
Abstract

Health literacy is the first step to self-management of type II diabe-
tes mellitus, of which physical activity is the least compliant behavior.
However, no reviews have summarized the effect and the process of
interventions of health literacy oriented programs on physical activity
behavior among middle aged and older adults with type II diabetes
mellitus. This article is the first to examine the effectiveness of health
literacy oriented programs on physical activity behavior among middle
aged and older adults with type II diabetes mellitus. This systematic
review extracted articles from nine electronic databases between 1990
and 2013. Six interventional studies were extracted and reported in
accordance with the guidance of Preferred Reporting Items for

Systematic Reviews and Meta-Analyses. Findings demonstrated that
health literacy oriented programs increased the frequency and dura-
tion of physical activity among patients with high health literacy.
Although some studies effectively improved the health literacy of phys-
ical activity, gap in literature remains open for the indistinct and unre-
liable measurement of physical activity within self-management pro-
grams of type II diabetes mellitus, and the questionable cross-culture
generalizability of findings. Further studies with well-knit theory-
based intervention with respect to patients’ cultural background, dura-
tion of intervention and objective measurements are encouraged to
elucidate the relationship between health literacy oriented programs
and physical activity behavior. 

Introduction

The concept of health literacy (HL) emerged in early 1990s but only
recently did it receive focal attention when the Office of Surgeon
General of United States Department of Health and Human Services
(USDHHS) considered HL as one of the four public health priorities
(Cutilli, 2007; Galson, 2008). HL is the ability to obtain, understand
and communicate basic information needed to make appropriate
health-related decisions (Institute of Medicine, 2004). With regards to
implementing self-management to one’s illness in the 21st century, the
skills covered by HL such as acquiring, interpreting, analyzing and
communicating relevant health information with others are essential
to achieving positive outcomes (Edwards, Hill & Edwards, 2009).
Chinese older adults also consider obtaining and applying of health
information for health decision-making, i.e. HL, as the most important
factor among their health needs. They believe that getting adequate
health information could help them know about their roles and meth-
ods to cope with personal and environmental problems. Hence, HL
training should, in theory, improve the wellbeing of individuals with
chronic conditions (Shih, Gau, Kao, & Shih, 2005). Diabetes mellitus
(DM) is a chronic disease, which causes elevated blood glucose level
due to inadequate insulin production or action. DM was ranked as one
of the top ten fatal diseases in middle and high-income countries and
the mortality prevalence will be doubled by 2030 (World Health
Organization, 2010). It can lead to serious complications such as heart
problems, kidney problems, stroke, hypertension, amputations and
sexual dysfunction (Mancuso, 2010; Tang, Pang, & Chan, 2008). Type
II diabetes mellitus (T2DM) embraces more than 90% of the total DM
cases (Colberg et al., 2010). This subtype of the disease is more com-
mon in middle aged (aged 45 or above) and older adults, thus also
known as adult-onset and non-insulin-dependent diabetes. As T2DM
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has no cure, extensive self-management behaviors such as controlling
diet, physical activity (PA), medical adherence, and self-glucose moni-
toring should be persistently encouraged (Mancuso, 2010), so that the
glycated hemoglobin (HbA1c) level can be controlled effectively (Cutilli,
2007). Among the self-management behaviors of T2DM, PA was found
the least compliant (Chan & Molassiotis, 1999; Shigaki et al., 2010). PA
reduces the risk of T2DM (Galson, 2011). However, literature that con-
cerns PA independently from other self-management behaviors among
diabetic patients was extremely limited before the 2000s (Sigal, Kenny,
Wsserman, & Castaneda-Sceppa, 2004). PA encompasses any bodily
movement produced by the contraction of skeletal muscle that
increases energy expenditure above a basal level (Chao, Foy, & Farmer,
2000). Unlike complying with diet and medication recommendations,
PA requires commitment and causes sweating, discomfort even pain at
times. In addition, the delay in health effects of PA could have stimula-
ted individuals to withdraw from PA, leading to sedentary lifestyle in
older adults (Chao, Foy, & Farmer, 2000; Jeon, Lokken, Hu, & van Dam,
2007).
Several researchers investigated how to encourage PA behavior in

T2DM patients. Some strategies such as direct PA training, goal set-
ting, decision making and social support were examined but efficacy
was minor (Cardona-Morrell et al., 2010; Conn et al., 2003; Hudon,
Fortin, & Soubhi, 2008; Jeon, Lokken, Hu, & van Dam, 2007; Shigaki et
al., 2010).
Limited HL could be the cause of poor PA in T2DM patients. In fact,

it was associated with the rate of diabetes complications while improv-
ing HL has been shown to improve glycemic control (Schillinger et al.,
2002). Some researchers suggested that limited HL would lay the first
stone for poor self-management behaviors and eventually poor health
outcomes (Gazmararian, Williams, Peel, & Baker, 2003; Osborn,
Paasche-Orlow, Bailey, & Wolf, 2011; Paasche-Orlow & Wolf, 2007). 
In a few words, HL is an important ability to self-management behav-

iour in T2DM patients. PA has been found to improve health outcomes
of T2DM. However, the older age groups are less active. Therefore
health literacy oriented programs and PA are key factors to self man-
agement behavior of the middle aged and older adults with T2DM indi-
rectly. Despite of that, no reviews have summarized the effect of health
literacy oriented programs on PA behavior in middle aged and older
adults with T2DM. Therefore, a comprehensive systematic review is
needed to consolidate findings on the relationship between HL and PA
behavior.

Aims
This article attempts to review current literature to examine the

effectiveness of health literacy oriented programs on PA behavior in
middle aged and older adults with T2DM.

Materials and Methods

Design
Only interventional articles were included in this review. The arti-

cles were screened and reported in accordance with the guidance of
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Moher et al., 2010). The searching process took place in
August 2012 and updated in May 2013. 

Search methods
Articles were identified from nine electronic databases from January

1990 to April 2013: Medline, PubMed, CINAHL, PsycINFO, Proquest,
SportDISCUS, ISI Web of Science and ERIC. The key searching terms
were generated from three systematic reviews about HL, PA, older
adults with T2DM (Conn et al., 2003; Cutilli, 2007; Hamel, Robbins, &
Wilbur, 2011). The search terms included health literacy, literacy,
numeracy, reading ability, rapid estimate of adult literacy in medicine,
test of functional health literacy in adults, wide range achievement
test, diabetes numeracy test, type II diabetes mellitus, type 2 diabetes
mellitus, glycemic control, T2DM, older adult, older people, senior, eld-
erly, elder, geriatric, aged, middle aged, physical activity, exercise,
physical exercise, Tai Chi, walking, brisk walking, strength training,
aerobic training, aerobic exercise, running, aquatic exercise, self-man-
agement, self-care, compliance and the scale of summary of diabetes
self-care activities. Hand searching was performed on the reference
lists of all the articles identified. To ensure a comprehensive search of
international articles, the assistance of librarian from the University of
Hong Kong was obtained. Table 1 lists the inclusion and exclusion cri-
teria for selecting articles for review.

Search outcomes
According to the PRISMA 2010 flow diagram of screening process

(Moher et al., 2010), there were 366 references located; 22 duplicated,
25 non-full text articles excluded and 313 articles did not meet the
inclusion criteria. Six articles were included in the qualitative synthe-
sis. Figure 1 illustrates the screening process.

Quality appraisal 
The authors appraised the articles according to the developed inter-

ventional review guideline developed by Schulz et al. (1995), Jadad et
al. (1996), and subsequently modified by DeWalt and Hink (2009). We
evaluated study design quality according to i) adequacy of study popu-
lation, ii) adequacy of randomization procedure, iii) describe the with-
drawals and dropouts, iv) intention to treat, v) outcome assessors blind
to the intervention, vi) comparability of subjects across comparison
groups, vii) validity and reliability of the literacy measurement, viii)
maintenance of comparable groups, ix) appropriateness of the outcome
measurement, x) appropriateness of statistical analysis and xi) ade-

                   Article

Table 1. Inclusion and exclusion criteria for screening.

Inclusion criteria                                                                              Exclusion criteria

i) Articles with middle aged (mean age 45-64) or older                                     i) Publication based on authors’ opinion only; ii) articles did not include physical 
(age >65) adults; ii) articles written or translated in English;                         activity as a factor of self-management behaviors.
iii) articles with at least 10 participants; 
iv) articles related to health literacy and physical activity; 
v) participants included in the articles were patients with 
type II diabetes mellitus; vi) year of publication between 1990 and 2013       



quacy of control of confounding. A score (0=poor; 1=fair; 2=good) was
given to each items and we excluded the items which were not applica-
ble to the study designs. The average score of these items on equal
weighting base will be the final quality and strength grades (<1=poor;
1 to <1.5 =fair; 1.5 and >1.5 =good) (Berkman et al., 2004). Table 2
summarises the appraisal table of quality and strength of evidence
from the reviewed articles. No articles were excluded based on this
quality appraisal.
The final included articles were formatted, assessed and analyzed by

an assessment instrument used in previous systematic reviews, as rep-
resented in Supplementary Table S1. (Arden-Close, Gidron, & Moss-
Morris, 2008; Montgomery & McCrone, 2010).

Data abstraction and synthesis
The two-reviewer approach was adopted to review the titles,

abstracts and content of the selected articles. A data extraction form
was developed and circulated for agreement between the two review-
ers. As the extracted articles contained vast variation in their study
aims and methods, a systematic review was carried out rather than a
meta-analysis (Whittemore, 2005).

Results

Descriptive information
Six interventional articles were included in this review. There were

4 randomized controlled trial (RCT) studies (Cavanaugh et al., 2009;
Gerber et al., 2005; Rosal et al., 2011; Rosal et al., 2005), as well as 2
one-group pre-test post-test interventional studies (Dewalt & Hink,
2009; Kim, Love, Quistberg, & Shea, 2004).
A total of 980 T2DM patients were involved in the six reviewed stud-

ies. Most of the patients involved were middle aged to older adults (age
from 45 to 67.2). All the studies were conducted in the United States.
Five articles were published between mid to late 2000s, and one other
was published in 2011(Rosal et al., 2011). 
The quality appraisal conducted showed that only one study was

rated at good standard (Cavanaugh et al., 2009). Two studies were
rated in between good and fair (Gerber et al., 2005; Rosal et al., 2011).
Three studies belonged to the fair standard (DeWalt & Hink, 2009;

Rosal et al. 2005; Kim et al., 2004). Instead of a conservative approach,
the Intention to Treat (ITT) approach was employed to analyze the
result. ITT considered every participant who began the treatment as
part of the trial regardless to whether they have completed treatment
(Portney & Watkins, 2009). Table 2 represents the outcomes the quality
appraisal of the reviewed articles.

The effectiveness of health literacy oriented programs
on physical activity
Intervention to improve HL seemed to have somewhat suggestive

effect on PA behavior in middle aged and older adults with T2DM. In
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Table 2. A summary of the quality and strength of evidence in reviewed studies.

Description                                                              Rosal et al.      Cavanaugh et al.   DeWalt et al.     Gerber et al. Kim et al.   Rosal et al.
                                                                                     (2011)                  (2009)                 (2009)               (2005)       (2004)         (2005)

Adequacy of study population                                                              2                                     2                                   2                                 2                       2                         0
Adequacy of randomization procedure                                              2                                     2                                   0                                 2                       0                         1
Describe the withdrawals and dropouts                                           1                                     2                                   2                                 2                       1                         1
Intention to treat                                                                                     0                                     0                                   0                                 0                       0                         0
Outcome assessors blind to the intervention                                 1                                     1                                   0                                 0                       0                         0
Comparability of subjects across comparison groups                   2                                     2                                   1                                 2                       1                         2
Validity and reliability of the literacy measurement                       1                                     2                                   2                                 2                       2                         1
Maintenance of comparable groups                                                   2                                     2                                   1                                 2                       1                         2
Appropriateness of the outcome measurement                             2                                     2                                   2                                 2                       2                         2
Appropriateness of statistical analysis                                              1                                     2                                   1                                 1                       2                         2
Adequacy of control of confounding                                                   2                                     2                                   1                                 1                       2                         1
Quality rate                                                                                       Fair/Good                         Good                             Fair                      Fair/Good            Fair                    Fair

Figure 1. Study flow from identification to final included articles.
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Rosal and colleagues’ study, highly significant differences in PA behav-
iors and walking habits were observed in the intervention group after
the health literacy oriented programs (Rosal et al., 2005). Gerber and
colleagues reported improved perceived susceptibility of diabetes com-
plications, with a gradient of effect where participants with lower HL at
baseline improved more than those with higher HL after the interven-
tion (Gerber et al., 2005). Cavanaugh and colleagues affirmed the
effectiveness of intervention with numeracy (Cavanaugh et al., 2009),
a component of HL, on the self-management behaviors including PA
behavior in intervention group. Kim and colleagues further confirmed
that health literacy oriented programs is effective to modify the PA
especially in T2DM patients with higher HL levels (Kim et al., 2004). 
The changes in PA behavior accelerated with the duration of health

literacy oriented programs in one article (Rosal et al., 2005). The
authors showed that the differences of calories consumption through
PA activities between intervention group and controlled group widened
at sixth month when compared to three months ago. 
Moreover, PA was nearly the most popular choice compared to med-

ication and diet in health literacy oriented programs in two articles
(Cavanaugh et al., 2009; DeWalt & Hink, 2009).
However, Rosal and colleagues rejected the effectiveness of health

literacy oriented programs on PA behavior in an RCT study published
in 2011 (Rosal et al., 2011). Though there was a greater trend of walk-
ing habits in intervention group, the difference was not significant.
The total time of exercise and the time of walking did not improve sig-
nificantly after the health literacy oriented programs.
In two articles, health literacy oriented programs significantly

enhanced the self-efficacy of self-management behavior (including PA)
and the knowledge of self-management behavior (including PA).
Moreover, four perceived barriers of PA behaviors namely lack of
prompting by clinical staff, time constraints, availability of technology,
and personal factors, were identified in an RCT study (Gerber et al.,
2005).However, no studies implied the mediating effect of self-efficacy,
knowledge of PA and perceived barrier between health literacy oriented
programs and PA behavior (Cavanaugh et al., 2009; Kim et al., 2004;
Rosal et al., 2011).

Discussion

It is too early to draw conclusion on the effectiveness of health liter-
acy oriented programs to modify PA behaviour of middle aged and older
T2DM patient.The evidence supporting the effectiveness of health lit-
eracy oriented programs on PA behaviour is untenable. This review
consisted of 4 randomized controlled trials (RCT) and 2 one-group pre-
test post-test interventional studies, of which only one study design
was rated good standard at quality appraisal. The supportive findings
revealed by DeWalt and Hink (2009) and Kim et al. (2004) concerned
within-group comparisons solely, which made examination of the
health literacy oriented programs difficult as the effective influence on
PA could be implicated by confounders (DeWalt & Hink, 2009; Kim et
al., 2004).
Moreover, studies have reported conflicting findings on the effec-

tiveness of health literacy oriented programs on PA behavior. The main
study of Rosal and colleagues in 2011 (N=211) rejected their own pos-
itive finding about the effectiveness of health literacy oriented pro-
grams on PA behavior in a previous pilot RCT study (N=25) conducted
in 2005 (Rosal et al., 2011; Rosal et al., 2005). The great difference in
the sample size of the two studies could have influenced the investiga-
tions. Because the earlier study recruited only illiterate T2DM patients,
sample bias could have confounded the positive evidence of health lit-
eracy oriented programs on PA (Rosal et al., 2005). 

Though positive effects of health literacy oriented programs on PA
behavior were found in other two RCT studies (Cavanaugh et al., 2009;
Gerber et al., 2005), plus Kim and colleagues’ one-group study (Kim et
al., 2004), PA was not distinctly and objectively investigated as a
dependent variable. The majority of articles considered PA behavior as
one of the components of the self-management behaviors (PA, diet,
self-monitoring of blood glucose, foot care, medication adherence, etc.)
with subjective self-reported measurements. No reviewed study
designed health literacy oriented programs specifically to modify PA
behavior of T2DM patients. Furthermore, only the frequency and dura-
tion of PA were collected as outcome measures. The intensity of exer-
cise, which is the most important factor affecting the blood glucose
control, was not measured in the reviewed articles (American College
of Sports Medicine, 2010; American Diabetes Association, 2010;
Shigaki et al., 2010; Sigal et al., 2004). Objective measurements with
aid of pedometers and accelerometers to monitor the numbers of steps
exercised by patients could provide a reliable outcome measure of PA,
hence enabling researchers to elucidate the relationship between
health literacy oriented programs and PA in SOBA and older T2DM
patients. The limitation of our articles screening process was that only
full text articles published in English were included from nine academ-
ic databases. It was uncertain that other related articles existed or not.
Despite the methodological shortcomings, the message conveyed by
the six reviewed studies suggested that health literacy oriented pro-
grams could foster PA behavior in SOBA and older adults with T2DM
when carefully designed and investigated. 
In addition, according to Institute of Medicine (2004), culture and

language foster health literacy. Diversity exists in the manifestation of
health literacy in different countries All the studies reviewed were con-
ducted in the United States; therefore the generalizability of the find-
ings remains limited. Although validated instruments were used to
measure HL, four different instruments were used in the reviewed
studies. The extent to which the results were affected by different
instruments could not be estimated. 

Conclusions

Health literacy oriented programs for T2DM patients remains uncon-
summated. Paache-Orlow and Wolf (2007) indicated that PA behaviour
could only be modified through theoretically and systematically planned
health literacy oriented programs. In Paache-Orlow and Wolf’s model,
knowledge and health beliefs including self-efficacy were the mediat-
ing factors between the HL and PA behaviour. Osborn and colleagues
(2011) confirmed the mediating effect of knowledge of PA and self-effi-
cacy of PA between HL and PA behaviours of patients with hyperten-
sion. Based on the articles reviewed, potential theories or factors such
as knowledge of PA, self-efficacy of PA and perceived barriers of PA
could affect the health literacy oriented programs on PA behavior. Rosal
and colleagues (2011) intended to align the related mediators (knowl-
edge, attitude and self-efficacy) with the related constructs of Social
Cognitive Theory to design health literacy oriented programs tailor-
made for Latino population in the U.S. More sophisticated theory-based
intervention should be planned for different countries, races, culture
and language (Institute of Medicine, 2004).

Relevance to clinical practice 
Future health literacy oriented programs on PA behavior for middle

aged and older patients with T2DM shall focus on i) the objective
measurement of PA of health literacy oriented programs; ii) more
theoretical, cultural and language appropriate health literacy oriented

                   Article



programs in different countries; iii) duration of the intervention and
follow up. Interventions to increase knowledge and self-efficacy of PA
and reduce perceived barriers may enhance PA via health literacy
programs.
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