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Abstract

Objectives The important role of prevention in controlling chronic diseases such as diabetes, the major impact of self-care behav-
iors as preventive behaviors, and the lower cost of self-care measures should be considered. Therefore, this study was conducted
to systematically review and meta-analyze the status of diabetes self-care activities status in type 2 diabetic patients worldwide.
Methods As far as we know, our study is the first systematic based meta-analysis estimating the pooled score of diabetes self-
care activities (SDSCA) and its dimensions among type 2 diabetic patients. Keywords were searched in Scopus, Web of Science,
Google Scholar, PubMed, Cochrane, Ovid, and ProQuest databases from 2012 to 2022. The self-care pooled score estimates
through a fixed-effects meta-analysis using STATA 15. Also, /? statistic was used to determine heterogeneity across the articles.
Results Seventeen studies on the diabetes self-care activities were included in the meta-analysis. Variation in pooled mean
attributable to heterogeneity for exercise and self-care is zero, while the variation for foot cares, general diet, and blood testing
were estimated to be 53, 20.6, and 81.4%, respectively (p <0.01). The random effects based pooled mean was estimated as
follows: foot care (FC) 2.02 (95% CI: 1.05, 2.98), general diet (GD) 3.91 (95% CI: 3.21, 4.60), and blood testing (BT) 1.82
(95% CI: 0.64, 3.01). As well as based on the fixed effects, the pooled mean of exercise (E) and the total score of self-care
(TSC) were obtained 2.12 (95% CI: 1.77, 2.47) and 3.35 (95% CI: 2.96, 3.74), respectively.

Conclusion The overall level of self-care was moderate and far from ideal. Dimensions of foot care, exercise, and blood
glucose testing were also below average. Based on this evidence, policies to prevent diabetes should be directed toward
educating patients on preventive activities. On the other hand, it is necessary to ensure that patients’ interpretations are in
line with doctors’ recommendations.
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Introduction

Diabetes is on the list of the most common chronic dis-
eases nowadays [1]. Type 2 diabetes is the most common
type and usually involves adults. Type 2 diabetes is a con-
dition in which the body does not produce enough insulin
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or becomes insulin resistant. About 422 million people
worldwide suffer from diabetes, most of whom live in low-
and middle-income countries. Diabetes is the cause of 1.5
million deaths annually. All countries of the world, regard-
less of income level, have witnessed a significant increase
in the prevalence of type 2 diabetes over the past 30 years
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[2]. The global prevalence of diabetes is estimated to grow
by about 2% by 2045. Diabetes prevalence is also expected
to be greater in urban areas and middle- and upper-income
countries. Global diabetes health spending was about $966
billion in 2021 and it is expected to reach $1054 billion
by 2045 [2]. At the same time, what causes irreversible
complications is that one in two patients suffering from
diabetes is unaware of the disease [1]. Diabetes is a critical
health issue because its complications directly affect the
quality of life and can lead to death [3]. Stroke, cardio-
vascular disease, and peripheral artery disease (PAD) are
the macrovascular complications of diabetes [1]. Studies
have shown that the patient’s knowledge about the disease
and its health-related behaviors is the most important fac-
tor in controlling it [4]. A person’s beliefs and knowledge
about illness determine his or her health-related behav-
iors and self-care activities [5]. The concept of belief
and knowledge can improve the health and safety of the
patient and thus reduce the costs of treatment and care
[6]. Therefore, one of the most widely used concepts in
this field is diabetes self-care activities. A reliable tool
entitled “diabetes self-care activities” has been used in
studies around the world that include the dimensions of
foot care, diet, exercise, and blood glucose testing [7].
The important role of prevention in controlling chronic
diseases such as diabetes, the major impact of self-care
behaviors as preventive behaviors, and the lower cost of
self-care measures should be considered. Therefore, this
study was conducted to systematically review and meta-
analyze the status of diabetes self-care activities status in
type 2 diabetic patients worldwide.

Materials and methods

Study design

This systematic meta-analytical review studies diabetes
self-care activities in countries around the world. The
search was conducted for 10 years (from 2012 to February
2022). A PRISMA-based (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) literature review
was performed [8].

Search strategy

The main domains of the search included type 2 diabe-
tes, self-care activities, and foot care. Keywords were also
obtained from Medical Subject Heading (MeSh), literature

review, and statements of experts in the field. It was then
concluded with a pilot search. Keywords were “diabetic
foot,” “diabetic feet,” “diabetes self-care activities,”
“SDSCA,” “self-care,” “self-care behavior,” “attitude to
health,” “health behavior,” “foot care,” and “care behavior.”
AND, OR, and NOT Booleans used to bound the search. The
search strategy was developed by two experts in the field of
health services management who are well-experienced in
patients’ health behavior (OKh and AMa) and a specialist
in systematic review and meta-analysis (BAh). The sample
search strategy is shown below.

TITLE-ABS-KEY (“diabetic foot” OR “diabetic feet)
AND TITLE-ABS-KEY (“diabetes self-care activities” OR
“SDSCA” OR “self-care” OR “self-care behavior” OR “atti-
tude to health” OR “health behavior” OR “foot care” OR
“care behavior”) AND (LIMIT-TO (PUBYEAR, 2021) OR
LIMIT-TO (PUBYEAR, 2020) OR LIMIT-TO (PUBYEAR,
2019) OR LIMIT-TO (PUBYEAR, 2018) OR LIMIT-TO
(PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR
LIMIT-TO (PUBYEAR, 2015) OR LIMIT-TO (PUBYEAR,
2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO
(PUBYEAR, 2012)) AND (LIMIT-TO (DOCTYPE, “ar”))
AND (LIMIT-TO (LANGUAGE, “English”)).

Databases

Keywords were searched in Scopus, Web of Science, Google
Scholar, PubMed, Cochrane, Ovid, and ProQuest databases.
Springer and SAGE journals and some other key journals in
the field were also searched manually. To enhance search
scope, pre-prints, references, citation lists, and relevant
papers were also examined.

Inclusion criteria

(1) Aurticles that had type 2 diabetic patient samples

(2) Articles that examined the dimensions of foot care, gen-
eral diet, exercise, and blood testing of diabetes self-
care activities

(3) Articles in which the mean and standard deviation of
diabetes self-care activities (SDSCA) and its dimen-
sions were reported or calculable

(4) Articles in which the patients studied had diabetic foot
ulcers

(5) Peer-reviews, time-series, and cross-sectional studies

Exclusion criteria

(1) Aurticles related to type 1 diabetes and gestational dia-
betes
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(2) Non-English articles

(3) Articles considering other questionnaires

(4) Articles out of sufficient information to enter the meta-
analysis

(5) Secondary documents such as editorials and conference
abstracts

(6) Mathematical modeling articles

(7) Meta-analyses and reviews

Review process

First, papers were compiled in EndNote X8. Next, dupli-
cates and disjointed titles were skipped. The three research-
ers (AMa, SYo, ZMo) individually evaluated the titles and
abstracts in terms of adherence with the inclusion and
exclusion criteria. A list of the remaining papers was pre-
pared to review the full texts. Two (AMa and SYo) research-
ers individually read the full texts of the remaining papers
and adjusted them to the research question. If there was
controversy in the above cases, two other researchers (OKh
and BAh) would also examine the argument. Ultimately,
two researchers extracted data from the papers into the
data assemblage table. The table retains the author’s name,
year of publication, country, mean, and standard deviation.
This table has been adjusted based on pilot testing on five
articles.

Quality assessment and critical appraisal

By finishing the searching process, the included papers
were assessed by three researchers (AMa, SYo, and ZMo)
using the Newcastle—Ottawa Scale. It is a tool applied for the
quality assessment of non-randomized studies included in a
meta-analysis or systematic review. This tool retains three
classifications and 8 items. Classifications include study
group selection, group comparability, and determination
of intervention or outcome for case—control or cohort stud-
ies, respectively. Qualitative evaluation is done by reward-
ing stars to each item [9]. Papers acquire between O and
10 points. Ultimately, articles that acquired a score below
the average score were omitted. The remaining papers were
selected and data including author name, year of publica-
tion, country, sample size, and mean and standard deviation
of each dimension were documented in a data extraction
template based on the PRISMA guidelines for systematic
reviews.

Data analysis

Diabetes self-care activities (SDSCA) and its dimensions
pooled score (PS) were approximated by random-effects
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meta-analysis, using STATA 15. The analysis results were
demonstrated at a 95% confidence interval. /* statistics were
used to investigate the possibility of heterogeneity across the
publications (I*> 50% indicates heterogeneity). A forest plot
was applied to show the results. An Egger test was executed
to assess the publication bias.

Results

A total of 2061 papers were obtained from the search, of
which 563 were duplicates. After removing duplicates, the
title and abstract of 945 papers were matched with inclusion
and exclusion criteria and inconsistencies were removed. Five
hundred thirty-six full texts were rejected due to lack of qual-
ity after evaluation. Finally, 17 articles on diabetes self-care
activities were meta-analyzed (Fig. 1). The characteristics of
the articles included in the study are reported in Table 1.

Table 2 shows the degree of heterogeneity between stud-
ies based on the studied variable. The results of this table
reveal that variation in pooled mean attributable to hetero-
geneity for exercise and self-care is zero, while the variation
for foot cares, general diet, and blood testing were estimated
to be 53, 20.6, and 81.4%, respectively (p <0.01). However,
general diet heterogeneity was not statistically significant.

The pooled mean (PM) and the 95% confidence inter-
val for each of the study variables based on the estimation
model are presented in Table 2. The pooled mean for foot
care, general diet, and blood testing are different in the two
models. There has been variation attributable to heterogene-
ity for these variables. Therefore, the random effects based
pooled mean is acceptable to us. According to the results of
Table 3 and Figs. 2 and 3, the pooled mean for these variables
was estimated as follows: foot care (FC) 2.02 (95% CI: 1.05,
2.98), general diet (GD) 3.91 (95% CI: 3.21, 4.60), and blood
testing (BT) 1.82 (95% CI: 0.64, 3.01). As well as based on
the fixed effects, the pooled mean of exercise (E) and the total
score of self-care (TSC) were obtained 2.12 (95% CI: 1.77,
2.47) and 3.35 (95% CI: 2.96, 3.74), respectively.

As the information in Table 4 displays, the bias coeffi-
cient is statistically significant only for the total self-care
score and general diet (p <0.05). Other dimensions of self-
care (foot care, exercise, and blood testing) did not suffer
from publication bias.

The funnel plots in Fig. 4 illustrate the result of the
assessment of the publication bias for the self-care visually.
The results of these graphs also confirm the existence of a
publication bias for self-care at the 95% level.

Figure 5 illustrates the forest plot of the sensitivity analy-
sis of the pooled mean of the self-care score. As it is known,
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Fig. 1 The flow diagram of the
literature search
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the aggregated average is not sensitive to the results of indi-
vidual studies. That is, removing the results of individual
studies has no effect on the significance of the pooled mean
score of self-care.

Discussion

This study measured the global pooled mean of diabetes
self-care activities and its dimensions including foot care,
diet, exercise, and blood glucose testing. The pooled mean of
self-care activities in type 2 diabetic patients was moderate
(3.36). Among the self-care activities, adherence to the diet,
although slightly above average (4.84), was the strongest
dimension. Blood glucose testing (2.40), foot care (2.37),
and exercise (2.13) were below average, and with a small
difference, exercise was the weakest dimension.

Regarding to diet dimension, Malaysia has the highest
(5.20) and Korea the lowest (0.92) mean. This dimension
includes the number and type of meals received during
the day. The relatively higher average of this dimension
can be due to more education about diet and the exist-
ence of nutritional guides on food labels. Rajput et al.
demonstrated the critical role of diet in controlling type 2
diabetes in their review [27]. A study by Degefa et al. in
the line with present study showed that the total mean of

diet adherence is moderate and even low in African coun-
tries. Many factors influence the way in which diet-related
behaviors occur [28]. These factors include beliefs, life-
style, affordability, family support, access to healthy food,
fruits, and vegetables, enough nutrition knowledge, and a
correct understanding of medical advice [28, 29]. Many
studies showed that lack of access to healthy food due to
seasonal or economic barriers, as well as lack of knowl-
edge in the field of healthy nutrition, also undermines the
diabetic diet [11, 30, 31].

Regarding the blood sugar testing dimension, Italy has
the highest (4.32) and Korea the lowest (0.14) mean. This
dimension includes the number of blood sugar tests. In
confirmation of the present study, a systematic review by
Stephani et al. showed that this dimension has a low level,
especially in poor countries [32]. On the other hand, these
tests are more common in people who have access to a home
glucometer [32-35]. Patients who inject insulin are more
knowledgeable and skilled in performing constant blood
sugar testing [29]. Many factors play a role in determining
this dimension, including financial affordability, attitude
toward testing, knowledge about the importance of testing,
testing skills, social support, doctor’s advice, and insurance
coverage.

Regarding to foot care dimension, Iran has the highest
(4.56) and Lebanon the lowest (0.33) mean. This dimension

@ Springer
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Table 2 Heterogeneity and
significance statistics of pooled
mean

Statistics Variables
FC GD E BT TSC
Heterogeneity I (%) 53.3 20.6 0.0 814 0.0
Heterogeneity XZ (d.f.=16) 34.26 20.15 8.47 86.25 12.25
p<0.01 p=0214 p=0.934 p<0.01 p=0.726
PM=0 z=10.55 7=42.05 z=11.87 z=12.22 z=16.94
p<0.01 p<0.01 p<0.01 p<0.01 p<0.01

FC foot care, GD general diet, E exercise, BT blood testing, TSC total self-care, PM pooled mean

refers to the frequency of foot care and shoe inspection. In
line with this meta-analysis, foot care activities are weak
in many studies [28, 29, 36-39]. At the same time, patients
who suffer from foot ulcers are more likely to seek foot care
than patients who do not yet have foot ulcers. According
to a study by Alosaimi et al., these activities were twice as
common in patients with foot ulcers as in patients without
foot ulcers [40]. A study by Stephani et al. showed that foot
care is more common in women than men [32]. Reasons for
not doing enough foot care activities can be lack of adequate
training and medical advice, negative attitude toward these
activities, lifestyle and how people use their feet, lack of time
to take care of feet, too much work, lack of communication
with the doctor, lack of support, and time-consuming and
abnormal care activities.

Regarding to exercise dimension, Ghana has the high-
est (4.78) and Korea the lowest (0.59) mean. This dimen-
sion refers to the number and duration of physical activity.
According to the present study, physical activity has a small
share in diabetes self-care behaviors [28, 41-44]. Lack of
physical activity may be due to lifestyle, lack of time, lack
of adequate training and advice, physical condition, and cul-
tural differences. Thus, the lack of access to exercise facili-
ties and the lack of motivation lead to reducing this behavior,
and explaining the importance and promotion of knowledge
in this field strengthens this dimension [28].

Financial barriers, deficit knowledge and awareness of
self-care, lack of specific protocols to guide diabetic patients
in the field of self-care, difficulty interacting between patient
and service provider, deficit knowledge of healthy lifestyle,

hardship abandoning bad habits, lack of confidence, lack
of patient self-esteem and self-efficacy, unilateral training,
patients’ lack of time, patients’ job barriers, patients’ disap-
pointment, and lack of motivation are obstacles that under-
mine self-care. Social norms, people’s attitudes toward dia-
betes, social stigma, lack of community or family and peer
support, family conflicts, cultural beliefs, self-treatment and
use of herbal remedies, believing that diabetes is caused by
negative spiritual forces, and deliberate non-compliance are
other decisive factors that weaken the various dimensions of
self-care [11, 30, 31, 45-48].

The low pooled mean of diabetes self-care activities and
its dimensions indicate that there is a lack of knowledge
and education in this field. Given that the best way to cope
with diabetic foot ulcers is to prevent them, it is necessary
to strengthen all dimensions of self-care. Adherence to
diet, physical activity, and frequent blood sugar tests are
all necessary to prevent diabetic foot ulcers. Simultane-
ously, direct foot care activities are important, especially
for people who suffer from foot ulcers.

Some measures that can be taken to enhance self-care
include (1) improvement of patient interaction and service
providers, (2) encourage family and community to sup-
port patients with diabetes, (3) improvement and facilitate
the process of service delivery, (4) facilitating access to
healthy food, (5) creating environments compatible with
patients with diabetes, (6) motivating patients and their
family, (7) modification of the attitudes, norms, and val-
ues of the society toward diabetes, and (8) use of tech-
nologies (such as cell phones) for education, reminder, the

Table 3 Pooled mean of

. Model Variables
variables based on fixed and
random effects model FC GD E BT TSC
PM 95% CI PM  95% CI PM  95% CI PM  95% CI PM  95% CI

Fixed effect 237 193,281 4.83 4.61,5.06 2.12 1.77,2.47
Random effect 2.02 1.05,2.98 3.91 3.21,4.60 2.12 1.77,2.47

240 2.02,2.79 335 2.96,3.74
1.82 0.64,3.01 3.35 2.96,3.74

FC foot care, GD general diet, E exercise, BT blood testing, 7SC total self-care, PM pooled mean, CI con-

fidence interval
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% %

Weight Weight

Author Vear Seting EsSEERC) (W) Author Year Seting EsEC) (V)
1L Jackson, et 2021 Nigeria B 250(162,662) 114 L. Jackson, et 2021 Ngeria _— 395(1.70,620) 100
Victor Mogre, et a. 2019 Ghena — 266(137,708) 108 Victor Mogre, et al. 2018 Ghana _ 4.40(142,738) 057
Ol Sukkereh, et al 2016 Lebanon —_— 119(295,533) 113 Ola Sukkerien, et L. 2016 Lebanon T 3e(102026 02
AliHassan Alhit, etal, 2020 Saudi Arabia e 328(003,659) 176 Al Hassan Alhaii et al. 2020 Saudi Arabia 1 257 (0.84,5.98) 0.44
Najwa S. ElGerges, etal. 2020 Lebanon — i 033 (-067,1.33) 1937 Najwa S. ElGerges, etal. 2020 Lebanon '4'—% 3.03(-022,6.28) 048
Sana Taher Ashur, etal. 2016 Libya _— 230(280,740) 075 Sana Taher Ashur, etal. 2016 Libya ——————————  290(220,800) 020
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Hamdiye Arda Srict, etal. 2017 Tukey I 096(065,257) 749 Hamdiye Arca Sirict, o al, 2017 Turkey 4 1726034,378) 120
Mariia Braga Marques, et al 201 Brazi > 450(160,1060) 052 Mariia Braga Marques, et al 2019 Brazil A ss1c0m,842) 024
Kalhioen Muligan,etal. 2018 UK —_— 170(183,523) 155 Kathleen Muligan, etal. 2018 UK T sscomramosn
AzarToletal 2012 Iran — 403879 110 Azar o, tal. 2012 ran _— 370(1.13,627) 077
Anfal N, AtMallah, etal. 2017 fraq e 420(1.29,969) 084 Anfal N. AlMallah, etal. 2017 Iraq %—ﬁ 3.15(0.11,649) 055
Voo ChengKush,otal. 2016 Malaysia _ 300(210,819) 072 Vee Cheng Kueh,elal. 2016 Malaysia ———— 520(090.041) 020
Rony 8l . 2020 g — 039299317 280 Ronu Bal, ot . 2020 india _— a86(1.14,650) 08
Young Mi Kang, et . 2018 Korea ————— 114(635,763) 046 Young Mi Kang, et al. 2018 Korea T 0.92(5.90,7.74) 0.1
Kyung Suk Shin, etal. 2017 Korea pa— : 198(272,668) 087 Kyung Suk Shin,etal. 2017 Korea — . 342(1.01,7.85) 026
Davide Ausil, et 2017 taly - 332(273,391) 5597 Davide Ausil, etal 2017 taly - 497(4.73,521) 9187

¥V Overal (-squared = 53.3%, p = 0.005) o 257(193,281) 10000 1V Overal (-squared = 20.%, p = 0214) ¢ 484 (461,506) 10000

D+LOveral <> 202(1.05,299) D+L Overal <o 391321, 460)
T T
o s 0 3
Foot Care General Diet
1
% %

Weight Weight

Autror Year Seting ESEMC) (V) Autror Year Seting es@w%c) ()
1. Jackson, et al 2021 Nigeria f—— 240(005,475) 223 L. Jackson, et a. 2021 Nigeria —— 1.00(-116,316) 320
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Table 4 Egger’s test for assessing the publication bias

Variables Bias Coef SE t p>|t] 95%CIl

FC -0.315 0519 -0.61 0552 —1.422,0.791
GD —1.006 0.195 -=5.12 0.001 —1.417,-0.584
E 0.051 0.231 0.22 0.831 —0.443, 0.544
BT —0.839 0.852 —-0.98 0.340 —2.655,0.977
TSC -0.675 0232 =291 0011 -1.171,-0.181

FC foot care, GD general diet, E exercise, BT blood testing, 7SC total
self-care

interaction of patients and service providers and changing
patients’ bad behaviors [30, 45-47].

This study also has some limitations. The first con-
straint is that in order to decrease the amount of hetero-
geneity, we only pooled the SDSCA and its dimensions’
scores and excluded studies that used other methods such
as semantic priming task, evaluative priming task, affect
misattribution procedure, and extrinsic affective Simon
task. The second constraint is that only English articles
were contained in the analysis. It should be mentioned,
however, that we endeavored to overwhelm this constraint
by systematically reviewing the most popular databases.

Conclusion

This study obtained the pooled mean of diabetes self-care
activities including diet, foot care, exercise, and blood
glucose testing in different countries for the first time.
The overall level of self-care was moderate and far from

Fig.4 Funnel plot for self-care

Pooled mean score

Omitted study with 95% CI p-value
Study 1 —— 3.37[2.98, 3.76]  0.000
Study 2 — 3.35[2.96, 3.75]  0.000
Study 3 — 3.36[2.97, 3.75]  0.000
Study 4 —_— 3.36[2.97, 3.75] 0.000
Study 5 ——e——  3.42[3.02, 3.82] 0.000
Study 6 —r 3.36[2.98, 3.75]  0.000
Study 7 — 3.37[2.98, 3.76]  0.000
Study 8 —fe—— 3.48[3.08, 3.88] 0.000
Study 9 — 3.36[2.97, 3.75]  0.000
Study 10 —_— 3.36[2.97, 3.75]  0.000
Study 11 —_— 3.36[2.97, 3.75]  0.000
Study 12 — 3.36[2.97, 3.75]  0.000
Study 13 —_— 3.36[2.97, 3.75]  0.000
Study 14 —_—r 3.36[2.97, 3.75]  0.000
Study 15 —r— 3.37[2.98, 3.76]  0.000
Study 16 —— 3.36[2.97, 3.75]  0.000
Study 17 —_———— 2.37[1.60, 3.13]  0.000
1 2 3 4

Fixed-effects inverse-variance model

Fig.5 Leave one out meta-analysis of diabetic foot self-care score
mean

ideal. Dimensions of foot care, exercise, and blood glucose
testing were also below average. Based on this evidence,
policies to prevent diabetes should be directed toward edu-
cating patients on preventive activities. On the other hand,
it is necessary to ensure that patients’ interpretations are
in line with doctors’ recommendations. The capacity of
skilled nurses can be used for self-care training and fol-
low-up so that the shortage of physicians does not prevent
continuous monitoring of self-care activities.

Studies
pP<1%

1% <p < 5%

5% <p < 10%

[ p>10%

T T —

0
Mean of SC score
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