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This thesis aims to explore the nature of the associations of health literacy with 
self-management and health behaviors among older adults. Low health literacy is 
one of the major challenges in public health and health care.1 Many adults in both 
the United States and Europe have low levels of health literacy,2,3 and rates of low 
health literacy are even higher among older adults.2,4 Low health literacy is 
associated with various undesirable health outcomes,5,6 but the nature of its 
relations with self-management and health behaviors is not well understood. 
Insights into these relations could improve our understanding of the impact of 
health literacy on the health outcomes of older adults. Such insights could also be 
used to improve the quality of health promotion initiatives and interventions in the 
healthcare context. In this first chapter, we will introduce the main concepts of the 
thesis and present the research questions. 
 

The concept of health literacy  
Since the introduction of the concept of health literacy in research in the last part of 
the twentieth century, many different definitions of this concept have been 
developed.7 For the scope of this thesis, we will adopt a commonly used definition 
which states that health literacy is “the degree to which people are able to access, 
understand, appraise and communicate information to engage with the demands of 
different health contexts to promote and maintain health across the life-course.”8 
Following this definition, health literacy includes, for example, the ability to 
understand health information from leaflets, to obtain relevant health information 
during consultations with health professionals, and to access and appraise health 
information from the Internet.  

The term ‘health literacy’ was first used by Simonds in 1974, in a discussion 
paper on health education and social policy.9 The first scientific articles about 
health literacy were published in the 1990’s10,11 but the vast majority of health 
literacy research has taken place in the last 10 to 15 years. The term ‘health literacy’ 
has appeared in an increasing number of PubMed search results, with 883 hits 
between 2001 and 2005, 2325 hits between 2006 and 2010, and 5130 hits between 
2011 and 2015. The term is now often used by researchers in public health. It is also 
on the agenda of national governments, for example of the Netherlands12 and the 
United States,13 and of the WHO.14 

Although health literacy is linked with literacy, health literacy is not restricted 
only to reading and writing abilities. Researchers sometimes distinguish three 
aspects of health literacy, based on the classification developed by Nutbeam.1 
According to this classification, health literacy includes important cognitive and 
social skills. The classification is as follows:  
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(1) Functional health literacy. This refers to basic skills in reading and writing 
that are necessary to function effectively in everyday situations. 

(2)  Communicative health literacy. This refers to advanced cognitive and literacy 
skills which can be used to actively participate in everyday situations, extract 
information and derive meaning from different forms of communication, and 
apply this to changing circumstances. 

(3) Critical health literacy. This refers to the more advanced cognitive skills 
needed to critically analyze and apply information so as to exert greater 
control over life events and situations. 

 

Health literacy: an important challenge for public health 
There are several reasons why health literacy is now considered an important 
challenge for public health. First, low health literacy has various negative 
consequences for both individuals and for society as a whole. Many studies have 
shown an association between low health literacy and various negative health 
outcomes. Cross-sectional studies revealed that health literacy is associated with 
health status in, for example, patients receiving care at a general internal medicine 
clinic,15 and community-dwelling people in Korea16 and in the United States.17 
Some longitudinal studies show that health literacy is also associated with various 
other outcomes, including higher rates of hospitalization among ambulatory care 
patients with heart failure,18 decreasing quality of life among patients with 
diabetes,19 and higher mortality rates in a representative sample of older adults in 
England.6 The associations between health literacy and health outcomes are also 
accompanied by higher healthcare costs for those with low health literacy.20,21 It has 
been estimated that low health literacy costs the economy of the United States 
between $106 billion and $238 billion per year, which is between 7% and 17% of 
total healthcare expenditures in the United States.22 Health promotion initiatives 
and healthcare interventions focusing on health literacy might therefore be very 
relevant to decrease many negative outcomes at both individual and societal levels. 

Second, the prevalence of low health literacy in western countries is high, as 
shown by various large scale health literacy studies. For example, the National 
Assessment of Adult Literacy (NAAL), which was conducted in 2003 with over 
19,000 participants in order to assess the health literacy of American adults, 
showed that 14% of American adults have below basic health literacy skills, 
indicating problems with simple and concrete literacy tasks.2 A further 22% have 
basic health literacy skills, indicating sufficient skills for only the most simple and 
everyday activities. This often leads to problems as well, as many health-related 
texts are written at levels well above what is recommended.23,24 Another large-scale 
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study, which used a different tool to measure health literacy, was the European 
Health Literacy Survey (HLS-EU), conducted between 2009 and 2012 in eight 
European member states.3 This survey found that rates of low health literacy vary 
between 29% and 62% in various European member states, with an average of 47%.  

Third, an individual’s level of health literacy has become much more important 
over the last few decades, because of the increasing intricacy of the healthcare 
system. It has moved from a rather paternalistic system, in which health 
professionals made most of the important decisions and patients were mainly 
passive recipients of care, towards an increasingly patient-centered system.25 In 
many contexts, shared decision making26 has become the preferred approach. 
Consequently, patients are now expected to play a much more proactive role in 
their own health and health care. This is, for many reasons, a positive development, 
but it also requires patients to access, read, and understand the information 
necessary to make their own decisions. Properly performing such tasks requires an 
adequate level of health literacy. 

Fourth, differing levels of health literacy in a population may contribute to 
health disparities in society.27 In fact, some groups have much higher rates of low 
health literacy than others, as for example, certain ethnic groups.2,28,29 In many 
studies, low health literacy is also associated with having a low level of 
education2,30,31 and a low income.32-34 Interventions to mitigate the consequences of 
low health literacy might therefore be valuable for decreasing the overall health 
disparities in society. 
 

Health literacy among older adults 
Older adults have particularly high rates of low health literacy.2,4,35,36 For example, 
59% of NAAL (2003) participants above the age of 65 had low health literacy, 
compared with less than 35% in the lower age groups.2 A systematic review showed 
that higher age was significantly associated with lower health literacy across many 
studies.4  

The increased likelihood of older adults to have low health literacy can be 
explained in a number of ways. First, it might be explained by the cognitive decline 
which commonly occurs in older adults.37 In fact, some cross-sectional studies 
already identified a positive association between health literacy and cognitive 
functioning;38 other studies have, moreover, shown that cognitive functioning 
partially explains associations between health literacy and outcomes.15,39 Another 
explanation for the higher rates of low health literacy in older adults could be that 
older adults in many western countries grew up during a time in which 
opportunities for education were not as good as they are today.40  
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The relatively high rates of low health literacy among older adults make this 
population particularly vulnerable to experiencing negative health outcomes as a 
result of low health literacy. Therefore, this thesis focuses specifically on health 
literacy in older adults. 
 

Health literacy, health outcomes, and pathways: priorities for research 
Health literacy has been receiving increasing attention in research, but many 
important questions have yet to be answered in order to develop interventions to 
mitigate the negative impacts of low health literacy in older adults. For example, 
there are many questions about the mechanisms through which health literacy 
impacts health outcomes. Various aspects of self-management, such as adherence 
and self-management abilities, might play a role in these mechanisms. Associations 
between health literacy and more general health behaviors (e.g., physical activity, 
fruit and vegetable consumption, BMI) might also explain part of the associations 
between health literacy and health outcomes. Moreover, the nature of the 
association between cognitive functioning and health literacy is not yet fully 
understood. 

The problems that result from low health literacy among older adults can be 
addressed in several ways, including health promotion initiatives in the general 
population and interventions in the healthcare context. In order to optimize the 
potential of such interventions, more research is needed on the associations 
between health literacy and self-management, health behaviors, and cognitive 
functioning. Research on these topics could lead to better insight as to which 
groups could most benefit from health literacy interventions and as to what would 
be the most relevant target constructs. Therefore, the research in this thesis focuses 
on the role of health literacy in self-management and health behaviors among older 
adults, and on the associations between cognitive functioning and health literacy in 
this group. 
 

Health literacy and self-management 
Maintaining a high level of self-management is of particular importance if older 
adults are to prevent deterioration of their health. Self-management is a broad 
concept that consists of many different aspects. In this thesis we focus on two of 
these aspects: adherence and self-management abilities.  

Adherence is the extent to which a person’s behaviors such as following a diet, 
taking medication, and/or executing lifestyle changes, are in agreement with 
recommendations from a health professional.41 While it is often suggested that 
health literacy is associated with adherence,1,42,43 studies sometimes fail to confirm 
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this association.44,45 It is also unclear whether interventions to improve adherence 
are useful for older adults with low health literacy. 

Self-management abilities include the general repertoire of cognitive and 
behavioral abilities for managing external resources in such a way that physical and 
social well-being are maintained, or restored when lost.46 Self-management 
abilities are associated with well-being47,48 and health status,49 but their 
associations with health literacy have not been investigated. Insight into the 
potential moderators (e.g., demographic factors, socioeconomic factors, health 
status) of the association between health literacy and self-management abilities 
could also help to identify those groups of older adults most likely to experience 
negative consequences as a result of low health literacy. 
 

Health literacy and health behaviors 
Studies on health literacy so far have mostly focused on the associations between 
health literacy and behaviors in the healthcare context, while the associations 
between health literacy and more general health behaviors (e.g., physical activity, 
fruit and vegetable consumption, BMI) have not received much attention. These 
health behaviors may also play a role in the mechanisms through which health 
literacy impacts health outcomes. 

The potential association between health literacy and health behaviors might 
further be moderated by social factors, such as having a large social network or 
being lonely. Studies have shown that people often draw on the health literacy skills 
of others50 and that people with high health literacy often help others in their social 
network.51 These findings suggest that positive social factors like having a large 
social network might buffer the negative effects of having low health literacy, while 
negative social factors like being lonely might intensify these effects. 

Another relevant topic of research in the association between health literacy and 
health behaviors is the role of potential social cognitive mediators (e.g., attitude 
towards health behaviors, self-efficacy to perform health behaviors, and perception 
of the risk of not performing health behaviors). Insight into these potential 
mediators might further improve our understanding of the mechanisms through 
which low health literacy exerts its impacts. 
 

Health literacy and cognitive functioning 
Although the association between cognitive functioning and health literacy has 
been confirmed in a number of cross-sectional studies,36,52,53 most of these studies 
did not focus on the longitudinal association between cognitive functioning and 
health literacy. The association between cognitive decline and health literacy is also 
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largely unknown. More insight into these subjects would further add to our 
understanding of the nature of health literacy in older adults and provide more 
insight into the groups of older adults most vulnerable with regard to low health 
literacy. 
 

Thesis objectives and sources 
This thesis aims at shedding light on the associations between health literacy and 
self-management, health behavior, and cognitive functioning. We also focus on the 
moderating role of demographic factors, socioeconomic factors, health status, and 
social factors, and on the mediating role of social cognitive factors. Insights into 
these associations could be useful for future health promotion initiatives and health 
literacy interventions. The following research questions are addressed in this 
thesis: 
 
Research question 1: To what extent is health literacy associated with adherence 
among older adults, and how effective are interventions to improve adherence for 
older adults with low health literacy? 
 
Research question 2: To what extent is health literacy associated with self-
management abilities among older adults, and to what extent do demographic 
factors, socioeconomic factors, and health status moderate this association? 
 
Research question 3: To what extent is health literacy associated with health 
behaviors and social factors among older adults, and to what extent do social 
factors moderate the association between health literacy and health behaviors? 
 
Research question 4: To what extent is health literacy associated with physical 
activity and fruit and vegetable consumption among older adults, and to what 
extent are these associations mediated by attitude, self-efficacy, and risk 
perception? 
 
Research question 5: To what extent are cognitive functioning and cognitive decline 
associated with health literacy in older adults? 
 
A complete overview of the associations studied in this thesis is provided in Figure 
1. In order to answer our research questions, various data sources were used. An 
overview of the used datasets is presented in Table 1. More detailed information 
about the various studies is available elsewhere.54-57  
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Figure 1. Overview of associations studied in this thesis, indicated per research question 
(Q) 
 
The context of the research of this thesis: the IROHLA project 
Most of the studies described in this thesis were conducted in the framework of the 
IROHLA project (http://www.irohla.eu/). IROHLA stands for Intervention 
Research on Health Literacy among the Ageing Population. IROHLA was a project 
that focused on improving health literacy outcomes for European adults above the 
age of 50. The project ran from December 2012 until November 2015. 

The IROHLA project contributed to the understanding of the role of health 
literacy in various European contexts. A comprehensive intervention model 
concerning health literacy needs in older adults was developed and a number of 
evidence-based interventions were validated in a series of pilot studies. The results 
were used for the development of an evidence-based guideline for policy and 
practice for EU member states and regions. Based on the results of IROHLA, the 
Health Literacy Center Europe (HLCE) was developed. The HLCE is accessible via 
http://healthliteracycentre.eu/.  
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Table 1. Overview of datasets used in different chapters 
Study Design Participants n1a n2b Chapter 

Embrace54 Randomized 
controlled 

trial 

Community-dwelling 
adults above the age of 

75 

1,456 1,052 3 

LifeLines55 Prospective 
cohort study 

Community-dwelling 
adults above the age of 

65 

167,729 3,241 4 

Groningen Lifestyle 
Intervention for 
Seniors56 

Quasi-
experimental 

Community-dwelling 
adults above the age of 

55 

643 538 5 

Doetinchem Cohort 
Study57 

Prospective 
cohort study 

Men and women 
between ages 45-85 

7,768 988 6 

a Overall number of participants in dataset. 
b Number of participants included in our analyses. 

 
 

Thesis outline  
Chapter 2 presents the results of a systematic meta-review to assess the association 
between health literacy and adherence. Also assessed was whether adherence 
interventions may be effective for older adults with low health literacy. Chapter 3 
investigates to what extent health literacy is associated with self-management 
abilities, and whether demographic factors, socioeconomic factors and health 
status moderate this association. Chapter 4 assesses to what extent health literacy 
is associated with health behaviors and social factors among older adults, and 
whether the associations between health literacy and health behaviors are 
moderated by social factors. Chapter 5 examines to what extent health literacy is 
associated with physical activity and fruit and vegetable consumption among older 
adults, and whether social cognitive mediators (i.e., attitude, self-efficacy, and risk 
perception) moderate these associations. Chapter 6 examines to what extent 
cognitive functioning and cognitive decline are associated with the level of health 
literacy of older adults. Chapter 7 provides a general discussion of the main results 
of the various studies. Methodological considerations are also discussed, as well as 
implications of the findings for practice and research. 
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ABSTRACT 
 
Background - Low health literacy is a common problem among older adults. It is 
often suggested to be associated with poor adherence. This suggested association 
implies a need for effective adherence interventions in low health literate people. 
However, previous reviews show mixed results on the association between low 
health literacy and poor adherence. A systematic meta-review of systematic reviews 
was conducted to study the association between health literacy and adherence in 
adults above the age of 50. Evidence for the effectiveness of adherence 
interventions among adults in this age group with low health literacy was also 
explored. 
 
Methods - Eight electronic databases (MEDLINE, ERIC, EMBASE, PsycINFO, 
CINAHL, DARE, the Cochrane Library, and Web of Knowledge) were searched 
using a variety of keywords regarding health literacy and adherence. Additionally, 
references of identified articles were checked. Systematic reviews were included if 
they assessed the association between health literacy and adherence or evaluated 
the effectiveness of interventions to improve adherence in older adults with low 
health literacy. The AMSTAR tool was used to assess the quality of the included 
reviews. The selection procedure, data extraction, and quality assessment were 
performed by two independent reviewers. Seventeen reviews were selected for 
inclusion.  
 
Results - Reviews varied widely in quality. Both reviews of high and low quality 
found only weak or mixed associations between health literacy and adherence 
among older adults. Reviews report on seven studies that assess the effectiveness of 
adherence interventions among low health literate older adults. The results suggest 
that some adherence interventions are effective for this group. The interventions 
described in the reviews focused mainly on education and on lowering the health 
literacy demands of adherence instructions. No conclusions could be drawn about 
which type of intervention could be most beneficial for this population. 
 
Conclusions - Evidence on the association between health literacy and adherence 
in older adults is relatively weak. Adherence interventions are potentially effective 
for the vulnerable population of older adults with low levels of health literacy, but 
the evidence on this topic is limited. Further research is needed on the association 
between health literacy and general health behavior, and on the effectiveness of 
interventions.  
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BACKGROUND 
 
Health literacy has been defined as the degree to which people are able to access, 
understand, appraise, and communicate information to engage with the demands 
of different health contexts in order to promote and maintain health across the life-
course.1 Health literacy is related to general literacy, but it more specifically 
encompasses a person’s understanding of health information, both in spoken and 
in written form.2 Also, in contrast with general literacy, health literacy is considered 
a more dynamic and context-dependent ability.3 Multiple studies have shown that 
older adults are an especially vulnerable group with regard to health literacy, with 
rates of low health literacy ranging from 30 to 68%,4-7 with some studies already 
finding lower health literacy in adults above the age of 50.4,7 

Low health literacy is strongly associated with undesirable health outcomes, 
such as poor physical fitness,8 higher rates of arthritis and hypertension,9 and 
higher mortality.10 It has been suggested that difficulty in adhering to medical 
advice may partly explain why low health literacy leads to poor health outcomes.11-13 
Adherence can be defined as the extent to which a person’s behavior such as 
following a diet, taking medication, and/or executing lifestyle changes, are in 
agreement with recommendations from a health professional.14 This includes any 
behavior to prevent, cure, or care for health problems. It also includes many 
behaviors that are commonly considered to be part of self-management.15 Rates of 
poor adherence can be as high as 47%.16,17 Poor adherence has been shown to be 
associated with several factors, such as poor cognitive abilities,18,19 a higher number 
of prescribed medications,18,19 and the presence of depressive symptoms.20 
Adherence may also be an important factor through which health literacy impacts 
health outcomes. 

Previous reviews have assessed whether an association between health literacy 
and adherence exists, with mixed results.11,21,22 For example, the reviews of Jin et 
al.22 and Witte11 suggest that high levels of health literacy contribute to successful 
adherence to therapy. However, Loke et al.21 found no association between health 
literacy and adherence in hospitalized patients with diabetes or cardiovascular 
disease. Also, reviews do not often focus on older adults, which makes it hard to 
draw conclusions about this specific population. If low health literacy plays an 
important role in poor adherence among older adults, interventions to improve 
adherence may be effective to improve the relatively poor health outcomes of older 
adults with low levels of health literacy. It is, however, unclear whether adherence 
interventions are effective among older adults with low levels of health literacy. 
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We conducted a meta-review as a means to adequately assess and summarize a 
large number of existing reviews and meta-analyses. The meta-review 
methodology, also called ‘review of reviews’ or ‘overview of reviews’, is a review that 
only includes systematic reviews and meta-analyses. This methodology is also used 
by the Cochrane collaboration.23 It is considered a suitable methodology to 
summarize existing evidence on topics on which multiple reviews have already 
been published.23,24 Systematic reviews and meta-analyses are considered to be the 
highest level of evidence. Policy makers and healthcare professionals should make 
decisions based on systematic reviews, but the vast increase in number of 
systematic reviews may cause people to become overwhelmed. This is particularly 
true for topics which are clinically important (e.g., adherence) and a need exists to 
summarize all findings. Meta-reviews have the potential to identify consistent 
patterns of results on a large level by taking into account an even larger body of 
evidence than regular systematic reviews. In a meta-review, differences in the 
objectives and the quality of the systematic reviews can also be explored. In fact, 
Smith et al.25 point out that “A logical and appropriate next step is to conduct a 
systematic review of reviews of the topic under consideration, allowing the findings 
of separate reviews to be compared and contrasted, thereby providing clinical 
decision makers with the evidence they need.” The meta-review methodology has 
been increasingly used over recent years.26-31 

A broad definition of adherence was adopted for this meta-review, including any 
behavior that was recommended by health professionals. In modern healthcare, 
adherence goes beyond medication adherence, and health professionals often 
advise their patients to perform various other health behaviors, including, for 
example, doing regular blood glucose checks, increasing physical activity, or 
decreasing salt intake. Earlier research has also shown that health behaviors are 
often associated and have shared determinants.32,33 This makes it plausible that 
interventions that aim to improve any kind of adherence may impact on various 
health behaviors.  

In this study, our aims are firstly to evaluate the association between health 
literacy and adherence in older adults above the age of 50 by performing a meta-
review of existing systematic reviews. Secondly, we assess whether interventions to 
improve adherence are effective among this population. 
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METHODS 
 

Search strategy 
Systematic searches were conducted for systematic reviews. The searches were 
conducted in eight electronic databases: MEDLINE, Education Resources 
Information Center (ERIC), EMBASE, PsycINFO, Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), DARE, The Cochrane Library, and Web of 
Knowledge. All databases were searched through September 2014. Combinations of 
keywords were used, including health literacy, numeracy, adherence, compliance, 
and self-management. When possible, built-in filters for reviews were used. The 
full search strategy is presented in Table A1 in Appendix 1. In addition, reference 
lists of included systematic reviews were manually searched for further reviews that 
could add to our meta-review. 
 

Selection of reviews 
After the completion of the search and removal of duplicates, two independent 
reviewers (BG and YKL or JB) screened the titles and abstracts of all articles for 
potential eligibility for inclusion in our meta-review. Any article selected by at least 
one of the reviewers was included for full-text review. In the title/abstract review, 
the inter-rater agreement was around 95%. Two independent reviewers (BG and JB 
or YKL) then read the selected articles in full. The reviewers were not blinded to 
authorship of the reviews. Disagreements in the full-text review were resolved by 
discussion (BG and JB or YKL).  

Reviews were included if they provided information on at least one of our 
objectives, based on the following criteria: 
 
(1)  The article was a systematic review (we defined this as a literature review 

involving a systematic search with application of selection criteria and a 
description of the number and nature of included studies), either with or 
without a meta-analysis (i.e., statistical pooling of the results). 

(2)  The review either assessed the association between health literacy and 
adherence or evaluated the effectiveness of interventions to improve 
adherence in adults with low health literacy. 

(3)  The review focused on behaviors that need to be maintained for an extended 
period of time. Reviews that focused on behaviors that are only performed 
once, such as diagnostic tests and participation in screening, were excluded. 

(4)  At least part of the results of the studies included in the review were specific 
for the objectives of our meta-review. To confirm this, we verified that the 
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included primary studies considered at least a subset of older adults (mean or 
median age of at least 50 years) and assessed health literacy with a validated 
measure, such as the S-TOFHLA34 or REALM.35 As an additional criterion, we 
checked whether the studies were performed in westernized developed 
countries (USA, Canada, Europe, New Zealand, or Australia). 

 
There were no restrictions regarding type of publication (e.g., report, journal 

article) or the type of primary studies that were evaluated in the systematic reviews. 
Also, no restrictions were imposed regarding language. Reviews in non-English 
languages were translated using online translation services. Native speakers could 
be contacted in case a non-English review was selected for data extraction. 
However, this did not occur. 
 

Data extraction and quality assessment 
Data were extracted from the reviews that met all criteria, using a coding form that 
captured bibliographic information, the main research question, methodological 
data, characteristics of the studied population, data about the content and 
procedures of the included studies, the results, and conclusions as reported by the 
authors. 

The AMSTAR tool was used to check the quality of the included reviews.36 
AMSTAR consists of 11 questions and assesses, among other things, whether a 
comprehensive literature search is performed, whether duplicate study selection 
and data extraction were performed, and whether a full list of included studies is 
provided. Data extraction and quality assessment were independently performed 
by at least two reviewers (BG and JSB or YKL) with disagreements resolved by 
discussion or by consulting the third reviewer. 
 

Analyses and reporting 
As meta-reviews report on the level of systematic reviews, detailed reporting or 
pooling of statistics is only possible when at least some of the included systematic 
reviews conducted a meta-analysis. As we only identified one systematic review 
with a meta-analysis, a narrative synthesis was used to report our results. First, we 
summarize the quality of the included reviews. Then, we report on the conclusions 
of the reviews regarding the association between health literacy and adherence in 
older adults. Finally, we discuss conclusions of the reviews regarding the 
effectiveness of adherence interventions in the population of older adults with low 
levels of health literacy. 
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In accordance with the meta-review methodology, only information from the 
systematic reviews is reported in this study. However, to ensure the validity of the 
results of our meta-review, we also performed data verification by checking 
whether the reported general conclusions of the reviews were supported by the 
results of the primary studies that were specifically relevant for our meta-review. A 
complete overview of these primary studies is presented in Table A2 in Appendix 2. 
 

RESULTS 
 

Search results 
After screening 1619 citations, a total of 17 reviews were included. The full process 
of selection is presented in Figure 1.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flowchart of selection procedure 

 

Duplicates removed  
(n=344) 

Articles excluded  
(n=1449) 

Articles identified by 
reference mining (n=1) 

Articles excluded (n=154) 
-Health literacy not included (n=57) 
-No systematic review (n=38) 
-Adherence not included (n=24) 
-No association/intervention (n=13) 
-Abstract without full text (n=7) 
-Not relevant for older adults (n=5) 
-Duplicates (n=3) 
-Not in westernized countries (n=3) 
-Other reasons (n=4) 
 
 

Articles included in this 
meta-review (n=17) 

Articles selected for 
inclusion (n=16) 

 

Full articles reviewed 
(n=170) 

 

Titles and abstracts 
reviewed (n=1619) 

 

Articles identified (n=1963) 
Embase (n=868)  Medline (n=458) 
CINAHL (n=158)   ERIC (n=144) 
Web of Science (n=171) PsycINFO (n=85) 
DARE (n=62)  Cochrane library (n=17) 
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Quality assessment 
The results of the AMSTAR quality assessment are presented in Table 1. Final 
AMSTAR quality scores ranged widely from 3 to 10 out of a maximum of 11, with a 
mean score of 6.4. Nine of the reviews had scores in the range from 7 to 10. Almost 
all of the reviews conducted a comprehensive search and provided a list and details 
of the included studies. Ten reviews reported an adequate level of duplicate study 
selection and data extraction. Only one review statistically pooled the findings of 
multiple studies.37 

Differences between higher and lower scoring reviews were mostly due to how 
well they reported on their method of quality assessment and the way of handling 
the results of quality assessments in formulating conclusions. Eight reviews 
conducted a quality assessment, six of which adequately used the results of this 
assessment in formulating their conclusions. 
 

The association between health literacy and adherence 
We included 11 reviews that reported on the association between health literacy and 
adherence in older adults.21,37-46 Two of these reviews also added to our objective 
regarding interventions on adherence.21,39 The conclusions of the selected reviews 
on the association between health literacy and adherence are presented in Table 2.  

Six reviews focused on medication adherence specifically. Four of these reviews 
assessed the association between health literacy and medication adherence, but did 
not support a strong association.21,37,41,45 The review of Zhang et al.37 statistically 
combined the results of many studies in a meta-analysis. A statistically significant 
but quite modest association between health literacy and medication adherence 
was found (r<0.09, p<.0001 in all analyses). The review of Ostini and Kairuz45 
concluded that addressing medication non-adherence within the framework of 
health literacy is not as straightforward as was initially assumed, as research often 
fails to find an association between health literacy and medication adherence. The 
reviews of Loke et al.21 and Keller et al.41 also reported that most of the studies they 
included did not find significant associations between health literacy and 
medication adherence. Two other reviews tried to find factors that are associated 
with medication adherence and considered health literacy as a predictive factor.40,42 
However, neither concluded that health literacy is an important barrier for 
medication adherence. 
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Two reviews focused on the association between health literacy and diabetes in 
a broad sense. Al Sayah et al.46 focused on diabetes outcomes and concluded that 
health literacy is related to diabetes knowledge, but that there is not much evidence 
for the association between health literacy and other outcomes, including diabetes 
self-care. Fransen et al.39 concluded that the evidence for an association between 
health literacy and various domains of diabetes self-management is very limited. 

One review44 examined the literature on the impact of health literacy on health 
outcomes in HIV patients, but only one of the included studies focused on older 
patients. The authors concluded that some studies find an association between 
health literacy and antiretroviral medication adherence, while other studies fail to 
find such association. 

The review of Berkman et al.38 focused on the association between health 
literacy and many different outcomes. The review found evidence on many 
associations, but concluded that there was insufficient evidence to support an 
association between health literacy and adherence, despite the inclusion of a 
relatively large number of studies. 

One low quality review concluded that health literacy influences adherence to 
medical protocols, but the results of the primary studies that are discussed in the 
review do not support this conclusion.43 

Data verification indicated that the results of the primary studies that are 
specifically relevant to the current meta-review support the conclusions of the 
reviews. 

 

Effectiveness of interventions 
Eight reviews provided information on the effects of adherence interventions in 
older adults with low health literacy.21,39,47-52 An overview of the included reviews is 
presented in Table 3. No review focused specifically on the effectiveness of 
interventions on adherence among older adults with low health literacy, and most 
reviews did not draw general conclusions about this topic. However, the selected 
reviews discussed the results of one or more intervention studies that provided 
evidence for our research questions. In order to maximize the amount of 
information we could extract from the reviews, we also focused on the conclusions 
that reviews drew about the individual intervention studies, which is a common 
strategy in meta-reviews.29-31 In total, the reviews reported on seven different 
intervention studies. A complete overview of these intervention studies is presented 
in Table A2 in Appendix 2. 
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Table 3. Reviews that evaluated interventions on adherence in older adults with low 
health literacy (n=8) 

Authors Main focus Articles included 
(relevant to this 

meta-review) 

Carbone et al.47 Enhance nutrition advisors’ awareness of health 
literacy in practice and research. 

33 (1) 

Fransen et al.39,a Explore possible associations between health 
literacy, diabetes self-management, and possible 
mediators. 

11 (1b) 

Lee et al.48 Detect effective strategies to improve health 
outcomes of low literate patients with 
cardiovascular disease. 

9 (1) 

Loke et al.21,a Review links between health literacy and 
cardiovascular/diabetes medication adherence. 

9 (1) 

Newman-Casey et 
al.49 

Evaluate educational interventions for glaucoma 
medication adherence based on quality, efficacy, 
and extent to which they are grounded in 
evidence-based Health Behavior Theory. 

8 (1) 

Schaefer50 Find which low health literacy interventions are 
most effective. 

16 (1) 

Van Scoyoc et al.51 Explore the associations between literacy and 
diabetes outcomes, and identify clinical 
strategies likely to be most beneficial. 

13 (5) 

Sheridan et al.52 Identify specific benefits of interventions 
addressing low health literacy. 

39 (1) 

a Review also provided information about the association between adherence and health literacy.  

b Another relevant intervention study was described, but not selected, because no results of this 
intervention were reported. 
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Four reviews on varying topics39,47,50,52 reported on the same quasi-experimental 
intervention study.53 The reviews reported that the study compared various 
outcomes of diabetes education classes between patients with high and low health 
literacy, and that low health literacy patients were found to benefit at least as much 
from diabetes education classes as patients with high health literacy. 

In their review, Lee et al.48 focused on strategies to improve outcomes in low 
literate patients with cardiovascular disease. One randomized controlled trial is 
described in which written instructions for medication use were adapted to fit the 
needs of patients with low health literacy by using a larger font size, decreasing the 
number of words, and using schema’s with recognizable symbols.54 The adapted 
instruction resulted in increased adherence to medication. 

In the review by Loke et al.21 one randomized controlled trial is discussed, in 
which patients with coronary artery disease and congestive heart failure received 
instructions for medication use upon being discharged from the hospital.55 The 
experimental group received an additional tool that was customized for low literacy 
patients. After 2 weeks, there was no difference between the two study arms. 

In their review on educational interventions to improve glaucoma medication 
adherence, Newman-Casey et al.49 identified one randomized controlled trial that 
focused on health literacy. In this study, glaucoma patients received an educational 
intervention tailored to their level of health literacy.56 Trends towards improved 
adherence were found in the groups with lower reading levels. The review 
concluded that tailoring information may be useful for educational interventions.49 

Only the review by Von Scoyoc and DeWalt,51 on interventions that aimed to 
improve diabetes outcomes in patients with low levels of health literacy, reported 
on more than one intervention that added to our objectives. A three-arm trial 
showed that both automated telephone disease management and group medical 
visits led to increased diabetes self-care compared to standard care in people with 
low literacy.57,58 Another study tested an intervention that consisted of a brief 
counseling session, a low literacy appropriate education guide on diabetes, and 
follow-up counseling sessions over the telephone.59,60 The study found similar 
improvements in diabetes self-management behavior across patients with different 
health literacy levels. Finally, staff instructions in the use of a toolkit to facilitate 
literacy-sensitive diabetes education and management did not lead to improved 
self-management.61 The review concluded that it is possible to use interventions to 
improve the health outcomes of low literate patients with diabetes, but does not 
draw specific conclusions regarding diabetes self-management.51  

None of the reviews drew any specific conclusions regarding which type of 
adherence intervention is most suitable for older adults with low health literacy. As 
a result, data verification was not possible for this question. Also, the small number 
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of described interventions and their large heterogeneity did not allow for strong 
conclusions. 

In their conclusions, many of the reviews stressed the need for further high-
quality research in order to strengthen the evidence for interventions among people 
with low health literacy. 
 

DISCUSSION 
 
Our meta-review provides only weak evidence in support of an association between 
health literacy and adherence in older adults. Our results show some evidence that 
interventions on adherence are effective among older adults with low health 
literacy, but this evidence is limited. 

The results of our systematic meta-review cast doubt on the existence of a 
strong association between health literacy and adherence among older adults, as 
the identified systematic reviews only support the existence of a weak association. 
While non-systematic reviews and health literacy frameworks have suggested that 
adherence in an important factor through which health literacy impacts health 
outcomes,11-13 our results do not strongly support this notion. 

However, studies on health literacy and adherence in older adults may also have 
missed a genuine association. First, one of the reviews suggests the possibility of a 
nonlinear association between health literacy and adherence, in which adherence 
rates are lowest among those with moderate health literacy.45 This idea is 
supported by a survey study that shows that people with low health literacy mostly 
fail to adhere as a result of a lack of understanding of the given instructions, while 
people with high health literacy more often non-adhere as a result of deliberately 
choosing to disregard recommendations.62 If the association between health 
literacy and adherence is nonlinear, studies that treat health literacy as a 
categorical variable with only two or three categories may fail to observe any such 
associations. 

Second, the way in which health literacy and adherence are measured may limit 
the possibility to draw strong conclusions on the association between the two 
concepts. The two most commonly used measurement tools for health literacy are 
the Rapid Estimate of Adult Literacy in Medicine (REALM) and the Short Test of 
Functional Health Literacy in Adults (S-TOFHLA). Both tools have been criticized 
for not adequately covering the range of competencies required for adequate health 
literacy.3,21 It has also been suggested that both tools measure limited different 
elements of health literacy.63 Also, many tools to measure adherence are based on 
self-report, but it has been shown that self-reporting is not always an accurate 
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measure of adherence due to people overestimating their adherence, especially 
when their actual adherence is poor.64 

Third, the inconsistent results on the association between health literacy and 
adherence may be the result of a confounding effect of age in some studies. 
Whereas older adults tend to have poorer health literacy,4-7 other research has 
shown that older age is positively related to adherence,65,66 which may complicate 
any association between health literacy and adherence in older adults. 

The results of our meta-review on interventions suggest that interventions on 
adherence are at least as effective for people with low health literacy as for those 
with high health literacy. The interventions on adherence described in our reviews 
seem to focus mainly on education and on lowering the health literacy demands of 
adherence instructions. However, as the reviews provided only limited information 
on the effectiveness of adherence interventions among older adults with low health 
literacy, we were not able to draw conclusions regarding which type of intervention 
could be most beneficial for this population. We identified a clear gap in the 
available literature, as none of the included systematic reviews drew specific 
conclusions on the topic of adherence interventions among older adults with low 
health literacy. Additionally, the input of four of the reviews was based on the 
results of the same study.53 In total, the reviews provided information on only 
seven unique intervention studies. 

The reviews included in our meta-review were of varying quality. However, 
similar conclusions were found among both reviews of higher and lower quality. 
Our quality assessment indicates that the reviews were mostly based on thorough 
searches, that the selection procedures and data extraction were mostly well 
conducted, and that most reviews gave sufficient information about the included 
primary studies. However, many of the included reviews did not conduct a quality 
assessments of the included studies. This is problematic and certainly requires 
improvement, as it makes it impossible to assess whether conclusions are based on 
high quality evidence. 
 

Strengths and limitations 
The strengths of our meta-review included the use of a broad definition of 
adherence, which also includes behaviors outside the cure and care setting, and our 
extensive search strategy. 

However, our meta-review had some limitations. First, we cannot rule out the 
possibility of selective analysis and outcome reporting in both the primary studies 
and the reviews. Some research may not have been published if deemed 
insufficiently novel, positive or significant. Second, as none of our included reviews 
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reported specifically on the effectiveness of adherence interventions among older 
adults with low health literacy, we could only report on their limited conclusions 
about individual studies. Third, in many reviews, only part of the studies on the 
association between health literacy and adherence focused on older adults, leaving 
unclear to what degree the conclusions of the review are generalizable to this group. 
However, data verification confirmed that the patterns of results found in the 
reviews did not change substantially when only considering the primary studies 
that met the criteria for our meta-review. Finally, in a systematic meta-review, a 
review based on including systematic reviews, the most recent primary studies may 
not be covered.  
 

Implications for public health and future research 
Our results suggest that health literacy and adherence exert partially independent 
effects on the health outcomes of older adults. Public health practitioners should be 
aware that initiatives that aim to mitigate the negative impacts of low health 
literacy on health outcomes among older adults should not focus solely on 
adherence. Initiatives that aim to improve adherence rates among older adults 
could focus on education and on lowering the health literacy demands of adherence 
instructions, as evidence on these strategies is the strongest.  

Although we adopted a broad definition of adherence in this meta-review, most 
of the included reviews focused specifically on medication adherence or disease 
management. None of the reviews focused on adherence with guidelines for general 
health behavior, such as healthy nutritional behavior and physical activity. Future 
reviews on the impact of health literacy on the health outcomes of older adults 
could consider these behaviors as well. Some studies have focused on the 
association between health literacy and general health behaviors among older 
adults.67,68 

Also, despite our extensive search strategy, we found no reviews that focused on 
improving adherence specifically among older adults with low health literacy. To 
close this gap in the available literature, future research could focus on reviewing 
primary studies on specifically this topic, as this could further advance our 
understanding of the role of health literacy in adherence interventions among older 
adults. Many of the reviews included in our meta-review stressed the need for more 
high quality intervention research among people with low health literacy. Further 
intervention research could indeed help identify which types of interventions are 
most beneficial for older adults with low health literacy, which could be valuable for 
clinical practitioners. 
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Conclusions 
We found inconsistent evidence on the association between health literacy and 
adherence in older adults in all reviews, including among reviews of higher quality. 
We are thus unable to support the suggestion that adherence is one of the most 
important factors through which health literacy impacts health in the vulnerable 
population of older adults. Nevertheless, our meta-review shows that adherence 
interventions are potentially beneficial for the vulnerable population of older adults 
with low levels of health literacy, particularly if they focus on education or lowering 
the health literacy demands of adherence instructions. However, as the evidence on 
this topic is limited, our conclusions should be interpreted with caution. 
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APPENDIX 1: SEARCH STRATEGY 
 
Table A1. Search strategy for MEDLINE 

No. Strategy Filters  Hits 

S1 (MH "Health Literacy+")  - 1,693 

S2 (MH "Patient Medication Knowledge")  - 53 

S3 (MH "reading" ) - 16,998 

S4 "literacy" OR "illiterate" OR "illiteracy" OR "literate" OR 
"medication knowledge" OR "numeracy" OR "Rapid Estimate 
of Adult Literacy" OR "Test of Functional Health Literacy" OR 
"Newest Vital Sign" OR "Short Assessment of Health 
Literacy" OR "reading" OR "TOFHLA" 

- 126,567 

S5 S1 OR S2 OR S3 OR S4 - 126,567 

S6 (MH "Patient Compliance")  - 46,418 

S7 (MH "Medication Adherence")  - 7,460 

S8 (MH "Patient Participation")  - 17,854 

S9 (MH "Guideline Adherence")  - 20,782 

S10 (MH "Treatment Refusal")  - 10,530 

S11 (MH "Refusal to Participate")  - 496 

S12 (MH "Health Behavior") - 33,399 

S13 "adherence" OR "patient compliance" OR "patient 
participation" OR "treatment refusal" OR "nonadherence" OR 
"non-adherence" OR "noncompliance" OR "non-
compliance" OR "self-care" OR "self care" OR "self-
management" OR "self management" OR "treatment dropout" 
OR "treatment drop-out" OR "treatment drop out" OR "pill 
count" OR "health behavio*" OR "compliance" OR 
"concordance" 

- 316,860 

S14 S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 - 317,255 

S15 (MH "Educational Status") - 39,539 

S16 “educational status” OR “educational level” OR “educational 
attainment” 

- 51,615 

S17 S15 OR S16 - 51,615 

S18 S5 AND S14 - 3,436 

S19 S17 AND S14 - 4,480 

S20 S18 OR S19 Review; 
Meta-
analysis 

458 

This search strategy was developed for use in MEDLINE. This strategy was adapted to suit other 
databases. The search strategy was used on September 15, 2014. 
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APPENDIX 2: OVERVIEW OF PRIMARY STUDIES 
 
Table A2. Description of primary studies included in the meta-review 

Article Included in reviews Type of study Same sample  

Bains and Egede1 Al Sayah et al.2 
Fransen et al.3 
Loke et al.4 
Ostini and Kairuz5 
Zhang et al.6 

Cross-sectional Osborn et al.7 

Bauer et al.8 Ostini and Kairuz5 
Zhang et al.6 

Prospective cohort - 

Cavanaugh et al.9 Fransen et al.3 Cross-sectional Osborn et al.10 

Cavanaugh et al.11  Van Scoyoc et al.12 RCT - 

Cho et al.13  Berkman et al.14 
Loke et al.4 
Zhang et al.6 

Cross-sectional Gerber et al.15 

Cohen et al.16 Zhang et al.6 Secondary analysis 
of RCT 

- 

Cordasco et al.17 Loke et al.4 RCT - 

DeWalt et al.18 Van Scoyoc et al.12 Pretest posttest 
intervention 

Wallace et al.19 

Estrada et al.20 Loke et al.4 Prospective cohort - 

Fang et al.21 Berkman et al.14  
Keller et al.22 
Loke et al.4 
Ostini and Kairuz5 
Zhang et al.6 

Cross-sectional - 

Gatti et al.23 Berkman et al.14 
Ostini and Kairuz5 
Weekes24 
Zhang et al.6 

Cross-sectional Johnson et al.25 

Gazmararian et al.26 Berkman et al.14 
Gellad et al.27 
Keller et al.22 
Loke et al.4 
Ostini and Kairuz5 
Zhang et al.6 

Prospective cohort - 
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Table A2. (Continued) 

Article Included in reviews Type of study Same sample  

Gerber et al.15 Berkman et al.14 
Loke et al.4 
Zhang et al.6 

Cross-sectional Cho et al.13 

Ingram and Ivanov28 Zhang et al.6 Cross-sectional - 

Johnson et al.25 Berkman et al.14 
Zhang et al.6 

Cross-sectional Gatti et al.23 

Joyner-Grantham et al.29 Ostini and Kairuz5 Cross-sectional - 

Juzych et al.30 Zhang et al.6 Cross-sectional - 

Karter et al.31 Fransen et al.3 Cross-sectional - 

Kim et al.32 Al Sayah et al.2 
Carbone et al.33 
Fransen et al.3 
Sheridan et al.34 
Schaefer35 
Zhang et al.6 

Prospective 
observational study 

- 

Kripalani et al.36 Berkman et al.14 
Loke et al.4 
Ostini and Kairuz5 
Zhang et al.6 

Cross-sectional Kripalani et al.37 

Kripalani et al.37 Ostini and Kairuz5 RCT Kripalani et al.36 

Lindquist et al.38 Zhang et al.6 Cross-sectional - 

Mancuso39 Al Sayah et al.2 
Fransen et al.3 

Cross-sectional - 

Marcum et al.40 Zhang et al.6 Cross-sectional  

Mbaezue et al.41 Al Sayah et al.2 
Fransen et al.3 

Cross-sectional - 

McCleary-Jones42 Al Sayah et al.2 Cross-sectional - 

Mosher43 Ostini and Kairuz5 
Zhang et al.6 

Prospective cohort - 

Muir et al.44 Keller et al.22 
Zhang et al.6 

Cross-sectional - 

Muir et al.45 Newman-Casey et al.46 RCT - 
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Table A2. (Continued) 

Article Included in reviews Type of study Same sample  

Murray et al.47 Lee et al.48 RCT Noureldin et al.49 

Nelsen et al.50 Wawrzyniak et al.51 Cross-sectional - 

Noureldin et al.49 Ostini and Kairuz5 
Zhang et al.6 

Secondary analysis 
of RCT 

Murray et al.47 

Osborn et al.7 Fransen et al.3 Cross-sectional Bains and Egede1 

Osborn et al.10 Ostini and Kairuz5 
Zhang et al.6 

Cross-sectional Cavanaugh et al.9 

Schillinger et al.52 Van Scoyoc et al.12 RCT Schillinger et al.53 

Schillinger et al.53 Van Scoyoc et al.12 RCT Schillinger et al.52 

Schoenthaler et al.54 Lewis55 Cross-sectional - 

Wallace et al.19 Van Scoyoc et al.12 Pretest posttest 
intervention 

DeWalt et al.18 

RCT=Randomized Controlled Trial  
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ABSTRACT 
 
Purpose - Low health literacy is an important predictor of poor health outcomes 
and well-being among older adults. A reason may be that low health literacy 
decreases older adults’ self-management abilities. We therefore assessed the 
association between health literacy and self-management abilities among adults 
aged 75 and older, and the impact of demographic factors, socioeconomic factors, 
and health status on this association. 
 
Methods - We used data of 1052 older adults, gathered for a previously conducted 
randomized controlled trial on Embrace, an integrated elderly care model. These 
data pertained to health literacy, self-management abilities, demographic 
background, socioeconomic situation, and health status. Health literacy was 
measured by the validated three-item Brief Health Literacy Screening instrument. 
Self-management abilities were measured by the validated Self-Management 
Ability Scale (SMAS-30).  
 
Results - After adjustment for confounders, self-management abilities were 
poorer in older adults with low health literacy (β=.34, p<.001). This was more 
pronounced in medium- to high-educated older adults than in low-educated older 
adults. Sex, age, living situation, income, presence of chronic illness, and mental 
health status did not moderate the association between health literacy and self-
management abilities. 
 
Conclusions - Low health literacy is associated with poor self-management 
abilities in a wide range of older adults. Early recognition of low health literacy 
among adults of 75 years and older and interventions to improve health literacy 
might be very beneficial for older adults. 
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INTRODUCTION 
 
Health literacy is an increasingly important topic in public health. A large-scale 
health literacy survey in eight European countries estimates that around 47% of 
European adults have low health literacy, i.e., that they have substantial problems 
with health-related tasks and situations.1 Older adults are an especially vulnerable 
group with regard to health literacy.2-6 Health literacy has been defined as “the 
degree to which people are able to access, understand, appraise, and communicate 
information to engage with the demands of different health contexts in order to 
promote and maintain good health across the life course.”7 

Low health literacy has been shown to be an important predictor of various 
negative health outcomes, such as frequent hospitalization,8 higher mortality 
rates,9 and lower well-being.10 The association between health literacy and well-
being could be because low health literacy limits the self-management abilities of 
older adults. While many health literacy studies among older adults have focused 
on the association between health literacy and self-management behaviors in the 
healthcare context,11-15 the association between health literacy and self-
management abilities (SMA) has largely been neglected. SMA consist of a general 
repertoire of cognitive and behavioral abilities for managing external resources in 
such a way that physical and social well-being is maintained or restored when 
lost.16 SMA have been shown to be associated with major outcomes, such as well-
being17,18 and health status.19 

However, evidence as to the association between health literacy and SMA is 
lacking, as is the case for its potential moderators. These moderators may include 
demographic factors like sex, age, and living situation. For example, living alone 
could indicate a lower level of social support; as a result, there could be too little 
social support to buffer the negative consequences of low health literacy.20 
Moreover, socioeconomic status, e.g., educational level and income, may also 
influence the association between health literacy and SMA. It could, for example, 
be possible for older adults with a higher educational level to have good self-
management abilities, even if they have low health literacy. 

This study therefore aims to (1) assess the association between health literacy 
and SMA among adults aged 75 and older, and (2) assess the impact of potential 
moderators (sex, age, living situation, educational level, income, presence of 
chronic illness, and mental health status) on this association.  
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METHODS 
 

Design and setting  

This study consisted of secondary analyses of follow-up data from the stratified 
randomized controlled trial of Embrace, on adults aged 75 and older.21 The study 
started in 2011 and was conducted in the eastern part of the province of Groningen, 
the Netherlands, which is one of the most deprived rural areas of the country. 
Participants were stratified into three risk profiles (i.e., robust, frail, and complex 
care needs), based on their level of frailty and their complexity of care needs. Next, 
balanced randomization was conducted per risk profile in order to achieve equal 
distributions across treatment groups of characteristics that could affect 
intervention outcomes.22 The balancing criteria were sex, age, complexity of care 
needs, frailty, living situation, number of chronic conditions, whether or not 
receiving homecare, and whether or not receiving help with filling out the 
questionnaires. Embrace is a novel population-based elderly care model which 
aims to prolong the ability of older adults to age in place by meeting their needs 
through supporting integrated care.21 The type and intensity of care and support 
that the participants received was based on their risk profile. Participants in the 
robust profile received low intensity care with a focus on self-management support 
and prevention; participants in the frail profile received high intensity care with a 
focus on psychosocial aspects; and participants in the profile with complex care 
needs received high intensity care with a focus on health care. The participants in 
the control group received care as usual, as provided by general practitioners and 
local health and community organizations. A more detailed description of the study 
design can be found in the published study protocol.21 
 

Study population 
Participants were recruited via their GPs and were eligible for inclusion if they were 
aged 75 years or older. Exclusion criteria were long-term stay in a nursing home, 
receiving an alternative type of integrated care, or participating in another research 
study. Of those eligible, 1456 older adults participated in the study (response rate 
48.7%). Non-respondents differed from respondents, with women, older 
participants, and participants from more rural areas more frequently declining to 
participate (all p-values<.01).  

A total of 1131 (78%) participants responded to the follow-up questions. The 
most important reasons for loss to follow-up were refusal to continue participation 
(n=106, 33%), not filling out the questionnaires (n=107, 33%), moving to another 
city or a nursing home (n=22, 7%), and mortality (n=75, 23%). As expected in a 
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population aged 75 years and older, dropouts (n=325, 22%) were significantly 
older, more frail, had more complex care needs, and had poorer health (all p-
values<.01). After exclusion of participants from residential care homes (n=27, 
2.4%) and missing values for living situation (n=10, 0.9%), health literacy (n=25, 
2.2%), and SMA (n=17, 1.5%), the responses of a total of 1052 participants were 
eligible for analysis in this study. 
 

Data collection 
Written informed consent and baseline data were collected between October and 
December of 2011, and follow-up data were collected 12 months after the starting 
date.21 Where needed, participants were assisted in filling out the questionnaires, 
either by family members, neighbors, etc., or by trained assistants. Data collection 
included measurements for health literacy, SMA, sex, age, living situation, 
educational level, income, presence of chronic illness, and mental health status. 
With the exception of educational level and sex, which were assessed at baseline, 
only data from the follow-up measurement were used for our current analyses. 

The validated three-item Brief Health Literacy Screening (BHLS) was used to 
measure health literacy.23,24 The BHLS has been used in earlier studies on health 
literacy.25,26 The items of the BHLS are the following: 

 
(1) ‘‘How often do you have someone help you read hospital materials?’’ 
(2)  ‘‘How confident are you filling out medical forms by yourself?’’ 
(3)  ‘‘How often do you have problems learning about your medical condition 

because of difficulty understanding written information?’’ 
 
These items were answered on a 5-point Likert scale (1–5). By reversing the scores 
on the second question and then summing up the scores of all three questions, a 
continuous total score (3–15) was calculated, with higher scores indicating higher 
levels of health literacy. 

SMA were assessed with the validated Dutch version of the Self-Management 
Ability Scale (SMAS-30).27,28 The SMAS-30 contains 30 items which are scored on 
5- and 6-point Likert scales. The SMAS-30 consists of six subscales of five 
questions, each yielding scores in the range 0–100. Every subscale addresses one of 
the key domains of SMA (taking initiatives, be self-efficacious, investment 
behavior, positive frame of mind, multifunctionality of resources, and variety in 
resources).28 The total SMAS-30 score is based on the average of the six subscales, 
with a higher score indicating better SMA. If more than one item was missing for 
any of the subscales, no total score could be calculated for that subscale. In order to 
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calculate the score for the full SMAS-30, scores for all six subscales had to be 
available. Examples of questions in the SMAS-30 are ‘Are you capable of taking 
good care of yourself?’ and ‘When things are not going so well, how often do you 
succeed in thinking positively?’ 

Potential moderators included sex, age, living situation, educational level, 
income, presence of chronic illness, and mental health status. Age was 
dichotomized as 75–80 versus >80 years. Living situation was dichotomized as 
living alone versus living with others (e.g., partner, siblings, or children). 
Educational level was dichotomized as medium to high (having finished at least 
secondary school) versus low. Income was dichotomized as high (over 1000 
euro/month for people living alone or over 1350 euro/month for people living with 
others) versus low. The presence of one or more chronic illnesses was assessed by a 
single self-report question. Mental health status was assessed using the Mental 
Health Inventory (MHI-5), which is a subscale of a Dutch translation of the RAND 
36 questionnaire.29 This subscale consists of five questions that assess the 
participant’s feelings and emotions during the previous month. All five questions 
were rated on 6-point scales. Scores were averaged to a continuous total score if at 
least four of the questions were answered (range 0–100). Where fewer than four of 
the questions were answered, no total score could be calculated. There are multiple 
cutoff scores for the MHI-5. We adopted the commonly used cutoff point of 60,30,31 
which led to one-quarter of our sample being classified as having a poor mental 
health status. To check whether this cutoff point influenced our results, we 
repeated the analyses with an alternative cutoff point (i.e., the median) and with 
the continuous scores. Both sets of analyses yielded results that were very similar to 
the primary analyses. 
 

Statistical analyses 
We first explored the distribution of characteristics in the sample and their 
association with health literacy, using a series of independent samples t tests. 
Second, to assess the association between health literacy and SMA, we built a crude 
linear regression model with only health literacy as a predictor of SMA. Next, we 
added group (intervention/control), sex, and age to this model, to control for 
possible confounding effects. We then also assessed whether SMA were associated 
with an interaction between group (intervention/control) and Embrace risk profile; 
this was not the case. These analyses were then repeated for the various domains of 
SMA, in order to study the association between health literacy and SMA in more 
detail. Third, we assessed potential moderation of the association between health 
literacy and SMA by sex and age by separately adding to the model each variable 
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and its interaction with health literacy, while adjusting for group 
(intervention/control). We then also assessed potential moderation by the other 
background characteristics by adding to the model each characteristic and its 
interaction with health literacy, while adjusting for group (intervention/control), 
sex, and age. If a characteristic showed a statistically significant interaction effect 
with health literacy, we repeated the analyses with this characteristic for the 
various domains of SMA. For all regression analyses, health literacy scores were 
centered around the mean to improve interpretability of the results.32 

To examine potential problems with multicollinearity in the regression analyses, 
variance inflation factors (VIFs) were calculated and examined for all regression 
analyses. Any VIF higher than 5 was considered to be an indicator of potential 
problems with multicollinearity. None of the VIFs reached this threshold (all 
VIFs<3.7).  

All analyses were performed using SPSS 20.0 for Windows. We considered 
results to be statistically significant if p<.05. 
 

RESULTS 
 
The characteristics of the sample and the associations of these characteristics with 
health literacy are presented in Table 1. All studied characteristics were 
significantly associated with health literacy (all p-values≤.001). Health literacy was 
significantly lower for participants over 80 years of age, for women, for those with a 
lower educational level, for those with a lower monthly income, for those who lived 
alone, for those who suffered from chronic illness, and for those with poor mental 
health status. 
 

Association between health literacy and SMA  
Higher health literacy was significantly associated with better SMA (Table 2). 
Adjustment for group (intervention/control) did not change the strength of this 
association. Further adjustment for sex and age also had hardly any impact on the 
association. 

The association between health literacy and the various domains of SMA, while 
being adjusted for group, age, and gender, are presented in Table 3. Health literacy 
was significantly and positively associated with all domains of SMA (all p-
values<.001). 
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Moderation of the association between health literacy and SMA 
The results of the moderation analyses are presented in Table 4. In all models, the 
association between health literacy and SMA remained substantial (all β’s≥.29, all 
p-values<.001). 
 
 
Table 1. Characteristics of participants and corresponding levels of health literacy 

 n (%) Mean health  
literacya (SD) 

p 

Total 1052 (100) 11.70 (3.12)  

Sex   <.001 
 Male 468 (44.5) 12.28 (2.81)  
 Female 584 (55.5) 11.24 (3.27)  
Age   <.001 
 75-80 years 470 (44.7) 12.49 (2.71)  
 >80 years 582 (55.3) 11.07 (3.28)  
Living situation   <.001 
 With others 596 (56.7) 12.06 (2.90)  
 Alone 456 (43.3) 11.24 (3.33)  
Educational level   <.001 
 Medium to high 526 (50.4) 12.61 (2.68)  
 Low 517 (49.6) 10.75 (3.26)  
Income   .001 
 High 728 (85.2) 11.86 (3.08)  
 Low 126 (14.8) 10.88 (3.23)  
Presence of chronic illness   <.001 
 Yes 380 (36.2) 12.27 (2.79)  
 No 671 (63.8) 11.39 (3.25)  
Mental health status   <.001 
 Good 765 (72.9) 12.02 (2.94)  
 Poor 285 (27.1) 10.85 (3.42)  

All p-values based on independent samples t tests. Some data were missing for presence of chronic 
illness (0.1%), mental health status (0.2%), educational level (0.9%), and income (18.8%). The higher 
percentage of missing data for income was the result of participants refusing to report their income 
(12.8%) or not knowing their income (5.9%). 
a Range 3–15, with higher scores indicating higher health literacy. 
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Demographic factors 
After adjusting for health literacy and intervention effects, we found that women 
showed significantly better SMA than men, but the interaction effect between 
health literacy and sex was not statistically significant. We found a similar pattern 
of results for age: Higher age was significantly associated with poorer SMA, but the 
interaction effect between health literacy and higher age did not reach significance. 
After additionally adjusting for both sex and age, we found that people who lived 
alone showed better SMA compared to people who lived with others, but there was 
no significant interaction with health literacy. 
 
 
Table 2. Association between health literacy and self-management abilities (n=1052) 

 β (95% CI) p 

Crude model    
 Health literacy .34 (.29 to .40) <.001 
Model with intervention    
 Health literacy .34 (.29 to .40) <.001 
 Intervention group .01 (-.04 to .07) .62 
Model with sex and age    
 Health literacy .34 (.28 to .40) <.001 
 Intervention group .01 (-.04 to .07) .65 
 Female .08 (.03 to .14) .005 
 Age over 80 years -.06 (-.12 to -.01) .031 

 
 
Table 3. Associations between health literacy and the domains of self-management 
abilities (n=1052) 

 β (95% CI) p 
Taking initiative .33 (.27 to .39) <.001 
Be self-efficacious .30 (.24 to .36) <.001 
Investment behavior .34 (.28 to .40) <.001 
Positive frame of mind .27 (.21 to .33) <.001 
Multifunctionality of resources .19 (.12 to .25) <.001 
Variety in resources .23 (.17 to .29) <.001 

All analyses were adjusted for group (intervention/control), age, and sex. 
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Table 4. Influence of demographic factors, socioeconomic factors, and health status on 
the association between health literacy and self-management abilities 

 Model with main effects Model with interaction 

 β (95% CI) p β (95% CI) p 

Demographic factors     
 Sexa (n=1052)     
  HL .36 (.30 to .42) <.001 .40 (.31 to .50) <.001 
  Female .08 (.03 to .14) .004 .09 (.03 to .14) .003 
  HL * Female – – -.05 (-.15 to .04) .26 
 Agea (n=1052)     
  HL .33 (.27 to .39) <.001 .39 (.29 to .48) <.001 
  Age over 80 years -.07 (-.12 to -.01) .028 -.06 (-.12 to .00) .043 
  HL * Age of 80 years – – -.07 (-.16 to .03) .16 
 Living situationb (n=1052)     
  HL .35 (.29 to .41) <.001 .39 (.30 to .47) <.001 
  Living alone .08 (.02 to .14) .012 .08 (.02 to .14) .012 
  HL * Living alone – – -.05 (-.13 to .03) .19 
Socioeconomic factors     
 Educational levelb (n=1043)     
  HL .35 (.28 to .41) <.001 .42 (.33 to .52) <.001 
  Low educational level .02 (-.05 to .08) .62 .02 (-.04 to .08) .51 
  HL * Low educational level – – -.10 (-.19 to -.01) .033 
 Incomeb (n=854)     
  HL .36 (.30 to .43) <.001 .35 (.28 to .42) <.001 
  Low income -.06 (-.12 to .00) .049 -.06 (-.12 to .01) .09 
  HL * Low income – – .04 (-.02 to .11) .21 
Health status     
 Chronic illnessb (n=1051)     
  HL .33 (.27 to .39) <.001 .31 (.21 to .42) <.001 
  Having a chronic illness -.11 (-.16 to -.05) <.001 -.11 (-.17 to -.05) <.001 
  HL * Having a chronic illness – – .02 (-.09 to .12) .72 
 Mental healthb (n=1050)     
  HL .32 (.26 to .37) <.001 .29 (.22 to .36) <.001 
  Poor mental health -.16 (-.21 to -.10) <.001 -.15 (-.21 to -.10) <.001 
  HL * Poor mental health – – .05 (-.02 to .12) .20 

HL=Health literacy 

a Adjusted for the effects of group (intervention/control). 
b Adjusted for the effects of group (intervention/control), age, and sex. 
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Figure 1. Association between health literacy and self-management abilities, split by 
educational level and adjusted for group (intervention/control), age, and sex 
 

Socioeconomic factors 
The models involving socioeconomic factors, i.e., education and income, show that 
lower educational level was not significantly associated with SMA after adjusting 
for health literacy and potential confounders. There was, however, a significant 
interaction effect between lower educational level and health literacy on SMA. The 
associations between health literacy and SMA, split by educational level, are 
presented graphically in Figure 1. This figure shows that health literacy was a better 
predictor of SMA in people with medium-to-high levels of education, compared to 
those with lower levels of education. SMA were poorest in medium- to high-
educated older adults with low health literacy. In total, 15.2% (n=83) of the 
participants with a medium-to-high educational level and 32.7% (n=180) of the 
participants with a low educational level had a health literacy score of 9 or lower. 
The analyses with educational level were repeated with the various domains of 
SMA as outcome variables. These analyses revealed that there was no statistically 
significant interaction effect between health literacy and educational level on any of 
the separate domains of the SMAS (all p-values<.05, not tabulated). However, the 
interaction effect between health literacy and educational level approached 
significance for the domains of keeping a positive frame of mind (β=-.09, p=.058), 
taking initiatives (β=-.09, p=.064), and keeping a variety of resources (β=-.09, 
p=.078). Low income was significantly associated with poorer SMA, but its 
interaction effect with health literacy was not significant. 
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Health status 
Finally, the results of the models with chronic illness and mental health status are 
also presented in Table 4. The presence of chronic illness was a significant 
predictor of poor SMA, but there was no significant interaction effect with health 
literacy. Poor mental health status was also significantly associated with poor SMA, 
but its interaction effect with health literacy did not reach significance. 
 

DISCUSSION 
 
This is the first study to examine the association between health literacy and self-
management abilities (SMA) in community-dwelling adults of age 75 and older. 
Our results show that lower health literacy is associated with poorer SMA and all its 
separate domains, also after adjusting for potential confounders and moderators: 
group (intervention/control), sex, age, living situation, educational level, income, 
presence of chronic illness, and mental health status. The relationship between 
health literacy and SMA was moderated only by educational level. 

No previous studies have assessed the association between health literacy and 
SMA and its domains among older adults. However, the various domains of SMA 
are known to be strongly associated with well-being,17,18,28 and well-being has also 
been shown to be associated with health literacy in a study among Japanese adults, 
most of whom were over 50 years of age.10 Other partly comparable studies focused 
mainly on the associations between health literacy and self-management behaviors 
of older adults in the healthcare context. Some of these findings indicate an 
association of health literacy with poor glycemic control in patients with diabetes12 
and with poor self-management of asthma.13 However, other studies found no 
association between health literacy and medication adherence among older 
adults.14,33 An explanation may be that older adults with low health literacy remain 
able to deal with specific self-management tasks, such as medication adherence,14,33 
but cannot perform tasks with multiple components, such as disease 
management12,13 or general self-management. Associations exist between health 
literacy and all domains of SMA, which suggests that health literacy is associated 
with SMA in various ways. 

The association between health literacy and SMA in our study does not 
automatically imply a causal relation, as we used cross-sectional data. For example, 
low health literacy may lead to poorer health outcomes, which may lower a person’s 
SMA. Also, other factors may play a role in the association. An example of such a 
factor could be social networks, as people often draw on the health literacy skills of 
others in their social networks,34 and social networks are strongly associated with 
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subjective well-being among older adults.35 It is evident that the nature of the 
association between health literacy and SMA among older adults requires further 
study. 

In our study, low health literacy was more strongly associated with low SMA in 
medium- to high-educated older adults than in low-educated older adults. No such 
association was found for any of the domains of SMA. In the previous studies, low 
health literacy was also found to be associated with low educational level,6,36 but to 
our knowledge none of these studies reported that educational level moderates the 
impact of health literacy. We could not identify a specific domain that explains this 
association. The small group of older adults with medium-to-high educational level 
and low health literacy seems to be relatively vulnerable for poor SMA. One 
alternative explanation might be that low-educated older adults with both low 
health literacy and poor SMA are underrepresented in the current sample, as this 
group may be more likely to move to a care or nursing home before the age of 75. 
Given the relatively large number of analyses conducted in this study, this 
unexpected finding needs confirmation in future studies. Additionally, even though 
we found that SMA were poorest among medium- to high-educated older adults 
with low health literacy, low-educated older adults are still the more vulnerable 
group, as low health literacy is strongly associated with low educational level. 
 

Strengths and limitations 
The main strength of our study was our use of a large community-based sample of 
adults aged 75 and older. Another strength of this study was the use of a broad and 
validated measure of SMA, specifically developed for older adults.  

Some limitations of the current analyses should, however, be taken into 
account. First, the possibility of selection bias cannot be excluded as we used data 
from an intervention study with a response rate of 48.7% and a follow-up rate of 
78%. However, we made use of a rather large community-based sample of adults 
aged 75 years and over, with few exclusion criteria, which is likely to improve the 
representativeness of the sample. We found some differences between responders 
and non-responders and between dropouts and participants in the follow-up 
measurement, as could be expected in a study among adults in this age group. 
Moreover, we studied associations (as opposed to prevalence rates) and we do not 
expect that the studied associations differ much between responders and non-
responders. Second, even though data were longitudinally obtained, our analyses 
were cross-sectional in nature. This limited our ability to draw conclusions about 
the causality of the associations in the regression models. Third, as all data were 
collected by self-report, the possibility of information bias cannot be excluded.  
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Implications 
Professionals working with older adults should be aware of the association between 
health literacy and SMA in this group. This may also imply the need to include 
routine assessment of health literacy in assessment procedures for older adults. 
Such assessment can help professionals to identify the population at greatest risk 
for poor health outcomes and low well-being in the future. If low health literacy 
causes a decrease in SMA among older adults, future interventions should focus on 
mitigating the negative effects of low health literacy in this group. This could be 
done, for example, by assisting older adults to take the necessary steps to ensure 
their SMA on a longer term. Future longitudinal studies are needed to establish the 
causality of the studied associations. 

Our results show that health literacy is associated with SMA and with all its 
domains among older adults. This association remains after adjusting for various 
combinations of factors, which suggests that this association exists in a wide range 
of older adults. As a result, many older adults with low health literacy may have a 
variety of problems stemming from poor SMA. For example, they may have low 
self-efficacy beliefs, fail to invest sufficiently in the future, and fail to keep a positive 
frame of mind. The potential moderating role of social factors in the association 
between health literacy and outcomes would be a relevant topic for future research. 
An example of this could be the quality of the relationship with the partner. 
 

Conclusions 
We found that low health literacy is associated with poor SMA across a wide range 
of adults aged 75 and older. Additional studies are needed to establish the causality 
of the associations. Low health literacy was more strongly associated with poor 
SMA in people with a medium-to-high educational level, indicating that medium- 
to high-educated older adults with low health literacy are a vulnerable group for 
poor SMA. Early recognition of low health literacy among adults above the age of 
75 could be very beneficial for this group. 
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ABSTRACT 
 
This study assesses the associations between health literacy and various health 
behaviors and social factors among older adults, and whether social factors 
moderate the other associations. Data from 3,241 participants in the LifeLines 
Cohort Study were analyzed (mean baseline age=68.9 years). Data on health 
literacy, health behaviors (physical activity, fruit and vegetable consumption, 
smoking, breakfast consumption, alcohol consumption, and body mass index 
(BMI), and social factors (loneliness, social support, social activities, social 
contacts, and living situation) were collected in three waves. Logistic regression 
analyses were used, adjusted for age and gender. Low health literacy was associated 
with insufficient physical activity, insufficient fruit and vegetable consumption, 
lack of regular breakfast consumption, obesity (ORs>1.31, p-values<.005) and low 
alcohol use (OR=0.81, p=.013), but not with smoking. Low health literacy was also 
associated with greater loneliness, engaging in fewer social activities, and having 
fewer social contacts (ORs>1.48, p-values<.005), but not with social support or 
living situation. Only the association between health literacy and smoking was 
moderated by social contacts, but this finding needs confirmation in future studies. 
In conclusion, low health literacy is negatively associated with health behaviors and 
social factors in older adults, but social factors seldom moderate the associations 
between health literacy and health behaviors. 
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INTRODUCTION 
 
Many people in developed countries have low health literacy, which is associated 
with various undesirable outcomes, such as poorer self-rated health,1 higher rates 
of hospitalization,2 and higher rates of mortality.3 A common definition of health 
literacy is “the degree to which people are able to access, understand, appraise and 
communicate information to engage with the demands of different health contexts 
in order to promote and maintain good health across the life-course.”4 Large-scale 
studies in developed countries show low health literacy rates to be as high as 36% 
in the United States5 and 47% in Europe,6 with both studies using different 
instruments to measure health literacy. Low health literacy is most prevalent 
among older adults.7 Greater understanding of how health literacy impacts health 
outcomes makes it possible to focus interventions on intermediate outcomes, in 
order to mitigate the detrimental effects of low health literacy. 

One pathway between health literacy and health outcomes could be via health 
behaviors like physical activity, fruit and vegetable consumption, smoking 
behavior, breakfast consumption, alcohol consumption, and body mass index 
(BMI), all of which are known to be linked to health status and health outcomes.8-11 
Older adults with low health literacy may be less aware of the importance of health 
behaviors. Additionally, having an adequate level of health literacy is often needed 
in order to make appropriate decisions with regard to health behaviors. For 
example, people with low health literacy have poorer comprehension of food 
labels.12 However, while studies tend to find associations between health literacy 
and health behaviors, not all studies do find such relations. Various studies have 
established an association between low health literacy and low physical activity in 
older adults, for example, among survivors of colorectal cancer,13 and among 
community-dwelling people,14-16 but some studies did not find associations of 
health literacy with other health behaviors like fruit and vegetable consumption,15 
smoking behavior,17 and BMI.18 Additional research on these associations could 
improve our understanding of how low health literacy affects the health outcomes 
of older adults. 

A more novel pathway between health literacy and health outcomes concerns 
social factors like degree of loneliness, social support, and engagement in social 
activities. Health literacy is linked with general literacy,19 which is associated with 
social outcomes from an early age.20 However, the associations between health 
literacy and social factors have received little attention so far. One study showed a 
link between low health literacy and poorer communication skills among older 
adults.21 Another study showed that people with low health literacy often feel 
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ashamed about this limitation,22,23 and many of them hide their low health literacy 
from their relatives, friends, and even their spouses.22 Such feelings may make 
older adults with low health literacy unwilling or unable to maintain a social 
network or make use of social resources. However, there are few studies on the 
association between health literacy and social factors (e.g., Bennett et al., 2012).14 
Studies on the association between health literacy and social support among older 
adults show mixed results.24-26 Moreover, the associations between health literacy 
and other social factors in older adults, such as a persons’ number of social 
contacts, have not yet been studied. 

Social factors may also play a moderating role in the associations between 
health literacy and outcomes. For example, one study showed that people with a 
larger social network are more likely to use interpersonal communication to seek 
health information than are people with a smaller social network.27 Qualitative 
studies suggest that people with a long-term health condition often draw on the 
health literacy skills of members of their social network,28 and that people with 
high health literacy tend to pass on health information to others in their social 
network.29 Just as social support has been shown to buffer the effects of financial 
strain on life satisfaction among older adults,30 it has been suggested that such 
support could also buffer the negative effects of low health literacy.31 Thus, whereas 
social factors like having many social contacts and engaging in social activities may 
buffer the negative impacts of low health literacy, other factors, like loneliness, may 
strengthen these impacts. 

Our study, therefore, focuses on the associations of health literacy with health 
behaviors and social factors among older adults. We also examine the potentially 
moderating role of social factors in the associations between health literacy and 
health behaviors. We expect high health literacy to be associated with favorable 
health behaviors and social factors in older adults. We furthermore expect social 
factors to moderate the associations between health literacy and health behaviors. 
As both low health literacy7 and negative social factors like loneliness32 and social 
isolation33 are especially common among older adults, we focus specifically on 
adults above the age of 65. 
 

METHODS 
  

LifeLines Cohort Study 
For our research, we used data from the ongoing LifeLines Cohort Study. Lifelines 
is a multidisciplinary prospective population-based cohort study examining in a 
unique three-generation design the health and health-related behaviors of 167,729 
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persons living in the north of The Netherlands. It employs a broad range of 
investigative procedures in assessing the biomedical, sociodemographic, 
behavioral, physical, and psychological factors which contribute to the health and 
disease of the general population, with a special focus on multimorbidity and 
complex genetics.34-36 The LifeLines Cohort Study is conducted in accordance with 
the principles of the Declaration of Helsinki and the research code of the University 
Medical Center Groningen. Approval by the medical ethical committee of the 
University of Groningen was obtained for LifeLines. LifeLines is a facility that is 
open for all researchers. Information on application and data access procedure is 
summarized on www.lifelines.net. 
 

Recruitment and data collection 
Participants were recruited via their general practitioners (GPs; 49%), via 
participating family members (38%), or via self-registration (13%). All participants 
gave written informed consent before taking part in LifeLines. Baseline data 
collection was performed at the research site between November 2006 and 
December 2013. The complete baseline cohort consisted of 167,729 participants 
between the ages of 6 months and 93 years. For our analyses, we included the 
subset of participants aged 65 and over at baseline (n=12,612) for whom health 
literacy data were collected (n=3,241). Data from this group at the first follow-up 
measurement (follow-up rate: 76.8%) and at the second follow-up measurement 
(follow-up rate compared to baseline: 63.4%) were collected after an average of 17 
and 31 months, respectively. 
 

Measures 
For our analyses we used data on health literacy, health behaviors (physical 
activity, fruit consumption, vegetable consumption, smoking behavior, breakfast 
consumption, alcohol consumption, and BMI), and social factors (loneliness, social 
support, engaging in social activities, number of social contacts, and living 
situation).  
 

Health literacy 
Health literacy was measured during the second follow-up, using three self-report 
screening questions. These questions form a validated health literacy 
instrument. 37,38 
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(1) ‘‘How often do you have someone help you read hospital materials?’’ 
(2)  ‘‘How confident are you filling out medical forms by yourself?’’ 
(3)  ‘‘How often do you have problems learning about your medical condition 

because of difficulty understanding written information?’’ 
 
Participants answered these questions on a 5-point scale. We reversed the 

scores on the first and third questions and then added up the scores on all 
questions; this led to a continuous scale (3–15) in which a higher score indicates a 
higher level of health literacy. Because of the strongly skewed distribution, we then 
split participants into a group with high health literacy (score 13 or higher, 66.6%) 
and a group with low health literacy (score 12 or lower, 33.4%; Geboers et al., 
2014). This cut-off point was selected because comparable percentages of low 
health literacy were found in large-scale health literacy surveys in the Netherlands 
(29%)6 and in the United States (36%)5. 
 

Health behaviors 
For most health behaviors, we used data from the first follow-up measurement. For 
alcohol consumption and BMI, we used baseline data, as data on these behaviors 
were only collected at baseline. We dichotomized the data on health behaviors 
according to commonly used recommendations.  

Physical activity was assessed with the question, “On average how many days 
per week do you cycle, do odd jobs, garden, or exercise for a total of at least half an 
hour?” According to commonly used guidelines, we classified physical activity as 
insufficient when participants reported being active for at least half an hour on 
fewer than five days per week.39 

Fruit and vegetable consumption were assessed with the questions, “How often 
in the past month did you eat (fresh) fruit?” and “How often in the past month did 
you eat boiled or stir-fried vegetables?” Both questions had seven response 
categories (6– 7 days per week, 4–5 days per week, 2–3 days per week, one day per 
week, 2–3 days per month, one day per month, not during the preceding month). 
We classified fruit and vegetable consumption as insufficient for participants who 
reported consuming fruits or vegetables on fewer than six days per week.  

Smoking behavior was assessed with the question, “Do you smoke, or have you 
smoked in the past month?” and scored as yes (smoker) vs. no (nonsmoker).  

Breakfast consumption was assessed with the question, “How often in the past 
month did you have breakfast?” There were seven response categories (range: 6–7 
days per week—not during preceding month). We classified participants who 



Health literacy, health behaviors, and social factors 
 
 

83 

reported having breakfast on fewer than six days per week as not having regular 
breakfast consumption.  

Alcohol consumption was assessed with two questions, “How often in the past 
month did you drink alcoholic drinks?” and “On days when you drank alcohol, how 
many drinks did you have, on average?” In accordance with international 
guidelines,40 we classified alcohol consumption as high for men who reported 
drinking more than two drinks per occasion and for women who reported drinking 
more than one drink per occasion.  

BMI was calculated using the length and weight of the participants as 
objectively measured at the research site. BMI was dichotomized as obese (BMI 
over 30) or nonobese.41 We checked whether dichotomizing BMI as overweight 
(BMI over 25) or not overweight would lead to different results. This was not the 
case. 

To reduce the time needed to fill out the questionnaires during the follow-up 
measurements, the food frequency questionnaire (FFQ) was divided into three 
parts. These three parts were presented to participants in a randomized order over 
the course of the first three follow-up measurements. As a result, percentages of 
missing data were relatively high for fruit consumption (n=1,089, 33.6%) and 
vegetable consumption (n=1,096, 33.8%). We found no significant differences 
regarding age (p-values>.62), gender (p-values>.39), and health literacy (p-
values>.22) between participants who filled out these questions and participants 
whose data on these questions were missing. Percentages of missing data for all 
other health behaviors were low (all percentages<3.8%). 
 

Social factors 
Degree of loneliness, social support, and living situation (living alone vs. living with 
others) were assessed during the first follow-up. Engagement in social activities 
and the number of social contacts were assessed at baseline, as no data on these 
social factors were collected during the follow-up measurements. We dichotomized 
all social factors because of the highly skewed distribution of the ordinal variables. 
For all social factors, we chose cut-off points in such a way that the group scoring 
unfavorably encompassed a proportion of the sample as close as possible to 10%; 
we did this in order to identify the most unfavorably scoring group. Splitting data 
based on percentiles is a common practice in various fields of research.42,43 

Degree of loneliness was assessed with three questions from the validated 
Groningen Frailty Indicator44: “Do you ever feel let down?”, “Do you ever 
experience emptiness around you?”, and “Do you ever miss people around you?” 
and had three response categories (1=No, 2=Sometimes, 3=Yes). The scores on all 
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three questions were added up, leading to scores of 3–9, with a higher score 
indicating greater loneliness. Participants with a score of 6 or higher were classified 
as lonely. 

Social support was measured with two questions. The first question was, “What 
do you think of the support given by your spouse, family, co-workers or friends?” 
Response categories were, “I receive sufficient support”, “I need a little more 
support”, “I need more support”, and “I receive far too little support.” The second 
question was, “When necessary, is support given by your spouse, family, co-
workers or friends available at any time?” The response categories were, “Support 
is always available”, “Support is available most of the time”, “Support is sometimes 
available”, and “Support is (almost) never available.” We considered social support 
to be low if participants reported either that they needed more support or that 
support was only available sometimes or (almost) never.  

Social activities were measured with four statements: “I am engaged in several 
activities per week, during which I meet many people”, “I am engaged in a different 
activity every week, during which I meet quite a few people”, “I am usually engaged 
in the same activity, during which I always meet the same people”, and “I am 
engaged in (almost) no activities during which I meet people.” Participants were to 
select the statement that applied to them. We classified participants as socially 
inactive if they reported engaging in (almost) no social activities. 

The number of social contacts was measured with one question, “With on 
average how many different people do you have contact over a period of two 
weeks?” We considered people to have few social contacts if they reported having 
contact with four or fewer people during an average 2-week period.  

Living situation was measured with the question, “How many people live in your 
home, including yourself?” and dichotomized into “live alone” and “live with 
others.”  

The percentage of missing data on social factors was low (percentages<1.7%), 
except for social activities (n=470, 14.5%). Participants who filled out this question 
and participants for whom data were missing did not significantly differ regarding 
age (p=.26), gender (p=.52), and health literacy (p=.21). 
 

Statistical analyses 
First we explored the health behaviors and characteristics of the sample and the 
associations of these characteristics with health literacy; we tested differences by 
using chi-square tests. Second, using logistic regression analyses, we assessed the 
associations between health literacy and all health behaviors, crudely and adjusted 
for age and gender. Third, to assess the main associations of health literacy with the 



Health literacy, health behaviors, and social factors 
 
 

85 

social factors, we repeated the analyses using these variables as outcomes. Fourth, 
we conducted sensitivity analyses to check whether choices in our analyses might 
have influenced the results. Finally, we assessed how social factors potentially 
moderated the associations between health literacy and health behaviors by adding 
the various separate social factors and their interactions with health literacy to a 
model with health literacy, age, and gender. We repeated this procedure for all 
health behaviors. We performed all analyses using SPSS 22.0 for Windows. We 
considered results to be statistically significant if p<0.05. 
 

Sensitivity analyses 
We conducted sensitivity analyses with two alternative cut-off points for low health 
literacy: 11 or lower, leading to a lower percentage of low health literacy (18.7%), 
and 13 or lower, leading to a higher percentage of low health literacy (51.7%). As the 
first question of our health literacy instrument might partially overlap with some 
social factors, we also conducted a sensitivity analysis using only the other two 
health literacy questions. This led to a continuous scale (2–10) in which a score of 7 
or lower was considered to indicate low health literacy (29.5%).  

Educational level and cognitive functioning are associated with health literacy45 
and might confound the analyses. We therefore repeated the analyses with 
adjustments for these variables. Educational level was measured at baseline and 
was split into three categories: Low (lower vocational education or less; 25.9%), 
medium (lower general secondary education or intermediate vocational education; 
42.9%), and high (higher secondary general or vocational education or more; 
31.2%). Cognitive functioning was measured at baseline by the Ruff Figural Fluency 
Test46 and was used as a continuous variable. 
 

RESULTS 
 
The sample consisted of 3,241 participants (51.4% male). The participants had a 
mean age of 68.9 years at baseline (range 65–89), 70.4 at the first follow-up (range 
66–90), and 71.3 at the second follow-up (range 66–91). Table 1 presents an 
overview of the health behaviors and social factors and of all associations of these 
factors with health literacy. 
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Table 1. Prevalence of health behaviors and social factors of the participants by level of 
health literacy 

 Health literacy   

 Low  
(n=1081, 
33.4%) 

High 
(n=2160, 
66.6%) 

Total 
(n=3241) 

p 

Health behaviors     
 Insufficient physical activity 33.5 27.6 29.5 <.001 
 Insufficient fruit consumption  35.5 29.2 31.3 .003 
 Insufficient vegetable consumption 68.8 60.6 63.4 <.001 
 Smoker 6.3 5.7 5.9 .50 
 No regular breakfast consumption 6.1 4.0 4.7 .007 
 High alcohol consumption 30.8 34.6 33.3 .033 
 Obesity 19.4 15.0 16.4 .001 
      
Social factors     
 Lonely 12.7 7.5 9.2 <.001 
 Low social support 5.0 4.2 4.5 .27 
 Few social activities 10.8 7.6 8.7 .004 
 Few social contacts 12.9 9.1 10.3 <.001 
 Living alone 17.1 17.0 17.1 .96 

All p-values are based on χ2 tests. 

 
 

Health literacy and health behaviors  
Table 2 shows a significant association between low health literacy and most of the 
studied health behaviors. The crude models show statistically significant 
associations of low health literacy with insufficient physical activity, insufficient 
fruit consumption, insufficient vegetable consumption, lack of regular breakfast 
consumption, and obesity (odds ratios (ORs)>1.31, p-values<.01). Low health 
literacy was negatively associated with alcohol consumption (OR=0.84, p=.033), 
indicating that participants with high health literacy more often exceeded the 
recommendations for moderate alcohol consumption. We found no significant 
association between health literacy and smoking behavior. Adjusting for age and 
gender did not substantially change any of the associations. 
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Table 2. Associations between health literacy (low vs. high) and health behaviors, crude 
and adjusted for gender and baseline age 

 Low (vs. high) health literacy 

 Crude OR 
(95% CI) 

p Adjusted OR 
(95% CI) 

p 

Insufficient (vs. sufficient) 
physical activity (n=3121) 

1.32  
(1.13-1.55) 

<.001 1.31  
(1.11-1.54) 

<.001 

Insufficient (vs. sufficient) fruit 
consumption (n=2152) 

1.34 
(1.11-1.62) 

.003 1.41 
(1.16-1.70) 

<.001 

Insufficient (vs. sufficient) 
vegetable consumption (n=2145) 

1.43 
(1.19-1.73) 

<.001 1.51 
(1.24-1.83) 

<.001 

Smoker (vs. no smoker)  
(n=3146) 

1.11 
(0.82-1.52) 

.50 1.19 
(0.87-1.63) 

.26 

Lack of regular (vs. regular) 
breakfast consumption (n=3222) 

1.57 
(1.13-2.18) 

.008 1.66 
(1.19-2.32) 

.003 

High (vs. low) alcohol 
consumption (n=3180) 

0.84 
(0.72-0.99) 

.033 0.81 
(0.69-0.96) 

.013 

Obesity (vs. non-obesity)  
(n=3241) 

1.37 
(1.13-1.66) 

.001 1.35 
(1.11-1.63) 

.002 

Bold ORs indicate that p<.05. 
OR=Odds ratio, CI=Confidence interval 
 
 

Health literacy and social factors 
Table 3 shows statistically significant associations of low health literacy with 
loneliness, engaging in few social activities, and having few social contacts 
(ORs>1.47, p-values<.01). We found no statistically significant associations 
between health literacy and social support or living situation. None of the studied 
associations changed substantially after adjusting for gender and age. 
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Moderation analyses 
Table 4 shows that, among older adults, social factors seldom moderated the 
associations between health literacy and health behaviors. The associations of 
health literacy with physical activity, fruit consumption, vegetable consumption, 
breakfast consumption, alcohol consumption, and obesity were not significantly 
moderated by any of the studied social factors. The association between health 
literacy and smoking behavior was only significantly moderated by the number of 
social contacts. Stratified logistic regression analyses revealed that having a low 
level of health literacy was associated with more smoking among older adults with 
many social contacts (OR=1.38, 95% confidence interval (CI)=0.99–1.92, p=.055), 
and with less smoking among those with few social contacts (OR=0.35, 95% 
CI=0.11–1.08, p=.07, results not tabulated). However, neither of these associations 
reached significance. 
 
 
Table 3. Associations between health literacy (low vs. high) and social factors, crude and 
adjusted for gender and baseline age 

 Low (vs. high) health literacy 

 Crude OR 
(95% CI) 

p Adjusted OR 
(95% CI) 

p 

Lonely (vs. not lonely)  
(n=3194) 

1.78 
(1.39-2.26) 

<.001 1.69 
(1.32-2.16) 

<.001 

Low (vs. high) social support  
(n=3189) 

1.22 
(0.86-1.72) 

.27 1.15 
(0.81-1.64) 

.43 

Few (vs. many) social activities  
(n=2771) 

1.48 
(1.13-1.93) 

.005 1.52 
(1.16-2.00) 

.002 

Few (vs. many) social contacts  
(n=3199) 

1.48 
(1.17-1.87) 

.001 1.48 
(1.17-1.87) 

.001 

Living alone (vs. living with 
others) (n=3210) 

1.01 
(0.83-1.22) 

.96 0.87 
(0.71-1.07) 

.18 

OR=Odds ratio, CI=Confidence interval 



Health literacy, health behaviors, and social factors 
 
 

89 

Table 4. Moderation of the associations between health literacy (low vs. high) and health 
behaviors by social factors, adjusted for gender and baseline age, in odds ratios (with 95% 
confidence intervals) 

 Loneliness Social 
support 

Social 
activities 

Social 
contacts 

Living 
situation 

Insufficient physical 
activity 

1.06 
(0.63-1.80) 

0.68 
(0.31-1.50) 

0.87 
(0.49-1.53) 

1.35 
(0.82-2.22) 

1.50 
(0.98-2.29) 

Insufficient fruit 
consumption 

0.66 
(0.35-1.23) 

1.87 
(0.74-4.73) 

0.77 
(0.38-1.55) 

1.09 
(0.60-1.97) 

0.83 
(0.50-1.38) 

Insufficient 
vegetable 
consumption 

0.74 
(0.39-1.38) 

0.82 
(0.33-2.03) 

0.93 
(0.45-1.92) 

1.24 
(0.67-2.29) 

0.78 
(0.47-1.31) 

Smoking  0.73 
(0.29-1.85) 

0.62 
(0.17-2.24) 

0.60 
(0.20-1.76) 

0.25* 
(0.08-0.81) 

0.89 
(0.41-1.91) 

No regular 
breakfast 
consumption 

1.02 
(0.33-3.20) 

0.81 
(0.17-3.93) 

0.91 
(0.31-2.72) 

0.36 
(0.13-1.04) 

1.80 
(0.76-4.30) 

High alcohol 
consumption 

0.80 
(0.47-1.34) 

0.42 
(0.18-1.01) 

0.60 
(0.31-1.14) 

1.23 
(0.74-2.06) 

0.86 
(0.56-1.30) 

Obesity 
 

1.15 
(0.62-2.13) 

0.84 
(0.37-1.91) 

0.91 
(0.47-1.78) 

0.76 
(0.41-1.42) 

0.98 
(0.60-1.58) 

ORs indicating increase in risk of low health literacy due to unfavorable social factors. All analyses 
adjusted for age and gender. 
*Bold indicates that p<.05. 
 

Sensitivity analyses 
The sensitivity analyses in which 18.7% of the sample were classified as having low 
health literacy (compared to 33.4% in the primary analyses) yielded results that 
were similar to the primary analyses. Most significant associations were stable (all 
ORs>1.29, all p-values<.05), except the associations of health literacy with alcohol 
consumption (OR=0.83, 95% CI=0.68–1.01, p=.063) and obesity (OR=1.19, 95% 
CI=0.94–1.49, p=.15), which were no longer significant. The sensitivity analyses in 
which 51.7% of the sample were classified as having low health literacy revealed 
similar results, with only the association between health literacy and alcohol 
consumption losing significance (OR=0.91, 95% CI=0.78–1.06, p=.22) and the 
other significant results being stable (all ORs>1.23, all p-values<.05). Restriction of 



Chapter 4 
 

90 

our health literacy instrument to only the questions with definitely no overlap with 
social factors did not change any of our findings (results not shown). 

Adjusting the analyses for education level changed the associations of health 
literacy with alcohol consumption (OR=0.89, 95% CI=0.74–1.06, p=.18), obesity 
(OR=1.06, 95% CI=0.86–1.31, p=.58), and social activities (OR=1.33, 95% 
CI=0.99–1.78, p=.060). The other significant associations did not change (all 
ORs>1.30, all p-values<.05).  

Adjustment for cognitive functioning did not change the results (all ORs>1.25, 
all p-values<.05), except that the association between health literacy and alcohol 
consumption dropped out of significance (OR=0.84, 95% CI=0.70–1.01, p=.067). 
 

DISCUSSION 

 

Main findings 
As far as we know, this study is the first to examine the associations between health 
literacy and a large range of health behaviors and social factors, as well as the 
possible moderating role of social factors, among older adults. We found low health 
literacy in older adults to be associated with insufficient physical activity, 
insufficient fruit consumption, insufficient vegetable consumption, lack of regular 
breakfast consumption, low alcohol consumption, and more obesity, but not with 
smoking behavior. We also found low health literacy to be associated with 
loneliness, having few social contacts, and being engaged in few social activities, 
but not with social support and living situation (living alone vs. living with others). 
Results suggest that the associations between health literacy and health behaviors 
were generally not moderated by social factors. One exception was smoking, which 
was moderated by the number of social contacts. 

In accordance with our expectations, we found associations between health 
literacy and health behaviors. These results are in line with results of other studies 
among older adults that found associations between health literacy and physical 
activity,17 fruit and vegetable consumption,47 and BMI.13 However, some studies did 
not find associations between health literacy and some of the health behaviors that 
we studied.15,47,48 In contrast with the general pattern of results in our study, we 
found health literacy to be positively associated with alcohol consumption. An 
earlier study also suggested an association between low health literacy and low 
alcohol consumption.13 The higher alcohol consumption among older adults with 
high health literacy may reflect a kind of lifestyle in this group which is associated 
with having a high educational level. High health literacy is associated with being 
highly educated,45 and some studies suggest that highly educated people are more 
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likely to exceed the guidelines for alcohol consumption.49,50 This aligns with our 
finding that the association disappeared after adjusting for educational level. 
Future studies should aim to identify the factors behind the mixed results of studies 
on associations between health literacy and health behaviors. 

As for social factors, we found associations between low health literacy and 
loneliness, being engaged in few social activities, and having few regular social 
contacts, which is in accordance with our expectations. One other cross-sectional 
study found an association of health literacy with engagement in social activities 
among older adults.14 However, other than in our study, in this study no association 
between health literacy and loneliness was found, which might be explained by 
differences in the study characteristics, such as the population studied or the 
instruments used. Our results may reflect poorer communication skills in older 
adults with low health literacy, which limits their willingness and ability to 
maintain a large social network.21 These associations could also be the result of the 
link between health literacy and general literacy,19 with literacy being associated 
with social outcomes from an early age.20 Our results do not allow for definitive 
conclusions about the direction of associations between health literacy and social 
factors. Having a small social network may thus lead to lower levels of health 
literacy, and decreasing cognitive capacities among older adults may lead to both 
lower health literacy and increased loneliness. 

We found no associations between health literacy and social support and living 
situation (living alone vs. living with others). An explanation may be that although 
social skills generally decrease due to aging,51 this decrease affects the living 
situation less than it affects the undertaking of social activities and maintenance of 
a social network. 

Contrary to our expectations, we found that social factors generally do not 
moderate the associations between health literacy and health behaviors. The 
negative impacts of low health literacy on health behaviors are apparently not 
limited to older adults who are lonely, have low social support, have few social 
contacts, engage in few social activities, or are living alone. We found only one 
significant interaction effect: the association between health literacy and smoking 
behavior is moderated by the number of social contacts. More specifically, our 
results suggest that a low level of health literacy is associated with more smoking 
among older adults with many social contacts, and with less smoking among those 
with few social contacts, but neither of these relations reached significance. Social 
pressure could partially explain this moderation. Having many social contacts may 
imply many exposures to social pressure to smoke. People with low health literacy 
may be relatively sensitive to give in to this social pressure. However, this does not 
explain why high health literacy is associated with more smoking among those with 
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few regular social contacts. Moreover, it should be noted that we assessed a large 
number of associations, which increased the chance of spuriously finding statistical 
significance.  
 

Strengths and limitations 
The main strengths of our study are the use of a relatively large sample of 
community-dwelling older adults and a large set of health related behaviors. The 
power of our study to detect relevant differences was high. The power was 79% for 
the difference in prevalence of few social activities between older adults with low 
and high health literacy (i.e., 10.8% vs. 7.6%) and higher for almost all larger 
differences. The stability of most associations in various sensitivity analyses shows 
that our results were not substantially influenced by methodological choices 
regarding the measures.  

Limitations of our study should also be taken into account. First, we used a 
subjective instrument to measure health literacy, which might have led to the 
underestimation of some associations as people may sometimes not be fully aware 
of their own health literacy limitations. However, our instrument has been 
validated37,38 and has been used in various other studies.15,52,53 Second, data on 
health literacy were collected at a later point in time than the other data. As health 
literacy has shown to gradually decline in older adults,54,55 our findings may 
underestimate the actual associations of health literacy with health behaviors and 
social factors. Third, most health behaviors and social factors were only measured 
by a few questions. This may have led to measurement error, possibly resulting in 
an underestimation of actual effect sizes. However, many of these measures are 
part of routine instruments with extensive documentation of validity and reliability. 
Fourth, our findings need confirmation as we studied a rather large number of 
associations. 
 

Implications 
Low health literacy was associated with poor health behaviors and an unfavorable 
social situation, which may partially explain the associations between health 
literacy and health outcomes such as general health status,1 rates of 
hospitalization,2 and mortality.3 This has important implications for research and 
practice. An explanation for the association between health literacy and health 
behaviors might be that people with low health literacy may be less aware of the 
importance of health behaviors. Interventions to mitigate the negative effects of 
low health literacy in older adults could then focus on improving the knowledge of 
this group regarding the benefits of health behaviors such as physical activity and 
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fruit and vegetable consumption. Low health literacy was also associated with 
loneliness, engaging in fewer social activities, and a lower number of social 
contacts. Interventions among older adults could therefore also focus on social 
aspects, for example by including social activities56 or by directly addressing 
loneliness.57 

Our research has identified associations between health literacy, health 
behaviors, and social factors, but pinpointed no strong moderating effects of social 
factors on the association between health literacy and health behaviors. Future 
studies should further assess pathways between health literacy, health behaviors, 
and social factors, for example by focusing on social factors that may mediate the 
associations between health literacy and health behaviors.  

As the majority of participants in our analyses were between 65 and 70 years at 
baseline, further research should test the studied associations in those above the 
age of 75, to assess the generalizability of our findings. 
 

Conclusions 
We have found that a large range of unfavorable health behaviors are likely to be 
greater among older adults with low health literacy. This could partially explain the 
associations between low health literacy and negative health outcomes. Low health 
literacy is also associated with loneliness, engaging in few social activities, and 
having few social contacts. However, the associations between health literacy and 
health behaviors are not primarily moderated by social factors. The negative 
impacts of low health literacy on health behaviors among older adults are 
apparently not limited to those who are lonely, have low social support, have few 
social contacts, engage in few social activities, or are living alone. Much health can 
be gained by better addressing this group. 
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ABSTRACT 
 
Inadequate health literacy is a common problem among older adults and is 
associated with poor health outcomes. Insight into the association between health 
literacy and health behaviors may support interventions to mitigate the effects of 
inadequate health literacy. The authors assessed the association of health literacy 
with physical activity and nutritional behavior in community-dwelling older adults. 
The authors also assessed whether the associations between health literacy and 
health behaviors are mediated by social cognitive factors. Data from a study among 
community-dwelling older adults (55 years and older) in a relatively deprived area 
in the Netherlands were used (baseline n=643, response: 43%). The authors 
obtained data on health literacy, physical activity, fruit and vegetable consumption, 
and potential social cognitive mediators (attitude, self-efficacy, and risk 
perception). After adjustment for confounders, inadequate health literacy was 
marginally significantly associated with poor compliance with guidelines for 
physical activity (OR=1.52, p=.053) but not with poor compliance with guidelines 
for fruit and vegetable consumption (OR=1.20, p=.46). Self-efficacy explained 32% 
of the association between health literacy and compliance with physical activity 
guidelines. Further research may focus on self-efficacy as a target for interventions 
to mitigate the negative effects of inadequate health literacy. 
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INTRODUCTION 
 
In recent years, health literacy has been shown to be a major determinant of health 
outcomes and receives increasing attention in science and practice.1-4 Health 
literacy is defined as the degree to which people are able to access, understand, 
appraise, and communicate information to engage with the demands of different 
health contexts to promote and maintain health across the life course.5 Large-scale 
health literacy surveys have estimated the rates of limited health literacy to be 
around 36%6 and around 47%7 in Western developed countries. Rates of 
inadequate health literacy have been shown to be higher in adults with older age,8-11 
low income,11-14 and low educational level.10,11,15,16 

Inadequate health literacy has been shown to be associated with several adverse 
health outcomes, such as mortality, hospitalization, and emergency care visits,17 but 
little research has focused on the association between health literacy and health 
behaviors in the general population. However, health behaviors such as physical 
activity18,19 and fruit and vegetable consumption,20,21 strongly predict health 
outcomes. Some cross-sectional surveys suggest that inadequate health literacy is 
associated with health risk behaviors such as smoking, alcohol use, insufficient 
physical activity, and insufficient fruit and vegetable intake,22,23 but another survey 
reported only weak associations between adequate health literacy and healthy 
eating practices.24 Evidence on the association between health literacy and health 
behaviors is even more limited regarding older adults, despite them being the 
population with the highest rates of inadequate health literacy,8,9 and there is even 
a complete lack of longitudinal evidence for these associations. 

For the development of effective interventions to mitigate the negative impact of 
inadequate health literacy in older adults, more insight is needed in the 
associations between health literacy and health behaviors in this group. Insight into 
the mediators of this association would also be of great value because these might 
be targets for interventions. Potential mediators of the association between health 
literacy and health behaviors include attitude towards health behaviors, self-
efficacy to perform health behaviors, and perception of the risk of not performing 
sufficient health behaviors,22,25,26 but evidence on the role of these social cognitive 
factors is scarce. Regarding attitudes, only one cross-sectional study is available, 
which suggests an association between inadequate health literacy and negative 
attitudes toward health and health care.26 Regarding the role of self-efficacy in the 
pathway from health literacy to various health behaviors, findings are inconsistent. 
Evidence is available on some behaviors, such as participation in colorectal cancer 
screening,27 physical activity,28,29 and adherence to HIV medication.30,31 However, 
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most studies do not focus on older adults, making it hard to generalize to this 
population. Last, risk perception has been shown to be associated with positive 
health behaviors32,33 and might be a potential mediator between health literacy and 
health behaviors. However, only a single study has indicated an association 
between adequate health literacy and high risk perception of unhealthy behaviors.22 

To get a better insight into the association between health literacy and health 
behaviors in older adults, we will first assess the associations of health literacy with 
physical activity and fruit and vegetable consumption in the population of older 
adults. After having explored the associations of health literacy with these health 
behaviors, we will assess whether attitude, self-efficacy, and risk perception 
mediate these associations. 
 

METHODS 
 

Design and setting 
In this study, we used data from the baseline and follow-up measurements of a 
previously conducted intervention study. This intervention study had a controlled 
pre-post quasi-experimental design. Data collection consisted of a baseline 
measurement in December 2011–January 2012 and a follow-up measurement at 9 
months after baseline. The intervention community was the small city of Veendam 
(population around 20,000). The comparison community consisted of a few small 
villages in the rural area of the municipality of Stadskanaal. Both communities are 
located in Eastern Groningen—the relatively deprived northeastern part of the 
Netherlands characterized by a relatively large share of older adults and people 
with low socioeconomic status. The integrated community-based Groningen 
Lifestyle Intervention for Seniors adopted a number of strategies (e.g., posters, 
radio interviews, promotion by peers and professionals, and a lifestyle market) to 
influence several individual and environmental determinants with the aim of 
stimulating physical activity and healthy eating among local older adults. The 
intervention was not specifically developed to improve health literacy. For example, 
components of the intervention did not focus on health-related information or 
promoting health-related knowledge. The intervention was delivered during a 3-
month high-intensive period, followed by a low-intensive period of 6 months. A 
more complete description of the intervention has been published elsewhere.34 
 

Study population 
The target group of the intervention consisted of older adults (55 years of age and 
older), obtained via random sampling from the municipal population registers of 
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both municipalities. A total of 1,000 community-dwelling inhabitants of Veendam 
and 500 community-dwelling inhabitants of Stadskanaal were invited for the study 
by a postal letter in which the study purpose, content, and procedures were 
explained. People could participate in the study by filling in the included 
questionnaire. As part of the baseline questionnaire, participants gave their consent 
for participation in the study. After 2 weeks, a reminder followed by post and by 
telephone to nonresponders. Nine months after baseline, participants received a 
postal questionnaire for follow-up measurement. A total of 643 participants 
enrolled in the study at baseline (response: 43%). Of these participants, 564 (88%) 
participated in the follow-up. Data on health literacy were missing for 26 
participants (4.6%), leaving a sample of 538 participants.  
 

Data collection 
Both baseline and follow-up measurements consisted of postal self-report 
questionnaires, in Dutch. Questions of the different measurements concerned 
sociodemographic factors (gender, age, education, and income), health literacy, 
social cognitive factors (attitude, self-efficacy, and risk perception), and health 
behaviors (levels of physical activity and fruit and vegetable consumption). Data on 
sociodemographic factors and social cognitive factors were taken from the baseline 
measurement, while data on the behavioral outcomes were taken from the follow-
up measurement. Because no data on health literacy and monthly income were 
collected at the baseline measurement, data on these variables were also taken 
from the follow-up measurement. 

Health literacy was assessed by three validated questions.35,36 
 
(1) ‘‘How often do you have someone help you read hospital materials?’’ 
(2)  ‘‘How confident are you filling out medical forms by yourself?’’ 
(3)  ‘‘How often do you have problems learning about your medical condition 

because of difficulty understanding written information?’’ 
 

These questions were answered on a 5-point Likert scale (1–5). After reversing 
the scores on the second question, a total score (3–15) was calculated by summing 
up the scores of the three questions, with a higher score indicating a higher level of 
health literacy. Participants who had a score of 12 or lower were classified as having 
inadequate health literacy, other participants were classified as having adequate 
health literacy. On the basis of this cutoff point, 35.9% of the participants were 
classified as having inadequate health literacy. This cutoff point was chosen on the 
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basis of a large-scale health literacy survey in the United States, in which a similar 
percentage of basic and below basic health literacy was found.6 

To assess attitude, the participants were asked how important it was for them to 
engage in sufficient physical activity. Possible responses were ‘‘extremely 
important,’’ ‘‘very important,’’ ‘‘important,’’ ‘‘fairly important,’’ and ‘‘not 
important.’’ A similar question was asked to assess the participants’ attitudes 
toward fruit and vegetable consumption, for which the response categories were 
‘‘very important,’’ ‘‘important,’’ ‘‘fairly important,’’ ‘‘unimportant,’’ and ‘‘very 
unimportant.’’ For both questions, participants were considered to have a positive 
attitude if they reported that having sufficient physical activity or fruit and 
vegetable consumption was at least ‘‘important’’ for them. 

Self-efficacy for physical activity was assessed by asking participants to what 
degree they agreed with the following statement, ‘‘I’m sure that, if I wanted to, I 
would succeed in engaging in more physical activity.’’ A similar question was posed 
to assess self-efficacy for fruit and vegetable consumption. Possible responses were 
‘‘strongly agree,’’ ‘‘agree,’’ ‘‘somewhat agree,’’ ‘‘disagree,’’ and ‘‘strongly disagree.’’ 
Participants were considered to have high self-efficacy if they reported to ‘‘agree’’ or 
‘‘strongly agree.’’ 

To assess risk perception of insufficient physical activity, participants were 
asked to what degree they agreed with the statement, ‘‘If I will not engage in more 
physical activity, I have an increased risk of getting ill.’’ Regarding risk perception 
of insufficient fruit and vegetable consumption, a similar question was asked. There 
were five possible responses, ‘‘yes, strongly increased,’’ ‘‘yes, increased,’’ ‘‘yes, 
somewhat increased,’’ ‘‘no, not increased,’’ and ‘‘I don’t know.’’ The first two 
responses were considered to reflect a high risk perception. Participants who 
reported that their risk of getting ill would increase only somewhat or not at all 
were considered to have a low risk perception, as well as those who reported ‘‘I 
don’t know.’’ 

Levels of physical activity were assessed with the SQUASH, a validated Dutch 
questionnaire to measure physical activity in adult populations, asking for time 
spent per day on various physical activities.37,38 Data from the SQUASH were used 
to estimate compliance with guidelines for physical activity, that is, at least 30 
minutes of moderate intense physical activity (≥4 MET) on at least 5 days a week.38 

A short questionnaire was used to assess fruit and vegetable consumption. For 
fruit consumption, participants were asked on how many days a week they 
consumed fruit or fruit juice and how much fruit or fruit juice they took. For 
vegetable consumption, respondents were asked on how many days a week they ate 
cooked vegetables, raw vegetables, or salads, and how many serving or spoons they 
consumed. On the basis of these data, a dichotomous measure of fruit and 
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vegetable consumption was calculated regarding compliance with the guidelines for 
fruit and vegetable consumption, that is, at least 200 grams of vegetables and two 
pieces of fruit per day. 
 

Statistical analyses 
First, we used chi-square tests to analyze background characteristics, social 
cognitive factors, and health behaviors of the sample by level of health literacy. 
Second, we explored the association between health literacy and health behaviors, 
crude and adjusted for age, gender, and condition (intervention-control) by using 
logistic regression. Third, we assessed the potential mediating role of attitude, self-
efficacy, and risk perception in the associations between health literacy and health 
behaviors by using the commonly used approach of Baron and Kenny,39 adjusted 
for logistic regression analyses. According to this approach, the following 
conditions must be met in order to establish mediation (illustrated in Figure 1): The 
predictor variable (health literacy) must significantly predict the potential mediator 
(association a), the potential mediator (attitude, self-efficacy, risk perception) must 
significantly predict the outcome (health behavior) when adjusted for the predictor 
(association b), and the association between the predictor and the outcome 
(association c) must be substantially lower after adjustment for the mediator 
(association c’). Association c does not always need to be significant in order to 
establish mediation effects.40 To assess the strength of the mediation effects, we 
calculated the decrease in strength of the association between health literacy and 
the health behaviors due to adjustment for the potential mediator with the formula 
(OR[association c]–OR[association c’])/(OR[association c]-1)*100%. The resulting 
percentage reflects the proportion of the association between health literacy and 
the health behavior that is explained by the mediator. In addition, to test the 
strength of the indirect pathways from health literacy to the health outcomes via 
the mediators, we fitted a structural model (path analysis) for categorical data, 
based on polychoric correlations. Compared with the previous method, this path 
analysis provides a reliable estimation of mediation effects and significance of the 
total indirect effect, but it does not provide estimates of the magnitude of the 
effects in odds ratios. Levels of significance and 95% confidence intervals were 
calculated based on 5000 bootstrap simulations. Finally, we included all potential 
mediators that reduced the association between health literacy and the health 
behavior in a model to examine to what degree they could jointly explain the 
association of health literacy with physical activity and fruit and vegetable 
consumption.  
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Figure 1. Conceptual model of mediation between health literacy and health behaviors 
 

Given that our cutoff point for inadequate health literacy might have influenced 
our results, all our analyses were repeated with an alternative cutoff point. For the 
alternative cutoff point, participants who had a score of 10 or lower (on a 
continuous scale from 3 to 15) were classified as having inadequate health literacy, 
which classified 11.3% of the participants as having inadequate health literacy 
(compared with 35.9% in our main analyses). We also repeated our analyses 
without adjusting for age, as age is often considered to have a causal effect on 
health literacy.41 Our adjustments for age may thus have led to overadjustment in 
our analyses. To get a better picture of whether the intervention may have 
influenced our pattern of results, we repeated our analyses with merely baseline 
data, with the exception of health literacy, as data on health literacy were only 
available from the follow-up measurement.  

For every analysis, only participants for whom all the necessary data were 
available were included (525 for physical activity, 487 for fruit and vegetable 
consumption). Because of missing data, the number of participants in different 
analyses slightly differed. The path analyses were performed using Mplus 7.1 for 
Windows.42 All other analyses were performed using SPSS 20.0 for Windows. 
 

RESULTS 
 
Table 1 presents the distribution of the characteristics, social cognitive factors, and 
health behaviors of the participating older adults by level of health literacy. 
Compared with the individuals with adequate health literacy, the individuals with 
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inadequate health literacy were older, were more likely to be female, had a lower 
monthly income, and were more likely to have a low educational level. Among 
people with inadequate health literacy, there were significantly higher rates of low 
self-efficacy for both health behaviors. Older adults with inadequate health literacy 
more often showed poor compliance with the guidelines for physical activity, 
compared with older adults with adequate health literacy (32.4% vs. 21.7%, 
p=.007). There was no significant difference between people with inadequate and 
adequate health literacy regarding poor compliance with the guidelines for fruit 
and vegetable consumption (81.7% vs. 78.8%, p=.45).  

Table 2 presents the logistic regression models on the association of health 
literacy with compliance with physical activity guidelines and fruit and vegetable 
consumption guidelines. After adjustment for condition (intervention-control), age, 
and gender, there was a marginally significant association between health literacy 
and compliance with physical activity guidelines (OR=1.52, CI: 1.00 to 2.31, 
p=.053). The difference regarding poor compliance with the guidelines for fruit and 
vegetable consumption between older adults with inadequate health literacy and 
those with adequate health literacy was very small (OR=1.20, CI: 0.74 to 1.95, 
p=.46).  

Further exploration of the data revealed an interaction effect between condition 
(intervention-control) and health literacy for compliance with fruit and vegetable 
consumption guidelines (OR=5.03, CI: 1.75 to 14.45, p=.003, not tabulated). A 
closer look at the data revealed that inadequate health literacy was related to poor 
compliance with fruit and vegetable consumption guidelines in the intervention 
group, but to better compliance with fruit and vegetable consumption guidelines in 
the control group. To examine whether the interaction effect could be the result of 
the effects of the intervention, we analyzed the interaction between health literacy 
and condition on fruit and vegetable consumption before the intervention. This 
analysis yielded a somewhat weaker, but similar effect (OR=2.91, CI: 0.82 to 10.39, 
p=.10, not tabulated). No relevant interaction effect between health literacy and 
condition (intervention-control) was found for compliance with physical activity 
guidelines (OR=1.09, CI: 0.47 to 2.55, p=.84, not tabulated).  

As the presence of the interaction effect would impede the interpretability of the 
results of the mediation analyses for compliance with fruit and vegetable 
consumption guidelines, we decided to conduct separate mediation analyses for 
both groups. As these analyses could not be corrected for intervention effects, 
outcome data from the baseline measurement were used. None of the mediators 
was significantly associated with compliance with fruit and vegetable consumption 
guidelines in either group (all p-values>.10, not tabulated) and none of the indirect 
pathways reached statistical significance (all p-values>.22, not tabulated). 
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Table 1. Sociodemographic characteristics, social cognitive mediators, and outcomes of 
participants by level of health literacy, in percentages 

 Health literacy   

 Inadequate  
(35.9%) 

Adequate 
(64.1%) 

Total p 

No. of participants 193 345 538  
     
Socio-demographic characteristics     
Age older than 65 years 64.6 48.7 54.4 .001c 

Female 65.3 55.4 58.9 .025 
Low educational status 69.3 33.1 46.0 <.001c 

Monthly income under 1350 €a,b 44.6 22.0 29.8 <.001d 

     
Social cognitive factors regarding PA     
Neutral/negative attitude towards PA  14.3 8.8 10.7 .053 
Low self-efficacy for PA 56.8 32.9 41.4 <.001 
Low risk perception of insufficient PA 71.3 67.5 68.8 .36e 

     
Social cognitive factors regarding FVC     
Neutral/negative attitude towards FVC 13.2 11.5 12.1 .58 
Low self-efficacy FVC 38.9 23.9 29.1 <.001 
Low risk perception of insufficient FVC 84.4 83.3 83.7 .74e 

     
Health behaviors     
Poor compliance with PA guidelinesa 32.4 21.7 25.5 .007 
Poor compliance with FVC guidelinesa 81.7 78.8 79.9 .45 

All p-values are based on chi-square tests. Rates of missing data on the social cognitive factors 
regarding physical activity and fruit and vegetable consumption ranged from 1.7% and 6.1%. Data on 
poor compliance with physical activity and fruit and vegetable consumption guidelines were missing 
for 2.4% and 9.5% of the participants, respectively.  
PA=physical activity, FVC=fruit and vegetable consumption 
a Measured after the intervention. 
b A total of 13.9% of participants refused to report their monthly income and were excluded from 
this analysis. 
c p-value is based on three levels. 
d p-value is based on five levels. 
e Separate analyses for subgroups based on compliance with guidelines for the corresponding health 
behavior revealed that there was no significant association for either subgroup (all p-values>.6). 
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Table 2. Associations between inadequate health literacy and poor compliance with 
guidelines for health behaviors, crude and adjusted for potential confounders 

 Poor compliance with 
PA guidelines (n=525) 

Poor compliance with 
FVC guidelines (n=487) 

Model OR (95% CI) p OR (95% CI) p 

Crude model      
Health literacy: Inadequate (vs. adequate) 1.74 (1.16-2.59) .007 1.20 (0.75-1.92) .45 
       
Model with condition      
Health literacy: Inadequate (vs. adequate) 1.62 (1.08-2.44) .020 1.22 (0.75-1.96) .42 
Condition: Intervention (vs. control) 0.66 (0.44-1.00) .049 1.09 (0.67-1.75) .73 
       
Model with condition, age, gender     
Health literacy: Inadequate (vs. adequate) 1.52 (1.00-2.31) .053 1.20 (0.74-1.95) .46 
Condition: Intervention (vs. control) 0.65 (0.42-0.99) .045 1.06 (0.65-1.72) .82 
Age (years)      
 55-64  1.00 (reference) - 1.00 (reference) - 
 65-75  0.71 (0.45-1.12) .14 0.91 (0.56-1.49) .72 
 >75  2.04 (1.17-3.56) .012 0.97 (0.49-1.91) .92 
Gender: Female (vs. male) 1.40 (0.92-2.13) .11 1.17 (0.75-1.83) .50 

PA=physical activity, FVC=fruit and vegetable consumption 
 
 

Table 3 shows the results of the mediation analyses for compliance to physical 
activity guidelines. Neither attitude nor risk perception fulfilled the criteria for 
mediation, as both the pathways from inadequate health literacy to negative 
attitude and to low risk perception (association a) and the pathway from negative 
attitude and low risk perception to poor compliance with physical activity 
guidelines (association b) failed to reach significance. Adjusting for attitude 
decreased the association between inadequate health literacy and poor compliance 
with physical activity guidelines by only a small 8.2%. Adjusting for low risk 
perception did not decrease the association. Only self-efficacy fulfilled all the 
requirements for mediation. Inadequate health literacy strongly predicted low self-
efficacy to engage in physical activity (OR=2.36 CI: 1.60 to 3.49, p<.001), which in 
turn predicted compliance with physical activity guidelines when being adjusted for 
health literacy (OR=1.76, CI: 1.15 to 2.69, p<.01). The association between health 
literacy and compliance with physical activity guidelines decreased by a substantial 
32.0% after adjusting for the effect of self-efficacy, indicating that self-efficacy 
partially mediates this association. None of the social cognitive factors interacted 
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with health literacy (all p-values>.64, not tabulated), nor with condition 
(intervention-control; all p-values>.43, not tabulated).  

The additional path analyses revealed a similar pattern of results as our main 
mediation analyses. There was a statistically significant indirect path from health 
literacy to compliance with physical activity guidelines via self-efficacy (indirect 
effect=.11, CI: .03 to .22, p=.03). The indirect paths from health literacy with 
compliance with physical activity guidelines via attitude (indirect effect=.04, CI: -
.01 to .16, p=.32) and risk perception (indirect effect=.01, CI: -.02 to .06, p=.78) 
were not statistically significant.  

Table 4 shows the association between inadequate health literacy and 
noncompliance with guidelines for physical activity with sequential adjustment for 
confounders and potential mediators. Because of missing data on the confounders 
and potential mediators, the numbers in this table slightly differ from the numbers 
in previous tables. The addition of self-efficacy to the model caused a substantial 
drop in the association between inadequate health literacy and noncompliance with 
physical activity guidelines. Adding attitude to the model already containing self-
efficacy proved to cause only a very minor further change in the association 
between inadequate health literacy and noncompliance with physical activity 
guidelines. Adding risk perception to the model did not cause any further change 
(results not shown).  

To assess the influence of some choices during the analyses, we repeated our 
analyses three times: Once with the alternative cutoff point for health literacy, once 
without adjusting for age, and once with merely health behavior data from the 
baseline measurement. All three sets of analyses yielded findings that were very 
similar to our primary analyses. In every set of analyses, self-efficacy was the only 
social cognitive factor that fulfilled all criteria for mediation between health literacy 
and compliance with physical activity guidelines and had a statistically significant 
indirect effect on compliance with physical activity guidelines via health literacy 
(p<.05 in every analysis). 
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Table 4. Association of inadequate health literacy with poor compliance with guidelines 
for physical activity, with sequential adjustment for potential confounders and mediators 
(n=496) 

Adjusted variable OR (95% CI) p 

None 1.77 (1.17-2.69) .007 
Condition 1.67 (1.10-2.55) .017 
+Age and gender 1.56 (1.01-2.41) .044 
+Self-efficacy 1.40 (0.90-2.18) .14 
+Attitude 1.39 (0.89-2.17) .15 

 
 

DISCUSSION 
 

Main findings 
To our knowledge, this was the first longitudinal study to investigate the 
association between health literacy and health behaviors and its potential 
mediators among older adults. After adjustment for condition (intervention-
control), age, and gender, we found a negative, marginally significant association 
between inadequate health literacy and physical activity. No meaningful 
association between inadequate health literacy and fruit and vegetable 
consumption was found. Of the examined potential social cognitive mediators, only 
self-efficacy could explain a substantial part of the association between health 
literacy and physical activity. No relevant mediation effects of attitude or risk 
perception were found. 

Our study is among the first to investigate the association between health 
literacy and health behaviors among older adults. The finding that inadequate 
health literacy is associated with poor compliance with physical activity guidelines 
is in line with the results of a cross-sectional survey, which showed that older adults 
with inadequate health literacy are more likely to have a sedentary lifestyle 
compared with their counterparts with adequate health literacy.23 These results 
indicate that improving health literacy might be a productive way to increase the 
physical activity of older adults. However, high quality intervention studies are 
needed to establish causal conclusions. Our finding that the association between 
health literacy and physical activity is stronger than the association between health 
literacy and fruit and vegetable consumption is in line with the findings of a recent 
cross sectional study22 and with a survey study that suggested that adequate health 
literacy is only weakly associated with healthy eating practices in a low income 
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population.24 This pattern of results suggests that the impact of health literacy 
varies across different health behaviors.  

Our results regarding the association between health literacy and fruit and 
vegetable consumption have to be interpreted with caution, because of an 
unexpected interaction effect between health literacy and condition (intervention-
control). As a similar interaction effect was already present before the start of the 
intervention, it is unlikely that this effect resulted from the intervention. An 
explanation may be a difference in urbanity between the two groups. The 
intervention group came from the center of Veendam (a small city with around 
20,000 inhabitants), but the control group came from several smaller villages in a 
more rural area. Dean and Sharkey43 have shown that fruit and vegetable 
consumption depends on different factors in rural and urban environments. In 
their study, they suggest that food security and distance to food sources play a 
larger role in rural settings, as compared with urban settings.43 Also, possibly more 
people in rural areas cultivate their own fruits and vegetables. The association 
between health literacy and fruit and vegetable consumption may thus be 
dependent on the level of urbanization in a specific area. More research on the role 
of environmental characteristics in the associations between health literacy and 
health behaviors could be relevant to better tailor initiatives to improve health 
outcomes in older adults with inadequate health literacy. 

Self-efficacy proved to be an important mediator in the pathway from health 
literacy to physical activity, in contrast to attitude and risk perception. Adjusting 
for self-efficacy strongly decreased the association between health literacy and 
physical activity. This is in line with some previous studies that suggested a 
pathway from health literacy to physical activity via self-efficacy and knowledge,28 
and that self-efficacy is directly associated with physical activity in older adults.44 
Self-efficacy was also suggested to mediate between health literacy and health 
behaviors in patients in a number of other studies,31,45,46 but not all studies support 
this association.30,47 It is possible that the associations between health literacy and 
self-efficacy vary between different types of health behaviors, between different 
groups of people, or between different measurement tools for both constructs. 

Our results thus suggest a mediating role of self-efficacy, but mechanisms may 
be more complex too. For example, we speculate that older adults with adequate 
health literacy are more motivated to improve their physical activity. Successfully 
engaging in more physical activity may then improve their self-efficacy,48 which 
may, in turn, help them to keep engaging in sufficient physical activity.49 However, 
even if the actual associations are more complex than our model suggests, our 
results indicate that interventions that aim to improve self-efficacy for physical 



Chapter 5 
 

114 

activity in older adults could potentially be productive to mitigate the negative 
effects of inadequate health literacy among older adults. 

In our study, we examined whether attitude, self-efficacy, and risk-perception 
are mediators in the pathway from health literacy to health behavior. However, 
other mediators that were not evaluated in this study may also play a role in this 
association. An example of this may be outcome expectancies.50 This deserves 
further study. 
 

Strengths and limitations 
A strength of our study was that we used data from community-dwelling older 
adults from a relatively deprived area in the Northern part of The Netherlands. 

However, we should also consider some limitations of this study. First, we used 
data from an intervention study with a moderate response rate. Second, although 
we assessed associations and potential mediation, our findings regarding 
associations do not automatically infer causal relationships. Third, data on health 
literacy were only available from the follow-up measurement. There is no general 
consensus about the stability of health literacy,51 but one longitudinal study 
suggests that health literacy gradually decreases over time in older adults above the 
age of 65 years.52 However, as the follow-up measurements in our study were taken 
after only nine months and the intervention was not specifically developed to 
improve health literacy, it is unlikely that health literacy underwent major changes 
between baseline and follow-up. Fourth, the tools used to measure the social 
cognitive factors in this study consisted of only a single question. This may have 
added measurement error, potentially leading to an underestimation of actual 
mediation effects. Also, participants who complied with the guidelines for sufficient 
health behavior may have interpreted the questions on risk perception differently 
than those who did not comply with these guidelines. However, no associations 
between health literacy and risk perception were found in separate analyses for 
these groups. This indicates that it is unlikely that the results of our mediation 
analyses were influenced by varying interpretations of the questions on risk 
perception. 
 

Implications 
Our results suggest that self-efficacy mediates the association between health 
literacy and compliance with physical activity guidelines in older adults. This 
indicates that interventions to improve the self-efficacy of older adults may be 
productive to mitigate the negative effects of inadequate health literacy. However, 
high quality intervention research is required to improve our understanding of 
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causal relations. To our knowledge, our study was the first longitudinal study 
among older adults to explore potential mediators in the pathway from health 
literacy to health behaviors. Therefore, replication of this study is needed. Future 
research could also comprise a wider range of health behaviors and include more 
potential mediators. More insight in the association between health literacy and 
health behaviors and the mediators and moderators of this association could be 
valuable for future interventions that aim to limit the problems that are associated 
with low levels of health literacy in older adults. 
 

Conclusions 
Inadequate health literacy is associated with poor compliance with guidelines for 
physical activity, but not with poor compliance with guidelines for fruit and 
vegetable consumption. Self-efficacy partially mediates the association between 
inadequate health literacy and poor compliance with guidelines for sufficient 
physical activity. 
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ABSTRACT 
 
This study assesses the associations of current and past cognitive functioning and 
cognitive decline with health literacy in older adults. Data of 988 participants of the 
Doetinchem Cohort Study were analyzed (mean age=65.3). Health literacy was 
measured by the Brief Health Literacy Screening. Memory, mental flexibility, 
information processing speed, and global cognitive functioning were assessed at 
the same time as health literacy and also ten years earlier. Logistic regression 
analyses were performed, and adjusted for confounders and educational level. 
Better test scores in all cognitive domains in both the present and the past were 
associated with a lower likelihood of having low health literacy after adjustment for 
confounders (all ORs<0.75, p-values<0.05). Before adjustment, stronger cognitive 
decline was associated with a greater likelihood of having low health literacy (all 
ORs>1.37, p-values<0.05), but associations lost significance after adjustment for 
educational level, the exception being the effect of memory decline. The results 
show that poorer cognitive functioning is associated with low health literacy in 
older adults after adjustment for educational level. Poor cognitive functioning 
might be used by health professionals to identify persons at current or future risk of 
having low health literacy. 
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INTRODUCTION 
 
Many older adults in developed countries have low health literacy.1,2 Health literacy 
is defined as “the degree to which people are able to access, understand, appraise 
and communicate information to engage with the demands of different health 
contexts to promote and maintain health across the life-course.”3 Studies 
consistently indicate that older adults more often have low health literacy than the 
general population.1,2,4,5 For example, a large scale health literacy survey in the 
United States revealed that 59% of adults above the age of 65 have low health 
literacy, compared with less than 35% in younger age groups.2 Low health literacy 
among older adults is associated with various undesirable health outcomes like 
poorer self-rated health6 and higher mortality,7 as well as with higher health care 
costs.8 

The high prevalence of low health literacy among older adults is problematic as 
this population is in greater need of health information due to their increased risk 
of developing age-related health conditions, including chronic illnesses. Lower 
educational level contributes to low health literacy,2 but this does not explain why 
health literacy tends to gradually decline over time in older adults.9,10 Gaining a 
better understanding of the mechanisms that explain the relative vulnerability of 
older adults with regard to low health literacy would be valuable for public health 
and health care, as this could help to identify the groups at highest risk of having 
poor health outcomes. 

Poor cognitive functioning is one factor that may affect the health literacy level 
of older adults.11,12 Moreover, age-related cognitive decline may add to this. Specific 
domains of cognitive functioning that might play a role in the health literacy of 
older adults are memory, information processing speed, and mental flexibility as 
these are all related to information processing. For example, adequate memory 
capacity and information processing speed are necessary to understand and 
remember the health information provided during medical consultations with a 
high information density. These cognitive domains may therefore be mechanisms 
that determine the health literacy of older adults. 

Some cross-sectional studies have shown that poor cognitive functioning is 
related to low health literacy in older adults. For example, Nguyen et al. (2013) 
show such an association among patients with diabetes,13 and other studies suggest 
that poor cognitive functioning partially explains the association between low 
health literacy and poor physical health14 and poor asthma medication behaviors.15 

More longitudinal research is needed on the associations of cognitive 
functioning and cognitive decline with health literacy, to improve our 
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understanding of these intricate relations. One study has shown that people’s 
cognitive abilities at age 11 are positively associated with their level of health 
literacy at age 67,16 but evidence is lacking on the association between cognitive 
functioning among adults (i.e., when their natural cognitive development is 
completed) and their level of health literacy at an older age. Also, only one study 
suggested an association between cognitive decline and health literacy decline,9 and 
one other study showed an association between cognitive decline and low health 
literacy.17 

Therefore, the aim of this study is to assess the associations of current and past 
cognitive functioning and cognitive decline with health literacy in older adults, by 
taking into account global cognitive functioning and the underlying domains of 
memory, mental flexibility, and information processing speed. 
 

DESIGN AND METHODS 
 

Design, setting, and study population 
Data from the Doetinchem Cohort Study (DCS) were used for our analyses. The 
DCS is an ongoing longitudinal prospective cohort study. All participants are 
inhabitants of Doetinchem, a city in the East of the Netherlands (population 
around 57,000). The aim of the DCS is to study the impact of lifestyle factors and 
biological risk factors on various aspects of health. The first round of data collection 
in the DCS took place in 1987-1991 and included 7,768 men and women between 
the ages of 20 and 59 years (response rate: 62%). Follow-up rounds took place 
every five years. Response rates in all rounds were >75%. The fifth round of data-
collection (2008-2012) included 4,018 participants (51.7% of the primary sample). 
The sixth round of data collection (2013-2017) is ongoing. The DCS was conducted 
according to the guidelines laid down in the Helsinki Declaration. All procedures 
involving human participants were approved by the external Medical Ethics 
Committee of the Netherlands Organization of Applied Scientific Research (TNO). 
Written informed consent was obtained from all participants before the start of the 
study. More details about the DCS are available elsewhere.18 

For our analyses, we included participants whose data from the ongoing sixth 
round of data collection and cognitive testing were already available by February 
2016 (n=1,028). We excluded participants who reported to have had a stroke (2.7%, 
n=28), as strokes are known to have an impact on cognitive functioning. As one of 
the cognitive tests in the DCS was language specific, we also excluded participants 
who first moved to the Netherlands after the age of 18 (1.2%, n=12), leaving a set of 
988 participants. 
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In the Doetinchem Cohort Study, data on cognitive functioning were collected 
from round three onwards from all participants above the age of 45. For our 
analyses, we used data from round six for current cognitive functioning and from 
round four for past cognitive functioning. For the remainder of this paper, round 
four will be described as the first measurement (past cognitive functioning) and 
round six will be described as the second measurement (current cognitive 
functioning). The follow-up time between these two measurements was 
approximately ten years (mean=9.77, SD=0.18). Cognitive data in the first 
measurement were collected from 737 (74.6%) of the participants in our set. This 
lower number is the result of some participants not yet having reached the age of 
45 when this measurement took place. 
 

Measures 
For our analyses, we used data on health literacy and cognitive functioning. Data 
on age, gender, and educational level were used as covariates. 
 

Health literacy 
Health literacy was measured during the second measurement by the Brief Health 
Literacy Screening (BHLS). The BHLS is a validated three-item instrument,19,20 
which is frequently used in health literacy research.21,22 The BHLS consists of the 
following items: 
 
(1) ‘‘How often do you have someone help you read hospital materials?’’ 
(2)  ‘‘How confident are you filling out medical forms by yourself?’’ 
(3)  ‘‘How often do you have problems learning about your medical condition 

because of difficulty understanding written information?’’ 
 

Participants answered these questions on a 5-point scale. We added up the 
scores of all questions, which led to a continuous scale (3-15) with a higher score 
indicating a higher level of health literacy. We then categorized participants into 
groups with high health literacy (score 13 or higher, 81.8%) and low health literacy 
(score 12 or lower, 18.2%), based on a previously used cut-off point.23 
 

Cognitive functioning 
Four tests were used to measure cognitive functioning: the 15-word Verbal 
Learning Test (VLT),24 the Stroop Color Word Test (SCWT),25 the Verbal Fluency 
Test (VFT),26 and the Letter Digit Substitution Test (LDST).27 The VLT consists of 
showing the participant 15 monosyllabic words three times, with a free recall test 
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after every presentation and an additional free recall test after a 15 minute delay. 
Scores are determined by the number of words that are correctly recalled. The 
SCWT consists of three subtasks. In the first subtask, participants are asked to read 
40 written color names. In the second subtask, they are asked to name the color of 
40 colored patches. The third subtask consists of naming the ink color in which 40 
color names are shown incongruously (e.g., the word “red” shown in green). Scores 
are determined by the time it took the participant to complete each task. Scores of 
the SCWT were reversed, whereby a higher score indicated a better performance; 
scores were then normalized by log transformation, because of the skewed 
distribution. The VFT consists of asking the participant to name as many animals 
as possible within one minute. The LDST consists of a sheet of paper containing a 
table in which nine letters are matched with a digit (1 to 9) and a separate list of 
letters. The participant is asked to match the letters in the list with the 
corresponding digits as quickly as possible. The score is based on the number of 
letters that were matched correctly. All these tests are known to be sensitive to 
detect age-related cognitive decline, also in the middle-age range. 

Scores on all tests were standardized to make them statistically comparable. 
Scores from the first measurement were standardized based on the means and 
standard deviations of the same tests in the second measurement. The resulting 
standardized scores were then combined into thee cognitive domains and a score 
for global cognitive functioning, in line with previous studies.28,29 The following 
formulas were used: 
 
Memory=(VLTTotal+VLTMaximum+VLTDelayed)/3 
Information processing speed=(StroopColor names+StroopColor patches+LDST)/3 
Mental flexibility=StroopInk color 
Global cognitive functioning=(StroopInk color+LDST+VLTTotal+VLTDelayed+VFT)/5 
 

Cognitive decline concerned the domain scores in the second measurement 
minus the domain scores at the first measurement. A higher score thus indicates 
stronger cognitive decline between the two measurements.  
 

Covariates 
Educational level was considered a relevant covariate in our study. It was assessed 
based on the highest completed level of education and was used as an ordinal 
variable with five categories: Very low (elementary school or less), low (lower 
vocational education), medium (medium general secondary education), high 
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(medium vocational education to pre-university education), and very high (higher 
vocational education or university).  

Further potential confounders used in our analyses were age and gender. To 
control for potential non-linear effect of age, age squared was also used as a 
potential confounder. 
 

Statistical analyses 
First, we compared the age, gender, educational level, and current cognitive 
functioning of the participants by level of health literacy (high vs. low). We tested 
differences between the two groups by using chi-square tests and independent 
sample t-tests. We also tested whether cognitive decline had taken place between 
the two measurement waves by using paired samples t-tests. Second, we assessed 
the associations of the various cognitive domains and global cognitive functioning 
with health literacy by using a series of logistic regression analyses, adjusted for 
age, age squared, gender, and educational level, and with health literacy as the 
outcome variable. We conducted these analyses for both current and past cognitive 
functioning. Third, we repeated the analyses, with cognitive decline in all domains 
as the predictor variables. In addition, we adjusted the analyses for cognitive 
decline for past cognitive functioning. 
 

Sensitivity analyses 
We conducted two sensitivity analyses. First, we checked whether the use of an 
alternative cut-off point for high health literacy would lead to substantial changes 
in our results. For this purpose, we used a cut-off point of 14 or higher, which led to 
63.5% high health literacy in the sample (compared to 81.8% in the main analyses). 
Second, we checked whether the use of data from a different measurement wave for 
past cognitive functioning would change our results. For this purpose, we studied 
cognitive functioning at round three (15 year follow-up time, n=643). 
 

RESULTS 
 
Characteristics of the sample at the second measurement and the association of 
these characteristics with health literacy are presented in Table 1. Participants with 
low health literacy were significantly older, more often had a (very) low level of 
education, and had poorer cognitive functioning in all domains. The participants 
who had also participated in cognitive testing in the first measurement (n=737) had 
a mean age of 68.5 years at the second measurement. Paired samples t-tests 
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confirmed that cognitive decline in all domains had taken place in the ten years 
between the two measurement waves (all p-values<.0001, results not shown). 
 

Associations between cognitive functioning and health literacy 
Associations of current and past cognitive functioning with health literacy are 
shown in Table 2. The results show that poorer current cognitive functioning in all 
domains was significantly associated with low health literacy after adjustment for 
age and gender. These associations weakened after further adjustment for 
educational level, but they all remained statistically significant. The same pattern of 
results was found for the associations between past cognitive functioning and 
health literacy. 
 
 
Table 1. Background characteristics and current cognitive functioning of participants by 
level of health literacy (n=988) 

 Health literacy   

 High 
(81.8%) 

Low 
(18.2%) 

Total p 

Age (years) 64.9 66.8 65.3 .015 
Male (%) 47.4 45.0 47.0 .56 
(Very) low-educated (%) 26.3 54.3 31.5 <.001a 
Cognitive functioning (z-scores)     
 Memory 0.09 -0.38 0.00 <.001 
 Information processing speed 0.09 -0.39 0.00 <.001 
 Mental flexibility 0.10 -0.47 0.00 <.001 
 Global cognitive functioning 0.10 -0.39 0.01 <.001 

p-values are based on chi-square tests and independent samples t-tests. Percentages of missing data 
were low (all percentages<3.2%). 
a p-value is based on five levels of education. 
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Table 2. Likelihood of having low health literacy per one standard deviation better 
cognitive functioning among older adults, in odds ratios (and 95% confidence intervals) 

  Low health literacy (vs. high) 

 Model 1a Model 2b 

Current cognitive functioning (in z-scores) 

 Memory 
(n=944) 

0.58*** 
(0.48-0.71) 

0.69*** 
(0.56-0.85) 

 Information processing speed 
(n=947) 

0.50*** 
(0.40-0.63) 

0.66*** 
(0.52-0.84) 

 Mental flexibility 
(n=942) 

0.56*** 
(0.46-0.68) 

0.67*** 
(0.54-0.83) 

 Global cognitive functioning 
(n=932) 

0.38*** 
(0.29-0.50) 

0.51*** 
(0.38-0.69) 

    
Past cognitive functioning (in z-scores; measured ten years earlier) 
 Past memory ten years earlier 

(n=732) 
0.55*** 

(0.43-0.71) 
0.71* 

(0.54-0.93) 
 Past information processing speed  

(n=734) 
0.49*** 

(0.37-0.66) 
0.71* 

(0.51-0.97) 
 Past mental flexibility 

(n=733) 
0.56*** 

(0.43-0.73) 
0.75* 

(0.56-1.00) 
 Past global cognitive functioning 

(n=729) 
0.34*** 

(0.25-0.48) 
0.51*** 

(0.35-0.75) 
a Adjusted for age, age squared, and gender 
b Adjusted for age, age squared, gender, and educational level 
*p<.05, **p<.01, ***p<.001 

 
 

Associations between cognitive decline and health literacy 
Associations between cognitive decline and health literacy are presented in Table 3. 
After adjustment for age, gender, and past cognitive functioning, global cognitive 
decline and decline in all cognitive domains were statistically significantly 
associated with low health literacy. Further adjustment for educational level 
weakened all these associations, and only the association between memory decline 
and health literacy remained statistically significant (OR=1.40, p=0.023). 
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Table 3. Likelihood of having low health literacy per one standard deviation stronger 
cognitive decline among older adults, in odds ratios (and 95% confidence intervals) 

 Low health literacy (vs. high) 

Model 1a Model 2b Model 3c 

Memory decline 
(n=723) 

1.09 
(0.85-1.39) 

1.50** 
(1.13-1.99) 

1.40* 
(1.05-1.88) 

Information processing speed decline  
(n=728) 

1.27 
(0.88-1.83) 

1.50* 
(1.03-2.19) 

1.29 
(0.87-1.91) 

Mental flexibility decline 
(n=723) 

1.19 
(0.89-1.60) 

1.37* 
(1.03-1.84) 

1.27 
(0.93-1.73) 

Global cognitive functioning decline  
(n=712) 

1.10 
(0.71-1.71) 

1.68* 
(1.05-2.67) 

1.54 
(0.95-2.51) 

Cognitive decline calculated as the difference between current and past cognitive functioning, with a 
higher score indicating stronger decline. 
a Adjusted for age, age squared, and gender. 
b Adjusted for age, age squared, gender, and past cognitive functioning. 
c Adjusted for age, age squared, gender, past cognitive functioning, and educational level. 
*p<.05, **p<.01 

 
 

Sensitivity analyses 
The sensitivity analyses with the alternative cut-off point for low health literacy did 
not lead to relevant changes in the associations between current and past cognitive 
functioning and health literacy (results not shown). The associations between 
cognitive decline and health literacy before adjustment for educational level were 
weakened, with only the association between health literacy and memory decline 
remaining statistically significant (OR=1.30, p-value<.05), and the other 
associations losing significance (ORs<1.42, all p-values between .055 and .11, 
results not shown). After adjusting for educational level, none of the associations 
reached statistical significance (all ORs<1.26, p-values>.14). 

The use of data from a different measurement wave for past cognitive 
functioning also did not change our results regarding the associations of current 
and past cognitive functioning with health literacy (results not shown). The only 
relevant change in the associations between cognitive decline and health literacy 
was that, after adjustment for educational level, the association between memory 
decline and health literacy lost significance (OR=1.26, p-value=.15), and the 
association between mental flexibility decline and health literacy remained 
statistically significant (OR=1.36, p-value<.05). 
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DISCUSSION 
 
This is one of the first longitudinal studies to assess the associations of current and 
past cognitive functioning and cognitive decline with health literacy in older adults. 
Our study shows that poorer cognitive functioning in both the present and the past 
is associated with a greater likelihood of having low health literacy. Stronger 
cognitive decline is associated with a greater likelihood of having low health 
literacy, but this association partially disappears after adjustment for educational 
level. 

Regarding the associations between current cognitive functioning and health 
literacy, our study showed associations between poorer cognitive functioning and 
low health literacy among older adults for all the separate domains of cognitive 
functioning (i.e., memory, information processing speed, and mental flexibility), 
and most strongly for global cognitive functioning. These results confirm previous 
findings that cognitive functioning and health literacy are related.13,14,17 All 
associations weakened after adjustment for educational level, with educational 
level being strongly associated with both health literacy2,30 and cognitive 
functioning.31 However, in our study, educational level does not fully account for 
the associations between cognitive functioning and health literacy, as the 
associations remained after adjustment for educational level. This shows that the 
association between cognitive functioning and health literacy is at least partially 
independent of educational level, perhaps because educational level is determined 
not only by capabilities, but also by opportunities. This is especially true for older 
adults, many of whom may have grown up in a time in which opportunities for 
education were much more limited than they are today.  

We also found associations between poorer past cognitive functioning and low 
health literacy. This finding is in line with the findings of Mõttus et al. (2014) that 
cognitive functioning in childhood is associated with health literacy at an older 
age.16 Our findings support their conclusion that, to a large degree, health literacy 
reflects lifelong general cognitive ability.16 

We found associations between stronger cognitive decline and lower health 
literacy, but these associations weakened after adjustment for educational level. 
Nonetheless, all associations remained positive and one association (i.e., the 
association between stronger memory decline and lower health literacy) remained 
statistically significant. These findings suggest that the associations between 
cognitive decline and health literacy might be partially independent of educational 
level, which may partially explain why health literacy gradually declines over time 
among older adults.9,10 This issue apparently needs further study. 
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The relationships of cognitive functioning and cognitive decline with health 
literacy might also go beyond a simple one-way cause-and-effect relationship in 
which cognition affects the health literacy of older adults. Among older adults, 
having a low level of health literacy might also lead to poorer cognitive functioning. 
For example, older adults with low health literacy might engage in less physical 
activity,32 which in turn leads to lower cognitive health.33 Other possible 
explanations for the associations between cognitive functioning and health literacy 
are that a certain degree of conceptual overlap might exist between cognitive 
functioning and health literacy, that cognitive functioning affects health via health 
literacy,15 and that the two constructs might have partially independent effects on 
health outcomes. 
 

Strengths and limitations 
An important strength of our study was the use of a community-based sample. 
Another strength was the longitudinal nature of the dataset used for our analyses. 
This allowed us to study past cognitive functioning and cognitive decline. Also, we 
used a set of sensitive instruments to measure cognitive functioning with no ceiling 
effect. 

Our study also had some limitations. First, our results may be affected by 
selective response and drop-outs. However, response rates were high in all rounds 
of data collection in the Doetinchem Cohort Study (>75%), limiting the potential 
for this bias. Additionally, we studied associations (instead of prevalence rates) and 
associations are much less affected than prevalences.34 Second, we used a relatively 
short self-report instrument to measure health literacy. This may have led to an 
underestimation of some of the studied associations, as people may not always be 
aware of their health literacy limitations. However, the BHLS instrument has been 
validated19,20 and is frequently used in other studies as well.21,22,35 
 

Implications 
Our study has several implications for practice. Its results show that poor cognitive 
functioning is a robust predictor of low health literacy and that this relation is 
partially independent of educational level. Health professionals should be aware of 
the link between cognitive functioning and health literacy in older adults. For 
example, low cognitive functioning among older adults might indicate to health 
professionals which persons are at greatest risk of having low health literacy, both 
now and in the future. The associations between poor cognitive functioning and low 
health literacy also suggest that interventions to mitigate the negative impacts of 
low health literacy should focus on lowering the cognitive demands for receivers of 
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health information. This may include strategies like the use of plain language in 
health documents, but also, for example, the use of spoken animations36 and the 
use of teach-back methods.37 

Our results also lead to some suggestions for future research. First, to further 
disentangle the intricate relationship between cognitive functioning and health 
literacy, future studies should measure these two factors repeatedly over the course 
of several years. This may shed more light on the causality of their relationship. 
Second, future research could focus on the possibility of limiting health literacy 
decline among older adults by using cognitive interventions, such as cognitive 
training.38 
 

Conclusion 
Our findings show that, in older adults, having poorer cognitive functioning in both 
the present and the past is associated with a greater likelihood of having low health 
literacy. This holds for various domains of cognitive functioning: memory, 
information processing speed, and mental flexibility, and most strongly for global 
cognitive functioning. In older adults, cognitive decline is associated with a greater 
likelihood of having low health literacy, but part of this association is accounted for 
by educational level. Low cognitive functioning in older adults may thus help to 
identify persons at greatest risk of having low health literacy now or in the future. 
 

Acknowledgements 
The Doetinchem Cohort Study is supported by the Dutch Ministry of Health, 
Welfare and Sport and the National Institute for Public Health and the 
Environment. 
 
  



Chapter 6 
 

134 

REFERENCES 
 
1.  HLS-EU Consortium. Comparative report of health literacy in eight EU member 

states. The European Health Literacy Survey. Online publication: http://www.health-
literacy.eu; 2012. 

2.  Kutner M, Greenberg E, Jin Y, Paulsen C. The health literacy of America’s adults: 
Results From the 2003 National Assessment of Adult Literacy (NCES 2006–483). 
Washington, DC: National Center for Education Statistics, US Department of 
Education; 2006. 

3.  Kwan B, Frankish J, Rootman I, et al. The development and validation of measures of 
‘‘health literacy’’ in different populations. Vancouver, BC: University of British 
Columbia Institute of Health Promotion Research & University of Victoria Centre for 
Community Health Promotion Research; 2006. 

4.  Shea JA, Beers BB, McDonald VJ, Quistberg DA, Ravenell KL, Asch DA. Assessing 
health literacy in African American and Caucasian adults: Disparities in Rapid 
Estimate of Adult Literacy in Medicine (REALM) scores. Family Medicine. 
2004;36(8):575-581. 

5.  Zamora H, Clingerman EM. Health literacy among older adults: A systematic literature 
review. Journal of Gerontological Nursing. 2011;37(10):41-51. 

6.  Toci E, Burazeri G, Jerliu N, et al. Health literacy, self-perceived health and self-
reported chronic morbidity among older people in Kosovo. Health Promotion 
International. 2015;30(3):667-674. 

7.  Bostock S, Steptoe A. Association between low functional health literacy and mortality 
in older adults: Longitudinal cohort study. BMJ. 2012;344:e1602. 

8.  Haun JN, Patel NR, French DD, Campbell RR, Bradham DD, Lapcevic WA. Association 
between health literacy and medical care costs in an integrated healthcare system: A 
regional population based study. BMC Health Services Research. 2015;15:249. 

9.  Kobayashi LC, Wardle J, Wolf MS, von Wagner C. Cognitive function and health 
literacy decline in a cohort of aging English adults. Journal of General Internal 
Medicine. 2015;30(7):958-964. 

10.  Morris NS, Maclean CD, Littenberg B. Change in health literacy over 2 years in older 
adults with diabetes. The Diabetes Educator. 2013;39(5):638-646. 

11.  Squiers L, Peinado S, Berkman N, Boudewyns V, McCormack L. The health literacy 
skills framework. Journal of Health Communication. 2012;17 Suppl 3:30-54. 

12.  von Wagner C, Steptoe A, Wolf MS, Wardle J. Health literacy and health actions: A 
review and a framework from health psychology. Health Education & Behavior. 
2009;36(5):860-877. 

13.  Nguyen HT, Kirk JK, Arcury TA, et al. Cognitive function is a risk for health literacy in 
older adults with diabetes. Diabetes Research and Clinical Practice. 2013;101(2):141-
147. 

14.  Serper M, Patzer RE, Curtis LM, et al. Health literacy, cognitive ability, and functional 
health status among older adults. Health Services Research. 2014;49(4):1249-1267. 

15.  O'Conor R, Wolf MS, Smith SG, et al. Health literacy, cognitive function, proper use, 
and adherence to inhaled asthma controller medications among older adults with 
asthma. Chest. 2015;147(5):1307-1315. 



Cognitive functioning, cognitive decline, and health literacy 
 
 

135 

16.  Mõttus R, Johnson W, Murray C, Wolf MS, Starr JM, Deary IJ. Towards understanding 
the links between health literacy and physical health. Health Psychology. 
2014;33(2):164-173. 

17.  Boyle PA, Yu L, Wilson RS, Segawa E, Buchman AS, Bennett DA. Cognitive decline 
impairs financial and health literacy among community-based older persons without 
dementia. Psychology and Aging. 2013;28(3):614-624. 

18.  Verschuren WMM, Blokstra A, Picavet HSJ, Smit HA. Cohort profile: The Doetinchem 
Cohort Study. International Journal of Epidemiology. 2008;37(6):1236-1241. 

19.  Chew LD, Bradley KA, Boyko EJ. Brief questions to identify patients with inadequate 
health literacy. Family Medicine. 2004;36(8):588-594. 

20.  Chew LD, Griffin JM, Partin MR, et al. Validation of screening questions for limited 
health literacy in a large VA outpatient population. Journal of General Internal 
Medicine. 2008;23(5):561-566. 

21.  Lubetkin EI, Zabor EC, Isaac K, Brennessel D, Kemeny MM, Hay JL. Health literacy, 
information seeking, and trust in information in Haitians. American Journal of Health 
Behavior. 2015;39(3):441-450. 

22.  Omachi TA, Sarkar U, Yelin EH, Blanc PD, Katz PP. Lower health literacy is associated 
with poorer health status and outcomes in chronic obstructive pulmonary disease. 
Journal of General Internal Medicine. 2013;28(1):74-81. 

23.  Geboers B, de Winter AF, Luten KA, Jansen CJM, Reijneveld SA. The association of 
health literacy with physical activity and nutritional behavior in older adults, and its 
social cognitive mediators. Journal of Health Communication. 2014;19 Suppl 2:61-76. 

24.  van der Elst W, van Boxtel MPJ, van Breukelen GJP, Jolles J. Rey's verbal learning test: 
Normative data for 1855 healthy participants aged 24-81 years and the influence of age, 
sex, education, and mode of presentation. Journal of the International 
Neuropsychological Society. 2005;11(3):290-302. 

25.  van der Elst W, Van Boxtel MPJ, Van Breukelen GJP, Jolles J. The Stroop color-word 
test: Influence of age, sex, and education; and normative data for a large sample across 
the adult age range. Assessment. 2006;13(1):62-79. 

26.  van der Elst W, Van Boxtel MPJ, Van Breukelen GJP, Jolles J. Normative data for the 
Animal, Profession and Letter M Naming verbal fluency tests for Dutch speaking 
participants and the effects of age, education, and sex. Journal of the International 
Neuropsychological Society. 2006;12(1):80-89. 

27.  van der Elst W, van Boxtel MPJ, van Breukelen GJP, Jolles J. The Letter Digit 
Substitution Test: Normative data for 1,858 healthy participants aged 24-81 from the 
Maastricht Aging Study (MAAS): Influence of age, education, and sex. Journal of 
Clinical and Experimental Neuropsychology. 2006;28(6):998-1009. 

28.  Angevaren M, Vanhees L, Nooyens ACJ, Wendel-Vos C, Verschuren WMM. Physical 
activity and 5-year cognitive decline in the Doetinchem Cohort Study. Annals of 
Epidemiology. 2010;20(6):473-479. 

29.  Nooyens ACJ, Bueno-de-Mesquita HB, van Boxtel MPJ, van Gelder BM, Verhagen H, 
Verschuren WMM. Fruit and vegetable intake and cognitive decline in middle-aged 
men and women: The Doetinchem Cohort Study. The British Journal of Nutrition. 
2011;106(5):752-761. 



Chapter 6 
 

136 

30.  van der Heide I, Wang J, Droomers M, Spreeuwenberg P, Rademakers J, Uiters E. The 
relationship between health, education, and health literacy: Results from the Dutch 
Adult Literacy and Life Skills Survey. Journal of Health Communication. 2013;18 
Suppl 1:172-184. 

31.  Evans DA, Beckett LA, Albert MS, et al. Level of education and change in cognitive 
function in a community population of older persons. Annals of Epidemiology. 
1993;3(1):71-77. 

32.  Bennett JS, Boyle PA, James BD, Bennett DA. Correlates of health and financial 
literacy in older adults without dementia. BMC Geriatrics. 2012;12:30. 

33.  Andel R, Crowe M, Pedersen NL, Fratiglioni L, Johansson B, Gatz M. Physical exercise 
at midlife and risk of dementia three decades later: A population-based study of 
Swedish twins. Journals of Gerontology. Series A: Biological Sciences and Medical 
Sciences. 2008;63(1):62-66. 

34.  Boshuizen HC, Viet AL, Picavet HSJ, Botterweck A, van Loon AJM. Non-response in a 
survey of cardiovascular risk factors in the Dutch population: Determinants and 
resulting biases. Public Health. 2006;120(4):297-308. 

35.  Adams AS, Parker MM, Moffet HH, et al. Communication barriers and the clinical 
recognition of diabetic peripheral neuropathy in a diverse cohort of adults: The 
DISTANCE Study. Journal of Health Communication. 2016;21(5):544-553. 

36.  Meppelink CS, van Weert J,C.M., Haven CJ, Smit EG. The effectiveness of health 
animations in audiences with different health literacy levels: An experimental study. 
Journal of Medical Internet Research. 2015;17(1):e11. 

37.  Kornburger C, Gibson C, Sadowski S, Maletta K, Klingbeil C. Using "teach-back" to 
promote a safe transition from hospital to home: An evidence-based approach to 
improving the discharge process. Journal of Pediatric Nursing. 2013;28(3):282-291. 

38.  Willis SL, Tennstedt SL, Marsiske M, et al. Long-term effects of cognitive training on 
everyday functional outcomes in older adults. JAMA. 2006;296(23):2805-2814. 

 

 

 

  



 

 

  



 

 

  



 

 

 

Chapter 7 
 
General discussion



Chapter 7 
 

140 

The main aim of this thesis was to provide insight into the nature of the 
associations of health literacy with self-management and health behaviors among 
older adults. We also studied the relations of cognitive functioning and cognitive 
decline with health literacy in this population. In this chapter, we briefly 
summarize our findings in answer to the research questions formulated in the 
general introduction. We also reflect on the main results and discuss some 
methodological considerations. Finally, we discuss the practical implications of our 
findings and provide suggestions for further research in this field. 
 

MAIN FINDINGS 
 
Research question 1 (Chapter 2): To what extent is health literacy associated with 
adherence among older adults, and how effective are interventions to improve 
adherence for older adults with low health literacy? 
We conducted a systematic meta-review and identified seventeen systematic 
reviews. Although the existence of an association between health literacy and 
adherence is often suggested, many systematic reviews of both high and low quality 
fail to find this association in older adults. Some studies suggested that adherence 
interventions could be effective for older adults with low levels of health literacy, 
but evidence on this topic was limited, i.e., the included reviews reported on only 
seven intervention studies. We were thus unable to draw conclusions as to the type 
of interventions most beneficial for older adults with low health literacy. 
 
Research question 2 (Chapter 3): To what extent is health literacy associated with 
self-management abilities among older adults, and to what extent do 
demographic factors, socioeconomic factors, and health status moderate this 
association? 
Low health literacy was associated with poor self-management abilities among 
adults above the age of 75, also after adjusting for a range of confounders. This 
association existed for all the separate domains of self-management abilities 
(taking initiative, being self-efficacious, investment behavior, positive frame of 
mind, multifunctionality of resources, and variety in resources). Educational level 
moderated the association between health literacy and self-management abilities, 
with a stronger association in medium- to high-educated older adults than in low-
educated older adults. Gender, age, living situation, income, presence of chronic 
illness, and mental health status did not moderate the association between health 
literacy and self-management abilities. This suggests that the association between 
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health literacy and self-management abilities is similar for varying groups of older 
adults. 
 
Research question 3 (Chapter 4): To what extent is health literacy associated with 
health behaviors and social factors among older adults, and to what extent do 
social factors moderate the association between health literacy and health 
behaviors? 
Low health literacy was associated with a wide range of poor health behaviors 
(insufficient physical activity, insufficient fruit and vegetable consumption, lack of 
regular breakfast consumption, and obesity) in adults aged 65 years and older. Low 
health literacy was associated with lower alcohol consumption. We found no 
association with smoking behavior. Older adults with low health literacy were also 
more often lonely, engaged in fewer social activities, and had fewer regular social 
contacts. However we found no associations with social support or living situation 
(living alone vs. living with others). The association between health literacy and 
smoking behavior was moderated by older adults’ number of social contacts, but we 
found no other moderating effects.  
 
Research question 4 (Chapter 5): To what extent is health literacy associated with 
physical activity and fruit and vegetable consumption among older adults, and to 
what extent are these associations mediated by attitude, self-efficacy, and risk 
perception? 
In a population of adults above the age of 55, low health literacy was associated 
with poor compliance with guidelines for sufficient physical activity, but not with 
compliance with guidelines for sufficient fruit and vegetable consumption. The 
results of both traditional mediation analyses and path analyses showed that self-
efficacy partially mediates the association between health literacy and physical 
activity. On the other hand, we found that attitude and risk perception did not 
mediate this association. 
 
Research question 5 (Chapter 6): To what extent are cognitive functioning and 
cognitive decline associated with health literacy in older adults? 
We assessed associations of present and past cognitive functioning and cognitive 
decline with health literacy in a population of adults aged 45 and over (mean 
age=65.3). Lower scores for all studied cognitive domains (memory, mental 
flexibility, information processing speed), and for global cognitive functioning were 
associated with a greater likelihood of having low health literacy, also after 
adjustment for confounders and educational level. This concerned both present 
cognitive functioning and past cognitive functioning, as measured ten years earlier. 
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Stronger cognitive decline in all cognitive domains was associated with a greater 
likelihood of having low health literacy, but these associations partially disappeared 
after adjustment for educational level, with only the association of memory decline 
remaining significant. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Overview of associations studied in this thesis, indicated per research question 
(Q). 
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DISCUSSION OF MAIN FINDINGS 
 
Low health literacy has often been shown to lead to poor health outcomes among 
older adults,1,2 but the mechanisms involved are largely unknown. The results 
described in this thesis give insight into the potential role of self-management and 
health behaviors in these mechanisms, and also shed light on the role of cognitive 
functioning and cognitive decline. In this section we discuss the most important 
findings of the thesis. We first address the associations between health literacy and 
self-management (Q1 and Q2 in Figure 1). Next, we focus on the associations 
between health literacy and health behaviors (Q3 and Q4 in Figure 1). Finally, we 
discuss the associations of cognitive functioning and cognitive decline with health 
literacy (Q5 in Figure 1).  
 

The associations between health literacy and self-management 
Our findings show that self-management may be an important mechanism through 
which health literacy impacts health outcomes, but the effects vary between 
different aspects of self-management. More specifically, we found that health 
literacy among older adults is associated with self-management abilities (Chapter 
3; Q2 in Figure 1), but not strongly with adherence (Chapter 2; Q1 in Figure 1).  

We found an association between health literacy and self-management abilities 
for all domains of self-management abilities (taking initiatives, being self-
efficacious, investment behavior, positive frame of mind, multifunctionality of 
resources, and variety in resources; see Chapter 3).3 As these domains of self-
management abilities are known to be associated with well-being among older 
adults,4,5 our findings suggest that such abilities might play an important role in the 
mechanisms through which health literacy impacts on the well-being of older 
adults. This suggestion is further supported by the finding that the association 
between health literacy and self-management abilities is not moderated by 
demographic factors and health status. We found only one relatively weak 
moderating effect of educational level. As moderation effects were mostly absent, 
the association between health literacy and self-management abilities seems to be 
rather stable across many different groups of older adults. 

Regarding the association between health literacy and adherence in older 
adults, the results presented in this thesis show that this association may be less 
strong than is commonly suggested6,7 (Chapter 2); we found only weak associations 
between these two constructs. We also found that the effectiveness of interventions 
aimed at improving adherence among older adults is mostly independent of the 
participants’ level of health literacy. Available interventions often used educational 
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strategies or focused on lowering the health literacy demands of instructions, but 
we found insufficient evidence to show which types of intervention were most likely 
to improve adherence in older adults with low health literacy.  

Health literacy in older adults thus seems to be associated with self-
management abilities, but only weakly with adherence. Perhaps, many older adults 
with low health literacy may be capable of performing relatively easy health care 
related tasks, such as adhering to simple medication regimes, while struggling with 
relatively complex tasks like general self-management. This could also explain why 
patients who use multiple medications are more likely to be non-adherent, as using 
multiple medications also add to the complexity of the task.8,9 Alternatively, the 
association between health literacy and adherence may also seem weak because it is 
nonlinear, with older adults with medium levels of health literacy being most 
adherent. This could be because older adults with high and low health literacy have 
different reasons for not following health recommendations.10 For example, older 
adults with low health literacy may fail to adhere because they do not understand 
the given instructions, while older adults with high health literacy may fail to 
adhere because they deliberately choose not to follow instructions.11  
 

The associations between health literacy and health behaviors 
Our results reveal associations between low health literacy and various undesirable 
health behaviors; this suggests that health behaviors may play an important role in 
the pathway between health literacy and health outcomes (Q3 and Q4 in Figure 1). 
We found low health literacy to be associated with various undesirable health 
behaviors in older adults, including insufficient physical activity, insufficient fruit 
and vegetable consumption, lack of regular breakfast consumption, and obesity 
(Chapter 3 and 4). This is in line with previous findings.12-14 However, we also 
found some mixed results. We found that health literacy was not associated with 
smoking behavior and that it was positively associated with alcohol consumption. 
This pattern of results shows that health literacy may not influence all health 
behaviors in a similar way. Overall, our results augment the view that health 
literacy is an important factor in the health outcomes of older adults, by showing 
that potentially negative impacts of low health literacy extend beyond the health 
care context to other determinants of health. 

Another interesting observation is that health literacy was associated with fruit 
and vegetable consumption in Chapter 4, but not in Chapter 5. One explanation 
might be that most participants of the study described in Chapter 5 were living in a 
relatively rural area where fruit and vegetable consumption could depend on 
different factors than in a more urban environment.15 Other possible explanations 
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may be that in both studies different instruments have been used to measure fruit 
and vegetable consumption and that the two studies had different sample sizes and 
thus power to detect differences.  

We found that the association between health literacy and physical activity is 
partially mediated by self-efficacy, but not by attitude and risk perception (Chapter 
5). Other studies also suggest that associations of health literacy with physical 
activity16 and other outcomes17 are mediated by self-efficacy. One reason may be 
that older adults with high health literacy have more knowledge about health and 
behaviors that will improve their health, which may in turn improve their self-
efficacy to perform these behaviors.16 However, explanations may also be more 
intricate. For example, successful performance of health behaviors may also lead to 
higher self-efficacy in older adults with high health literacy. The results of our 
mediation analyses give further insights into the mechanisms through which health 
literacy among older adults may impact their level of physical activity, which may 
in turn affect their health outcomes. 

We further found that the association between health literacy and health 
behaviors is usually not moderated by social factors (Chapter 4). This suggests that 
the relationship between low health literacy and an undesirable pattern of health 
behaviors is not limited only to older adults in an undesirable social situation (e.g., 
those who are lonely or those with few social contacts). In the framework of these 
moderation analyses, we also studied the main relations between health literacy 
and social factors. We found low health literacy in older adults to be associated with 
loneliness, having a lower number of social contacts, and engaging in fewer social 
activities. These findings show that, despite not having a moderating role, social 
factors should be taken into account when studying and addressing health literacy. 

Our studies show that both self-management abilities and health behaviors 
might be important intermediate outcomes through which health literacy impacts 
health outcomes. However, our results do not necessarily imply the existence of 
causal relations. The associations of health literacy with self-management abilities 
and health behaviors may thus not be simple one-way causal relationships. These 
associations may also be bidirectional or follow more complex pathways. 
 

The association between cognitive functioning and health literacy 
The results described in our thesis show that present and past cognitive functioning 
are associated with health literacy in older adults. This finding suggests that 
cognitive functioning may be an important determinant of health literacy at an 
older age (Q5 in Figure 1). We found poorer cognitive functioning, both in general 
and in any of three separate domains (memory, mental flexibility, information 
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processing speed) to be associated with lower health literacy among older adults 
(Chapter 6). This was the case with both present and past cognitive functioning, the 
latter as measured ten years earlier. Greater cognitive decline was also associated 
with lower health literacy in older adults, although these associations were partially 
explained by differences in educational level. These findings are mostly in line with 
results from other studies on the same topic,18-20 and suggest that having low or 
declining cognitive skills might lead to low health literacy skills in older adults. Low 
and declining cognitive functioning might thus partially explain why rates of low 
health literacy are relatively high among older adults. 

Our results thus provide valuable insights into potential precursors of low 
health literacy in the population of older adults. Adequate cognitive skills like 
memory, mental flexibility, and information processing speed are likely to be 
necessary for older adults to properly understand written and spoken health 
information in today’s intricate healthcare system. Poor cognitive functioning may 
limit this group’s capacity to access and process such information, thereby reducing 
their health literacy. Cognitive functioning may therefore play an important role in 
the health literacy of older adults. An alternative explanation for our results is that 
both poor cognitive functioning and low health literacy may have a common 
underlying cause. Examples of such underlying causes might be poor mental 
health21,22 or social deprivation (Chapter 4). 
 

METHODOLOGICAL CONSIDERATIONS 
 
In this section we will discuss the strengths and limitations of the various methods 
used in this thesis. We will focus on the quality of the samples, the quality of the 
information obtained, and the degree to which our results support statements on 
causality. The use of the meta-review methodology will also be discussed. 
 

Quality of the samples 
The studies described in Chapters 3, 4, 5, and 6 all made use of different datasets, 
based on cohorts of older adults living in the Netherlands.23-26 The use of four 
different datasets made it possible to study a wide array of factors and outcomes 
associated with health literacy. As the datasets comprised a large numbers of 
participants (range: 538 to 3,241), the analyses were likely to have high power. 
Additionally, although all datasets included older adults, the ages of the 
participants varied widely, from a minimum age of 45 years in the Doetinchem 
Cohort study26 (Chapter 6) to a minimum age of 75 years in Embrace23 (Chapter 3). 
The fact that we found associations between health literacy and outcomes in all 
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these different age groups further supports our conclusion that health literacy 
impacts various groups of older adults, on various aspects of health and behavior. 
Additionally, the fact that data from all studies were collected from community-
based older adults improves the generalizability of our findings. 

Nevertheless, the use of our datasets also had some limitations. For example, 
older adults with low health literacy are more likely to be lonely and to have few 
social contacts (Chapter 4), making them relatively hard to reach. This may have 
led to selection bias in the datasets studied for this thesis. More specifically, people 
with (very) low health literacy may have been underrepresented in our studies, 
which may have led to underestimations of some of the associations addressed. 

As data in all four sets were collected in multiple waves, between which 
participants dropped out of the study, selective attrition may also have affected our 
findings. People with low health literacy are probably more likely to drop out of a 
study; this might explain why, of all the datasets we studied, the Doetinchem 
Cohort Study (Chapter 6) contained the smallest percentage of people with low 
health literacy, while it was also the study that had been running longest. 

The potential selection bias and selective attrition may have led to an 
underrepresentation of the actual target group of our research (i.e., older adults 
with low health literacy) in our datasets at follow-up measurements, and thus to 
some underestimation of the real associations between health literacy and 
outcomes. However, our datasets were relatively large, generally including an 
adequate number of older adults with low health literacy.  
 

Quality of the information 
Using various large samples allowed us to obtain a wide range of information. Most 
data were obtained from questionnaires which participants could fill out in their 
own homes (Chapters 3, 4, 5 and 6). In the sample with the oldest participants (i.e., 
over the age of 75), participants were offered assistance in filling out the 
questionnaires (Chapter 3). 

In all samples, the validated Brief Health Literacy Screening (BHLS) was used 
as the instrument to measure health literacy (Chapters 3, 4, 5 and 6).27,28 The use of 
this instrument had both strengths and limitations. Its main strength is that it 
captures the concept of health literacy in a broad sense, whereas traditional health 
literacy instruments (e.g., TOFHLA29 and REALM30) are often criticized for 
focusing only on reading related skills.31 The BHLS was also used in various other 
studies32-34 and many hypothesized relations were identified in both those studies 
and our thesis. 
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Among the limitations of the BHLS is that it is a self-report instrument, making 
it dependent on respondents’ awareness of their own health literacy limitations. 
The instrument is also rather short, consisting of only three questions. This makes 
it particularly suitable for use in a clinical context, but relatively short for use in 
scientific studies, as it may lead to relatively inaccurate estimates, i.e., rather large 
mean measurement errors. These measurement errors may have led to 
underestimation of the real strength of associations in some of our studies. 

For measurement of the other variables used in our analyses, most of the 
instruments used were based on self-report. Responses on self-report instruments 
are limited by participants’ awareness of their own situation. They are also more 
sensitive to social desirability biases. However, most of the measures used to assess 
the outcome variables were (part of) validated instruments. Moreover, data on BMI 
(Chapter 4) were collected via objective measurements, performed at a research 
site, and not via self-report questionnaires. The same holds true for cognitive 
functioning (Chapter 6), which was measured by a series of validated objective 
tests.  
 

Causality and confounders 
In most of our studies, the hypothesized outcomes were not measured at a later 
point in time than the hypothesized determinants. As a result, we cannot make 
conclusive inferences about the causality of the studied associations. Only the study 
described in Chapter 6 was longitudinal and gives some hints as to the causality of 
the associations between cognitive functioning and health literacy. 

In some of our studies (Chapters 4 and 5), we measured health literacy only 
after measuring the hypothesized outcomes. This is a limitation because some 
researchers consider health literacy to be a dynamic construct31 and some studies 
have shown that health literacy gradually declines over time among older 
adults.35,36 However, follow-up times were relatively short in our studies (14 
months for most outcomes in Chapter 4, and 9 months in Chapter 5). Additionally, 
many of the participants in these studies were relatively young older adults and 
were therefore likely to have a relatively stable health literacy level.35 

Finally, confounding may have affected our findings; the associations found 
may have been caused by underlying factors associated with both health literacy 
and the other construct under study. However, we adjusted for various potential 
confounders: demographic factors, socioeconomic factors, and health related 
factors, including cognitive functioning and mental health status. However, as 
many causal pathways related to health literacy are still unknown, a definitively full 
adjustment for all potential confounders is not possible. Moreover, in some of our 
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studies, identified associations may also be explained by conceptual overlap 
between the studied constructs or by a common underlying mechanism. Again, 
incomplete knowledge makes it difficult to assess whether all potentially 
confounding factors have been included in our studies. 

We also conducted sensitivity analyses in various chapters to check whether 
certain choices in our analyses might have influenced the results. The fact that in 
most cases these sensitivity analyses did not lead to noteworthy changes in the 
studied associations supports the stability and validity of the associations that we 
found. 
 

Meta-review 
Chapter 2 describes the results of a systematic meta-review (i.e., a review of 
systematic reviews). This methodology is considered suitable for topics on which 
multiple systematic reviews have already been published.37,38 The use of this 
methodology allows for the inclusion of an even larger number of primary studies 
than would a regular systematic review. It was therefore a very useful method to 
obtain a broad overview of the current state of research on health literacy and 
adherence. To further ensure that all relevant articles were included in our meta-
review, we adopted a broad search strategy, using many different key terms to 
search a large number of commonly used scientific databases. Additionally, the 
study selection, data-extraction, and quality assessment were performed by at least 
two independent reviewers, which further improved the quality of our meta-review. 

The meta-review methodology also has some limitations. For example, articles 
included in a systematic meta-review may selectively report on analyses and 
outcomes that the authors consider relevant, while ignoring other possibly relevant 
results. This type of selective reporting is also a limitation in standard systematic 
reviews, but the limitation is stronger for systematic meta-reviews because it may 
take place at two levels: the level of the original primary studies and the level of the 
included systematic reviews. However, we performed a data verification procedure 
in our meta-review to confirm that the conclusions of the included systematic 
reviews were well supported by the primary studies. Another limitation of meta-
reviews is that the most recent primary studies may not be covered, as they have 
not yet been included in a regular systematic review. 
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IMPLICATIONS 
 
In the next section, we will discuss the implications of our findings for both practice 
and research.  
 

Implications for practice 
The results presented in this thesis show that health literacy is associated with 
many different health-related outcomes, including various aspects of self-
management and a number of health behaviors, among older adults with varying 
backgrounds. This rather general negative effect of low health literacy on older 
adults should be mitigated as much as possible. Our results point towards a 
number of steps that could be taken. 

First, our results show that health literacy has an impact on various outcomes 
among many different groups of older adults. The most effective way to address the 
multiple problems associated with health literacy would be to improve the level of 
health literacy of this population. One promising approach is to incorporate high 
quality health education at all levels of both primary and secondary education.39,40 
Sufficient attention to health and health information in the curricula could greatly 
promote the development of health literacy in future generations. This long-term 
solution, however, does not lead to immediate improvements for the current 
generation of older adults. 

Second, our findings show that poor self-management abilities and undesirable 
patterns of health behaviors may be intermediate outcomes on the pathway from 
low health literacy to poor health outcomes. Thus, in order to mitigate the negative 
impacts of low health literacy among older adults, interventions could target such 
intermediate outcomes. This could partially decrease the health disparities 
resulting from low health literacy. An example would be to focus on the lifestyle of 
older adults living in an area with a relatively low socioeconomic status, as was 
done in the Goud Leven project.25,41 To improve the general lifestyle of this group 
one could focus on mediators between health literacy and health behaviors, like 
self-efficacy (Chapter 5). 

Third, in order to intervene on the afore mentioned intermediate outcomes 
(self-management abilities and health behaviors) in the association between health 
literacy and health, health professionals should identify the group of older adults at 
greatest risk of suffering poor health outcomes because of low health literacy in 
order to give this group sufficient attention. This is of particular importance 
because these older adults have an increased chance of being lonely and having few 
social contacts (Chapter 4) and health professionals may be among the few people 
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able to reach this group. Identifying low health literacy could be done by using 
short screening instruments,42 or by evaluating cognitive functioning (Chapter 6). 

Fourth, our results suggest that interventions aimed at improving adherence 
may be effective among older adults with low health literacy (Chapter 2) and to 
help improve their health outcomes. Promising strategies include patient education 
and reduction of the health literacy demands of adherence instructions. 

Fifth, our results show that poor cognitive functioning is a predictor of low 
health literacy among older adults (Chapter 6). This indicates that lowering the 
cognitive capacities required for understanding health information might be an 
effective strategy to mitigate the negative impacts of low health literacy among 
older adults. This would involve simplifying the texts of health documents and 
websites, as many sources of health information are known to be written at levels 
well above the reading level of many people.43,44 Other possible ways to adapt 
health information to the cognitive capacities of the readers would be to include 
teach-back methods by health professionals45 and the use of photo stories.46 

Finally, our findings in general show that health literacy is associated with 
various outcomes (e.g., self-management abilities and health behaviors), as well as 
with various other constructs on both an individual level (e.g., cognitive functioning 
and self-efficacy) and on a social level (e.g., social context). This corroborates the 
use of a comprehensive approach to tackle the negative consequences of low health 
literacy in older adults. Such an approach should take into account a broad range of 
aspects associated with health literacy. 

Many of these implications for practice fit well in the framework of the health 
literacy intervention model as developed in the IROHLA project (available via 
http://healthliteracycentre.eu/). According to this model, interventions that aim to 
mitigate negative outcomes resulting from low health literacy can follow a number 
of routes. Interventions could address individuals’ levels of health literacy, the 
social and physical contexts of these individuals, the competences of health 
professionals, and the health systems’ sensitivity for health literacy problems in 
patients and citizens. Interventions that simultaneously aim at different target 
groups with different objectives and strategies may be most effective to mitigate the 
negative outcomes that follow from low health literacy among older adults. 
 

Implications for research 
Besides practical implications, this thesis also indicates various directions for 
future research.  

First, our results show that the association between low health literacy and poor 
adherence among older adults is not as strong as has commonly been assumed 



Chapter 7 
 

152 

(Chapter 2).6,7,47 Future studies on health literacy and adherence should therefore 
be broader. For example, studies could focus on the potential moderating effect of 
health literacy on the association between poorer adherence and a greater 
complexity of medication regimes.8,9 Also, as our results suggest that interventions 
to improve adherence can be effective among older adults with low health literacy 
(Chapter 2), studies could focus on identifying the most effective types of 
interventions for this purpose. 

Second, we found that low health literacy is associated with various social 
factors among older adults (Chapter 4). More specifically, older adults with low 
health literacy are more often lonely, have fewer social contacts, and engage in 
fewer social activities. This suggests that older adults with low health literacy might 
be relatively hard to reach. Future studies could focus on the best ways to reach this 
population and intervention studies could focus on addressing their loneliness.48 

Third, our study has shown an association between poor cognitive functioning 
and low health literacy in older adults, but results on the association between 
cognitive decline and health literacy were mixed (Chapter 6). To further clarify this 
complex relationship, future studies should measure both factors repeatedly over 
the course of several years. A related option could be to study whether 
interventions to improve cognitive functioning in older adults also positively affect 
their level of health literacy.49 Such proof-of-concept studies will shed light on the 
role of cognitive functioning and cognitive decline in health literacy, as well as on 
the causality of these associations. 

Fourth, in none of our studies was health literacy measured before the studied 
health behaviors or aspects of self-management. Thus, additional research is 
needed on the causality of the associations between health literacy and various 
outcomes. Longitudinal studies in the field of health literacy are still scarce. Such 
studies could further improve our insights into the mechanisms of low health 
literacy among older adults. An important focus of such studies could be the role of 
various mediators between health literacy and outcomes, such as self-efficacy 
(Chapter 5). 

Fifth, our results show an association between health literacy and both health 
behaviors and self-management abilities. Future studies should assess the results 
of interventions on the processes studied in this thesis and indicate which are most 
effective. 
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GENERAL CONCLUSION 
 
This thesis provides insights into the role of health literacy in self-management and 
health behaviors among older adults. Low health literacy is associated with poorer 
self-management abilities and an overall poorer pattern of health behaviors in 
older adults, but the available evidence did not strongly support an association 
between health literacy and adherence. Self-management abilities and health 
behaviors may be important routes through which health literacy impacts health 
outcomes. We also conclude that cognitive functioning is an important determinant 
of health literacy at an older age. Our findings offer new opportunities to address 
the major public health challenges which are the result of low health literacy among 
older adults. 
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Many older adults in developed countries have low levels of health literacy. Because 
low health literacy leads to various undesirable health outcomes, it is considered to 
be one of the major challenges in public health and health care. The main aim of 
this thesis is to examine the role of health literacy in the self-management and 
health behaviors of older adults, and the associations of cognitive functioning and 
cognitive decline with health literacy in this group. 

In Chapter 1 we introduce the concept of health literacy. We discuss the high 
prevalence of low health literacy in developed countries, as well as its many 
negative consequences on both individuals and society as a whole. Older adults are 
a group particularly vulnerable to low health literacy. There are still many 
questions about the mechanisms through which health literacy impacts health 
outcomes. Various aspects of self-management (e.g., adherence and self-
management abilities) and more general health behaviors (e.g., physical activity 
and fruit and vegetable consumption) might play an important role in these 
mechanisms. Furthermore, the nature of the associations of cognitive functioning 
and cognitive decline with health literacy is not fully understood. The chapter 
concludes with a series of research questions and presents the data sources used to 
answer these questions. The research questions are as follows: 
 
(1)  To what extent is health literacy associated with adherence among older 

adults, and how effective are interventions to improve adherence for older 
adults with low health literacy? 

(2)  To what extent is health literacy associated with self-management abilities 
among older adults, and to what extent do demographic factors, 
socioeconomic factors, and health status moderate this association? 

(3)  To what extent is health literacy associated with health behaviors and social 
factors among older adults, and to what extent do social factors moderate the 
association between health literacy and health behaviors? 

(4)  To what extent is health literacy associated with physical activity and fruit and 
vegetable consumption among older adults, and to what extent are these 
associations mediated by attitude, self-efficacy, and risk perception? 

(5)  To what extent are cognitive functioning and cognitive decline associated with 
health literacy in older adults? 

 
In Chapter 2 we focus on the association between health literacy and adherence 

in older adults, and on the extent to which interventions aiming to improve 
adherence are effective among older adults with low health literacy. A systematic 
meta-review (i.e., review of reviews) was conducted to answer these questions. 
Eight scientific databases were searched and two independent reviewers selected 
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for inclusion seventeen reviews of varying quality. Overall, the reviews found only 
weak or mixed evidence of an association between health literacy and adherence 
among older adults. Results also suggest that interventions to improve adherence 
are potentially effective for older adults with low health literacy, but evidence on 
this topic is rather limited. More research is needed on adherence interventions 
among this group before we can draw solid conclusions as to which types of 
interventions are most beneficial. 

In Chapter 3 we focus on the association between health literacy and self-
management abilities among older adults, and on the extent to which this 
association is moderated by demographic factors, socioeconomic factors, and 
health status. We answered these questions using data from a community-based 
sample of older adults. We found that self-management abilities were poorer 
among older adults with low health literacy than among those with high health 
literacy. This association was stronger in medium- to high-educated older adults 
than in low-educated older adults, but it was not moderated by gender, age, living 
situation, income, presence of chronic illness, or mental health status. These results 
show that low health literacy is associated with poor self-management abilities in 
many different groups of older adults. Early recognition of low health literacy 
among older adults could thus be very beneficial. 

In Chapter 4 we examine the associations between health literacy and health 
behaviors and social factors among older adults, and to what extent the 
associations between health literacy and health behaviors are moderated by social 
factors. Data from a large community-based sample of older adults were used to 
answer these questions. We found that low health literacy among older adults was 
associated with insufficient physical activity, insufficient fruit and vegetable 
consumption, lack of regular breakfast consumption, obesity, and low alcohol use, 
but not with smoking behavior. We also found associations between low health 
literacy and greater loneliness, engaging in fewer social activities, and having fewer 
social contacts, but health literacy was not associated with social support or living 
situation (living alone vs. living with others). The association between health 
literacy and smoking behavior was moderated by social contacts, but additional 
research is needed to solidly establish the existence of this effect. We conclude that 
social factors generally do not moderate the associations between health literacy 
and health behaviors in older adults. 

In Chapter 5 we assess to what extent health literacy is associated with physical 
activity and fruit and vegetable consumption among older adults, and to what 
extent these associations are mediated by attitude, self-efficacy, and risk 
perception. We used data from a sample of community-dwelling older adults. We 
found that low health literacy was associated with poor compliance with guidelines 
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for physical activity, but not with poor compliance with guidelines for fruit and 
vegetable consumption. Self-efficacy explained 32% of the association between 
health literacy and compliance with guidelines for physical activity, showing that 
self-efficacy partially mediated this association. Attitude and risk-perception did 
not mediate the association between health literacy and compliance with physical 
activity guidelines. These results suggest that self-efficacy may be a relevant target 
for future interventions aimed at mitigating the negative effects of low health 
literacy among older adults.  

In Chapter 6 we examine to what extent cognitive functioning and cognitive 
decline are associated with health literacy in older adults. We focus on both present 
and past cognitive functioning (measured ten years earlier). We studied three 
cognitive domains (memory, mental flexibility, information processing speed) and 
global cognitive functioning in a large community-based sample of older adults. We 
found that poorer functioning in all cognitive domains was associated with an 
increased likelihood of older adults having low health literacy. This pattern of 
results was found for both present and past cognitive functioning. Stronger 
cognitive decline was associated with an increased likelihood of low health literacy 
in this group, but this effect partially disappeared after adjustment for educational 
level. 

In Chapter 7 we discuss the main findings presented in this thesis, and address 
the most important methodological issues and implications for research and 
practice. We conclude that health literacy is associated with self-management 
abilities and various health behaviors (e.g., physical activity, fruit and vegetable 
consumption, and breakfast consumption). These findings suggest that self-
management abilities and health behaviors may be important routes through which 
health literacy impacts health outcomes. We also conclude that cognitive 
functioning is an important determinant of health literacy at an older age. Our 
findings have various implications for research and practice. In order to mitigate 
the negative impacts of low health literacy among older adults, future interventions 
could target the self-management abilities and health behaviors of this group. 
Future research should focus on the best strategies to intervene on such 
intermediate outcomes.  
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Veel ouderen in ontwikkelde landen hebben een laag niveau van 
gezondheidsvaardigheden (ook wel gezondheidsgeletterdheid genoemd). Lage 
gezondheidsvaardigheden leiden tot verschillende onwenselijke 
gezondheidsuitkomsten. Daarom wordt dit probleem gezien als een van de 
belangrijkste uitdagingen op het gebied van volksgezondheid en in de 
gezondheidszorg. Het hoofddoel van dit proefschrift is om de rol van 
gezondheidsvaardigheden te bepalen bij het zelfmanagement en het 
gezondheidsgedrag van ouderen, en om de relaties van cognitief functioneren en 
cognitieve afname met gezondheidsvaardigheden in deze groep na te gaan. 

In hoofdstuk 1 introduceren we het concept ‘gezondheidsvaardigheden’. We 
bespreken de hoge prevalentie van lage gezondheidsvaardigheden in ontwikkelde 
landen en de vele negatieve gevolgen hiervan op zowel individuen als op de 
samenleving als geheel. Vooral ouderen vormen een kwetsbare groep wat betreft 
lage gezondheidsvaardigheden. Er bestaan nog veel vragen over hoe lage 
gezondheidsvaardigheden invloed hebben op gezondheidsuitkomsten. 
Verschillende aspecten van zelfmanagement (e.g., therapietrouw en 
zelfmanagementvaardigheden) en algemene gezondheidsgedragingen (e.g., fysieke 
activiteit en groente- en fruitconsumptie) spelen hierbij mogelijk een belangrijke 
rol. Daarnaast weten we onvoldoende over de aard van de relaties van cognitief 
functioneren en afname daarin met gezondheidsvaardigheden. Het hoofdstuk 
eindigt met een serie onderzoeksvragen en een presentatie van de 
gegevensbronnen die gebruikt werden om deze onderzoeksvragen te 
beantwoorden. De onderzoeksvragen zijn de volgende: 
 
(1)  In hoeverre hangen de gezondheidsvaardigheden van ouderen samen met hun 

therapietrouw, en hoe effectief zijn interventies om therapietrouw te 
verbeteren onder ouderen met lage gezondheidsvaardigheden? 

(2)  In hoeverre hangen de gezondheidsvaardigheden van ouderen samen met hun 
zelfmanagementvaardigheden, en in hoeverre wordt deze samenhang 
gemodereerd door demografische factoren, socio-economische factoren en 
gezondheidsstatus? 

(3)  In hoeverre hangen de gezondheidsvaardigheden van ouderen samen met hun 
gezondheidsgedrag en met sociale factoren, en in hoeverre wordt de 
samenhang tussen gezondheidsvaardigheden en gezondheidsgedrag 
gemodereerd door sociale factoren? 

(4)  In hoeverre hangen de gezondheidsvaardigheden van ouderen samen met hun 
fysieke activiteit en groente- en fruitconsumptie, en in hoeverre worden deze 
relaties gemedieerd door attitude, zelfeffectiviteit en risicoperceptie? 
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(5)  In hoeverre hangen cognitief functioneren en cognitieve afname onder 
ouderen samen met hun gezondheidsvaardigheden? 

 
In hoofdstuk 2 richten we ons op de relatie tussen gezondheidsvaardigheden en 

therapietrouw onder ouderen, en op de mate waarin interventies om therapietrouw 
te verbeteren effectief zijn onder ouderen met lage gezondheidsvaardigheden. We 
deden een systematische meta-review (een review van reviews) om deze vragen te 
beantwoorden. Acht wetenschappelijke databanken werden doorzocht en twee 
onafhankelijke reviewers selecteerden zeventien reviews van wisselende kwaliteit 
voor inclusie. Over het geheel lieten de reviews slechts zwak en gemengd bewijs 
zien voor een samenhang tussen de gezondheidsvaardigheden van ouderen en hun 
therapietrouw. De resultaten suggereren ook dat interventies om therapietrouw te 
verbeteren mogelijk effectief zijn voor ouderen met lage gezondheidsvaardigheden, 
maar het bewijs hiervoor is tamelijk beperkt. Meer onderzoek is nodig voordat we 
stevige conclusies kunnen trekken over welk type interventie het meest effectief is 
om de therapietrouw van ouderen met lage gezondheidsvaardigheden te 
verbeteren. 

In hoofdstuk 3 richten we ons op de relatie tussen gezondheidsvaardigheden en 
zelfmanagementvaardigheden onder ouderen, en op de mate waarin deze relatie 
gemodereerd wordt door demografische factoren, socio-economische factoren en 
gezondheidsstatus. We beantwoordden deze vragen door gebruik te maken van 
gegevens over een steekproef onder zelfstandig wonende ouderen. We vonden dat 
de zelfmanagementvaardigheden van ouderen met lage gezondheidsvaardigheden 
beperkter zijn dan die van ouderen met hoge gezondheidsvaardigheden. Deze 
samenhang was sterker onder middelbaar- tot hoogopgeleide ouderen dan onder 
laagopgeleide ouderen, maar werd niet gemodereerd door geslacht, leeftijd, 
leefsituatie, inkomen, het hebben van een chronische ziekte, en mentale 
gezondheid. Deze resultaten laten zien dat lage gezondheidsvaardigheden 
samenhangen met beperkte zelfmanagementvaardigheden in veel verschillende 
groepen ouderen. Vroege herkenning van lage gezondheidsvaardigheden onder 
ouderen is daarom zeer wenselijk. 

In hoofdstuk 4 onderzoeken we de relaties tussen gezondheidsvaardigheden en 
gezondheidsgedrag en sociale factoren onder ouderen, en de mate waarin de 
relaties tussen gezondheidsvaardigheden en gezondheidsgedragingen gemodereerd 
worden door sociale factoren. Gegevens over een grote steekproef onder zelfstandig 
wonende ouderen werden gebruikt om deze vragen te beantwoorden. We vonden 
dat lage gezondheidsvaardigheden onder ouderen samenhingen met onvoldoende 
fysieke activiteit, onvoldoende groente- en fruitconsumptie, gebrek aan regelmatige 
ontbijtinname, obesitas, en lage alcoholconsumptie, maar niet met rookgedrag. We 
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vonden ook relaties tussen lage gezondheidsvaardigheden en een hogere mate van 
eenzaamheid, betrokkenheid bij minder sociale activiteiten, en het hebben van 
minder sociale contacten, maar gezondheidsvaardigheden hingen niet samen met 
sociale steun of leefsituatie (alleenwonend of wonend met anderen). De relatie 
tussen gezondheidsvaardigheden en rookgedrag werd gemodereerd door het aantal 
sociale contacten, maar aanvullend onderzoek is nodig om het bestaan van dit 
effect overtuigend aan te tonen. We concluderen dat sociale factoren over het 
algemeen de relatie tussen gezondheidsvaardigheden en gezondheidsgedrag onder 
ouderen niet modereren. 

In hoofdstuk 5 onderzoeken we in hoeverre gezondheidsvaardigheden 
samenhangen met fysieke activiteit en groente- en fruitconsumptie onder ouderen, 
en de mate waarin deze relaties gemedieerd worden door attitude, zelfeffectiviteit  
en risicoperceptie. We gebruikten hiervoor gegevens over een steekproef onder 
zelfstandig wonende ouderen. We vonden dat lage gezondheidsvaardigheden 
samenhingen met het slecht naleven van de richtlijnen voor voldoende fysieke 
activiteit, maar niet met het naleven van de richtlijnen voor het consumeren van 
voldoende groente en fruit. Zelfeffectiviteit verklaarde 32% van de samenhang 
tussen gezondheidsvaardigheden en het naleven van de richtlijnen voor voldoende 
fysieke activiteit, wat suggereert dat zelfeffectiviteit deze relatie gedeeltelijk 
medieert. Attitude en risicoperceptie medieerden deze relatie niet. Deze resultaten 
suggereren dat zelfeffectiviteit een relevant doelwit zou kunnen zijn voor 
toekomstige interventies die zich richten op het verminderen van de negatieve 
effecten van lage gezondheidsvaardigheden onder ouderen. 

In hoofdstuk 6 onderzoeken we in hoeverre cognitief functioneren en cognitieve 
afname samenhangen met gezondheidsvaardigheden onder ouderen. We richten 
ons zowel op huidig cognitief functioneren als op cognitief functioneren in het 
verleden (tien jaar eerder gemeten). We bestudeerden drie cognitieve domeinen 
(geheugen, mentale flexibiliteit, informatieverwerkingssnelheid) en algeheel 
cognitief functioneren in een grote steekproef onder zelfstandig wonende ouderen. 
We vonden dat een slechter functioneren in alle cognitieve domeinen samenhing 
met een verhoogde kans op lage gezondheidsvaardigheden. Dit vonden we zowel 
voor huidig cognitief functioneren als voor cognitief functioneren in het verleden. 
Een sterkere afname in cognitief functioneren hing samen met een verhoogde kans 
op lage gezondheidsvaardigheden, maar dit effect verdween gedeeltelijk na controle 
voor opleidingsniveau. 

In hoofdstuk 7 bediscussiëren we de hoofdbevindingen uit dit proefschrift en 
bespreken we de belangrijkste methodologische aspecten en de implicaties voor 
onderzoek en praktijk. We concluderen dat gezondheidsvaardigheden 
samenhangen met zelfmanagementvaardigheden en verschillende 
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gezondheidsgedragingen (e.g., fysieke activiteit, groente- en fruitconsumptie en 
ontbijtinname). Deze bevindingen suggereren dat de invloed van 
gezondheidsvaardigheden op gezondheidsuitkomsten onder ouderen mogelijk 
verloopt via zelfmanagementvaardigheden en gezondheidsgedragingen. We 
concluderen ook dat cognitief functioneren een belangrijke determinant is van 
gezondheidsvaardigheden op latere leeftijd. Onze bevindingen hebben 
verschillende implicaties voor verder onderzoek en voor de praktijk. Om de 
negatieve gevolgen van lage gezondheidsvaardigheden onder ouderen te 
verminderen kunnen toekomstige interventies zich richten op de 
zelfmanagementvaardigheden en het gezondheidsgedrag van deze groep. 
Toekomstig onderzoek zou zich moeten richten op het vinden van goede strategieën 
om te interveniëren op dergelijke tussenliggende factoren. 
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Een proefschrift schrijven is geen eenvoudige opgave. Maar het is gelukt! Mijn 
proefschrift is af! Heel veel personen hebben mij op tal van verschillende manieren 
geholpen bij de totstandkoming van mijn boekje. Een aantal van hen zou ik hier 
graag in het bijzonder willen bedanken. 
 
In de eerste plaats bedank ik graag mijn promotoren, Prof. dr. Menno Reijneveld 
en Prof. dr. Carel Jansen, en mijn copromotor, Dr. Andrea de Winter. Beste Menno, 
bedankt voor de prettige begeleiding en samenwerking. Jouw inhoudelijke kennis 
en efficiëntie hebben mij keer op keer op positieve wijze weten te verrassen. Ik heb 
veel gehad aan je suggesties om mijn artikelen aan te scherpen. Als er ooit een 
wetenschappelijk principe wordt geïntroduceerd dat stelt dat alle overbodige tekst 
uit artikelen verwijderd dient te worden stel ik graag de term ‘Menno’s razor’ voor. 
Beste Carel, jouw bijdragen waren bijzonder waardevol. Doordat je vanuit een 
andere achtergrond naar mijn stukken keek dan de rest van het team kwam er van 
jouw kant telkens weer unieke inbreng. Daarnaast wist je keer op keer de 
taalkundige kwaliteit van mijn artikelen naar een hoger niveau te tillen. Bij het 
schrijven van toekomstige teksten zal ik rekening houden met ‘Carels principe’: Een 
tekst is nooit beter dan de kwaliteit van de gebruikte taal. Beste Andrea, jouw 
kritische blik zorgde telkens weer voor nieuwe inzichten. Van jou heb ik geleerd om 
altijd de ‘stip op de horizon’ goed in het oog te blijven houden. Ook zijn je 
ogenschijnlijk eindeloze werkvermogen en optimisme belangrijke bronnen van 
inspiratie voor mij geweest. Heel erg bedankt voor je betrokkenheid gedurende dit 
traject. Ik treed mijn toekomstige werkzaamheden met ‘Andreatisch optimisme’ 
tegemoet.  
 
Graag bedank ik ook de leden van de leescommissie, Prof. dr. D.T.D. de Ridder, 
Prof. dr. S. Van den Broucke en Prof. dr. S.E.J.A. de Rooij, voor het kritisch lezen 
en beoordelen van mijn proefschrift. 
 
Ook alle coauteurs van mijn artikelen, Julii Brainard, Yoon Loke, Charlotte Salter, 
Sophie Spoorenberg, Klaske Wynia, Karlien Luten, Josué Almansa, Ellen Uiters, 
Astrid Nooyens, Monique Verschuren en Susan Picavet, wil ik graag hartelijk 
bedanken voor hun zeer waardevolle bijdragen. Mijn dank gaat ook uit naar Truus 
van Ittersum, Roy Stewart en Maaike Walters voor hun bijdragen aan mijn 
artikelen. 
 
I would also like to thank all international partners in the IROHLA consortium for 
the pleasant collaboration over the last years. Special thanks go to my colleagues in 
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the e-health working group. IROHLA was not an easy project, but we managed to 
bring it to an excellent end.  
 
Een aantal personen uit het Groningse gedeelte van het IROHLA consortium 
verdienen het om apart genoemd te worden. Buiten de personen die ik eerder al 
noemde vermeld ik in dit kader graag mijn medepromovendi: Marise, Ruth en 
Liesbeth. Ook al zijn onze projecten behoorlijk verschillend, binnen IROHLA zaten 
we toch vaak in hetzelfde schuitje. Hartelijk dank voor de prettige samenwerking. 
Iemand anders die ik het bijzonder wil bedanken voor de intensieve samenwerking 
tijdens het IROHLA project is Hanneke. Hanneke, jouw aandeel in het project ging 
veel verder dan alleen het bieden van ondersteuning. Heel erg bedankt voor je 
onmisbare bijdragen en voor de prettige samenwerking. Verder gaat mijn dank uit 
naar de andere collega’s van het Groningse IROHLA team met wie ik heb mogen 
samenwerken: Christine, Else, Hille, Inge, Jaap, Jeanet, John, Louise, Maartje en 
Merel. 
 
Het schrijven van een artikel is geen eenvoudige opgave, maar zonder 
onderzoeksgegevens zou het helemaal onmogelijk zijn. Daarom gaat mijn dank uit 
naar alle mensen die hebben deelgenomen aan Goud Leven, SamenOud, LifeLines 
of de Doetinchem Cohort Studie. Uiteraard wil ik ook alle onderzoekers bedanken 
die betrokken waren bij de datacollectie of op enigerlei wijze het schrijven van mijn 
artikelen mogelijk hebben gemaakt. 
 
Dan ben ik nu aanbeland bij mijn zeer gewaardeerde collega’s van de afdeling 
Gezondheidswetenschappen. Met veel van jullie heb ik koffie gedronken, 
lunchpauzes gehad, wandelingen gemaakt, puzzeltjes opgelost, fruit gegeten en 
inhoudelijke discussies gevoerd. Omdat dit absoluut onmisbare elementen van een 
succesvolle werkdag zijn wil ik jullie hier hartelijk voor bedanken. Graag zou ik 
jullie allemaal individueel noemen, maar jullie zijn met erg veel en ik wil niet het 
risico lopen om iemand te vergeten. Maar jullie weten wie jullie zijn. Mijn dank 
gaat ook uit naar de mensen op het secretariaat en bij beheer. Janneke, Lida, Obbe 
en Rita, bedankt voor de ondersteuning! Jorijn, heel erg bedankt voor je bijdrage 
aan de omslag van mijn proefschrift! 
 
De collega’s met wie ik de meeste tijd heb doorgebracht verdienen het natuurlijk 
om apart benoemd te worden. Want wat is het toch fijn om kamergenoten te 
hebben aan wie je altijd even snel een vraag kunt stellen, met wie je je frustraties 
kunt delen, of met wie je even voor een paar minuten het werk kunt loslaten. 
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Heleen en Feija, ik ben blij dat jullie mijn kamergenoten waren en vind het fijn dat 
jullie mijn paranimfen willen zijn. 
 
Ook buiten de werkvloer hebben een aantal personen de afgelopen jaren een 
belangrijke rol gespeeld. Beste vrienden, familie en schoonfamilie, waar dan ook in 
Nederland (of daarbuiten), bedankt voor al jullie interesse in mijn onderzoek en het 
bijbehorende proefschrift! 
 
Pap, ondanks dat het je naar eigen zeggen meer tijd zou kosten om mijn artikelen te 
lezen dan dat het mij heeft gekost om ze te schrijven (wat ik overigens sterk 
betwijfel), heb je altijd veel interesse in mijn werk getoond en me altijd met raad en 
daad bijgestaan. Mam, mede door jouw rotsvaste vertrouwen ben ik ervan 
overtuigd geraakt dat ik deze grote uitdaging aan moest gaan. Ik ben blij dat de 
door jou gemaakte tekening op de kaft van mijn proefschrift mag prijken. Pap en 
mam, bedankt voor al jullie steun en vertrouwen tijdens de afgelopen jaren. 
 
De allerlaatste regels heb ik natuurlijk bewaard voor Jantine. Lieve Jantine, je hebt 
geen idee hoe belangrijk je voor mij bent geweest bij het voltooien van dit 
proefschrift. Ik geniet van iedere minuut die we samen doorbrengen en ik heb heel 
veel zin in onze volgende hoofdstukken samen. 
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