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Abstract

Background: To examine whether medication related information processing defined as reading of over-the-counter
drug labels, understanding prescription instructions, and information seeking—and medication adherence account for
the association between health literacy and quality of life, and whether these associations may be moderated by age
and gender.

Methods: A sample of 305 adults in South Korea was recruited through a proportional quota sampling to take part in

a cross-sectional survey on health literacy, medication-related information processing, medication adherence, and
quality of life. Descriptive statistics and structural equation modeling (SEM) were performed.

Results: Two mediation pathways linking health literacy with quality of life were found. First, health literacy was
positively associated with reading drug labels, which was subsequently linked to medication adherence and
quality of life. Second, health literacy was positively associated with accurate understanding of prescription
instructions, which was associated with quality of life. Age moderation was found, as the mediation by reading
drug labels was significant only among young adults whereas the mediation by understanding of medication

instruction was only among older adults.

Conclusion: Reading drug labels and understanding prescription instructions explained the pathways by which
health literacy affects medication adherence and quality of life. The results suggest that training skills for processing
medication information can be effective to enhance the health of those with limited health literacy.

Keywords: Health literacy, Reading drug label, Understanding prescription instruction, Drug information

seeking, Quality of life

Background

Health literacy, defined as the “degree to which individuals
have the capacity to obtain, process, and understand basic
health information and services needed to make appropri-
ate health decisions,” is influenced by both social environ-
ments and characteristics of healthcare settings [1]. There
is abundant evidence linking inadequate health literacy to
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a wide variety of negative health outcomes including in-
creased hospitalizations, greater use of emergency care,
inappropriate medication usage, poorer health status, and
mortality [2]. Among various health management behav-
iors that are affected by health literacy, medication usage
and adherence has received great empirical attention be-
cause of its direct impact on disease severity, quality of
life, and increased healthcare costs [3, 4].

A meta-analysis has demonstrated inconsistent find-
ings for the effects of health literacy on medication ad-
herence [4]. Although the majority of previous studies
exhibited a link between adequate health literacy and
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better medication adherence among adults with diabetes,
human immunodeficiency virus infection, and heart fail-
ure [5-7], some studies refuted those findings and re-
ported that low health literacy was associated with
better medication adherence [8] or had non-significant
associations [9]. These inconsistent findings suggest that
cognitive and behavioral processes underlying the associ-
ation between health literacy and medication adherence
may involve complex causal pathways, which may not
have been articulated in previous studies’ attempts to
demonstrate a direct association between them.

By facilitating adherence to treatment regimen and
self-management of a disease, health literacy has shown
to ultimately contribute to an improvement in health re-
lated quality of life - an integral indicator for well-being
and physical, psychological, and social function that are
assessed from the patient’s view point [10]. A strong as-
sociation between medication adherence and improved
quality of life has been demonstrated in adults with
chronic conditions [3, 11]. Although relatively few stud-
ies have examined the impact of health literacy on qual-
ity of life, the findings from those studies were mixed:
some reported a significant impact of health literacy on
quality of life [12], while others reported null findings
[13]. Overall, the previous studies suggested that the
processes by which health literacy affects medication ad-
herence and quality of life need to be clarified based on
the mixed findings on the associations among health lit-
eracy, medication adherence, and quality of life.

There are several theoretical models that identify spe-
cific processes by which health literacy may impact pa-
tient medication management and health-related quality
of life [14—16]. These models suggest that low health lit-
eracy may put individuals at risk of having insufficient
skills for acquiring and understanding medication-
related information. Previous studies have provided lim-
ited support for these theoretical predictions such that
adults with chronic disease and low health literacy often
experience difficulties in understanding prescription
drug labels or other health information [17, 18] and pos-
sess poor health information seeking skills [19]. These
insufficient information acquisition and processing skills
among those with low health literacy can lead to poorer
understanding of prescribed medication regimens and
medication non-adherence, which can further result in
suboptimal management of disease symptoms and im-
paired quality of life.

This study aimed to investigate the mediating path-
ways by which medication-related information process-
ing behavior and medication adherence explain the
association between health literacy and health-related
quality of life in South Korean adults. Firstly, the medi-
ation pathways between health literacy and information
processing tested whether lower levels of health literacy
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are associated with less active medication-related infor-
mation processing behavior, including less reading of
over-the-counter (OTC) drug labels; less accurate under-
standing of prescription instructions; and less seeking
out of drug related information. Secondly, the medica-
tion pathways between information processing, medica-
tion adherence, and quality of life evaluated whether the
indicators for less active medication-related information
processing behavior led to poorer adherence to medica-
tion instructions and worsened quality of life. Additional
exploration was conducted to test whether age and gen-
der had moderating effects on mediating pathways, given
the known influences of age and gender on health out-
comes and health care utilization [20].

Methods

Model development

Based on previous literature and by adapting compo-
nents from the integrative model, the causal pathway
model, and the logic model of health literacy and
health outcomes [14-16], we developed a theoretical
model that explains mechanisms underlying the asso-
ciations among health literacy, medication-related in-
formation processing, and quality of life. Our
theoretical model predicts that health literacy may fa-
cilitate active medication-related information process-
ing [14, 16] that can be indicated by thorough
reading for drug labels, accurate interpretation of
medication instructions, and frequent medication in-
formation seeking behaviors. As a result of active
medication information processing, individuals may,
in turn, become more likely to properly adhere to
medication instruction, which can lead to better qual-
ity of life. Additionally, the model assumes that
demographic variables such as education, age, gender,
and other factors such as having a chronic disease
may affect quality of life or directly or indirectly by
influencing health literacy levels, medication-related
information processing ability, or medication adher-
ence [14, 15]. Chronic diseases which were included
in the model included hypertension, cerebrovascular
stroke, myocardial infarction (angina), hyperlipidemia,
osteoarthritis, rheumatoid arthritis, tuberculosis, thy-
roid diseases, stomach cancer, liver cancer, colorectal
cancer, breast cancer, cervical cancer, lung cancer,
thyroid cancer, depression, atopic dermatitis, kidney
failure, hepatitis B, hepatitis C, and liver cirrhosis.

Study participants

Study participants were selected to have a nationally rep-
resentative sample of the Korean adult non-
institutionalized population from the provinces of Seoul
and Gyeong-gi using a proportional quota sampling
method, stratified by age and gender. Almost half (46%)
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of the total population of South Korea resides in these
two provinces. Exclusionary criteria included participa-
tion in other national surveys within the past 6 months
or current employment in the healthcare, research, or
marketing industries. A total of 305 participants com-
pleted a cross-sectional survey which assessed health lit-
eracy, medication usage, health status, and demographic
information; 50.5% of these participants were female and
the mean age was 41.76 + 13.15 years.

Data collection procedures

All survey data were collected via multiple group survey
sessions conducted in October—December, 2014 that
were organized by trained survey moderators and inter-
viewers. Multiple group survey sessions were conducted
with up to 30 participants per session. During a group
survey session, a survey moderator would introduce the
survey and answer any questions about the survey from
participants. All participants completed and signed an
informed consent form before the survey started. This
study was approved by the Institutional Review Board of
Chung-Ang University (approval number: 1,041,078-
201,409-HR-136-01).

Measures

Health Literacy: Health literacy was assessed using the
translated Korean version of the Rapid Estimate of Adult
Literacy in Medicine (REALM), which is a word recogni-
tion test of common medical words and layman terms
relating to body parts and illnesses [21]. The Korean ver-
sion of the REALM was developed by incorporating cul-
turally appropriate translations for the 66 words from
the REALM and modifying its administration and rating
[22]. Instead of reading each of the 66 words aloud, par-
ticipants responded to a written questionnaire that asked
whether they knew each of the words on the list using a
4-point Likert scale (1 = I don’t know this term, 2 = I
have seen the term before but don’t know the meaning,
3 = I have seen the term before and know its meaning a
little, 4 = I know this term). These 4-point scale values
were reclassified to either 0 which equated to not know-
ing the word (including the 1 and 2 responses) or 1
which equated to knowing the word (including the 3
and 4 responses). Consequently, the total score range
was 0—66.

The cut-off score of 61 on the REALM was then used
to classify participants as having adequate versus inad-
equate health literacy, which has been validated by previ-
ous studies with Korean adolescent and adult samples
[22, 23]. The internal consistency of the scale for this
sample was a = 0.96.

Reading labels of non-pharmacy sales of OTC drugs:
Participants’ level of label reading of non-pharmacy sales
of OTC drugs was assessed based on how many of the
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listed six information components were usually read
from each of three selected OTC drugs (cold medicines,
nonsteroidal anti-inflammatory agents for children, and
digestive medications). The study’s OTC drugs were sold
at non-pharmacy locations (e.g., convenience stores, su-
permarkets) in order to increase general access to OTC
drugs when pharmacies were closed. The sample drug
labels were taken from actual labels of available OTC
medications, and the six subsections included active in-
gredient(s), product type, uses, dosage, warnings, and
cautions. Participants rated their levels of reading of
each sample label subsection using a 5 Likert point scale,
ranging from 1 = ‘not read any label information’ to 5=
‘reading all information within the label section’. The in-
ternal consistency of the scale was a = 0.96.

Understanding prescription instructions: Participants’
understanding of prescription instructions was measured
based on 5 multiple choice questions for each of four
different prescriptions, resulting in a total of 20 ques-
tions. These questions were designed to test whether
participants can accurately understand four different
prescriptions. The instructions associated with each pre-
scription included a list of all the prescribed medicines
for a patient; directions on how to take the medicine;
the uses; and dosage. The 20 questions about the pre-
scription instructions asked, for example, “According to
the prescription instructions, how many prescription
medications does the patient need to take at lunch
time?” A total score was calculated by counting the
number of correct answers, ranging from 0 to 20.

Medication-related information seeking behavior: To
assess medication-related information seeking behavior,
participants were asked how frequently they use differ-
ent sources of information including asking healthcare
professionals, using online resources, and reading
printed materials. The frequency of using each source
was rated on a 5-point Likert scale from 1 = ‘not using it
at all’ to 5 = ‘very frequently using it’.

Medication adherence: Medication adherence was
assessed based on responses to the following question that
was adapted from the Korea Health Panel Survey [24]:
“‘When you take your medication, how likely are you to
follow the instructions of how to take your medication?’
with a 5-point Likert scale ranging from 1 = ‘not very
likely to follow the instructions’ to 5 = ‘very likely to follow
the instructions’. This question measures self-perception
of the general tendency to follow medication instructions
rather than asking whether a person took specific medica-
tions as instructed. Respondents’ perception of their medi-
cation adherence as a proxy for actual medication taking
behaviors shows high correlation with other non-self-
reported medication adherence records [25].

Quality of life: Participants’ quality of life was mea-
sured using the Korean version of the Short Form-36
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health survey, which was validated for its reliability and
its ability to detect health status and health-related qual-
ity of life among those with and without disease condi-
tions across different countries [26]. The scale values of
Short Form-36 health survey were used to derive a
health utility value, which is a preference-based single
index measure of health-related quality of life based on
the SF-6D algorithm [27]. The SF-6D is composed of the
ordinal levels of health states in six dimensions including
physical functioning, role limitations due to emotional
and physical health problems, social functioning, pain,
mental health, and vitality. The six dimensions were
used to calculate preference weighted health utility
scores that ranged from O to 1.

Statistical analysis

The demographic characteristics and levels of key
study variables between people with adequate and in-
adequate health literacy were compared using the
Student t-test for continuous variables with a normal
distribution, the Mann-Whitney U test for variables
without a normal distribution, and the Chi-square test
for categorical variables.

After the correlations of key study variables were exam-
ined, structural equation modeling (SEM) was conducted
for testing the associations between health literacy,
medication-related information processing, perceived
medication adherence, and quality of life using AMOS
version 23.0 (SPSS Inc., Chicago, IL). First, latent variables
were defined using factor analysis to identify groups of
items that assess the different aspects of a construct (e.g.,
reading OTC drug labels and seeking out medication-
related information). Second, the direct pathways between
health literacy and quality of life and the mediating path-
ways through medication-related information processing
and perceived medication adherence were added to the
model to estimate the mediation effects of medication-
related information processing. The mediation effect was
then tested by the joint significance test [28]. This test ex-
amines the significance of coefficients of both o pathways
(i.e., the pathways between predictor and mediator vari-
ables) and P pathways (i.e., the pathways between medi-
ator and outcome variables) to determine the mediation
effects. Demographic and clinical variables such as age,
gender, education, and chronic diseases were initially con-
nected to study variables, but those pathways from the
demographic variables were removed in the final SEM
model as they were not significantly associated with the
study variables.

Third, bootstrapping analyses were conducted with
1000 bootstrapped samples in order to obtain reliable
95% confidence intervals of estimated parameters which
were not normally distributed. The model fit indices, in-
cluding root mean-squared error of approximation,
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Tucker-Lewis index, and the comparative fit index were
calculated, and the cutoff scores of root mean-squared
error of approximation <0.10 and Tucker-Lewis index
and comparative fit index >0.90 were used to evaluate
the model [45, 46]. Additionally, the chi-square statistic
for the model fit was obtained by applying the boot-
strapped sampling distribution and Bollen-Stine statis-
tics [29].

Finally, gender and age moderation effects for the me-
diational pathways were examined using a multi-group
structural equation modeling technique. After removing
gender (or age) from the model, all of the paths of the
final model were constrained to be equal for women and
men (or young adults 20—39 years old and older adults
40-69 years old). Then, the model was then compared
to an otherwise identical model in which all paths were
not constrained to be equal between women and men or
between young and old adults. A chi-square difference
test (A x°) was then used to determine if the fit of the
constrained model was significantly worse than the one
without constraints [30].

Results

As presented in Table 1, participants were highly edu-
cated, and 30.5% of them had at least one chronic dis-
ease conditions such as hypertension, arthritis, or
diabetes. Inadequate health literacy was less prevalent
among middle-aged adults than their younger or older
counterparts. Compared to those with adequate health
literacy, those with inadequate health literacy tended to
be less educated, have one or more chronic diseases, and
reported lower perceived medication adherence but
similar levels of quality of life. Table 2 shows correlations
between pairs of study and demographic variables.
Health literacy was positively correlated with all three
indicators for medication-related information process-
ing, but not with quality of life. Quality of life was posi-
tively associated with perceived medication adherence,
understanding prescription instructions, and education
but was negatively associated with age, gender, and
chronic disease.

As presented in Table 3, the two measurement models
for reading labels and information seeking behavior were
confirmed to be appropriately established, with significant
factor loadings connecting measured variables with a
defined latent variable (factor loadings 0.46-0.94, all
p < 0.01). The items for reading OTC drug labels were
classified into three components including: a) reading cau-
tions and warnings, b) reading use and dosage, and c)
reading active ingredients and product type. In addition,
the items assessing medication-related information seek-
ing behavior were classified into a) searching for internet,
b) asking healthcare professionals, and c) reading books
and magazines according to the underlying factor
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Table 1 Demographic characteristics of participants by health literacy level
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All participants Adequate health literacy Inadequate health literacy p-value
(n = 305) n (%) (n=198) n (%) (n=107) n (%)

Gender
Women 154 (50.49) 102 (51.52) 52 (51.40) 0.63
Men 151 (49.51) 96 (4848) 55 (48.60)

Age (mean + SD) (41.76 £ 13.16) (43.06 £ 12.24) (39.36 + 14.46) <005
20-34 100 (32.79) 56 (28.28) 44 (41.12) < 0057
35-54 147 (48.20) 105 (53.03) 42 (39.25)

55-59 21 (6.89) 16 (8.08) 5 (4.67)
<60 37 (12.13) 21 (1061) 16 (14.95)
Education
< High school 48 (15.74) 25 (12.63) 23 (21.50) < 0.001°
Less than college 44 (1443) 18 (9.09) 26 (24.30)
College 196 (64.26) 141 (71.21) 55 (51.40)
Graduate School 17 (5.57) 14 (7.07) 3 (2.80)
Number of chronic disease®
None 212 (69.51) 135 (68.18) 77 (71.96) 049
21 93 (30.49) 63 (31.82) 30 (28.04)
Medication adherence®, mean + SD 3.96 + 0.81 405 +0.72 3.79 + 0.95 < 0.05
Quality of lifed, mean + SD 074 +£0.12 074 £ 012 074 +£0.12 0.76

Abbreviation: n: number SD standard deviation
2 Fisher's exact test was used because the expected cell size <5.  Chronic disease is defined as a disease (such as hypertension, arthritis, diabetes, and asthma,
etc) that persists for 3 months or longer. © Scores range from 1 to 5. Higher scores reflect better medication adherence. ¢ Scores range from 0 to 1. Higher scores

represent better health related quality of life

structure (Table 4). When item mean scores by age groups
were analyzed, older adults appeared to read more warn-
ings/cautions and active ingredients/product type sections
of drug labels (all p < 0.01) and used less internet sources
and more printed materials when searching for medication-
related information than young adults (all p < 0.01). The
mean scores from each category of items were used to es-
tablish measurement models.

Figure 1 presented the final SEM model which has
two significant mediation pathways. The first mediation

Table 2 Correlations among measured indicators

pathway showed the associations among health literacy,
reading drug labels, perceived medication adherence,
and quality of life. Particularly, higher health literacy was
associated with more thorough reading of drug labels
(B = 0.17; 95% CI = 0.07-0.29), which was associated
with better perceived medication adherence (B = 0.33;
95% CI = 0.15-0.49). The perceived medication adher-
ence was, in turn, associated with higher quality of life
(B = 0.17; 95% CI = 0.08-0.28). The other mediation
pathways were comprised of associations between health

1 2 3 4 5 6 7 8 9 10

1. Quality of life 1 0.14* 0.07 -0.06 0.29** -0.08 —0.26** —0.16** 0.16** —-0.15%*
2. Medication adherence 1 0.04 0.25%* 0.08 0.12* 0.12% —0.15%* —0.004 0.12%

3. Health literacy 1 0.15%* 0.18%* 0.16** -0.03 0.09 0.12% 0.07

4. Reading drug labels 1 -0.10 0.49** 0.29%* 0.14* 0.004 0.11

5. Understanding prescriptions 1 -0.07 —049** -0.12* 0.33%* —0.19%*
6. Information seeking behavior 1 0.14* 0.08 0.08 0.06

7. Age 1 0.02 —0.17%* 040**
8. Gender 1 —0.19%* —0.01

9. Education 1 —0.004

10. Chronic disease

*p < 0,05, * p < 001
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Table 3 Factor structure of over-the-counter drug label reading level by age group

[tems Factor  Total Young adults Older adults p-value
loading (n = 305) (n=141) (n=164)
mean = SD mean £ SD  mean + SD
Factor |. Reading cautions and warnings
Cold medicine: The people with any of the following cases must 0.77 330+ 131 300+ 127 356+128 <
not taking this medication 0.001
Cold medicine: Do not take this medication with following medication 0.79 333+£138 289+ 141 371£123 <
0.001
Cold medicine: Ask a healthcare professional if you have any of the following health 0.87 288+ 135 247+133 324+127 <
conditions 0.001
Cold medicine: Stop taking this medication and consult with a healthcare professional  0.86 286+ 134 246+ 131 321+127 <
if you experience any of the following symptoms 0.001
Digestive medicine: Stop taking this medication and consult with a healthcare 0.79 360+ 1.19 333+ 121 383+ 112 <
professional for following cases. 0.001
Digestive medicine: Where to report if you experience any side effects 0.76 263+148 208+129 311£146 <
0.001
Digestive medicine: Storage information 0.71 304+142 266+ 144 337+132 <
0.001
Pediatric NSAID: The people with any of the following cases must not taking this 0.81 287+144 313+£119 381+113 <
medication 0.001
Pediatric NSAID: Do not take this medication with other NSAIDs and avoid overdosing  0.86 340+ 126 309+ 126 368+1.19 <
0.001
Pediatric NSAID: Ask a healthcare professional about taking this medication if you 0.90 305+140 254+134 348+130 <
have any of the following conditions 0.001
Pediatric NSAID: Stop taking this medication if you experience any of the following 0.85 292+ 135 243+128 335+126 <
symptoms 0.001
Pediatric NSAID: Warnings 0.81 296+ 139 257+139 329+130 <
0.001
Pediatric NSAID: When taking this medication for cold symptoms, do not take this 0.76 305+143 267+143 337+135 <
medication for more than 5 days 0.001
Factor Il. Reading uses and dosage
Cold medicine label: Uses 0.68 430+ 091 437+083 424+098 021
Cold medicine label: Dosage 0.68 455+081 456+083 455+080 090
Digestive medicine label: Uses 0.78 438+084 430+096 434+087 073
Digestive medicine label: Dosage 0.82 452+078 440+097 451 +074 024
Pediatric NSAID label: Uses 0.77 432 £091 432+086 4431082 026
Pediatric NSAID label: Dosage 0.69 446+ 085 438+093 463+060 <005
Factor Ill. Reading active ingredients and product type
Digestive medicine: Active ingredients 0.81 217£122 191111 238+£128 <001
Digestive medicine: Product type 0.82 253 +£141 228+ 137 274+ 142 <001
Pediatric NSAID: Active ingredients 0.80 248 £135 228+132 265+136 <005
Pediatric NSAID: Product type 0.83 270£141 247 +£138 290+ 141 <001

Abbreviations: n number, SD standard deviation, NSAID non-steroidal anti-inflammatory drug

Factor I: Reading cautions and warnings: Cronbach a = 0.96; eigenvalue = 11.43; total variance explained = 49.73%

Factor II: Reading dosage and uses: Cronbach a = 0.88; eigenvalue = 3.02, total variance explained = 13.14%

Factor lll: Reading active ingredients and product type: Cronbach a = 0.89; eigenvalue = 1.42, total variance explained = 6.18%

literacy, understanding prescription instructions, and
quality of life. In the second mediation pathway, higher
health literacy was associated with more accurate under-
standing of prescription instructions (B = 0.46; 95%
CI = 0.32-0.62). More accurate understanding was, in
turn, linked with higher quality of life (B = 0.14; 95%

CI = 0.04-0.26). Health literacy was positively associated
with medication-related information seeking behavior
(B = 0.26; 95% CI = 0.10-0.42), which was not associated
with both perceived medication adherence (B = —0.06;
95% CI = —0.20 — 0.13) and quality of life (B = —0.04; 95%
CI = -021 — 0.17). The model fit was good with x>
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Table 4 Factor structure of medication related information seeking behavior level by age group
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[tems

Factor Total (n = 305) Young adults (n = 141) Older adults (n = 164) p-value
loading mean + SD mean + SD mean + SD
Factor I. Asking healthcare professionals
Asking a pharmacist 0.89 336 £ 1.07 329 £ 1.08 343 £ 1.06 0.27
Asking a doctor 0.86 280 £ 1.19 271 £1.20 288+ 1.18 0.20
Asking a nurse 0.77 235+ 1.09 225+ 1.10 243 £ 1.08 0.14
Factor Il. Using the internet
Using general search engines 0.80 334+ 1.16 366 £ 1.03 307 £1.20 < 0.001
Using governmental websites 078 1.88 + 094 1.84 + 1.03 192 + 087 045
Using pharmaceutical companies’ websites 0.76 193 £ 097 1.77 £ 094 207 +£0.98 <001
Factor Ill. Using printed materials
Reading health-related magazines -0.86 144 +0.70 1.24 £ 051 1.60 + 0.80 < 0.001
Reading books on health topics -0.85 1.71 £ 093 145+ 077 1.95 £ 1.00 < 0.001

Abbreviations: n number, SD standard deviation

Factor I: Asking healthcare professionals: Cronbach a = 0.79; eigenvalue = 2.98; total variance explained = 37.28%

Factor II: Using the internet: Cronbach a = 0.68; eigenvalue = 1.62; total variance explained = 20.29%
Factor lll: Using printed materials: Cronbach a = 0.72; eigenvalue = 1.10; total variance explained = 13.76%

(54) = 97.19, p < 0.01, Tucker-Lewis index = 0.92, com-
parative fit index = 0.95, root mean-squared error of ap-
proximation = 0.05 (90% CI = 0.03-0.07).

As presented in Fig. 2 (a) and (b), the multi-group
SEM found the age moderation effects on the pathways
in the final model with the significant chi-square differ-
ence test result (AX2(15) = 89.98, p < 0.01). Although
health literacy was associated with more reading of the
OTC drug labels in both age groups (B = 0.18, p < 0.05
for young adults, B = 0.18, p < 0.05 for old adults),

reading the OTC drug labels was linked to perceived
medication adherence (B = 0.37, p < 0.01), which was
associated with quality of life (B = 0.25, p < 0.01)
only in the young adult group. On the other hand,
the mediation effect of understanding medication in-
formation was significant only among old adults:
higher levels of health literacy were associated with
better understanding of medication instructions
(B = 0.35, p < 0.01), which was, in turn, associated
with improved quality of life (B = 0.26, p < 0.01)

Chronic
disease

Gender Use &
Dosage
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ingredients &
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Fig. 1 Model of the hypothesized mediating pathways with standardized regression coefficients. * p < 0.05, ** p < 0.01, 1+ 0.05 < p < 0.10. For all
variables, higher values indicate higher levels of construct. The latent constructs are represented as ovals and the measured variables as rectangles. Key
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among old adults.. Gender moderation was not statis-
tically significant.

Discussion

The present study tested a theoretically-driven SEM
model that suggested that efficient medication-related
information processing and medication adherence can
be the mechanisms understanding poor health literacy
and health problems among Korean adults. The current
results suggest that poor health literacy may lead to
worse quality of life by inducing inefficient medication-
related information processing and poor medication
adherence, which was demonstrated by the two signifi-
cant mediational pathways. The first mediation pathway
was that lower health literacy was associated with less
reading of OTC drug labels, which was linked to lower
levels of quality of life by inducing lower perceived
medication adherence. The other mediation pathway
showed that lower health literacy was linked to a less ac-
curate understanding of prescription instructions, which
was in turn was associated with a higher quality of life.
Finally, the present study also suggests that age may in-
fluence the magnitude of mediation of reading drug
labels such this the mediation by reading labels was sig-
nificant only in young adults.

The present results showed that health literacy is posi-
tively associated with all three indicators of medication-
related information processing including reading drug
labels, understanding prescription instructions, and in-
formation seeking behavior. The results are consistent
with previous literature which demonstrated the broad
influence of health literacy on knowledge, interpret-
ation, and a search for health information among adults
with a chronic disease condition [12, 31, 32]. For ex-
ample, low health literacy was associated with the
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inability to read all contents on prescription drug labels
in seniors and patients at a primary care clinic [17, 33],
misinterpretation of a prescription medicine label in
adults with human immunodeficiency virus infection
and patients at a primary care clinic [17, 31], and
utilization of various sources to seek out health infor-
mation in people with diabetes [19]. Overall, our results
replicate previous findings, showing that inadequate
health literacy can be the common underlying factor in
explaining difficulty acquiring and comprehending
medication-related information among adults with and
without a chronic condition.

Among the three indicators for medication-related in-
formation processing, reading drug labels mediated the
associations between health literacy and medication
adherence. The results revealed a cascade of effects that
initiated from lower health literacy, resulting in less
reading for OTC drug labels, which was, in turn, con-
nected to lower medication adherence and worse quality
of life. These findings suggest that less reading for drug
labels may put people at greater risk for unintentional
misuse of OTC drugs resulting from a lack of knowledge
about proper use. Medication misuse and poor adher-
ence have been consistently recognized as causal factors
influencing the process by which low health literacy
leads to adverse health outcomes [34, 35]. These results
imply that healthcare professionals should be aware that
individuals with limited health literacy are not likely to
read all information on their medication instructions,
which may have negative consequences on their health,
including medication non-adherence and impaired qual-
ity of life.

In addition to reading drug labels, the results indicate
that understanding prescription instructions may explain
how low health literacy can adversely impact quality of

a Chronic
disease

Education

Use &
Dosage

Cautions &

Active
amings. || inoredients &

product type

Reading
OTC drug
labels

Perceived
¥ medication
¢ _Adherence

Understanding
prescriptions

Health

. Quality of
literacy

life

Information ;.
seeking

— p<.05
—-» .05<p<.10

arrow at p > 0.10

=
|

product type \ .
N\ \
\ - \ \
OTC drug Perceived \
labels medication |, ‘\
Adherence | ™.

Fig. 2 Pathways of the model stratified by age (a) young adult (n = 141) and (b) older adult group (n = 164). The various arrows can be
interpreted as follows: the solid arrow indicates a pathway being significant at p < 0.05, the dashed arrow at 0.05 < p < 0.10, and the dotted

Chronic | _
disease R

Active
ingredients &

Use &
Dosage

Cautions &

warnings .

Understanding |
prescriptions

Information .
seeking
y <
\ \
AN
N\

Healthcare

Health
literacy

Quality of
life

— p<.05
—-+ .05<p<.10




Song et al. BMC Health Services Research (2017) 17:661

life. Previous studies have reported that low health liter-
acy is associated with misunderstanding of dosage, warn-
ings, and other important information about prescribed
medicine among adults [17, 36]. Inaccurate understand-
ing of prescription instructions is known to put people
at risk for unintended misuse of prescribed medicines
and subsequent hospital admissions because of medica-
tion misuse [37]. Therefore, the results suggest that
interventions to better interpret prescription instructions
can be an effective way to help people with low health
literacy improve their health and quality of life.

Perhaps unexpectedly, the current results showed that
medication-related information seeking behavior only
marginally accounted for the associations among health
literacy, medication adherence, and quality of life. This
weak effect may potentially be attributed to the varying
qualities of health information that is available on the
internet [38] and from other sources. Future study is
needed to verify whether individuals find both mislead-
ing and accurate health information during information
seeking behavior and experience difficulties in filtering
out accurate versus inaccurate health information.

Interestingly, this study found differences between
younger and older adults in the examined pathways. The
reading of OTC drug labels accounted for the associ-
ation between health literacy and perceived medication
adherence only in young adults. Previous studies have
shown that adolescents and young adults are less likely
to read OTC drug labels for common symptoms like
headaches, [39] which may explain the important role
that reading label information has in enhancing medica-
tion adherence among young adults. In contrast, as seen
only among older adults, a more accurate understanding
of medication instructions explained the process by
which higher health literacy can lead to an improved
quality of life. A recent study reached a conclusion that
is consistent with the current results among older adults:
in adults with hypertension, an age-related decline in the
ability to process health information that is critical for
self-care was compensated for by their knowledge of
health literacy [40, 41]. Overall, the age moderation re-
sults indicate that young adults and older adults may
have different applications in their use of medication-
related health information.

This study is the first to demonstrate that the theoret-
ically driven mediational pathways explain how poor
health literacy can be translated into less medication ad-
herence and lower quality of life via inefficient
medication-related information processing. In addition,
this study extends the previous findings, which focused
on examining impacts of health literacy on health out-
comes among adults with a chronic disease, by involving
adults both with chronic disease conditions and those
that were healthy from ages 20 to 69. However, several
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limitations should be considered when interpreting this
study’s results. First, the majority of participants were
highly educated adults living in an urban area in South
Korea. Thus, this study results may be generalizable to
other populations with caution. Second, the current data
were collected by using self-reported questionnaires and
might have been influenced by response bias and recall
errors of participants [42]. Third, our study sample did
not include older adults over 70 years old because our
study design was unable to accommodate older adults
with limited mobility. Finally, the study design was
cross-sectional survey with a limited sample size and
could not examine causal relationships.

The present results provide the rationale for devel-
oping cognitive skill-based interventions for adults
with limited health literacy [16] and describe the spe-
cific role of particular skills in acquiring and under-
standing medication-related information. This study
results suggest that developing skills for thorough
reading and accurate understanding of OTC drug
labels and prescription instructions may improve
medication adherence and quality of life among adults
with limited health literacy. Particularly, young adults
with limited health literacy may need to be advised to
completely read labels on OTC drugs, and trained in
aspects of efficient information seeking behavior to
contribute to better health outcomes for older adults.
Overall, the findings suggest the potential benefits of
educational interventions that focus on developing
skills to effectively read, understand, and apply health
information for managing medication regimens in en-
hancing quality of life of adults with limited health
literacy.

Conclusions

The current study demonstrated the importance of
medication-related information processing in explaining
the pathways by which limited health literacy impairs
medication adherence and health related quality of life.
Lower health literacy appears to be associated with poorer
medication adherence and lower quality of life via reading
less information on a drug label or not accurately under-
standing prescription instructions, but the magnitudes of
these associations might differ between younger and older
adults.

Abbreviations

Cl: Confidence interval; OTC: Over-the-counter; REALM: Rapid estimate of
adult literacy in medicine scale; SD: Standard deviation; SEM: Structural
equation modeling

Acknowledgements
Not applicable



Song et al. BMC Health Services Research (2017) 17:661

Funding

This research was supported by a grant from the Korea Health Industry
Development Institute (KHIDI), which was funded by the Ministry of Health &
Welfare, Republic of Korea (grant number: HI13C1480).

Availability of data and materials

The datasets generated and/or analyzed during the current study are not
publicly available because they are subject to the Korean Personal Information
Protection Act laws. However, the data and materials are available from the
corresponding author on reasonable request.

Authors’ contributions

SM Song and SM Lee contributed equally to the study design, statistical
analysis, and manuscript development with guidance from DC Suh. SM Jang,
YJ Lee, NY Kim, and HR Sohn participated in developing a survey instrument,
collecting data, and reviewing the manuscript. DC Suh supervised the
entirety of the project from designing the study; collecting and analyzing
data; and editing the manuscript; to submitting the manuscript. All the
authors read and approved the final version of the manuscript.

Ethics approval and consent to participate

All participants completed and signed an informed consent form before the
survey started. This study was approved by the Institutional Review Board of
Chung-Ang University (approval number: 1,041,078-201,409-HR-136-01).

Consent for publication
As this manuscript contains no individual personal data, this section is not
applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'College of Pharmacy, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu,
Seoul 06974, South Korea. “College of Pharmacy, Gacheon University,
Incheon, South Korea.

Received: 28 March 2017 Accepted: 6 September 2017
Published online: 16 September 2017

References

1. Institute of Medicine. Health literacy: a prescription to end confusion.
Washington DC: National Academies Press; 2004.

2. Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Crotty K. Low health
literacy and health outcomes: an updated systematic review. Ann Intern
Med. 2011;155(2):97-107.

3. Mannheimer SB, Matts J, Telzak E, Chesney M, Child C, Wu AW, Friedland G.
For the Terry Beirn community programs for clinical research on a: quality
of life in HIV-infected individuals receiving antiretroviral therapy is related to
adherence. AIDS Care. 2005;17(1):10-22.

4. Zhang NJ, Terry A, McHorney CA. Impact of health literacy on medication
adherence: a systematic review and meta-analysis. Ann Pharmacother. 2014;
48(6):741-51.

5. Bauer AM, Schillinger D, Parker MM, Katon W, Adler N, Adams AS, Moffet
HH, Karter AJ. Health literacy and antidepressant medication adherence
among adults with diabetes: the diabetes study of northern California
(DISTANCE). J Gen Intern Med. 2013;28(9):1181-7.

6.  Kalichman SC, Pope H, White D, Cherry C, Amaral CM, Swetzes C, Flanagan
J, Kalichman MO. The association between health literacy and HIV treatment
adherence: further evidence from objectively measured medication
adherence. J Int Assoc Phys AIDS Care. 2008;7(6):317-23.

7. Kripalani S, Gatti ME, Jacobson TA. Association of age, health literacy, and
medication management strategies with cardiovascular medication
adherence. Patient Educ Couns. 2010;81(2):177-81.

8. Lindquist LA, Go L, Fleisher J, Jain N, Friesema E, Baker DW. Relationship of
health literacy to intentional and unintentional non-adherence of hospital
discharge medications. J Gen Intern Med. 2012;27(2):173-8.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33

Page 10 of 11

Colbert AM, Sereika SM, Erlen JA. Functional health literacy, medication-taking
self-efficacy and adherence to antiretroviral therapy. J Adv Nurs. 2013;69(2):
295-304.

WHOQOL group. The World Health Organization quality of life assessment
(WHOQOL): position paper from the World Health Organization. Soc Sci
Med. 1995;41(10):1403-9.

Hommel KA, Davis CM, Baldassano RN. Medication adherence and quality of
life in pediatric inflammatory bowel disease. J Pediatr Psychol. 2008;33(8):
867-74.

Macabasco-O'Connell A, DeWalt DA, Broucksou KA, Hawk V, Baker DW,
Schillinger D, Ruo B, Bibbins-Domingo K, Holmes GM, Erman B. Relationship
between literacy, knowledge, self-care behaviors, and heart failure-related
quality of life among patients with heart failure. J Gen Intern Med. 2011;
26(9):979-86.

Couture EM, Chouinard MC, Fortin M, Hudon C. The relationship between
health literacy and quality of life among frequent users of health care
services: a cross-sectional study. Health Qual Life Outcomes. 2017;15(1):137.
Paasche-Orlow MK, Wolf MS. The causal pathways linking health literacy to
health outcomes. Am J Health Behav. 2007;31(Suppl 1):519-26.

Al Sayah F, Williams B. An integrated model of health literacy using diabetes
as an exemplar. Can J Diabetes. 2012,36(1):27-31.

Berkman ND, Sheridan SL, Donahue KE, Halpern DJ, Viera A, Crotty K
Holland A, Brasure M, Lohr KN, Harden E et al: Health literacy interventions
and outcomes an updated systematic review. Evidence report/technology
assessment no. 199. In. AHRQ publication number 11-E006. Rockville, MD:
Agency for Healthcare Research and Quality; March 2011.

Davis TC, Wolf MS, Bass IIIPF, Thompson JA, Tilson HH, Neuberger M, Parker
RM. Literacy and misunderstanding prescription drug labels. Ann Intern
Med. 2006;145(12):887-94.

Wolf MS, Davis TC, Tilson HH, Bass PF Ill, Parker RM. Misunderstanding of
prescription drug warning labels among patients with low literacy. Am J
Health Syst Pharm. 2006;63(11):1048-55.

Gutierrez N, Kindratt TB, Pagels P, Foster B, Gimpel NE. Health literacy, health
information seeking behaviors and internet use among patients attending a
private and public clinic in the same geographic area. J Community Health.
2014;39(1):83-9.

Bertakis KD, Azari R, Helms LJ, Callahan EJ, Robbins JA. Gender differences in
the utilization of health care services. J Fam Pract. 2000;49(2):147-52.

Davis TC, Long SW, Jackson RH, Mayeaux E, George RB, Murphy PW, Crouch
MA. Rapid estimate of adult literacy in medicine: a shortened screening
instrument. Fam Med. 1993;25(6):391-5.

Lee S-H, Choi E-H-R, Je M-J, Han H-S, Park B-K, Kim S-S. Comparison of two
versions of KHLAT for improvement strategies. Korean J Health Educ
Promot. 2011;28(3):57-65.

Kim S-S, Kim S-H, Lee S-Y. Health literacy: development of a Korean health
literacy assessment tool. Korean J Health Educ Promot. 2005;22(4):215-27.
Park E. Medication compliance and medication cost burden. Health Welf
Policy Forum. 2011;182:43-50.

Garber MC, Nau DP, Erickson SR, Aikens JE, Lawrence JB. The concordance
of self-report with other measures of medication adherence: a summary of
the literature. Med Care. 2004;42(7):649-52.

Brazier JE, Harper R, Jones NM, O'Cathain A, Thomas KJ, Usherwood T,
Westlake L. Validating the SF-36 health survey questionnaire: new outcome
measure for primary care. BMJ. 1992,305(6846):160-4.

Brazier JE, Roberts J, Deverill M. The estimation of a preference-based
measure of health from the SF-36. J Health Econ. 2002;21(2):271-92.
MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol.
2007;58:593-614.

Bollen KA, Stine RA. Bootstrapping goodness-of-fit measures in structural
equation models. Sociol Methods Res. 1992,21(2):205-29.

Byrne BM. Structural equation modeling with AMOS: basic concepts,
applications, and programming. New York, NY: Routledge; 2013.

Wolf MS, Davis TC, Osborn CY, Skripkauskas S, Bennett CL, Makoul G.
Literacy, self-efficacy, and HIV medication adherence. Patient Educ Couns.
2007;65(2):253-60.

von Wagner C, Semmler C, Good A, Wardle J. Health literacy and self-
efficacy for participating in colorectal cancer screening: the role of
information processing. Patient Educ Couns. 2009;75(3):352-7.

Moisan J, Gaudet M, Grégoire JP, Bouchard R. Non-compliance with drug
treatment and reading difficulties with regard to prescription labelling
among seniors. Gerontology. 2002;48(1):44-51.



Song et al. BMC Health Services Research (2017) 17:661

34.

35.

36.

37.

38.

39.

40.

41,

42.

Geboers B, Brainard JS, Loke YK, Jansen CJM, Salter C, Reijneveld SA, de
Winter AF. The association of health literacy with adherence in older adults,
and its role in interventions: a systematic meta-review. BMC Public Health.
2015;15(1):1-10.

von Wagner C, Steptoe A, Wolf MS, Wardle J. Health literacy and health
actions: a review and a framework from health psychology. Health Educ
Behav. 2009;36(5):860-77.

Davis TC, Wolf MS, Bass PF, Middlebrooks M, Kennen E, Baker DW, Bennett
CL, Durazo-Arvizu R, Bocchini A, Savory S, et al. Low literacy impairs
comprehension of prescription drug warning labels. J Gen Intern Med.
2006;21(8):847-51.

Malhotra S, Karan R, Pandhi P, Jain S. Drug related medical emergencies in
the elderly: role of adverse drug reactions and non-compliance. Postgrad
Med J. 2001;77(913):703-7.

Benigeri M, Pluye P. Shortcomings of health information on the internet.
Health Promot Int. 2003;18(4):381-6.

Nabors LA. Reading about over-the-counter medications. Issues Compr
Pediatr Nurs. 2004;27(4):297-305.

Chin J, Madison A, Gao X, Graumlich JF, Conner-Garcia T, Murray MD, Stine-
Morrow EA, Morrow DG. Cognition and health literacy in older Adults' recall
of self-care information. Gerontologist. 2017,57(2):261-8.

Jensen JD, King AJ, Davis LA, Guntzviller LM. Utilization of internet
technology by low-income adults: the role of health literacy, health
numeracy, and computer assistance. J Aging Health. 2010;22(6):804-26.
Blair J, Menon G, Bickart B. Measurement effects in self vs. proxy response to
survey questions: an information-processing perspective. In: Biemer PP,
Groves RM, Lyberg LE, Mathiowetz NA, Sudman S, editors. Measurement
errors in surveys. Hoboken, NJ: John Wiley & Sons; 2011.

Page 11 of 11

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Model development
	Study participants
	Data collection procedures
	Measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

