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Background: Although health literacy was considered to play a crucial role in
non-communicable chronic disease (NCD) prevention and control, the relationship of
health literacy and medication adherence has rarely given attention among older adult
Chinese population in previous studies, especially considered that they might be with
cognitive impairment.

Purpose: This study aimed to investigate the association between health literacy and
medication adherence and mediation by cognitive ability among community-based older
adults with chronic disease in Beijing of China.

Methods: The older adults aged 60 years old or over were recruited in a cross-sectional
survey conducted in Beijing of China by using multistage, stratified sampling method.
Of those, the participants with chronic disease and need to take long-term medicine
were included in our study. The information about sociodemographic characteristics,
health literacy, cognition ability, and medication adherence was collected by the
questionnaire. The univariate and multiple logistic regression analysis were used to
measure the association of health literacy and adherence medication, and mediate effect
by cognitive ability.

Results: The total of 4,166 older adult populations (average age: 70.61 £+ 7.38
years) was included in this study, 1,395 participants (33.49%) were non-adherence,
1,983 participants (47.60%) had two chronic conditions or more, and 1,459 participants
(85.02%) screened as cognitive impairment. The health literacy was negatively
associated with medication adherence. The lower total scores of health literacy
were found with a high risk of non-adherence [p < 0.01, adjusted odds ratio
(OR) = 0.988 per one point increase, 95% CI: 0.982-0.993] controlling other covariates.
However, their association tended to be weakened or even disappeared among the older
adults with cognitive impairment compared with the populations with normal cognitive.
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Conclusion:

Improving health literacy might be a public health strategy to increase

the medication adherence of older adults, but need to first identify the potential target
population based on their cognitive ability.

Keywords: health literacy, medication adherence, cognitive function, elder, chronic disease

INTRODUCTION

The older adults tends to suffer from chronic diseases. According
to the surveillance data of chronic diseases, nearly 75% of the
population aged 60 years and over had at least one chronic
disease in China (1). Usually, most of the chronic diseases need
long-term multiple medicines to improve symptoms or delay
the progression of disease. Adherence is a passive behavior to
follow treatment recommendations prescribed by their clinicians
or healthcare providers (2). It was indicated that adherence has
positive and significant effects on treatment outcomes and poor
adherence could reduce the effectiveness of treatment and cause
more economic losses (2, 3). Previous studies reported that about
5.1~65.8% older adult patients of chronic diseases tend to have
poor adherence to their medications in China, but varied by the
types of chronic diseases or tools of adherence assessments (4-6).
The interventions to improve the adherence were considered to
make a far greater impact on the health than any improvement in
specific medical treatments (2).

However, adherence was driven by many factors and these
factors varied widely across the race of population, diseases,
treatment regiments, and so on (7-9). Clearly and appropriately
understanding the health information might be one of the
essential core elements for patients to make health decisions that
were closely related to adherence behaviors (9). Health literacy
was defined as an ability to obtain, process, communicate, and
understand the basic health information and services needed
to make appropriate health decisions, which was considered to
be one of the most promising and cost-effective approaches
to overcome the non-communicable chronic disease (NCD)
challenges (10). When patients were adequately informed and
understand clearly what they were asked to do, they could
actively participate in health decisions, which would help to
improve their adherence to regimens (9). Therefore, improving
health literacy might be an effective education and prevention
strategy to improve treatment adherence. Until now, several
studies had explored the association between health literacy and
adherence among patients recruited from hospitals or primary
health centers, but their findings were inconsistent (11-16) and
their association were still ambiguity. Although health literacy
was considered as a crucial role in NCD prevention and control
in China, the relationship of health literacy and medication
adherence has rarely given attention in the older adult Chinese
population in previous studies.

Cognitive ability, which changed with aging, involved the
abilities to reason, plan, solve problems, think abstractly,
comprehend complex ideas, learn quickly, and learn from
experience (17). Moreover, the older adults might experience
subtle cognitive changes associated with aging, even those who

might do not suffer from dementia or mild cognitive impairment
(18). The lower cognitive function was found to be associated
with poorer medicine adherence in healthy older adults (19).
The study by Cho et al. reported that the decline in cognitive
function worsened medicine adherence among the hypertensive
patients (20). Previous studies reported that health literacy was
significantly correlated with cognitive function (21-23). A cohort
study by Wilson et al. found that the higher health literacy skills
at baseline reduced the rate of cognitive decline in older adults
(24). All of these suggested that cognitive function might be the
important mediator of relationship between health literacy and
medicine adherence. However, there is a lack of evidence till now,
especially among the community-based population.

According to the results from the National Health Literacy
Surveillance among the residents aged 15-69 years old, the health
literacy among the Chinese population was still at a low level
and had disparities between regions and groups (25). For the
older adults 70 years old or above, the level of health literacy
was still unknown in China, but might be even worse because
of their low levels of education and high proportion of cognitive
impairment. In this case, it was interested to know whether
improving the health literacy was still an effective approach on
medication adherence among the Chinese older population, and
how the cognitive function mediated this effect of health literacy
on adherence among the older adults in China.

Based on the above, this study aimed to investigate the
association between health literacy and medication adherence
among the community-based older adults with chronic disease
in China. We hypothesized that the health literacy would be
associated with the adherence of taking medicine, but its effect
mediated by cognitive abilities.

MATERIALS AND METHODS
Sample and Setting

Data for this analysis came from the cross-sectional health
survey. The survey was conducted in December 2020 and used
a multistage, stratified sampling method to select a representative
sample of community-based population aged 60 years or older in
Beijing of China. The sampling process was stratified according
to geographic regions and development status. At first, three
central districts (such as DC, FT, and SJS) and five outer districts
(such as CP, HR, MY, DX, and SY) were selected randomly
among 16 districts. Then, total 100 street districts and 28
rural villages were randomly selected as study sites. About 48
persons in each study site were recruited to participate in the
health survey, who were 60 years or older, lived in the current
residence for at least 6 months and without mental illness, deaf
blindness, or long-term bedridden. The study was approved by
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the institutional review board of the Institute of Basic Medical
Sciences, Chinese Academy of Medical Sciences (Project No.
064-2020). Written informed consent was obtained from each
participant before data collection. A total of 6,160 persons
participated in this survey, in which 5,829 (nearly 95% of all) were
valid samples and 331 persons were eliminated for unqualified
questionnaire with a lot of missing information or <60 years
old. Among those, 4,166 participants who had self-reported at
least one of the chronic diseases and needed to take long-term
medicine were included in this analysis.

Self-completed questionnaires were used in this survey. For
the older adults who were unable to complete the questionnaire
by themselves owing to impaired vision, limited reading ability,
or other such reasons, face-to-face inquiry by the staff from
primary health center was used to collect the information. In that
situation, the staffs were trained to complete the questions in a
neutral fashion on the behalf of participants, and not to explain
anything or help to answer questions. About 43% participants
completed the questionnaire by themselves in our study.

Measures

The information about sociodemographic characteristics (such
as age, gender, ethnicity, educational attainment, married
status, medical cost last year, and medical payment), health
literacy, cognition, and medication adherence were collected in
the survey.

The Chinese version of the eight-item Morisky Medication
Adherence Scale (MMAS-8) was used to assess the medication
adherence (26-28). This scale included 7 items with “yes” or “no”
answers and 1 item scored by an ordinal scale from 0 to 4. Items
5 and 8 of the questionnaire were transformed in accordance
with the scoring algorithm, and all items were combined into a
total score, ranging from 0 to 8 points. According to the scores,
the older adult populations were divided into groups with low
(<6 points), moderate (at least 6 points, but <8 points), and
high (8 points) adherence to drug regimen. In our analysis, the
low adherence was defined as non-adherence, moderate or high
was defined as adherence. The Cronbach’s « coefficient for the
MMAS-8 was 0.76 in our study.

Health literacy was assessed by the Chinese Resident Health
Literacy Scale (29). This scale contained 56 items with total
scores ranging from 0 to 66 points and three dimensions: (1)
knowledges and attitudes (28 points, Cronbach’s o coeflicient:
0.76); (2) behavior and lifestyle (22 points, Cronbach’s «o
coefficient: 0.72); and (3) health-related skills (16 points,
Cronbach’s « coefficient: 0.66). The questions covered six aspects:
scientific views of health (11 points); infectious diseases (7
points); chronic diseases (12 points); safety and first aid (14
points); medical care (14 points); and health information (8
points). The total scores reflected the health literacy level and the
higher scores indicated higher health literacy, and vice versa.

The Ascertain Dementia 8 (AD8) questionnaire was used
for screening the cognitive impairment in this study (30).
AD8 is a brief informant-based measure that had only eight
questions, such as domains of judgments, hobby/activity levels,
repetitive conversations, learning abilities, memory in relation
to date/appointments, finance, and daily thought processes.

The ADS8 had a good diagnostic accuracy in discriminating
the cognitive impairment from normal cognition (31). The
person with an ADS8 score >2 was suspected to have cognitive
impairment and need to be further definite diagnosis (30, 31).
Cronbach’s o coefficient of AD8 was 0.87 in our study.

Statistical Analysis

Descriptive statistics were calculated for all participant
characteristics. Chi-square test, f-test, and ANOVA tests
were conducted to compare demographic characteristics and
health literacy scores between non-adherence and adherence.
Taking non-adherence as the dependent variable, bivariate
logistic regression analyses were performed to derive univariate,
adjusted odds ratios (OR) and their respective 95% confidence
intervals (CIs). Using the scores of health literacy, scores of
knowledges and attitudes, scores of behavior and lifestyle, scores
of health-related skills, scores of scientific views of health,
scores of infectious diseases, scores of chronic diseases, scores of
safety and first aid, scores of medical care, and scores of health
information, respectively, as independent variable, the multiple
logistic regression model was fit to estimate multivariate OR,
controlling for developed status (urban or rural), age, gender,
education attainment, married status, smoke, one or more
of chronic disease, medical cost for last year, self-completed
questionnaire, and cognitive impairment. The population
was divided into cognitive impairment (ADS8 scores at least 2
points) and normal cognitive, then in each subgroup, we also
explored the association between health literacy and medication
adherence after controlling other covariates. Furthermore,
the scores were divided, respectively into four quartiles, e.g.,
Q1 (the lowest 25%), Q2 (50% or less), Q3 (75% or less), and
Q4 (the highest 75%) to investigate the effect of modification
by cognition on the association between health literacy and
medicine adherence. The Cronbach’s coefficient was calculated to
examine the internal reliability of the scales or subscales used in
this study. Statistical significance was accepted at p < 0.05 and all
analyses were conducted using SAS 9.4 software (SAS Institute,
Cary, NC, USA).

RESULTS

A total of 4,166 older adult populations with self-reported one
or more chronic conditions were included in this study, and
average age was 70.61 £ 7.38 years, ranging from 60 to 100 years
old. Of those, 1,395 participants (33.49%) were identified as non-
adherence (scores of MMAS-8 < 6 points), and 1,983 participants
(47.60%) self-reported to have at least two chronic conditions
or more, and 1,459 participants (35.02%) might be cognitive
impairment screened by AD8 (scores of AD8 > 2 points). The
characteristics of the older adults are shown in Table 1.

The Association of Health Literacy With

Medication Adherence

As shown in Table 1, participants who were living in urban areas,
female, older adult, educated with illiterate or Primary school, as
well as unmarried, divorced, or widowed tend to have a higher
risk of non-adherence. The comorbidity, higher healthcare costs
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TABLE 1 | Characteristics of study participants and comparison between adherence and non-adherence.

Total (N = 4,166) n (%) Adherence (N=2771) Non-adherence P-value* Univariate OR
n (%) (N = 1,395) n (%) (95%CI)#

Type of residence

Urban 3,280 (78.73%) 2,261 (68.93%) 1,019 (31.07%) <0.001 Reference

Rural 886 (21.27%) 510 (57.56%) 376 (42.44%) 1.636 (1.405-1.905)
Gender

Male 2,025 (49.47%) 1,382 (68.25%) 643 (31.75%) 0.085 Reference

Female 2,068 (50.53%) 1,347 (65.14%) 721 (34.86%) 1.150 (1.010-1.310)
Subgroups of age

60-69 1,988 (47.72%) 1,347 (67.76%) 641 (32.24%) 0.008 Reference

70-79 1,608 (38.6%) 1,077 (66.98%) 531 (33.02%) 1.036 (0.901-1.192)

>80 or over 570 (13.68%) 347 (60.88%) 223 (39.12%) 1.350 (1.114-1.638)
Ethnicity

Han 3,992 (96.05%) 2,663 (66.71%) 1,329 (33.29%) 0.173 Reference

Other 164 (3.95%) 101 (61.59%) 63 (38.41%) 1.250 (0.906-1.724)
Education

llliterate or primary school 1,135 (27.24%) 633 (55.77%) 502 (44.23%) <0.001 Reference

Junior school 1,652 (37.25%) 1,085 (69.91%) 467 (30.09%) 0.543 (0.463-0.637)

High school, college, or graduate school 1,479 (35.50%) 1,053 (71.20%) 426 (28.80%) 0.510 (0.434-0.600)
Marital status

Unmarried, divorced, widow 735 (17.92%) 455 (61.90%) 280 (38.10%) 0.002 Reference

Married 3,367 (82.08%) 2,284 (67.83%) 1,083 (32.17%) 0.771 (0.653-0.909)
Smoking condition

Never smoking 2,670 (65.17%) 1,801 (67.45%) 869 (32.55%) 0.183 Reference

Smoking 790 (19.28%) 509 (64.43%) 281 (35.57%) 1.144 (0.969-1.352)

Smoked, but quit now 637 (15.55%) 413 (64.84%) 224 (35.16%) 1.124 (0.937-1.348)
Healthcare costs in last year

<5000 Yuan 2,563 (61.52%) 1,748 (68.2%) 815 (31.80%) 0.004 Reference

>5000 Yuan 1,603 (38.48%) 1,023 (63.82%) 580 (36.18%) 1.216 (1.066-1.387)
Medical insurance

No 46 (1.11%) 26 (56.52%) 20 (43.48%) 0.153 Reference

Yes 4,086 (98.89%) 2,718 (66.52%) 1,368 (33.48%) 0.654 (0.364-1.176)
Suffering from chronic diseases

Only one 2,183 (52.40%) 1,501 (68.76%) 682 (31.24%) 0.001 Reference

Multiple (2 or more) 1983 (47.60%) 1270 (64.04%) 713 (35.96%) 1.236 (1.086-1.406)
Cognitive ability

Cognitive normal 2,707 (64.98%) 2,092 (77.28%) 615 (22.72%) <0.001 Reference

Cognitive impairment 1,459 (35.02%) 679 (46.54%) 780 (53.46%) 3.908 (3.409-4.480)
Questionnaire filling method

Self-completed 1,807 (43.37%) 1,150 (63.64%) 657 (36.36%) <0.001 Reference

Face-to-face inquiry 2,359 (56.63%) 1,621 (68.72%) 738 (31.28%) 0.797 (0.700-0.907)
Total scores of health literacy (Mean+SD) 39.21 £ 12.71 40.38 +£ 12.35 36.88 + 13.07 <0.001 0.979 (0.974-0.984)
cores of three dimensions (Mean + SD)

Knowledges and attitudes 17.24 +£5.53 17.67 +£5.43 16.38 + 5.62 <0.001 0.959 (0.948-0.97)

Behavior and lifestyle 12.81 £4.88 13.26 £ 4.76 11.90 + 5.01 <0.001 0.944 (0.932-0.957)

Health-related skills 9.16 £ 3.57 9.45 +3.48 8.60 + 3.69 <0.001 0.936 (0.919-0.953)
Scores of covering six aspects (Mean + SD)

Scientific views of health 6.74 £ 2.79 6.92 +2.74 6.37 +2.86 <0.001 0.932 (0.910-0.953)

Infectious diseases 4.44 £1.72 4.56 + 1.68 4.20+1.76 <0.001 0.886 (0.853-0.920)

Chronic diseases 6.64 £2.95 6.85 £ 2.91 6.23 +2.96 <0.001 0.931 (0.911-0.952)

Safety and first aid 9.49 £+ 3.39 9.82 £3.26 8.84 £3.55 <0.001 0.919 (0.902-0.937)

Medical care 7.79+2.83 8.08 +2.78 7.31+£2.88 <0.001 0.914 (0.894-0.936)

Health information 411 +£2.10 4.20 +2.08 3.92 +2.12 <0.001 0.938 (0.909-0.967)

*o for chi-square test, t-test or ANOVA tests, p < 0.05.

#Univariate bivariate logistic models with adherence as the dependent variable (event = “Non-adherence’).

The MMAS-8 Scale, content, name, and trademarks are protected by the US copyright and trademark laws. Permission for use of the scale and its coding is required. A license
agreement is available from MMAR, LLC., Donald E. Morisky, ScD, ScM, MSPH, 294 Lindura Ct., USA; donald.morisky@moriskyscale.com.
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TABLE 2 | Multivariable-adjusted odds ratios (ORs) for the association between the scores of health literacy and medication adherence.

Model 1#
OR (95%Cl)

Model 2## Model 3###
OR (95%Cl) OR (95%Cl)

Total scores of health literacy 0.983 (0.978-0.989)
Cognitive impairment N.A.
Scores of three dimensions

Knowledges and attitudes 0.971 (0.959-0.983)

0.983 (0.977-0.988) 0.988 (0.982-0.993)
NA. 3.464 (2.983-4.023)
0.968 (0.956-0.981) 0.979 (0.967-0.992
NA. 3.508 (3.017-4.067
0.953 (0.939-0.967) 0.963 (0.949-0.978

Cognitive impairment (ref = Normal) N.A.
Behavior and lifestyle 0.952 (0.939-0.966)
Cognitive impairment (ref = Normal) N.A.
Health-related skills 0.952 (0.934-0.970)
Cognitive impairment (ref = Normal) N.A.

Scores of covering six aspects
Scientific views of health

0.951 (0.928-0.974)

0.947 (0.929-0.966)
N.A.

0.947 (0.924-0.971)

( )
( )
( )
N.A. 3.471 (2.989-4.030)
( )
( )

0.964 (0.945-0.984
3.494 (3.009-4.057

0.965 (0.940-0.99)

Cognitive impairment (ref = Normal) N.A.
Infectious diseases 0.910 (0.875-0.946)
Cognitive impairment (ref = Normal) N.A.
Chronic diseases 0.948 (0.926 - 0.969)
Cognitive impairment (ref = Normal) N.A.
Safety and first aid 0.936 (0.917-0.955)
Cognitive impairment (ref = Normal) N.A.
Medical care 0.928 (0.906-0.950)
Cognitive impairment (ref = Normal) N.A.
Health information 0.965 (0.935-0.996)
Cognitive impairment (ref = Normal) N.A.

N.A. 3.529 (3.040-4.097)
0.917 (0.881-0.954) 0.937 (0.899-0.976)
N.A. 3.538 (3.049-4.106)
0.947 (0.925 - 0.969) 0.964 (0.941-0.988)
N.A. 3.522 (3.034-4.088)
0.934 (0.915-0.953) 0.953 (0.933-0.974)
N.A. 3.452 (2.972-4.010)
0.922 (0.900-0.945) 0.941 (0.918-0.965)
N.A. 3.468 (2.987-4.027)
0.955 (0.924-0.987) 0.969 (0.936-1.003)
N.A. 3.569 (3.075-4.141)

#Model 1: Bivariate logistic models those adherence was as the dependent variable (event = “Non-adherence”), and the scores of health literacy (or scores of knowledges and attitudes,
or scores of behavior and lifestyle, or scores of health-related skills, or scores of scientific views of health, or scores of infectious diseases, or scores of chronic diseases, or scores of
safety and first aid, or scores of medical care, or scores of health information, respectively) as independent variable, controlling for variables, such as type of residence, gender, age,

and education.

# Model 2: Further adding variables of marital status, smoking condition, medical costs for last year, multiple chronic disease, as well as questionnaire filing method as covariates in

Model 1.
###* Model 3: Adding variable of cognitive impairment in Model 2.

in last year, and cognitive impairment were also associated with
the risk of poor medication adherence.

Moreover, health literacy was negatively associated with
medication adherence. The lower total scores were found among
the participants with non-adherence (p < 0.01, crude OR =
0.979 per one point increase, 95% CI: 0.974-0.984) when not
controlling for any other covariates. The similar results were
found in each dimension and each covering aspect of health
literacy (as shown in Table 1).

In adjusted analyses (Table2), the total scores of health
literacy also associated with medication adherence when
controlling other covariates (such as, type of residence, gender,
age, education, marital status, smoking condition, healthcare
costs in last year, comorbidity, and self-completed questionnaire)
and adjusted OR was 0.983 (95% CI: 0.977-0.988), so did the
scores of each dimension, as well as scores of each covering aspect
of health literacy. Furthermore, when controlling the covariate of
cognitive ability, the association of health literacy and adherence
was still found (except the scores of health information).

Cognitive Condition Mediation Analysis
Then, the older adults were divided into cognitive normal and
cognitive impairment according to AD8 scores. It was found the
total scores of health literacy, the scores of each dimension, as
well as the scores of each covering aspect were also negatively
associated with non-adherence among the elderly with normal
cognitive (Table 3). However, among the older adults with
cognitive impairment, these associations were only found in total
scores, the scores of behaviors and lifestyles, the scores of safe and
first aid, as well as the scores of medical cares (Table 3).

Furthermore, according to the quantile of each score and
cognitive normal/impairment, the participants were divided into
eight subgroups. Compared with the subgroup with the lowest
25% scores and cognitive impairment, lower adjusted OR was
found among the cognitive normal population in which adequate
health literacy was still a positive factor of medication adherence,
while the effects of health literacy on adherence were weakened
or even disappeared among the older adults with cognitive
impairments (as shown in Figures 1, 2).
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TABLE 3 | Multivariable-adjusted ORs for the association between health literacy and medication adherence among the participants with or without cognitive impairment.

Participants without cognitive impairment

Participants with cognitive impairment

Total scores of health literacy
Scores of three dimensions
Knowledges and attitudes
Behavior and lifestyle
Health-related skills
Scores of covering six aspects
Scientific views of health
Infectious diseases
Chronic diseases
Safety and first aid
Medical cares
Health information

0.985 (0.977-0.993)

0.974 (0.957-0.991)
0.958 (0.940-0.978)
0.957 (0.931-0.984)

0.952 (0.919-0.986)
0.895 (0.846-0.946)
0.965 (0.934-0.996)
0.949 (0.922-0.977)
0.939 (0.908-0.972)
0.944 (0.902-0.988)

0.991 (0.982-0.999)

0.987 (0.967-1.007)
0.969 (0.948-0.991)
0.972 (0.943-1.003)

0.981 (0.944-1.020)
0.985 (0.926-1.048)
0.964 (0.928-1.001)
0.957 (0.928-0.988)
0.943 (0.907-0.980)

( )

1.008 (0.950-1.059

Bivariate logistic models those adherence was as the dependent variable (event = “Non-adherence”), and the scores of health literacy (or scores of knowledges and attitudes, or scores
of behavior and lifestyle, or scores of health-related skills, or scores of scientific views of health, or scores of infectious diseases, or scores of chronic diseases, or scores of safety
and first aid, or scores of medical care, or scores of health information, respectively) as independent variable, controlling for type of residence, gender, age, education, marital status,
smoking condlition, medical costs for last year, multiple chronic disease, as well as questionnaire filling method.

A

Q2 and cognitive impairment vs. ref

Q3 and cognitive impairment vs. ref

Q4 and cognitive impairment vs. ref

Q1 and cognitive normal vs.ref

Q2 and cognitive normal vs.ref

Q3 and cognitive normal vs. ref

Q4 and cognitive normal vs. ref

0.1

C
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FIGURE 2 | Association between the respective scores of covering six aspects (A: Scientific views of health; B: Infectious diseases; C: Chronic diseases; D: Safety
and first aid; E: Medical care; F: Health information) and medication adherence mediated by cognitive impairment (Reference: participants with the lowest 25% scores
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DISCUSSION

This study was focused on the relation of health literacy to
medication adherence on the community-based older adults with
one or more chronic conditions in Beijing of China. Of these
older adults, nearly one-third were identified as non-adherence
to medication and the higher scores of health literacy were found
to be negatively associated with the risk of non-adherence in our
study, especially among the older adults with normal function.
In addition, we found that the cognitive function played an
important mediator and the association of health literacy with
adherence tended to be weakened or even disappeared among
the older adults with cognitive impairment compared with those
with normal cognitive.

In a meta study, Miller synthesized both correlation and
intervention studies reported that health literacy was positively
associated with adherence (8). Soones et al. indicated that health
literacy had a direct and an indirect effect on adherence among
the older adults with asthma (16). Our results in this study were
similar to the findings in these previous studies. The association
of health literacy with adherence might be bidirectional in
this study. On the one hand, the individuals with poor health
literacy had limited ability to obtain, process, and understand the
health information, so that they had difficulty in understanding
instructions rightly, even prone to develop fears about the side
effect and addition of medication, and ultimately resulted in
decreased adherence to taking medicine. On the other hand, non-
adherence was found to be the worse health outcome (2, 3), which
made them to actively obtain more information and understand
instructions by communicating with the healthcare provider or
by other channels (e.g., internet and televisions) so that they
could make appropriate health decisions if needed, which, in
turn, might improve health literacy.

The association between health literacy and adherence was
not only affected by reading and numeracy, but also by the
abilities necessary to actively learn and apply new information
and crystallized abilities (such as, background knowledge),
all of them were closely related to cognitive ability (23).
Our findings suggested that the cognitive ability played an
important mediator in these association. For the older adults
with normal cognitive, improving health literacy might still
be one of public health strategies to increase the medication
adherence to deal with NCDs challenge, especially for the
older adults with poor health literacy. However, some of the
protective effects of improving health literacy might be offset
by the larger impact of cognitive impairment with aging. The
findings implied that the intervention among the older adults
aimed at improving the health literacy need first to identify
the sensitive population or potentially valuable targets and
consider the active implementation of strategies according to
their cognitive ability. The action programs for the improvement
of health literacy for the older adults should incorporate cognitive
science, which should design the easily understandable education
materials, and decompose multi-steps or complex skills into
small steps to teach, encourage the older population to repeat
the information in their own words. Furthermore, for the older
adult individuals with cognitive impairments, the strategies
focused on the improvement of cognitive function might be

more effective to improve their medication adherence, such
as cognitive training, behavioral therapy, or administration of
cholinesterase inhibitors.

This study was based on a representative sample of the older
adult residents living in Beijing. In total, 4,166 participants
suffering from one or more conditions reported by themselves
were included in our analysis, which accounted for 71.47% of
all the participants (4,166/5,829) in this community-based cross-
sectional survey. This proportion were close to the proportion of
75% NCD previously reported in the Chinese older population
(1). Our study first provided the evidence of adherence to
medication from the general older adults in Beijing of China.
In addition, our study found the effects of health literacy on
adherence mediated by cognitive function among the Chinese
older adults, which rarely reported previously. However, there
were still limitations in our study. First, the cognitive impairment
in our study was identified by AD8 scale which was just a screen
tool and not a diagnosis tool. Although there was good accuracy
(sensitivity: 92%; specificity: 46%) for ADS scale, the potential
misclassification (especially those of the older adult with normal
cognitive misclassified as “cognitive impairment” identified by
ADB8) might lead to overestimate the effects of health literacy
among the participants with cognitive impairment. Second,
about 56.6% of participants provided the information by face-
to-face inquiry owing to impaired vision, or limited reading
ability or other such reasons, which might cause information bias
especially for the measurement of health literacy. Although the
type of questionnaire filled were put as covariate in the multiple
models in our analysis, there might be still the potential residual
confounding. Third, there were no widely recognized effective
tools for assessing the level of health literacy mainly focused on
the older adults in China. In our study, we used Chinese Resident
Health Literacy Scale which was a commonly used measure
among adults of 15-69 years older, but lack of evidence for 70
years old or over. Consider that the cut-off point (55 points, 80%
of 66 points) for distinguishing adequate health literacy in this
scale might be more rigorous for the older adults, especially the
aged older adults, we used the scores and their quantile to assess
the level of health literacy in our analysis.

CONCLUSION

In our study, we found that the one-third of the older adults
with chronic diseases were non-adherence to the medication
in Beijing of China and the association of health literacy to
adherence mediated by cognitive ability. The findings suggested
that improving health literacy might be one of the public health
strategies to increase adherence to medication, especially for
the older adults of poor health literacy. But, the priority to
identify the potential target population is needed considering the
cognitive ability.

DATA AVAILABILITY STATEMENT

The original data supporting the conclusions of this article will be
provided by the authors, further inquiries can be directed to the
corresponding author.

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 824778


https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Jia et al.

Health Literacy and Medication Adherence

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Institutional Review Board of the Institute
of Basic Medical Sciences, Chinese Academy of Medical
Sciences (Project No. 064-2020). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

YW and LW participated in the design of the study and
organized the training of investigators. QJ and HW participated
in data collection and quality control. QJ and YW drafted the
manuscript, performed the statistical analysis, and revision of the
manuscript. All authors contributed to the article and approved
the submitted version.

REFERENCES

1. Wang LM, Chen ZH, Zhang M, Zhao ZP, Huang ZJ, Zhang X,
et al. Study of the prevalence and disease burden of chronic
disease in the elderly in China. Chin ] Epidemiol. (2019) 40:277-83.
doi: 10.3760/cma.j.issn.0254-6450.2019.03.005

2. Dalfabbro AL. Adherence to Long Term Therapies: Evidence for Action.
Geneva: World Health Organization. (2003).

3. Roebuck MC, Liberman JN, Gemmill-Toyama M, Brennan TA. Medication
adherence leads to lower health care use and costs despite increased drug
spending. Health Aff. (2011) 30:91-9. doi: 10.1377/hlthaff.2009.1087

4. Lu ], Zhang N, Mao D, Wang Y, Wang X. How social isolation and
loneliness effect medication adherence among elderly with chronic diseases:
an integrated theory and validated cross-sectional study. Arch Gerontol
Geriatr. (2020) 90:104154. doi: 10.1016/j.archger.2020.104154

5. Qing W, Qi Z, Yao H, Xin J, Ying H. Elderly patients with hypertension self-
perceived of aging status and compliance with medical behaviour. Psychol
Health Med. (2020) 26:1206-18. doi: 10.1080/13548506.2020.1800056

6. Hou Y, Zhang D, Gu J, Xue E Sun Y, Wu Q, et al. The association
between self-perceptions of aging and antihypertensive medication
adherence in older Chinese adults. Aging Clin Exp Res. (2016) 28:1113-20.
doi: 10.1007/540520-015-0516-z

7. Campbell NL, Boustani MA, Skopelja EN, Gao S, Unverzagt FW, Murray
MD. Medication adherence in older adults with cognitive impairment: a
systematic evidence-based review. Am J Geriatr Pharmacother. (2012) 10:165-
77. doi: 10.1016/j.amjopharm.2012.04.004

8. Miller TA. Health literacy and adherence to medical treatment in chronic
and acute illness: a meta-analysis. Patient Educ Couns. (2016) 99:1079-86.
doi: 10.1016/j.pec.2016.01.020

9. Martin LR, Williams SL, Haskard KB, Dimatteo MR. The challenge of patient
adherence. Ther Clin Risk Manag. (2005) 1:189-99.

10. Liu C, Wang D, Liu C, Jiang J, Wang X, Chen H, et al. What is the meaning
of health literacy? A systematic review and qualitative synthesis. Fam Med
Community Health. (2020) 8:¢000351. doi: 10.1136/fmch-2020-000351

11. Mayo-Gamble TL, Mouton C. Examining the association between health
literacy and medication adherence among older adults. Health Commun.
(2018) 33:1124-30. doi: 10.1080/10410236.2017.1331311

12. Lu M, Ma J, Lin Y, Zhang X, Shen Y, Xia H. Relationship between patient’s
health literacy and adherence to coronary heart disease secondary prevention
measures. ] Clin Nurs. (2019) 28:2833-43. doi: 10.1111/jocn.14865

13. Thurston MM, Bourg CA, Phillips BB, Huston SA. Impact of health literacy
level on aspects of medication nonadherence reported by underserved
patients with type 2 diabetes. Diabetes Technol Ther. (2015) 17:187-93.
doi: 10.1089/dia.2014.0220

FUNDING

The survey was funded by the Beijing Municipal Health
Commission and the Beijing Health Economics Association. The
funder had no role in the design of the study and collection,
analysis, interpretation of data, or writing the manuscript.

ACKNOWLEDGMENTS

We thank all the participants and staffs from primary health
center involved in the survey. We appreciate the help and support
from sub district offices and neighborhood committees. The
MMAS-8 Scale, content, name, and trademarks are protected by
the US copyright and trademark laws. Permission for the use of
scale and its coding is required. A license agreement is available
from MMAR, LLC., Donald E. Morisky, ScD, ScM, MSPH, 294
Lindura Ct., USA; donald.morisky@moriskyscale.com.

14. Zhang NJ, Terry A, McHorney CA. Impact of health literacy on medication
adherence: a systematic review and meta-analysis. Ann Pharmacother. (2014)
48:741-51. doi: 10.1177/1060028014526562

15. Shiyanbola OO, Unni E, Huang YM, Lanier C. The association of health
literacy with illness perceptions, medication beliefs, and medication adherence
among individuals with type 2 diabetes. Res Social Adm Pharm. (2018)
14:824-30. doi: 10.1016/j.sapharm.2017.12.005

16. Soones TN, Lin JL, Wolf MS, O’Conor R, Martynenko M, Wisnivesky JP, et al.
Pathways linking health literacy, health beliefs, and cognition to medication
adherence in older adults with asthma. J Allergy Clin Immunol. (2017)
139:804-9. doi: 10.1016/j.jaci.2016.05.043

17. Deary 1. Intelligence. Curr Biol.
doi: 10.1016/j.cub.2013.07.021

18. Singh-Manoux A, Kivimaki M, Glymour MM, Elbaz A, Berr C, Ebmeier
KP, et al. Timing of onset of cognitive decline: results from Whitehall II
prospective cohort study. BMJ. (2012) 344:d7622. doi: 10.1136/bmj.d7622

19. Hayes TL, Larimer N, Adami A, Kaye JA. Medication adherence in healthy
elders: small cognitive changes make a big difference. ] Aging Health. (2009)
21:567-80. doi: 10.1177/0898264309332836

20. Cho MH, Shin DW, Chang SA, Lee JE, Jeong SM, Kim SH, et al
Association between cognitive impairment and poor antihypertensive
medication adherence in elderly hypertensive patients without dementia. Sci
Rep. (2018) 8:11688. doi: 10.1038/541598-018-29974-7

21. Serper M, Patzer RE, Curtis LM, Smith SG, O’Conor R, Baker DW,
et al. Health literacy, cognitive ability, and functional health status among
older adults. Health Serv Res. (2014) 49:1249-67. doi: 10.1111/1475-6773.
12154

22. O’Conor R, Wolf MS, Smith SG, Martynenko M, Vicencio DP, Sano M, et al.
Health literacy, cognitive function, proper use, and adherence to inhaled
asthma controller medications among older adults with asthma. Chest. (2015)
147:1307-15. doi: 10.1378/chest.14-0914

23. Wolf MS, Curtis LM, Wilson EA, Revelle W, Waite KR, Smith SG, et al.
Literacy, cognitive function, and health: results of the LitCog study. ] Gen
Intern Med. (2012) 27:1300-7. doi: 10.1007/s11606-012-2079-4

24. Wilson RS Yu L, James BD, Bennett DA, Boyle PA. Association of financial
and health literacy with cognitive health in old age. Neuropsychol Dev Cogn
B Aging Neuropsychol Cogn. (2017) 24:186-97. doi: 10.1080/13825585.2016.
1178210

25. Yang J, Gao Y, Wang Z. Increasing health literacy in China to combat

China CDC  weekly. (2020) 2:987-91.

(2013)  23:R673-6.

noncommunicable diseases.
doi: 10.46234/ccdcw2020.248

26. Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a
medication adherence measure in an outpatient setting. J Clin Hypertens.
(2008) 10:348-54. doi: 10.1111/§.1751-7176.2008.07572.x

Frontiers in Public Health | www.frontiersin.org

April 2022 | Volume 10 | Article 824778


https://doi.org/10.3760/cma.j.issn.0254-6450.2019.03.005
https://doi.org/10.1377/hlthaff.2009.1087
https://doi.org/10.1016/j.archger.2020.104154
https://doi.org/10.1080/13548506.2020.1800056
https://doi.org/10.1007/s40520-015-0516-z
https://doi.org/10.1016/j.amjopharm.2012.04.004
https://doi.org/10.1016/j.pec.2016.01.020
https://doi.org/10.1136/fmch-2020-000351
https://doi.org/10.1080/10410236.2017.1331311
https://doi.org/10.1111/jocn.14865
https://doi.org/10.1089/dia.2014.0220
https://doi.org/10.1177/1060028014526562
https://doi.org/10.1016/j.sapharm.2017.12.005
https://doi.org/10.1016/j.jaci.2016.05.043
https://doi.org/10.1016/j.cub.2013.07.021
https://doi.org/10.1136/bmj.d7622
https://doi.org/10.1177/0898264309332836
https://doi.org/10.1038/s41598-018-29974-7
https://doi.org/10.1111/1475-6773.12154
https://doi.org/10.1378/chest.14-0914
https://doi.org/10.1007/s11606-012-2079-4
https://doi.org/10.1080/13825585.2016.1178210
https://doi.org/10.46234/ccdcw2020.248
https://doi.org/10.1111/j.1751-7176.2008.07572.x
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

Jia et al.

Health Literacy and Medication Adherence

27.

28.

29.

30.

31.

Berlowitz DR, Foy CG, Kazis LE, Bolin L, Conroy LB, Fitzpatrick P, et al.
Impact of intensive blood pressure therapy on patientreported outcomes:
outcomes results from the SPRINT study. N Engl ] Med. (2017) 377:733-44.
doi: 10.1056/NEJMoal611179

Bress AP, Bellows BK, King J, Hess R, Beddhu S, Zhang Z, et al. Cost-
effectiveness of intensive versus standard blood pressure control. N Engl |
Med. (2017) 377:745-55. doi: 10.1056/NEJMsal616035

Shen M, Hu M, Liu S, Chang Y, Sun Z. Assessment of the Chinese resident
health literacy scale in a population-based sample in South China. BMC Public
Health. (2015) 15:637. doi: 10.1186/s12889-015-1958-0

Galvin JE, Roe CM, Xiong C, Morris JC. Validity and reliability of
the AD8 informant interview in dementia. Neurology. (2006) 67:1942-8.
doi: 10.1212/01.wnl.0000247042.15547.eb

Chen HH, Sun FJ, Yeh TL, Liu HE, Huang HL, Kuo BI et al. The
diagnostic accuracy of the Ascertain Dementia 8 questionnaire for detecting
cognitive impairment in primary care in the community, clinics and
hospitals: a systematic review and meta-analysis. Fam Pract. (2018) 35:239-46.
doi: 10.1093/fampra/cmx098

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Jia, Wang, Wang and Wang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Public Health | www.frontiersin.org

10

April 2022 | Volume 10 | Article 824778


https://doi.org/10.1056/NEJMoa1611179
https://doi.org/10.1056/NEJMsa1616035
https://doi.org/10.1186/s12889-015-1958-0
https://doi.org/10.1212/01.wnl.0000247042.15547.eb
https://doi.org/10.1093/fampra/cmx098
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles

	Association of Health Literacy With Medication Adherence Mediated by Cognitive Function Among the Community-Based Elders With Chronic Disease in Beijing of China
	Introduction
	Materials and Methods
	Sample and Setting
	Measures
	Statistical Analysis

	Results
	The Association of Health Literacy With Medication Adherence
	Cognitive Condition Mediation Analysis

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


