed), and annual household income (categorized as 

<$40,000, $40,000 - $60,000, and >=$80,000). Other covariates included self-

reported co-morbidities and diabetes complications. Body mass index (BMI) was 

calculated using measured height and weight.        
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5.2.3. Statistical Analysis 

Descriptive analyses were performed on all baseline variables, comparing 

patients by HL status using t tests for continuous variables and chi square test for 

categorical variables. Mixed-effect repeated measures generalized linear models 

with random effects for each subject were used to examine the independent 

association of HL with the change in each of the outcomes. Each model was set 

up with change in the respective outcome as the dependent variable and HL 

status as the main explanatory variable. We also used logistic regression models 

to examine the independent association between HL status and remission of 

depressive symptoms and improvement in HRQL indicators and cardio-metabolic 

outcomes at 12 months.  

In all models (i.e., linear and logistic), we included as covariates those that 

were significantly different between the HL groups at baseline (i.e., sex, MCS), 

and variables known to be related to HL or health outcomes (age, educational 

level, number of comorbidities, number of diabetes complications), as well as 

allocation status and time. Percentage of missing data was less than 5% in most 

variables. Mean imputation was used for missing data at baseline for A1c, LDL, 

SBP, and HL score. To identify values to impute for missing data in EQ-5D and 

SF-12 it

imputing missing data on one measure based on available responses for similar 

items in the other. Missing data at follow-up assessments were handled using 

last observation carried forward (LOCF) method [18]. For each analysis, the null 

hypothesis was evaluated at a 2-sided significance level of .05. All analyses were 

performed using STATA 11.1 [30]. 

 

132



!

!

5.3. Results 

5.3.1. General Characteristics  

The TeamCare-PCN trial enrolled 157 patients; 62 allocated to the 

intervention arm, and 95 to the enhanced usual care arm. Follow-up data were 

available for 112 of the 157 participants (71%) at 12 months. Three participants 

did not complete the survey (including the HL items) at any time point, and were 

therefore excluded from this analysis. Thus, the total number of participants 

included in this study was 154.  

The average age of participants was 58.1 years (SD=9.4), more than half 

females (56%), predominantly white (94%), the majority had high school 

education or more (86%), around half (48%) unemployed, and fairly distributed 

across income categories (Table 5-1). At baseline, the participants generally had 

moderate depressive symptoms (mean PHQ-9 = 14.5; SD=3.7), were obese 

(mean BMI = 36.8; SD=8.1), but had relatively good cardio-metabolic control. 

Additionally, participants had low self-reported HRQL at baseline (mean EQ-5D = 

0.7; SD=0.2; mean PCS=35.5; SD=10; mean MCS=35.1; SD=7.7).  

The mean weighted summative score of the three brief screening questions 

of inadequate HL was 5.9 (SD 2.6; median 5.6; interquartile range 3.4  7.5). 

Around 16% of participants had inadequate HL (weighted summative score >= 

9.0), and were equally distributed between the trial groups. Participants with 

inadequate HL were more likely to be male and had higher MCS scores at 

baseline than participants with adequate HL. Patients with inadequate HL had 

lower education and income compared to those with adequate HL, although 

these differences were not statistically significant.  
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5.3.2. Change in Depressive Symptoms  

Participants in both HL groups had significant and important improvements 

in depressive symptoms from baseline to 12-months, with the majority of the 

improvement occurring in the first 6 months (Figure 5-1a). There were no 

differences in the 12-month change of PHQ-9 score between the HL groups. In a 

random effects model, the adjusted difference in the average change of PHQ-9 

scores between the HL groups (-0.52) was neither statistically significant (P = 

0.652) nor clinically important (Table 5-2). Additionally, there was no difference in 

the odds of remission of depressive symptoms at 12 months between the HL 

groups (Table 5-3).  

 

5.3.3. Changes in Health Related Quality of Life  

Participants in both HL groups had modest improvements in all HRQL 

indicators from baseline to 12-months (Figure 5-1b, 5-1c, 5-1d). In adjusted 

random effects models, the difference between the HL groups in the average 

change of PCS (-0.66), MCS (-0.53), and EQ-5D (-0.001) were neither 

statistically significant nor of important magnitude (Table 5-2). Additionally, there 

were no differences in the odds of improvement in PCS and MCS at 12 months 

between the HL groups (Table 5-3).  

5.3.4. Changes in Cardio-metabolic Outcomes  

For cardio-metabolic outcomes, participants in both HL groups had minimal 

improvements in A1c (Figure 5-1e), LDL (Figure 5-1f), and SBP (Figure 5-1g) 

from baseline to 12-months. In adjusted random effects models, the difference 

between the HL groups in the average change of A1c (-0.14), LDL (-0.02), and 
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SBP (-0.03) were statistically non-significant and clinically unimportant (Table 5-

2). Additionally, there were no differences in the odds of improvement in A1c, 

LDL and SBP at 12 months between the HL groups (Table 5-3). 

 

5.4. Discussion 

In this study, inadequate HL, as assessed by the 3-brief screening 

questions, was present in 1 in 6 primary care patients with T2DM who recently 

screened positive for depression. The estimated prevalence of inadequate HL in 

this population is higher than that in the general population or in any of these 

conditions separately, using the same measure of HL [31]. Nonetheless, our 

study demonstrates that inadequate HL did not negatively influence changes in 

their health outcomes. In particular, we did not find any evidence of independent 

associations of inadequate HL with changes or improvements in depressive 

symptoms, HRQL, or cardio-metabolic outcomes.  

Research linking HL with health outcomes has been mixed. We previously 

reported a systematic review demonstrating that evidence on the association 

between HL and health outcomes in the diabetes population was insufficient and 

inconsistent across studies for most outcomes [17]. Although it was previously 

suggested that that people with low HL are more likely to have symptoms of 

depression [32-34], we found no association between HL and change in 

depressive symptoms in this study. This is consistent with what has been 

reported earlier for diabetes patients [35]. Our results, which showed no 

association between HL and clinical outcomes like A1c and SBP, are in contrast 

to those prior studies that showed that higher levels of HL were associated with 

better glycemic control [11, 36, 37], but consistent with others that did not find an 
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association [35, 38]. Our finding of lack of association between HL and HRQL in 

this study is also consistent with previous reports for diabetic patients [39].  

Discrepancies between this and previous studies, especially for glycemic 

control, may be related to study design, instruments used to measure HL, 

populations involved, or other factors. For the most part, the previous literature 

has been limited to cross-sectional studies, while ours is one of the few to 

examine longitudinal associations between HL and these health outcomes in the 

diabetes population, thus providing more robust evidence. Despite their 

limitations, the 3-brief HL screening questions have been shown to provide valid 

estimates of inadequate HL in different chronic disease patients including those 

with diabetes [40-42]. We previously examined the utility of these questions 

compared to the s-TOFHLA in examining the cross-sectional associations 

between HL and health outcomes in a similar population with T2DM and found 

similar results, regardless of the measure used [43].    

Although inadequate HL might be associated with worse health outcomes 

in the general population or in some patient groups, as suggested by some 

cross-

populations [43]. Previous research suggested that low HL is significantly 

associated with higher levels of social support in T2DM patients [44] as well as 

higher rates of healthcare utilization [7, 31]. It might be that sicker patients with 

inadequate HL, such as this group of obese T2DM patients with depressive 

symptoms (and at least two other comorbidities and diabetes complications), 

seek and receive appropriate care, services and support from their healthcare 

providers and possibly significant others (e.g., providers, family, friends). Thus, it 
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is possible that inadequate HL may not have had an adverse impact on health 

management and ultimately outcomes in these individuals.        

Several factors should be considered in the interpretation of our findings. 

First, participants in the TeamCare-PCN trial were recruited through an invitation 

letter and brief screening survey that were mailed to them by PCNs. By design, 

this recruitment approach could have excluded individuals with very low HL 

levels, such as those unable to read the invitation letter and survey, or who read 

them but did not understand them, and therefore they did not participate. This 

bias could have lead to recruiting fewer individuals with low levels of HL, and thus 

the reported prevalence could be an underestimation of the true prevalence 

among this population. Second, this study was not powered to detect differences 

by HL status. Based on a 2-sided significance level of .05 and 80% power, we 

estimated a range of sample sizes from 55 to 63 patients per group to detect a 

difference corresponding to a moderate effect size of 0.5 in the average change 

of the outcomes between the HL groups. Although this study was underpowered, 

the magnitude of the differences between the HL groups was small and clinically 

unimportant for all outcomes. Third, the small number of patients with inadequate 

HL and the unbalanced group size limited our ability to draw definitive 

conclusions. Fourth, we did not consider changes in HL over the course of the 

follow-up, which, if HL is modifiable and amenable to intervention, would be a 

worthwhile area for future study. Finally, this study was conducted among 

predominantly Caucasian English-speaking patients and may not be 

generalizable to non-white non-English-speaking individuals.   
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5.5. Conclusion  

This study demonstrates, through a rigorous longitudinal design, that 

inadequate HL does not play a role in improving depressive symptoms, HRQL, or 

cardio-metabolic outcomes among T2DM patients who screened positive for 

depression. The presumption that the impact of HL on health outcomes might 

vary by the severity of the health condition of populations studied is an important 

one and warrants further exploration.  
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Tables and Figures  

Table 5-1: General Characteristics of the overall sample and by health literacy 
(HL) level at baseline 
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Table 5-2: Adjusted* random effects models for change in health outcomes by 
health literacy level  
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Table 5-3: Adjusted* logistic regression models for improvement in health 
outcomes at 12 months by health literacy level  
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Figure 5-1: 12-months change in health outcomes by health literacy (HL) level  
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Chapter 6 

-2 Diabetes Patients in Primary Care 
Settings: Insights into Communication Loops, Jargon, and Health 

Literacy §  
 
 

Abstract 

Objective: To examine the application of interactive communication loop, use of 

jargon, and the impact of health literacy (HL) when nurses and type-2 diabetes 

(T2DM) patients discuss self-care management.  

Methods: Audio-recording of 36 encounters between nurses and T2DM patients, 

and administration of a patient survey including a HL measure.   

Results: A complete communication loop was noted in only 11% of the 

encounters. Clarifying health information was the most commonly applied 

component (58% often used), followed by repeating health information (33% 

often used). Checking for understanding was the least applied (81% never used), 

followed by asking for understanding (42% never used). Medical jargon and 

mismatched language were often used in 17% and 25% of the encounters 

terms of using communication loops, however nurses used less jargon and 

mismatched words with patients with inadequate HL.   

Conclusion: Nurses rarely used a full communication loop but frequently used 

jargon in providing self-care education for T2DM patients; however the latter was 
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less common in patients with inadequate HL. Nurses and other healthcare 

professionals should elicit patient perceptions and apply communication 

strategies to enhance understanding and recall of health information.     
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6.1. Introduction   
 

Healthcare providers are key components of every healthcare system, and 

medical encounters are a key aspect of patient care. Verifying and evaluating 

elements of effective -

an effective method of verifying understanding in patients, especially those with 

learning challenges [1-3]. Teach-back involves asking patients to explain the 

intended message in their own words or demonstrate the target skill being taught 

[4]. Studies have shown that teach-back methods improve both patient 

comprehension and retention of information, is associated with better outcomes 

(at least in type 2 diabetes) [1], and does not result in longe

[1, 5, 6]. This approach, also known as the interactive communication loop [1], is 

beliefs, reinforce and tailor health messages, and activate patients by opening a 

dialogue [1].  

Clear and plain communication is as important as applying communication 

loops to ensure patient understanding. Previous studies have shown that the use 

of medical terminology by care providers during medical encounters affects 

[7, 8]. Clear 

communication and ensuring recall and comprehension are essential in all 

patient-provider interactions, but may be especially important for patients with 

chronic conditions, such as diabetes, where self-management education and 

counseling is a cornerstone in managing these conditions. Further, these 

approaches could be more critical for patients who have challenges in obtaining, 

processing, understanding, and communicating about health related information 
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that are necessary to make informed health care decisions and effectively 

manage their health conditions i.e. those with inadequate health literacy (HL) [9].  

According to the International Adult Literacy and Skills Survey, 60% of adult 

Canadians do not have the necessary to manage their health effectively [10], and 

thus are more likely to have adverse health effects including poor self-care 

management, improper use of medications and healthcare services, and poor 

health outcomes [10-12]. Patient-provider communication has been suggested as 

a potential pathway through which HL might impact health outcomes, particularly 

in individuals with chronic diseases [13, 14].  

Providing patient education is an important nursing role and a core 

competency of nursing practice, particularly in diabetes self-management 

education [15]. However, the majority of the available literature examining 

patient-provider communication and HL involves only physicians. Therefore, our 

objective was to examine whether nurses addressed all components of the 

interactive communication loop, particularly with respect to assessing recall and 

comprehension and avoiding jargon, while providing self-management education 

and counseling to individuals with type 2 diabetes. A secondary objective was to 

patie  

 

6.2. Methods  

6.2.1. Setting  

A primary care network (PCN) is a network of doctors and other health 

providers (nurses, dieticians, pharmacists, social workers, nutritionists, etc) 
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working together to provide health services to a defined patient population; akin 

to what is referred to a [16]. At the time of the 

study, there were 40 PCNs operating in the province of Alberta, with 

approximately 2500 (75%) of family physicians working in PCNs. This study was 

conducted at three PCNs; each serving a different target population with respect 

to socio-demographic characteristics, and ultimately health needs. At the time of 

the study, site 1 had 15 primary care nurses and 102 physicians, serving 

approximately 250,000 patients, site 2 had two primary care nurses and 43 

physicians, serving approximately 52,000 patients, and site 3 had 3 nurses and 

150 physicians, serving 167,00 patients.  

 

6.2.2. Participant Recruitment 

This study involved two stages of recruitment: first nurses and then 

patients. Nurses were approached at their monthly PCN meeting, and following 

an explanation of the study purpose and procedures, were provided with 

invitation letters. All nurses working at the PCNs involved in chronic disease 

management were eligible. Patients were approached by research assistants 

(RAs) who explained the purpose and procedures of the study. Patients 18 years 

or older, who had type 2 diabetes, were able to communicate in English, and did 

not have any severe mental or physical illness were eligible. Patients who agreed 

to participate provided written informed consent, and nurses provided written 

consent for each recorded encounter. Ethical approval for this study was 

obtained from the Health Research Ethics Board at the University of Alberta 

(PRO00029211).      
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6.2.3. Measures and Data Collection  

After consent was obtained, data collection involved audio-recording patient 

encounters followed by administration of a patient survey to obtain demographic 

information (age, sex, marital status, educational level, first language, ethnicity, 

and income), diabetes related information (diabetes duration, medication 

regimen, comorbidities), health behaviors (smoking, alcohol consumption), self-

care behaviors (Summary of Diabetes Self Care Activities [17]), and self-efficacy 

(Stanford Self-Efficacy for Managing Chronic Disease 6-Item Scale [18]). Visit 

length (in minutes) and type (new or follow-up) were recorded.    

HL was assessed after the patient encounter (and thus, nurses were 

effectively masked to HL status) using a previously validated set of three brief 

screening questions [19]. The questions were: 1) How often do you have 

problems learning about your medical condition because of difficulty 

understanding written information?, 2) How confident are you filling out medical 

forms by yourself?, and 3) How often do you have someone like a family 

member, friend, hospital or clinic worker or caregiver help you read health  

materials (such as written information about your health or care you are 

offered)? These questions were scored using a weighted summative score of the 

three HL items, which we stratified such that scores < 9.0 were identified as 

adequate HL and scores >= 9.0 as inadequate HL [20].    

Clinical and anthropometric measures including A1c, low-density lipoprotein 

(LDL), systolic blood pressure (SBP), and body mass index (BMI) were obtained 

recorded patient-nurse encounter. At least two encounters per nurse were 

recorded, and data collection continued until data saturation was reached.   
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6.2.4. Coding and Analysis  

Two professional transcriptionists, who were masked to the aim of the 

study and to the identity of participants, transcribed the recorded encounters. A 

coding manual (available upon request) was adapted from a previous study 

addressing physician-patient communication . Coding was done independently 

by two authors (FAS, JP). Since the focus of this study was the interactive [1] 

communication loop and use of jargon, only scripts of interactions pertaining to 

these components were coded. Additionally, as we chose to focus on diabetes 

self-management education, we only coded the interactions where any topic 

related to diabetes self-management activities (diet, exercise, self-monitoring of 

blood glucose (SMBG), foot care) and other related topics (such as hypoglycemia 

management and weight management) were discussed. Coding started while 

data was still being collected, and data saturation was determined as the point in 

which new information produced little or no change to the codebook and to the 

emerging themes [21]. 

A "topic" was coded as "sufficient" (and thus was included in the total count 

of topics per encounter) if the nurse provided health information (e.g. information 

about the nature of diabetes, or complications), taught a self-management skill 

(e.g. diet, exercise, foot care), or discussed a change in self-management (e.g., 

monitoring blood glucose, changing medication timing or dosing). Other topics 

were often briefly discussed during the encounters. For instance, the nurse might 

briefly ask the patient about their diet plan without providing any education or 

counseling. A topic was coded as "brief" (and thus not included in the total count 

of topics per encounter) if the nurse provided very brief information about a 

diabetes self-management activity, answered a patient's question by providing 
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brief information, or only collected information about a self-management activity 

as a form of follow-up that did not involve any teaching or counseling. Since a 

complete communication loop is unlikely in these brief topics where no education 

or counseling was provided, we first evaluated and coded the topics as briefly or 

.  

Coding topics within each interaction was based on the five key 

components of the communication loop [1]: 1) repeating health information and 

instructions, 2) clarifying health information and instructions, 3) asking for 

understanding, 4) c

perceptions; as well as the two categories of jargon: 1) medical jargon, and 2) 

mismatched language. Jargon that was immediately clarified by the nurse was 

not coded as jargon. A detailed description and examples of each of the 

communication loop components and jargon are provided in Table 6-1.  

After coding the interactions, the frequency [i.e. 0 (never), 1 (seldom), 2 

(sometimes) or 3 (often)] of applying each of the communication loop 

components and use of jargon was rated. Rating was done per topic within each 

encounter, and then an average of the total ratings of each component was 

computed. Rating was done by the two coders, and inter-rater agreement was 

assessed using percentage agreement and Kappa. Regular meetings were held 

to compare the codes and ratings and ensure consistency in coding and 

interpretation.   

Descriptive and comparative statistics were reported using appropriate 

statistical tests. We also examined the application of the communication loop 

components and use of jargon between HL groups. To simplify this comparison 

and the interpretation, the frequency of each component was collapsed into two 
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6.3. Results 

6.3.1. General Characteristics of Participants  

Nine nurses (representing 45% of the nurses working at the three PCNs) 

and 36 patients participated in this study. Two to four encounters were recorded 

per nurse, the average encounter length was 46 minutes (SD=19), and 18 

encounters (56%) were first visits with the nurse. Nurses were all females with an 

average age of 50 years (SD=9.3), an average of 21.5 years (SD= 14.0) of 

various nursing experience, and 4.2 years (SD=1.8) of experience at a PCN. Six 

out of 9 nurses indicated that they received minimal training on health 

communication mainly in the form of lectures or seminars.   

The average age of patients was 58.5 years (SD=14.1), more than half 

were female (58%), predominantly white (78%), the majority had at least high 

school education (86%), and English as a first language (78%) (Table 6-2). About 

two thirds of participants had high self-efficacy, and the mean scores of self-care 

behaviors were relatively good, except for exercise (mean= 2.7 days/week; 

SD=2.0). The average diabetes duration was 7.9 years (SD=7.1), while 11% 

were newly diagnosed, and most participants had at least one chronic condition 

in addition to diabetes, with hypertension being the most common comorbidity 

(58%). Overall, the participants had adequate metabolic control and the majority 

(75%) were obese (BMI >= 30).         
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The mean weighted summative score of the three brief screening questions 

of inadequate HL was 7.0 (SD 3.3; median 6.3; interquartile range 3.9  9.9). 

Thirteen of 36 (36%) participants had inadequate HL (i.e., weighted summative 

score >= 9.0); these patients were more likely to not have English as their first 

language, and had lower self-efficacy than participants with adequate HL (Table 

6-2). Further, participants with inadequate HL were less likely to be white, had 

lower educational level, and had a greater burden of comorbidity compared to 

those with adequate HL; however, these difference were not statistically 

significant (Table 6-2).  

 

6.3.2. Number and Types of Topics Discussed  

Inter-rater agreement was moderate for all codes (ranging from 63% to 

75% agreement between two raters, with kappa ranging from 0.59 to 0.71). The 

total number of topics discussed in the 36 encounters was 90, with an average of 

approximately 3 topics per encounter (SD=1.1; range: 1  5). The most 

commonly discussed diabetes-self-management topic was SMBG (30 out of 36 

encounters), followed by diet (23 encounters), medications and insulin (8 

encounters), and physical activity and foot care (4 encounters each). Other 

diabetes self-management related topics discussed included diabetes-specific 

blood tests such as A1c (4 encounters), blood pressure control (3 encounters), 

mental health (3 encounters), hypoglycemia management (2 encounters), and 

smoking cessation and vaccinations (1 encounter each).  
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6.3.3. The Communication Loop  

Nurses used a complete communication loop in only four of the 36 

encounters (11%); three with adequate HL patients and one with an inadequate 

HL patient. Of the five key components of the communication loop, clarifying 

health information/instructions was the most commonly used by nurses across all 

encounters (58% often used), followed by repeating health 

information/instructions (33% often used) (Figure 6-1). Examples of clarification 

and repetition are presented in Text Box 6-1. On the other hand, checking for 

understanding was the least applied across all encounters (81% never used), 

followed by asking for understanding (42% never used) (Figure 6-1). Examples of 

checking and asking for understanding are presented in Text Box 6-2. Seeking 

and only sometimes used in 11% of these encounters (Figure 6-1). Examples of 

phrases used to seek out patient perception are presented in Text Box 6-2.  

Application of the communication loop components varied little between the 

HL groups (Figure 6-2). Repeating health information and instructions was more 

frequently used with patients with adequate HL (57% of encounters) compared to 

those with inadequate HL (46%). The frequency of clarifying health information 

and instructions was similar between the HL groups. Asking for understanding 

was more frequent in interactions with individuals with inadequate HL (31%) 

compared to those with adequate HL patients (17%). Checking for understanding 

used in all interactions with individuals with inadequate HL, and only frequently 

used in 4% and 17% respectively of interactions with adequate HL patients.         
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6.3.4. Medical Jargon and Mismatched language  

Although nurses did not use medical jargon in 31% of interactions, they still 

did use it sometimes in 19%, and often in 17%, of the encounters (Figure 6-1). 

Nurses used mismatched language in slightly more than half of the interactions; 

sometimes in 33% of the interactions and often in 25% of the interactions (Figure 

6-1). Examples of the most commonly used medical jargon and mismatched 

language are presented in Text Box 6-3. The use of medical jargon and 

mismatched language was less frequent in interactions with inadequate HL 

patients compared to those with adequate HL (Figure 6-2).  

 

6.4. Discussion 

We found that primary care nurses rarely used a complete communication 

loop while providing self-management education and counseling to patients with 

type 2 diabetes, particularly with deficits observed in checking understanding. 

Nurses frequently used medical jargon and mismatched language in their 

communication with these patients. Health literacy did not seem to materially 

tend to use less jargon and mismatched words with patients who had inadequate 

HL.  

There is very limited literature on nurse-patient communication within the 

primary care setting, with little attention to the application of the communication 

loop in encounters for diabetes self-management education. Nonetheless, our 

finding of limited application of the communication loop in this study is consistent 

with a similar study involving family physicians. In that study, where direct 
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observation was used to measure the extent to which primary care physicians 

assessed recall and comprehension of new concepts during encounters with type 

2 diabetes patients with inadequate HL, recall and comprehension of adherence-

related health instructions was only assessed in 20% of patient encounters [1]. 

was frequent in patient encounters is also consistent with prior research that 

involved physicians. In a study that involved audio-taping physician-patient 

interactions, it was reported that physicians used unclarified jargon at least once 

in 81% of all recorded visits, with a mean of four per visit [22]. Other studies have 

also indicated that nurses use medical terminology in their interactions with 

patients within the hospital setting [23]; however, to our knowledge, there are no 

l jargon in interactions with patients in 

the primary care setting.       

The underuse of the communication loop components by the nurses might 

occur for several reasons. First, nurses might not have discussed patient 

education and counseling using the communication loop components in their 

education programs. Second, clinicians, including nurses, are usually rushed and 

therefore make patients feel rushed and reluctant to ask questions. Patients often 

prefer to be quiet than to admit that they do not unders

instructions [14, 24], which ultimately influences how healthcare providers 

communicate with them. Third, nurses might not be prepared to identify patients 

with learning challenges or difficulties, including inadequate HL [25], and tailor 

       

Several factors should be considered in the interpretation of our findings. 

First, the practices of the nurses who participated in this study might not be 
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representativ

potential self-selection bias in which nurses who believed they provided adequate 

education and counseling volunteered to participate in this study. Second, this 

study involved only patients with type 2 diabetes, and thus the generalizability of 

the findings is limited to the diabetes population, and perhaps to other chronic 

disease populations with similar self-care management education. Third, the unit 

of analysis in this study was the interaction (N=36), and thus, due to low 

statistical power, we could not examine whether a complete communication loop 

or the frequency of applying any of its components is associated with behavioral 

or cardio-metabolic outcomes. Last, we purposefully sampled three PCNs in one 

Canadian province, and some might be concerned about generalizability to other 

primary care environments in Canada and elsewhere. 

 

6.5. Conclusions and Implications  

In summary, we found that nurses caring for individuals with type 2 

diabetes within primary care settings rarely used a full communication loop in 

providing diabetes self-management education and counseling, particularly with 

respect to assessing recall and comprehension. Overlooking of this important 

feature in the communication process with patients reflects a missed opportunity 

to enhance patient education and counseling. We also found that nurses 

frequently used medical jargon and mismatched language in patient encounters. 

This overuse of medical jargon and mismatched language, accompanied with 

comprehension and retention of what they need to know to properly self manage 

their diabetes. Last, HL did not considerably affect patterns of communication by 
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nurses in terms of using communication loops, however nurses used less jargon 

and mismatched words with patients with inadequate HL. The reasons about why 

nurses do not frequently apply certain communication strategies to enhance 

patient learning and understanding warrants further exploration.  

These findings have a few implications. Nurses and other healthcare 

professionals should explicitly elicit patient perceptions about their illness and 

healthcare needs, and should apply communication strategies such as the teach 

back technique to enhance patient understanding and recall of health 

information. Additionally, given the high rates of use of diabetes-related medical 

jargon and mismatched language in nurse-patient interactions, nurses need to 

develop more effective ways to communicate concepts critical to chronic disease 

self-care education and management. Such communication strategies should be 

incorporated into professional development strategies and continuous education 

of nurses.  
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Tables, Text Boxes and Figures 
 
Table 6-1: Description and examples of the communication loop components and 
types of jargon 
 
!"#$"%&%'(( )&*+,-$'-"%(( ./0#$1&*((
!"#"$%&'()
*"$+%*)
&',-./$%&-')
$'0)
&'1%.23%&-'1(

!"#"%&%&-'1!$.")4-.0),-.)4-.0)."#"$%15)
-.)0&,,"."'%)4-.01)4&%*)%*")1$/")
/"$'&'(6)!"#"%&%&-'1!#.-7&0")'-)'"4)
&',-./$%&-'6)8)2'&%)-,)."#"%&%&-')3$')9")
$1)1/$++)$1)-'")4-.0)92%)$1)+$.(")$1)$')
&0"$)1#$''&'()$),"4)1"'%"'3"16))

/"%,-./&':)%*")0-1&'()-,);-2.)
)

<+$.&,;&'()
*"$+%*)
&',-./$%&-')
$'0)
&'1%.23%&-'1(

<+$.&,&3$%&-'1!."=2&.")$)*&(*".)
%*."1*-+0>)%*";)."#."1"'%)&',-./$%&-')
%*$%)&++21%.$%"1)-.)(&7"1)/"$'&'()%-)
4*$%)4$1)?21%)1$&06)<+$.&,&3$%&-'1!
$'14".)*-4)-.)4*;)%*")1%$%"/"'%)?21%)
/$0")&1)%.2"5)-.)"@#+$&')%*")/"$'&'()-,)
4*$%)4$1)?21%)1%$%"06)8)2'&%)-,)
3+$.&,&3$%&-')&1)212$++;)$)1"'%"'3")-.)
1"'%"'3"),.$(/"'%6)(

/$A"1)&%)#2/#5)/$A"1)&%)4-.A5)
%*")+$1%)%&/")

4")(-%);-2.)8B35)&%)4$1)C6D)4*&3*)
)

81A&'(),-.)
2'0".1%$'0&'((

E*&1)&1)$)0&."3%)4$;)-,)$11"11&'()&,)%*")
#$%&"'%)2'0".1%$'01)4*$%)*$1)9""')
0&13211"0)-.)"@#+$&'"06)E*&1)&1)212$++;)
21"0)$,%".)"@#+$&'&'()*"$+%*)
&',-./$%&-')-.)3-'3"#%16(

%*&'A)F)($7");-2)"'-2(*)

)

<*"3A&'(),-.)
2'0".1%$'0&'((

E*&1)&1)$')&'0&."3%)4$;)-,)$11"11&'()&,)
%*")#$%&"'%)2'0".1%$'01)4*$%)*$1)9""')
0&13211"0)-.)"@#+$&'"06)E*&1)&1)212$++;)
21"0)$,%".)"@#+$&'&'()3".%$&')%$1A1)123*)
$1)0&"%)/$'$("/"'%5)"@".3&1"5)1"+,G
%"1%&'()-,)9+--0)(+23-1")+"7"+16)E*")

#$%&"'%)&1)$1A"0)%-)0"/-'1%.$%")%*")
%$1A)%*$%)4$1)"@#+$&'"06)(

4*"')%*")#$%&"'%)&1)$1A"0)%-)
%"$3*)9$3A)%*")'2.1")H-.)3$.")
#.-7&0".I)4*$%)1J*")*$1)9""')

&1)212$++;)21"0)4*"')%"$3*&'()%*")
#$%&"'%)*-4)%-)#".,-./)$)3".%$&')
1A&++)123*)$1)21&'()$)9+--0)(+23-1")
/"%".)%-)%"1%)9+--0)12($.)+"7"+5)
%-)0-)&'12+&')1"+,G&'?"3%&-'5)-.)%-)
$11"11),""%),-.)2+3".1)-.)1-."16)

212$++;)21"0)4*"')%"$3*&'()%*")
#$%&"'%1)-%*".)3-'3"#%1)-.)*"$+%*)
&',-./$%&-')123*)$1)0&"%)
/$'$("/"'%5)"@".3&1"5)-.)
/"0&3$%&-')21"6)

K""A&'()

#".3"#%&-'1(

E*&1)$++-41)%*")'2.1")$'0)#$%&"'%)%-)
$..&7")$%)$)3-//-')2'0".1%$'0&'()
$9-2%)%*")'$%2.")-,)%*")&++'"11)$'0)
%."$%/"'%)#+$'6)L-."-7".5)&%)*"+#1)%*")
'2.1")$11"11)*-4)%-)%$&+-.)&',-./$%&-')
,-.)%*")#$%&"'%(

)

(--0),-.);-2M>)

)
L"0&3$+)N$.(-')) O'3-/#$11"1)%*")%"./1)21"0)-'+;)&')

.","."'3")%-)/"0&3$+)3-'3"#%1)$'0)
P"/-(+-9&')8B35)9&-#1;)-.)
#.-('-1&1)

161



!"##$%&!'($)")'*"+$,-.'#"/*$%0.0&12''
3$!*-#,4"+'
.-%&5-&"''

60%!$!#!'07'80/+!',0**0%'#0'"9"/1+-1'
.-%&5-&"':5#'5!"+'$%'#4"'*"+$,-.'
"%9$/0%*"%#'8$#4'+$77"/"%#'0/'
!;",$7$,-..1'*0+$7$"+'*"-%$%&!'

<.00+',05%#='%"&-#$9"'/"!5.#!='0/'
!#00.',-/+)''
'

 
 

162



Table 6-2: General characteristics of patients   
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Text Box 6-1: Examples of repetition and clarification used in the encounters  
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Text Box 6-2: Examples of phrases used in the encounters to ask or check for 
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Text Box 6-3: Examples of the most commonly used medical jargon and 
mismatched language in the encounters  
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Figure 6-1: Application of the communication loop and its components and use of 
jargon in all participants  
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Chapter 7 
 

Summary and Implications of Findings  

7.1. Summary of Research  

Our ability to find, understand, evaluate and communicate health-related 

information  our health literacy (HL)  is thought to be critical for maintaining a 

-care needs, making 

informed decisions about our health and navigating the health-care system. 

These skills would seem to be especially important for people with chronic 

disease, such as diabetes, due to the high demands of self-care and the 

complexity of the health environments that they continuously interact with. The 

relationship between HL and health outcomes in the diabetes population has 

been studied and evidence has been accumulating. However, there are several 

discrepancies and gaps in the literature, particularly with respect to measurement 

of HL, and the impact of inadequate HL on health outcomes. To address these 

gaps, several sequential studies were undertaken to enhance our knowledge and 

understanding in this area. This research is timely and important for both 

researchers and clinicians as the interest in HL research and interventions, 

particularly for chronic disease patients, is escalating in Canada and other 

countries.    

The overall objective of this program of research was to enhance our 

understanding about the impact of inadequate HL on the health of individuals 

with type 2 diabetes (T2DM). After developing a theoretical model that 

conceptualizes the potential pathways through which HL might impact health 

outcomes in this population, we undertook several projects to examine different 

aspects of this model. First, and in order to attain a comprehensive 
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understanding of the available evidence on the associations between HL and 

health outcomes, we conducted a systematic literature review in which we 

identified, appraised, and synthesized research evidence on the relationships 

between HL or numeracy and health outcomes (i.e., knowledge, behavioral and 

clinical) in people with diabetes (Chapter 2). We identified and included 34 

eligible publications reporting data from 24 studies. We found that low HL was 

consistently associated with poorer diabetes knowledge. However, there was 

insufficient or inconsistent evidence suggesting that low HL is independently 

associated with processes or outcomes of diabetes-related care. Given the 

importance of the topic, we were surprised by the paucity of high quality 

evidence. The majority of the studies were from US primary care setting 

(87.5 %), and none were conducted in Canadian settings. This review indicates 

that the current understanding of the effect of low HL on health outcomes in 

people with diabetes is limited. Additionally, since the existing evidence is mainly 

based on cross-sectional explorations, it highlighted the need for more research 

to examine these relationships, and particularly the need for longitudinal studies.   

Our next step was to investigate how HL has been measured, and identify 

the best available measure of HL to include in our studies. This was 

accomplished through another systematic review in which we identified 

instruments used to measure HL in people with diabetes, evaluated their use, 

measurement scope and psychometric properties, and their strengths and 

weaknesses, and identified the most useful, reliable, and applicable measure for 

use in research and practice settings (Chapter 3). We identified one diabetes-

specific (LAD) and eight generic measures of HL (REALM, REALM-R, TOFHLA, 
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s-TOFHLA, NVS, 3-brief SQ, 3-level HL Scale, SILS) and one diabetes-specific 

(DNT) and two generic measures of numeracy (SNS, WRAT).  

We evaluated the measurement scope and use of these instruments based 

[1] and a diabetes HL skill set. We found that the 

most commonly used instruments assess selective domains of HL, focus mainly 

on reading and writing skills, and do not address other important skills such as 

verbal communication, health care system navigation, health-related decision 

making, and numeracy. Additionally, the structure, mode, and length of 

administration and measurement properties were found to affect the applicability 

of these instruments in clinical and research settings. We also found that indirect 

self- or clinician-administered measures are the most useful in both clinical and 

research settings. One of these measures was the 3 screening questions of 

inadequate HL, which is a brief version of 16 screening questions [2, 3]. Although 

these questions, similar to other measures, assess only functional aspects of HL, 

they are the most congruent with the current definition and conceptualization of 

HL, and the most applicable in clinical and research settings. We therefore chose 

to use these questions as a measure of HL in our subsequent research projects. 

Furthermore, we found in this review that there is limited evidence on the 

measurement properties of almost all of the available HL instruments, including 

the 3-brief screening questions. This led to our next project, a psychometric 

validation study.   

In this validation study (Chapter 4), we used cross-sectional data from a 

study of 378 predominantly African-American individuals with T2DM to examine 

the measurement properties of the 3 brief screening questions of inadequate HL. 

We computed sensitivity, specificity, positive and negative likelihood ratios, and 
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C-indices. We also conducted factor analysis to examine the measurement 

model of these questions, and used structural equation modeling (SEM) for 

confirmatory purposes. We used the s-TOFHLA as a reference measure. Six 

questions (6-SQ) were included in the final item-reduced factor analysis and 

produced two factors explaining 58% of the variance. In confirmatory SEM, this 

2-factor model had a good fit  (chi-square = 9.5; P = 0.305; RMSEA = 0.023). We 

also found that weighted summative score of the 6-

-brief screening questions in identifying 

patients with inadequate HL with C-indices of 0.67 and 0.75 respectively. 

Nonetheless, despite the fact that the 6-SQ performed better than the 3-SQ in 

those psychometric tests, the latter still had satisfactory sensitivity, specificity and 

AUROC. We therefore included the 3-SQ in three key studies that are part of the 

ensure 

comparability of our findings to previous literature.    

After examining the state of literature on HL measures and impact of HL on 

health outcomes in the diabetes population, we used data from one of the ABCD 

-

longitudinal research design the associations of inadequate HL with health 

outcomes including depressive symptoms, A1c, LDL, SBP, and health-related 

quality of life (Chapter 5). TeamCare-PCN was a controlled clinical trial that found 

no difference between a collaborative team care model and enhanced usual care 

for primary care T2DM patients who recently screened positive for depression. 

We combined the two study arms to provide a single cohort of patients, and 

evaluated changes in outcome measures over the 12-month study period, 

controlling for the intervention arm among other baseline characteristics. We 
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found that among primary care patients with T2DM who recently screened 

positive for depression, inadequate HL was not associated with worse 

depression-related or other outcomes over 1-year. In contrast to many cross 

sectional studies, our findings suggest that inadequate HL in this population 

would be unlikely to have an impact on improvement of health outcomes. The 

discrepancy between our study and previous research might be related to 

methodological differences between the studies in terms of study design, HL 

measures used, or populations studied. It could also be related to the fact that HL 

is a distal factor in relation to these outcomes, which are dependent on a large 

number and variety of other factors, and this makes finding more than a weak 

association with these outcomes implausible. We also proposed the presumption 

that the impact of inadequate HL on health outcomes might vary by the severity 

of the health condition of populations studied; we believe this is an observation 

that warrants further investigation.      

and health system demands, we felt it was important to assess the complexity of 

the system with which individuals with T2DM interact. One of the key 

components of any healthcare system is interaction with healthcare providers. 

Healthcare providers, particularly nurses, play a key role in providing education, 

counseling and support for patients with T2DM. For that, we examined different 

explored the use of interactive communication loops and medical jargon in 

relation to HL, using coded transcriptions of 36 audio-recorded interactions of 

T2DM patients with 9 primary care nurses. We found that nurses rarely used a 

full communication loop and frequently used jargon in providing self-care 
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education for T2DM patients; however the latter was less common in patients 

with inadequate HL. This study showed that the level of communication might be 

complex for all patients receiving self-care education within primary care setting; 

an important observation that needs to be further explored.   

Collectively, the results of these studies suggest that 1) evidence on the 

impact of HL on health outcomes in the diabetes population is limited and 

inconclusive; 2) measures of HL are not comprehensive enough to capture the 

different components of this complex construct, and the measurement properties 

of existing measures need to be further explored particularly with respect to 

longitudinal validity; 3) the 3-brief screening questions are potentially a useful 

measure for screening for inadequate functional HL, however, their use needs to 

be further examined in different population groups and compared to different 

reference measures; 4) inadequate HL does not appear to have an impact on 

positive for depression; and 5) healthcare providers may place high demands on 

patients through their communication and interaction with them; this highlights 

the need to explore the level of complexity of different components of this system 

and the demands it places on patients, perhaps regardless of their HL.  

 

7.2. Practice and Policy Implications  

Given that HL research is still in its early stages, and with the inconsistent 

and inconclusive evidence hitherto generated, the findings of this dissertation 

have more implications for research than practice and/or policy. We found that 

the existing evidence and, indeed, the evidence that we generated does not 

support the premise that inadequate HL negatively affects health outcomes in the 
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diabetes population. These findings have potential explanations that warrant 

further exploration.  

Although there are a number of studies that have suggested that 

addressing HL needs of individuals with diabetes leads to better outcomes [4-6], 

crucial to emphasize that addressing the needs of individuals with inadequate HL 

skills may be achieved through decreasing the demands and complexity of the 

healthcare in terms of making systems easier to navigate, health information 

easier to access, read and understand, health communication clearer and 

simpler, and facilitating patient engagement and ensuring an environment 

conducive to learning. These strategies are essential especially given the lack of 

evidence on interventions or strategies to improve individual HL skills. 

Nonetheless, until better evidence is available, we believe that, outside of the 

study setting, it might be premature to routinely screen for HL or to try to improve 

HL for the purposes of improving patient-related outcomes in diabetes although 

there may be other reasons to do so.     

Given the emerging trends of self-management and patient-centered 

medicine, the increasingly complex health care, scientific advancements, and 

new technologies that have intensified the reading, writing, numeracy and 

problem-solving skill demands on health service consumers [7], the health care 

system needs to do a better job of managing all patients, perhaps regardless of 

the level of HL. Until, or unless, stronger evidence is generated, perhaps through 

better measures, it would appear best to recommend that healthcare 
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healthcare facilities [8, 9].  

Universal precautions means that specific actions should be taken to 

minimize the risk for everyone when it is unclear which patients may be affected 

with the problem [10]. Healthcare providers should apply communication 

strategies to enhance patient understanding and recall of health information [11-

14]. These communication strategies include using plain language and avoiding 

medical jargon, limiting the number of items discussed per encounter, repeating 

ns to identify learning gaps, using multiple 

forms of communication (e.g., oral, written, visual), confirming comprehension 

environment conductive to learning and asking questions.  

From a broader perspective, HL may be as much a public health issue as 

it is the challenge of individual patients or the health care system [15, 16]. The 

health sector may be able to substantially influence health knowledge, or it could 

be modified to be less complex and service those with less adequate HL skills; 

social skills play a crucial role in HL but are subject to influences well outside of 

the control of health professionals and the health care system. Therefore, 

pursuing the goals of improved HL in the population will also require more overt 

alliances between health, education, and many other sectors as well as 

individuals, community-based groups and government agencies. Improving HL in 

a population involves more than the transmission of health information, although 

that remains a fundamental task. Helping people to develop confidence to act on 

that knowledge and the ability to work with and support others will best be 
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achieved through more personal forms of communication, and through 

community-based educational outreach. Furthermore, given that low levels of HL 

immigrant population [17], HL is more likely to improve if it is dealt with at the 

policy level. Although some observers suggest that advancing HL may become a 

global challenge for the 21st century [18], several research questions need to be 

answered before any initiatives or resources are deployed to screen for and 

enhance HL.  

 

7.3. Research Implications 

Overall, while there is an increasingly large body of literature on the topic 

of HL, with numerous presumptions on the importance and role of this concept as 

a risk factor for negative health outcomes, we identified substantial limitations in 

the current research literature surrounding the measurement and relevance of HL 

in improving health outcomes in patients with chronic diseases, or population 

health, for that matter. Our findings suggest that it might be premature to embark 

on randomized trials or controlled interventions to improve HL in those with 

diabetes, and perhaps other chronic diseases, given how little we actually know. 

Variations in research questions, study foci, methodologies, population groups, 

age, interventions and other indicators have contributed to disparate research 

findings. Lack of consensus about definitions and measurement of HL is one of 

the main contributors to the discrepancies that we observed, and makes it difficult 

 

Nonetheless, there is a considerable research agenda that should be 

attended to first.  For example, there is a pressing need to address some basic 
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questions about HL (e.g., what is it and how can we best measure it?) before we 

can address other complex questions (e.g., what difference does it make to 

health outcomes? Is HL a modifiable factor? If so, how can we improve it among 

various populations? Is it cost-effective to do so? How do pay-offs from investing 

health?). 

While the limitations of various HL assessment tools has been compared 

and contrasted, collectively these tools may be better markers of health-related 

knowledge and health outcomes than is self-reported educational attainment. 

However, none of the currently available measures could be considered a gold 

standard, and current HL assessment tools will need to be redesigned or new 

ones developed to reflect revisions in HL definitions and accompanying 

conceptual models. Of particular importance, the level of complexity of healthcare 

systems and the demands of that system on individuals need to be incorporated 

into the measurement of HL, in order to reflect the most comprehensive 

conceptualization of this concept.  

In addition to the limited measurement scope of existing HL measures, a 

major gap in the research on the measurement properties of these instruments is 

their ability to detect and measure change over time, that is, longitudinal validity 

(also known as responsiveness). The lack of information on this measurement 

property limits the utility of these instruments in studying whether HL is a fixed or 

dynamic concept. Viewing HL as static was primarily an artifact of its origins in 

prose literacy and related to limitations in existing measurement tools. We 

believe that conceptualizing HL as dynamic is inevitable. This would then lead to 
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the consideration of whether HL is modifiable, and if so, to what extent, to what 

benefit, and at what cost? 

Furthermore, there is a need for translation and cultural adaptation of HL 

measures to be used with multicultural populations and across different 

countries, which would permit conducting national and international comparisons 

of HL prevalence and potential impact. Moreover, given the attention to health 

status and HL in immigrant populations in North America, valid measurement of 

HL in recent immigrant populations may be enhanced through adequately 

adapted and validated measures.  

In conclusion, building a new comprehensive approach to the 

measurement of HL may well be the next significant and necessary task and 

priority for HL researchers. Several questions need to be examined and 

answered in different populations and patient groups including those with 

diabetes before ascertaining that HL does affect the health of people; these 

include and not limited to the following:   

 Is HL a socio-medical determinant of health? Or is it merely an indicator 

of other social determinants of health, such as educational level, income, 

or social class?   

 What is the minimum level of HL skills that individuals need to have to 

manage their health effectively? How could we define this threshold in 

relation to the existing complex healthcare environments?   

 Is there a causal relationship between HL and health outcomes? If so, 

what are the causal pathways of how HL influences these outcomes? And 

do these effects vary by populations studied?  
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 Is HL associated with and/or possibly influences health disparities? How 

of preventive health measures?   

 Would addressing HL needs of individuals by lowering the demands of 

the healthcare system in terms of complexity of system navigation, patient 

education and management without improving individual HL skills be 

sufficient to solve the issue of HL?  

 How could we develop interventions and strategies to improve HL of 

individuals and that of populations?  

 How could the public health sector and the education sector work 

together to enhance HL of populations?  

 How could healthcare organizations, including healthcare providers, 

provide less complex health information and services that are more 

adaptable for everyone including those with inadequate HL?  

 Could we estimate the costs of health care delivery/healthcare 

expenditures related to the direct and indirect impacts of inadequate HL? 

And if so, what are these costs?   

 

7.4. Conclusions 

We have addressed key gaps in the literature on the measurement of HL 

and its impact on health outcomes in individuals with diabetes. Overall, we found 

that the available tools do not comprehensively measure HL, and that inadequate 

HL does not appear to have an impact on health outcomes in this population. 

Despite the use of rigorous research methods and the robust evidence 

generated, the available overall evidence on these relationships is still 
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inconsistent and thus inconclusive, and many questions need to be examined 

before making any recommendations to clinical practice or health policies. Our 

questions  and others  are answered and conclusive evidence is available, we 

believe that, outside of the study setting, it might be premature to invest in 

routinely screening for HL or to trying to improve HL for the purposes of 

improving patient-related outcomes in diabetes. 
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