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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 (odds ratios (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.

Many people in developed countries have low health literacy, which is
associated with various undesirable outcomes, such as poorer selfrated health (Bennett, Chen, Soroui, & White, 2009), higher rates of
hospitalization (Cho, Lee, Arozullah, & Crittenden, 2008), and higher
rates of mortality (Baker, Wolf, Feinglass, & Thompson, 2008). 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” (Kwan
et al., 2006). Large-scale studies in developed countries show low
health literacy rates to be as high as 36% in the United States (Kutner,
Greenburg, Jin, & Paulsen, 2006) and 47% in Europe (HLS-EU
Consortium, 2012), with both studies using different instruments to
measure health literacy. Low health literacy is most prevalent among
older adults (Kobayashi, Wardle, Wolf, & von Wagner, 2014). 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
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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 (Blow et al.,
2000; Huang, Hu, Fan, Liao, & Tsai, 2010; Kaplan et al., 2012;
Södergren, McNaughton, Salmon, Ball, & Crawford, 2012).
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 (Rothman et al., 2006). 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 (Husson, Mols, Fransen, van de PollFranse, & Ezendam, 2015), and among community-dwelling
people (Bennett, Boyle, James, & Bennett, 2012; Geboers, de
Winter, Luten, Jansen, & Reijneveld, 2014; Suka et al., 2015),
but some studies did not find associations of health literacy with
other health behaviors like fruit and vegetable consumption
(Geboers et al., 2014), smoking behavior (Reisi et al., 2014),
and BMI (Kennen et al., 2005). 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 (World Health Organization, 2013),
which is associated with social outcomes from an early age
(Glogowska, Roulstone, Peters, & Enderby, 2006). However, the
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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 (Hester, 2009). Another study showed that people with low
health literacy often feel ashamed about this limitation (Baker
et al., 1996; Parikh, Parker, Nurss, Baker, & Williams, 1996),
and many of them hide their low health literacy from their relatives, friends, and even their spouses (Parikh et al., 1996). 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). Studies on the association between health literacy and
social support among older adults show mixed results (Johnson,
Jacobson, Gazmararian, & Blake, 2010; Lee, Arozullah, Cho,
Crittenden, & Vicencio, 2009; Lee, Gazmararian, & Arozullah,
2006). 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 (Askelson,
Campo, & Carter, 2011). Qualitative studies suggest that people
with a long-term health condition often draw on the health literacy
skills of members of their social network (Edwards, Wood, Davies,
& Edwards, 2015), and that people with high health literacy tend to
pass on health information to others in their social network (Ellis,
Mullan, Worsley, & Pai, 2012). Just as social support has been
shown to buffer the effects of financial strain on life satisfaction
among older adults (Krause, 2005), it has been suggested that such
support could also buffer the negative effects of low health literacy
(Lee, Arozullah, & Cho, 2004). 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
literacy (Kobayashi et al., 2014) and negative social factors like
loneliness (Theeke, 2009) and social isolation (Iliffe et al., 2007)
are especially common among older adults, we focus specifically on adults above the age of 65.

Method
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 (Klijs et al., 2015; Scholtens et al., 2015; Stolk
et al., 2008). 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 (Chew, Bradley, &
Boyko, 2004; Chew et al., 2008).
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

Health Literacy, Health Behaviors, Social Factors
(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%; HLS-EU Consortium, 2012) and in the
United States (36%; Kutner et al., 2006).
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 (Wendel-Vos,
Schuit, Saris, & Kromhout, 2003).
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 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 (U.S. Department of Agriculture and U.S. Department of
Health and Human Services, 2010), 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 (World
Health Organization, 2015). 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,

47
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 (Fei &
Olsen, 2011; Mulsant et al., 2003).
Degree of loneliness was assessed with three questions from
the validated Groningen Frailty Indicator (Peters, Boter,
Burgerhof, Slaets, & Buskens, 2015): “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 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
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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).
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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.

Health Literacy and Health Behaviors
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 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 literacy (Yost, DeWalt, Lindquist, & Hahn,
2013) 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 Test (Ruff, 1988) and was used as
a continuous variable.

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

Table 1. Prevalence of health behaviors and social factors of the
participants by level of health literacy.
Health literacy

Health behaviors
Insufficient
physical activity
Insufficient fruit
consumption
Insufficient
vegetable
consumption
Smoker
No regular
breakfast
consumption
High alcohol
consumption
Obesity
Social factors
Lonely
Low social
support
Few social
activities
Few social
contacts
Living alone

Low
(n = 1081,
33.4%)

High
(n = 2160,
66.6%)

Total
(n = 3241)

P

33.5

27.6

29.5

<.001

35.5

29.2

31.3

.003

68.8

60.6

63.4

<.001

6.3
6.1

5.7
4.0

5.9
4.7

.50
.007

30.8

34.6

33.3

.033

19.4

15.0

16.4

.001

12.7
5.0

7.5
4.2

9.2
4.5

<.001
.27

10.8

7.6

8.7

.004

12.9

9.1

10.3

<.001

17.1

17.0

17.1

.96

Note. All p-values are based on χ2 tests.
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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

1.32 (1.13–1.55)
1.34 (1.11–1.62)
1.43 (1.19–1.73)
1.11 (0.82–1.52)
1.57 (1.13–2.18)
0.84 (0.72–0.99)
1.37 (1.13–1.66)

<.001
.003
<.001
.50
.008
.033
.001

Insufficient (vs. sufficient) physical activity (n = 3121)
Insufficient (vs. sufficient) fruit consumption (n = 2152)
Insufficient (vs. sufficient) vegetable consumption (n = 2145)
Smoker (vs. no smoker) (n = 3146)
Lack of regular (vs. regular) breakfast consumption (n = 3222)
High (vs. low) alcohol consumption (n = 3180)
Obesity (vs. non-obesity) (n = 3241)

Adjusted OR (95% CI)
1.31
1.41
1.51
1.19
1.66
0.81
1.35

(1.11–1.54)
(1.16–1.70)
(1.24–1.83)
(0.87–1.63)
(1.19–2.32)
(0.69–0.96)
(1.11–1.63)

p
<.001
<.001
<.001
.26
.003
.013
.002

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

behavior. Adjusting for age and gender did not substantially
change any of the associations.

95% CI = 0.11–1.08, p = .07, results not tabulated). However,
neither of these associations reached significance.

Health Literacy and Social Factors

Sensitivity Analyses

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.

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 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

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,

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)
Lonely (vs. not lonely) (n = 3194)
Low (vs. high) social support (n = 3189)
Few (vs. many) social activities (n = 2771)
Few (vs. many) social contacts (n = 3199)
Living alone (vs. living with others) (n = 3210)

1.78
1.22
1.48
1.48
1.01

(1.39–2.26)
(0.86–1.72)
(1.13–1.93)
(1.17–1.87)
(0.83–1.22)

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

p
<.001
.27
.005
.001
.96

Adjusted OR (95% CI)
1.69
1.15
1.52
1.48
0.87

(1.32–2.16)
(0.81–1.64)
(1.16–2.00)
(1.17–1.87)
(0.71–1.07)

p
<.001
.43
.002
.001
.18
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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
Insufficient physical activity
Insufficient fruit consumption
Insufficient vegetable consumption
Smoking
Lack of regular breakfast consumption
High alcohol consumption
Obesity

1.06
0.66
0.74
0.73
1.02
0.80
1.15

(0.63–1.80)
(0.35–1.23)
(0.39–1.38)
(0.29–1.85)
(0.33–3.20)
(0.47–1.34)
(0.62–2.13)

Social support
0.68
1.87
0.82
0.62
0.81
0.42
0.84

(0.31–1.50)
(0.74–4.73)
(0.33–2.03)
(0.17–2.24)
(0.17–3.93)
(0.18–1.01)
(0.37–1.91)

Social activities
0.87
0.77
0.93
0.60
0.91
0.60
0.91

(0.49–1.53)
(0.38–1.55)
(0.45–1.92)
(0.20–1.76)
(0.31–2.72)
(0.31–1.14)
(0.47–1.78)

Social contacts
1.35 (0.82–2.22)
1.09 (0.60–1.97)
1.24 (0.67–2.29)
0.25* (0.08–0.81)
0.36 (0.13–1.04)
1.23 (0.74–2.06)
0.76 (0.41–1.42)

Living situation
1.50
0.83
0.78
0.89
1.80
0.86
0.98

(0.98–2.29)
(0.50–1.38)
(0.47–1.31)
(0.41–1.91)
(0.76–4.30)
(0.56–1.30)
(0.60–1.58)

Note. 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.

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 (Reisi et al., 2014), fruit and vegetable consumption (von
Wagner, Knight, Steptoe, & Wardle, 2007), and BMI (Husson
et al., 2015). However, some studies did not find associations
between health literacy and some of the health behaviors that
we studied (Geboers et al., 2014; von Wagner et al., 2007;
Wolf, Gazmararian, & Baker, 2007). 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 (Husson et al., 2015).
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 (Yost
et al., 2013), and some studies suggest that highly educated

people are more likely to exceed the guidelines for alcohol
consumption (Merrick et al., 2008; Platt, Sloan, & Costanzo,
2010). 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 (Bennett et al., 2012).
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 (Hester, 2009). These associations could also be the result of the link between health literacy
and general literacy (World Health Organization, 2013), with
literacy being associated with social outcomes from an early age
(Glogowska et al., 2006). 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 (Simon, Chang, Zhang, Ruan, & Dong,
2014), 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
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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 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
validated (Chew et al., 2004, 2008) and has been used in various
other studies (Aikens & Piette, 2009; Bayliss, Ellis, & Steiner,
2007; Geboers et al., 2014; Halverson et al., 2015). 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 (Kobayashi, Wardle, Wolf, & von Wagner, 2015;
Morris, Maclean, & Littenberg, 2013), 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 (Bennett et al., 2009), rates of
hospitalization (Cho et al., 2008), and mortality (Baker et al.,
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2008). 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 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 activities (Luten, Reijneveld, Dijkstra, & de Winter, 2016) or by
directly
addressing
loneliness
(Kremers,
Steverink,
Albersnagel, & Slaets, 2006).
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.

Funding
This manuscript was written in the framework of the IROHLA
project. IROHLA is coordinated by the University Medical Center
Groningen and has received funding from the European Union’s
Seventh Framework Programme (FP7/2007–2013) under grant
agreement #305831. The LifeLines Cohort Study, and generation
and management of GWAS genotype data for the LifeLines
Cohort Study, is supported by the Netherlands Organization of
Scientific Research NWO (grant 175.010.2007.006), the Ministry
of Economic Affairs, the Ministry of Education, Culture and
Science, the Ministry for Health, Welfare and Sports, the
Northern Netherlands Collaboration of Provinces (SNN), the
Province of Groningen, the University Medical Center

52
Groningen, the University of Groningen, the Dutch Kidney
Foundation, and the Dutch Diabetes Research Foundation.

ORCID
Sijmen A. Reijneveld http://orcid.org/0000-0002-1206-7523
Andrea F. de Winter http://orcid.org/0000-0002-9380-4889
Carel J.M. Jansen http://orcid.org/0000-0001-5259-4291

References
Aikens, J. E., & Piette, J. D. (2009). Diabetic patients’ medication underuse,
illness outcomes, and beliefs about antihyperglycemic and antihypertensive treatments. Diabetes Care, 32, 19–24. doi:10.2337/dc08-1533
Askelson, N. M., Campo, S., & Carter, K. D. (2011). Completely isolated?
Health information seeking among social isolates. Health Education &
Behavior, 38, 116–122. doi:10.1177/1090198110369055
Baker, D. W., Parker, R. M., Williams, M. V., Pitkin, K., Parikh, N. S.,
Coates, W., & Imara, M. (1996). The health care experience of patients
with low literacy. Archives of Family Medicine, 5, 329–334.
doi:10.1001/archfami.5.6.329
Baker, D. W., Wolf, M. S., Feinglass, J., & Thompson, J. A. (2008). Health
literacy, cognitive abilities, and mortality among elderly persons.
Journal of General Internal Medicine, 23, 723–726. doi:10.1007/
s11606-008-0566-4
Bayliss, E. A., Ellis, J. L., & Steiner, J. F. (2007). Barriers to self-management and quality-of-life outcomes in seniors with multimorbidities.
Annals of Family Medicine, 5, 395–402. doi:10.1370/afm.722
Bennett, I. M., Chen, J., Soroui, J. S., & White, S. (2009). The contribution
of health literacy to disparities in self-rated health status and preventive
health behaviors in older adults. Annals of Family Medicine, 7, 204–211.
doi:10.1370/afm.940
Bennett, J. S., Boyle, P. A., James, B. D., & Bennett, D. A. (2012).
Correlates of health and financial literacy in older adults without dementia. BMC Geriatrics, 12, 30. doi:10.1186/1471-2318-12-30
Blow, F. C., Walton, M. A., Barry, K. L., Coyne, J. C., Mudd, S. A., &
Copeland, L. A. (2000). The relationship between alcohol problems and
health functioning of older adults in primary care settings. Journal of the
American Geriatrics Society, 48, 769–774. doi:10.1111/j.15325415.2000.tb04751.x
Chew, L. D., Bradley, K. A., & Boyko, E. J. (2004). Brief questions to
identify patients with inadequate health literacy. Family Medicine, 36,
588–594.
Chew, L. D., Griffin, J. M., Partin, M. R., Noorbaloochi, S., Grill, J. P.,
Snyder, A. . . . vanRyn, M. (2008). Validation of screening questions for
limited health literacy in a large VA outpatient population. Journal of
General Internal Medicine, 23, 561–566. doi:10.1007/s11606-0080520-5
Cho, Y. I., Lee, S. D., Arozullah, A. M., & Crittenden, K. S. (2008). Effects
of health literacy on health status and health service utilization amongst
the elderly. Social Science & Medicine, 66, 1809–1816. doi:10.1016/j.
socscimed.2008.01.003
Edwards, M., Wood, F., Davies, M., & Edwards, A. (2015). ‘Distributed
health literacy’: Longitudinal qualitative analysis of the roles of health
literacy mediators and social networks of people living with a long-term
health condition. Health Expectations, 18, 1180–1193. doi:10.1111/
hex.12093
Ellis, J., Mullan, J., Worsley, A., & Pai, N. (2012). The role of health
literacy and social networks in arthritis patients’ health informationseeking behavior: A qualitative study. International Journal of Family
Medicine, 2012, 1–6. doi:10.1155/2012/397039
Fei, C., & Olsen, J. (2011). Prenatal exposure to perfluorinated chemicals
and behavioral or coordination problems at age 7 years. Environmental
Health Perspectives, 119, 573–578. doi:10.1289/ehp.1002026

B. Geboers et al.
Geboers, B., de Winter, A. F., Luten, K. A., Jansen, C. J. M., & Reijneveld,
S. A. (2014). The association of health literacy with physical activity
and nutritional behavior in older adults, and its social cognitive mediators. Journal of Health Communication, 19(Suppl 2), 61–76.
doi:10.1080/10810730.2014.934933
Glogowska, M., Roulstone, S., Peters, T. J., & Enderby, P. (2006). Early
speech- and language-impaired children: Linguistic, literacy, and social
outcomes. Developmental Medicine and Child Neurology, 48, 489–494.
doi:10.1111/j.1469-8749.2006.tb01301.x
Halverson, J. L., Martinez-Donate, A. P., Palta, M., Leal, T., Lubner, S.,
Walsh, M. C. . . . Trentham-Dietz, A. (2015). Health literacy and healthrelated quality of life among a population-based sample of cancer
patients. Journal of Health Communication, 20, 1320–1329.
doi:10.1080/10810730.2015.1018638
Hester, E. J. (2009). An investigation of the relationship between health
literacy and social communication skills in older adults. Communication
Disorders Quarterly, 30, 112–119. doi:10.1177/1525740108324040
HLS-EU Consortium. (2012). Comparative report of health literacy in eight
EU member states. Retrieved from http://www.health-literacy.eu.
Huang, C. J., Hu, H. T., Fan, Y. C., Liao, Y. M., & Tsai, P. S. (2010).
Associations of breakfast skipping with obesity and health-related quality of life: Evidence from a national survey in Taiwan. International
Journal of Obesity, 34, 720–725. doi:10.1038/ijo.2009.285
Husson, O., Mols, F., Fransen, M. P., van de Poll-Franse, L. V., & Ezendam,
N. P. M. (2015). Low subjective health literacy is associated with
adverse health behaviors and worse health-related quality of life
among colorectal cancer survivors: Results from the profiles registry.
Psycho-Oncology, 24, 478–486. doi:10.1002/pon.3678
Iliffe, S., Kharicha, K., Harari, D., Swift, C., Gillmann, G., & Stuck, A. E.
(2007). Health risk appraisal in older people 2: The implications for
clinicians and commissioners of social isolation risk in older people.
British Journal of General Practice, 57, 277–282.
Johnson, V. R., Jacobson, K. L., Gazmararian, J. A., & Blake, S. C. (2010).
Does social support help limited-literacy patients with medication adherence? A mixed methods study of patients in the Pharmacy Intervention
for Limited Literacy (PILL) study. Patient Education and Counseling,
79, 14–24. doi:10.1016/j.pec.2009.07.002
Kaplan, M. S., Huguet, N., Feeny, D., McFarland, B. H., Caetano, R.,
Bernier, J. . . . Ross, N. (2012). Alcohol use patterns and trajectories of
health-related quality of life in middle-aged and older adults: A 14-year
population-based study. Journal of Studies on Alcohol and Drugs, 73,
581–590. doi:10.15288/jsad.2012.73.581
Kennen, E. M., Davis, T. C., Huang, J., Yu, H., Carden, D., Bass, R., &
Arnold, C. (2005). Tipping the scales: The effect of literacy on obese
patients’ knowledge and readiness to lose weight. Southern Medical
Journal, 98, 15–18. doi:10.1097/01.SMJ.0000146617.21240.49
Klijs, B., Scholtens, S., Mandemakers, J. J., Snieder, H., Stolk, R. P., &
Smidt, N. (2015). Representativeness of the LifeLines Cohort Study.
PLoS ONE, 10, e0137203. doi:10.1371/journal.pone.0137203
Kobayashi, L. C., Wardle, J., Wolf, M. S., & von Wagner, C. (2014). Aging
and functional health literacy: A systematic review and meta-analysis.
Journals of Gerontology, Series B: Psychological Sciences and Social
Sciences, 71, 445–457. doi:10.1093/geronb/gbu161
Kobayashi, L. C., Wardle, J., Wolf, M. S., & von Wagner, C. (2015).
Cognitive function and health literacy decline in a cohort of aging
English adults. Journal of General Internal Medicine, 30, 958–964.
doi:10.1007/s11606-015-3206-9
Krause, N. (2005). Exploring age differences in the stress-buffering function
of social support. Psychology and Aging, 20, 714–717. doi:10.1037/
0882-7974.20.4.714
Kremers, I. P., Steverink, N., Albersnagel, F. A., & Slaets, J. J. (2006).
Improved self-management ability and well-being in older women after
a short group intervention. Aging & Mental Health, 10, 476–484.
doi:10.1080/13607860600841206
Kutner, M., Greenburg, E., Jin, Y., & Paulsen, C. (2006). The health literacy
of America’s adults: Results from the 2003 National Assessment of Adult

Health Literacy, Health Behaviors, Social Factors
Literacy (NCES 2006-483). Washington, DC: National Center for
Education Statistics, U.S. Department of Education.
Kwan, B., Frankish, J., Rootman, I., Zumbo, B., Kelly, K., Begoray, D., &
Hayes, M. (2006). The development and validation of measures of
“health literacy” in different populations. Vancouver, Canada:
University of British Columbia, Institute of Health Promotion
Research & University of Victoria Centre for Community Health
Promotion Research.
Lee, S. D., Arozullah, A. M., & Cho, Y. I. (2004). Health literacy, social
support, and health: A research agenda. Social Science & Medicine, 58,
1309–1321. doi:10.1016/S0277-9536(03)00329-0
Lee, S. D., Arozullah, A. M., Cho, Y. I., Crittenden, K., & Vicencio, D.
(2009). Health literacy, social support, and health status among older
adults. Educational Gerontology, 35, 191–201. doi:10.1080/
03601270802466629
Lee, S. D., Gazmararian, J. A., & Arozullah, A. M. (2006). Health literacy
and social support among elderly Medicare enrollees in a managed care
plan. Journal of Applied Gerontology, 25, 324–337. doi:10.1177/
0733464806291314
Luten, K. A., Reijneveld, S. A., Dijkstra, A., & de Winter, A. F. (2016).
Reach and effectiveness of an integrated community-based intervention
on physical activity and healthy eating of older adults in a socioeconomically disadvantaged community. Health Education Research, 31, 98–
106. doi:10.1093/her/cyv064
Merrick, E. L., Horgan, C. M., Hodgkin, D., Garnick, D. W., Houghton, S.
F., Panas, L., & Blow, F. C. (2008). Unhealthy drinking patterns in older
adults: Prevalence and associated characteristics. Journal of the
American Geriatrics Society, 56, 214–223. doi:10.1111/j.15325415.2007.01539.x
Morris, N. S., Maclean, C. D., & Littenberg, B. (2013). Change in health
literacy over 2 years in older adults with diabetes. The Diabetes
Educator, 39, 638–646. doi:10.1177/0145721713496871
Mulsant, B. H., Pollock, B. G., Kirshner, M., Shen, C., Dodge, H., &
Ganguli, M. (2003). Serum anticholinergic activity in a communitybased sample of older adults: Relationship with cognitive performance.
Archives of General Psychiatry, 60, 198–203. doi:10.1001/
archpsyc.60.2.198
Parikh, N. S., Parker, R. M., Nurss, J. R., Baker, D. W., & Williams, M. V.
(1996). Shame and health literacy: The unspoken connection. Patient
Education and Counseling, 27, 33–39. doi:10.1016/0738-3991(95)
00787-3
Peters, L. L., Boter, H., Burgerhof, J. G. M., Slaets, J. P. J., & Buskens, E.
(2015). Construct validity of the Groningen Frailty Indicator established
in a large sample of home-dwelling elderly persons: Evidence of stability across age and gender. Experimental Gerontology, 69, 129–141.
doi:10.1016/j.exger.2015.05.006
Platt, A., Sloan, F. A., & Costanzo, P. (2010). Alcohol-consumption trajectories and associated characteristics among adults older than age 50.
Journal of Studies on Alcohol and Drugs, 71, 169–179. doi:10.15288/
jsad.2010.71.169
Reisi, M., Javadzade, S. H., Heydarabadi, A. B., Mostafavi, F., Tavassoli, E., &
Sharifirad, G. (2014). The relationship between functional health literacy and
health promoting behaviors among older adults. Journal of Education and
Health Promotion, 3, 119. doi:10.4103/2277-9531.145925

53
Rothman, R. L., Housam, R., Weiss, H., Davis, D., Gregory, R.,
Gebretsadik, T., & Elasy, T. A. (2006). Patient understanding of food
labels: The role of literacy and numeracy. American Journal of
Preventive Medicine, 31, 391–398. doi:10.1016/j.amepre.2006.07.025
Ruff, R. M. (1988). Ruff Figural Fluency Test professional manual. Odessa,
FL: Psychological Assessment Resources.
Scholtens, S., Smidt, N., Swertz, M. A., Bakker, S. J., Dotinga, A., Vonk, J.
M. . . . Stolk, R. P. (2015). Cohort Profile: LifeLines, a three-generation
cohort study and biobank. International Journal of Epidemiology, 44,
1172–1180. doi:10.1093/ije/dyu229
Simon, M. A., Chang, E., Zhang, M., Ruan, J., & Dong, X. (2014). The
prevalence of loneliness among U.S. Chinese older adults. Journal of
Aging and Health, 26, 1172–1188. doi:10.1177/0898264314533722
Södergren, M., McNaughton, S. A., Salmon, J., Ball, K., & Crawford, D. A.
(2012). Associations between fruit and vegetable intake, leisure-time
physical activity, sitting time and self-rated health among older adults:
Cross-sectional data from the WELL study. BMC Public Health, 12,
551. doi:10.1186/1471-2458-12-551
Stolk, R. P., Rosmalen, J. G. M., Postma, D. S., De Boer, R. A., Navis, G.,
Slaets, J. P. J., & Wolffenbuttel, B. H. R. (2008). Universal risk factors
for multifactorial diseases: LifeLines: A three-generation populationbased study. European Journal of Epidemiology, 23, 67–74.
doi:10.1007/s10654-007-9204-4
Suka, M., Odajima, T., Okamoto, M., Sumitani, M., Igarashi, A., Ishikawa,
H. . . . Sugimori, H. (2015). Relationship between health literacy, health
information access, health behavior, and health status in Japanese people. Patient Education and Counseling, 98, 660–668. doi:10.1016/j.
pec.2015.02.013
Theeke, L. A. (2009). Predictors of loneliness in U.S. adults over age sixtyfive. Archives of Psychiatric Nursing, 23, 387–396. doi:10.1016/j.
apnu.2008.11.002
U.S. Department of Agriculture and U.S. Department of Health and Human
Services. (2010). Dietary guidelines for Americans (7th ed.).
Washington, DC: U.S. Government Printing Office.
von Wagner, C., Knight, K., Steptoe, A., & Wardle, J. (2007). Functional
health literacy and health-promoting behaviour in a national sample of
British adults. Journal of Epidemiology and Community Health, 61,
1086–1090. doi:10.1136/jech.2006.053967
Wendel-Vos, G., Schuit, A. J., Saris, W. H. M., & Kromhout, D. (2003).
Reproducibility and relative validity of the short questionnaire to assess
health-enhancing physical activity. Journal of Clinical Epidemiology,
56, 1163–1169. doi:10.1016/S0895-4356(03)00220-8
Wolf, M. S., Gazmararian, J. A., & Baker, D. W. (2007). Health literacy and
health risk behaviors among older adults. American Journal of Preventive
Medicine, 32, 19–24. doi:10.1016/j.amepre.2006.08.024
World Health Organization. (2013). Health literacy. The solid facts.
Copenhagen, Denmark: WHO Regional Office for Europe.
World Health Organization. (2015). BMI Classification. Geneva,
Switzerland:
Author.
Retrieved
from
who.int/bmi/index.jsp?
introPage=intro_3.html
Yost, K. J., DeWalt, D. A., Lindquist, L. A., & Hahn, E. A. (2013). The
association between health literacy and indicators of cognitive impairment in a diverse sample of primary care patients. Patient Education and
Counseling, 93, 319–326. doi:10.1016/j.pec.2013.07.006

