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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. 
 

  



Chapter 7 
 

150 

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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