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Abstract 

Background: Social media (Whatsapp) is increasingly being used by older adults throughout the 
world. The question is whether they can be successfully incorporated into health programs to 
promote physical activity via WhatsApp applications in T2DM patients living in rural areas. 

The aim of this study was to measure the effect of an intervention via WhatsApp messages adapted 
from SCT theory to promote physical activity in T2DM patients living in rural areas. 

Method: Quantitative research design using Quasi-experiment. A non-probability sampling 
technique, namely purposive sampling, was carried out from May to August 2022 involving 60 
T2DM patients. The intervention group received messages via educational WhatsApp messages 
or promotions on the importance of physical activity through SCT (Social Cognitive Theory) 
studies, namely (Cognitive (Knowledge), self-efficacy, and Physical Activity. Physical activity 
promotional messages were sent 3 messages per week for 6 weeks via the WhatsApp application 
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so that a total of 18 messages would be sent during the intervention. Physical activity is only 
assessed at the beginning of week 7 to be followed up for 12 weeks with direct monitoring using 
the IPAQ (International Physical Activity Questionnaire) and the ESES (Exercise Self Efficacy) 
Questionnaire. 

Results: The PA program through SCT intervention with a mobile application showed a 
comparative change in reducing HbA1C between the intervention and control groups with an 
average score 8,766 ± 1,869 versus 9,743± 1,938 HbA1c mg/dl at 12 weeks. SCT intervention via 
mobile application (WhatsApp) causes changes in PA (MET (Metabolic Equivalents of Task), 
self-efficacy (p= large effect size on diastolic blood pressure (BP), Based on comparative analysis 
via Independent T Test significant decrease in (PA, HbA1C, self-efficacy) was found in the 
intervention group compared to the control group. 

Conclusion: The SCT Whatsapp message intervention via the mobile application (Group 
Whatsaap) increases physical activity, and can be included in health programs targeted for T2DM 
in rural areas. 

Keywords; Health promotion, SCT, mobile applications, physical activity, social media, 
WhatsApp 

Background 

Diabetes is an epidemic causing several major public health problems throughout the world (1). 
Diabetes Mellitus Type 2 (T2DM) is a chronic metabolic disorder with the body's inability to 
produce or even respond to insulin, characterized by hyperglycemia. (2,3) which causes 
microvascular and macrovascular complications and has an excessive impact (4,5). The prevalence 
of T2DM has increased rapidly in recent decades. According to estimates, 463 million adults will 
be diagnosed with diabetes, predicting that by 2045 there will be an increase of 51% or around 700 
million people diagnosed with diabetes. (6,7). It is estimated that 35% of US adults older than 20 
years and 50% of people older than 65 years have T2DM. An estimated 5 million deaths are related 
to T2DM with a percentage representing 12.8% of all causes of morbidity and mortality (8). 

The prevalence of T2DM in 2019 is estimated at 9.3% (463 million people), increasing to 10.2% 
(578 million) in 2030 and 10.9% (700 million) in 2045 (7). On the Asian continent, the prevalence 
of T2DM continues to increase, which is projected to increase from 78 million in 2015 to 140 
million in 2040 (6,7).  Meanwhile, the prevalence of T2DM in Indonesia increased from 10.3 
million in 2017 to 16.7 million in 2045. Based on 2018 basic health research data (Riskesdas), 
Indonesia showed an increase in T2DM from 6.9% in 2013 to 10.9% in 2018. The latest data for 
2019 by the Indonesian Endocrinology Association (PERKENI) shows that the number of T2DM 
sufferers in Indonesia reached 9.1 million people and ranks 7th in the world. South Sulawesi ranks 
16th out of 34 provinces in Indonesia (9).   
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The prevalence of T2D has increased worldwide in the last 2 decades, especially at a very fast rate 
in some developing countries such as China and India Indians who live in rural areas are 
characterized by being more susceptible to diabetes and complications because of the limitations 
they have such as long distances to cities and lack of sports facilities. The situation becomes even 
more serious with populations in rural areas who do not have access to health services and expect 
them to have fewer medical visits from health service facilities, with this exposure the impact will 
be greater for T2DM patients who live in rural areas. (10,11)  

Promoting regular physical activity (PA) has been shown to be beneficial in the management of 
T2DM (12–16). Some research results (17–21) shows that physical activity is an alternative sport 
that can have a significant impact on changes in blood glucose and HDL. Several studies also 
explain that physical exercise can reduce HbA1c by around 6.6 mmol / mol (0.6%) around 6.6 
mmol / mole (0.6%) (22–25). Based on meta-analysis results (26) demonstrated an overall decrease 
in HbA1c of 0.8% with resistance training and an 11.8% increase in peak VO2 with aerobic 
exercise. Carrying out physical activity increases the use of glucose by active muscles so that it 
can directly cause a decrease in blood glucose (12–14). 

Regular physical activity with guidelines recommends that adults should accumulate 150 minutes 
of moderate physical activity a week (27). However Nearly a third of the world's population fails 
to meet the recommended levels of PA to stay healthy and Up to 80% of people with T2DM do 
not meet these recommendations (28) (27). Several epidemiological studies suggest that most 
patients are underactive, with only 23–37% of patients achieving recommended exercise levels in 
the US, 21% in Canada, and 15.3% in mainland China (29–31).  

Meanwhile, the majority of T2DM patients in Indonesia are based on study results (32) Common 
barriers to PA in adults in Indonesia are behavioral problems related to self-efficacy, lack of time, 
low self-motivation, feelings of discomfort, feelings that physical activity is unpleasant or boring, 
fear, injury, lack of support from family and friends, and the environment. which is not supported 
and health facilities are far away. DMT2 Indonesia 89.3% of participants have low levels of PA 
and 58.9% have a habit of more than 3 hours of sedentary activity per day which can affect the 
patient's inability to carry out controlled physical activity.  

Seeing the various problems and various causal factors, both from individual factors, time, and 
motivation the situation becomes more widespread for T2DM patients who do not have access to 
health services which causes someone with T2DM to not have a special program for physical 
activity and is not encouraged to want to carry out activities. physique. So effective interventions 
are needed that must be applied to T2DM sufferers with the aim of being able to improve health 
and able to get PA promotions such as interventions based on SCT theory through short 
educational messages via (WhatsApp) for T2DM patients in rural areas. 

SCT is well suited to understanding PA health behavior due to the interaction of individual, 
environment, and behavior (33,34).  Self-efficacy, which is one of the main constructs of this 
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theory, means the confidence a person has in his ability to perform certain behaviors successfully 
and obtain desired results. Self-efficacy is an important prerequisite for behavior change. Other 
constructs from this theory are task, planning, and coping self-efficacy. SCT-oriented interventions 
have been observed based on systematic reviews (33,35) found that the most effective intervention 
for improving health behavior has been proven to be able to control glycemic levels for longer and 
be able to last long in T2DM. In a cluster randomized controlled trial (RCT) conducted (36) di in 
Ahar, East Azerbaijan Province, Iran found that SCT-based interventions were able to reduce the 
risk of prediabetic progression to T2DM. 

Researchers will conduct a trial by presenting integrated/programmed PA promotion through 
educational interventions via WhatsApp messages with standard PA recommendations adapted 
through SCT in rural populations with T2DM, which in turn will result in reducing and minimizing 
complications of T2DM. 

Description of SCT as a theory that is proven to be able to improve PA health behavior which is 
believed to be able to create improvements in several technology-based interventions, for example, 
the use of the WhatsApp application. It is not surprising that the use of WhatsApp provides a 
solution and is able to offer several benefits such as increasing the ability of diabetes sufferers to 
manage the disease and ensuring convenience. their access to Health care services and cost control 
interventions (37)(38) (39).  

Several studies have developed interventions using technology that are cost-effective and have 
been successfully implemented in promoting diabetes self-management (39–41) However, these 
interventions often result in suboptimal levels of user engagement and unsustainable use of the 
technology associated with the application, another consideration is the limited and little data 
available on PA interventions among high-risk groups, especially rural patients with T2DM. 

On this basis, we will conduct a trial by presenting a health program to promote physical activity 
via the WhatsApp application adapted through SCT to T2DM patients living in rural areas. 

Materials and Methods 

Study Design and Subjects 

This research uses a quantitative method using Quasi-experiment with pretest-posttest with a 
control group with a non-probability sampling technique, namely purposive sampling involving 
60 T2DM patients conducted in Takalar, South Sulawesi Province, Indonesia. This study was 
designed to assess physical activity through WhatsApp DMT2 education in the rural area of 
Takalar, South Sulawesi Province, Indonesia.  

Intervention 

Intervention Group 
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The intervention group is a group that is joined via the WhatsApp group, and will receive messages 
via WhatsApp messages by providing promotions on the importance of physical activity through 
SCT studies (Cognitive (Knowledge of DM Concepts), physical activity, complications, self-
efficacy and social support), each message promotes physical activity sent 3 messages per week 
for 6 weeks via the WhatsApp application, so a total of 18 messages will be sent during the 
intervention. Physical activity is only assessed at the beginning of week 7 to be followed up for 12 
weeks with direct monitoring. They were invited to take an HbA1c test at the beginning and end 
of the study period (12 weeks). As an incentive, all tests and measurements are provided free of 
charge. Furthermore, patients are allowed to see the clinic doctor if necessary without paying an 
entrance fee. Free doses of diabetes medication are planned and offered to those who complete the 
study. 

The control group  

The control group is the group that did not receive WhatsApp messages. 

Both groups in the study, however, received a physical activity diabetes care instruction booklet 
at the start of the study. This booklet is intended to introduce patients to physical activity before 
receiving a short WhatsApp message on the subject. It also aims to ensure that patients in the 
control group feel they belong in the program and encourage them to continue participating until 
the end of the study.Lokasi penelitian 

This research was carried out in rural areas in the Takalar Regency. Takalar Regency has 8 
community health centers by using 2 community health centers as research sites which were 
randomly selected for the intervention group and control group. In the RCT, the RCT was 
randomly carried out by selecting community health centers located in rural areas with data 
collected through the prolanis program data at each community health center, and the prolanis 
program at the community health center to make it easier to recruit respondents. A total of ≥ 160 
patients could be recruited per random location from 2 health center locations, the results were 
carried out by HbA1C screening and inclusion criteria. The results were a total of 60 T2DM 
patients recruited from 2 health center locations during the period April - September 2022. 
Inclusion criteria for participants included a clinical diagnosis of T2DM, HbA1c ≥ 6.5% 
(preferably in the last 3 months), Willingness to be a respondent by signing an informed consent 
and being willing to fill out a form questionnaire, no history of major surgical procedures in the 
previous 5 months or planning any major surgical procedures in the next 5 months, Type 2 
Diabetes mellitus patients on oral and injection medication and patients who do not experience 
cognitive impairment. Patients were excluded if they had a medical condition that prevented them 
from walking for 15 minutes to 30 minutes a day. 

Data Collection and Assessment 

Information about the demographic characteristics of Diabetes diagnosis is based on primary data 
from community health centers. The description starts from Univariate analysis: The description 
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of respondent characteristics used in this research includes the distribution of respondents based 
on gender, age, education, occupation, length of time suffering from DM, and treatment. 
Continuous variables are presented in the form of means and standard deviation (SD) or Median 
while categorical variables are presented in the form of frequencies and percentages. Meanwhile, 
the variables for the 2 intervention groups used the T-test based on the results of the normality test 
if the data showed a normal distribution 

Intervention via WhatsApp messages in providing support to T2DM patients to increase PA levels 
by recommending activities in the daily life of T2DM patients 

Research Instrument 

We assessed PA levels using the IPAQ physical activity questionnaire using MET (Metabolic 
equivalents of task) (42) and is intended for special IPAQ runs (43). As for clinical measures, the 
HbA1c test was carried out using the Afinion™ AS100 Analyzer (Alere Technologies) and DCA 
Vantage™ Analyzer (Siemens Medical Solutions Diagnostics) which are National 
Glycohemoglobin Standardization Program (NGSP) certified POC devices for evaluating 
HbA1c(44)(45) while PA self-efficacy was measured using the ESES (Exercise Self Efficacy 
Scala) Questionnaire, which is a valid, reliable, and stable measuring tool for assessing SE in 
T2DM in Indonesia (46). This instrument has a content validity index (CVI) score of 0.80-1.00. 
The Cronbach alpha of the Indonesian version of the DQoL-BCI is A Cronbach is .78, .80, and .92 
which means it shows adequate results 

Ethics 

The research protocol has been reviewed and approved by the Ethics Committee of the Faculty of 
Public Health, Hasanuddin University, and then registered in the Clinical Trial Registration 
Number: 3179/ UN4.14.1/TP.01.02/2022. Informed consent was obtained from all participants, 
and data confidentiality was considered. 

Hasil 

Table 1 Sample characteristics between the two groups (Intervention and Group) 

Variabel N Min Max Mean  Std 
Deviation 

Age intervention group 30 45 69 56.13 9.145 

Age control group 30 50 79 58.73 6.772 
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 Group 

Characteristic Intervention  Control  

 n % n % 

Sex     

Women  23 77 25 83,3 

Man  7 23 5 16,7 

Total 30 100 30 100 

Education      

Never went to school 0 0 3 10 

Did not finish elementary school 0 0 3 10 

Elementary school  1 3,5 5 16,6 

Junior high school 5 16,6 6 20,1 

Senior high school  13 43,3 6 20,1 

Diploma  2 6,6 2 6,6 

University  9 30 5 16,6 

Total  30 100 30 100 

Occupation     

Not working 8 26,6 6 20,1 

PNS/TNI/Polri/BUMN/BUMD 5 16,6 5 16,6 

Private employees 2 6,6 0 0 

Entrepreneur 3  10 1 3,4 

Farmer 0 0 2 6,6 

Fisherman 0 0 0 0 

Laborer/Driver/Housewive 4 13,6 12 39,7 

Retired  8 26,6 4 13,6 
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Total  30 100 30 100 

Period had DM     

≤ 5 years 7 23 9 30 

≥ 5 years 23 77 21 70 

Total  30 100 30 100 

Medication     

Oral 15 50 21 70 

Injection 11 22,8 7 23 

Oral/injection 4 13,6 2 3,6 

Total  30 100 30 100 

 

Table 1 presents information on the sociodemographic characteristics of the 60 participants. In the 
intervention group, the average age was 56.13 years; SD 9.145 was significantly younger than the 
control group (mean age 58.73 years; SD = 6.772). Information on characteristics based on gender 
shows a high average percentage difference between male and female T2DM patients, namely an 
average of 80% of T2DM sufferers are female. The results of the data on the characteristics of 
T2DM patients who live in rural areas generally use oral medication with an average percentage 
of 60%. 

Based on Table 2 Comparison of average HbA1c, exercise self-efficacy and physical activity 
parameters in the intervention and control groups before and after the intervention 

Paramater Intervention Control PValue* 
 

  

Before 
(n=30) 

After (n=30) Before (n=30) After (n=30) 
Interve
nsi 

Contr
ol 

 

 

M SD M SD M SD M SD 
 

 

HbA1C 
9,61
3 

2,23
5 

8,76
6 

1,86
9 

9,71
6 

1,960 
9,74
3 

1,93
8 

0,0001 0,904  

Self Efficacy 33.6 3.99 
51.3
3 

6.92 
33.6
3 

8.38 
42.1
3 

10.7
4 

0,0001 0.002  

Physical 
Activity (PA) 
Parameter 
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Tot Days Of 
Activity 

5,46
7 

20,9
65 

7,00 
0,00
0 

1,60
0 

0,6747 6,87 
0,43
4 

0,0001 0,001  

Tot  
PA_MIN,WEE
K 

47,1
33 

36,8
40 

83,5
0 

30,9
94 

40,0
33 

20,342 
55,9
0 

18,4
47 

0,0001 0,180  

Met_Vigorous 
Met/week 

342,
66 

588,
31 

798,
67 

523,
69 

208,
00 

323,32 
301,
33 

343,
24 

0,0001 0,716  

Met 
Moderate_Min/
week 

217,
33 

313,
63 

409,
33 

262,
65 

177,
33 

229,28 
176,
67 

126,
28 

0,0001 0,456  

Met 
Walk_Min/Wee
k 

190,
85 

177,
37 

618,
20 

273,
73 

191,
95 

1,98,4
01 

416,
35 

319,
40 

0,0001 0,001  

Met Total 
PA_Min/Week 

750,
85 

721,
90 

1826
,2 

714,
81 

577,
28 

423,84 
894,
35 

607,
06 

0,0001 0,381  

* p value for comparison of mean changes before and after the intervention group and the control 
group. obtained from HbA1C and Physical Activity (PA) parameters.  

CI confidence interval, M mean, SD standard deviation.  

Table 3 Comparison between Two Groups (Post Intervention- Post Control) in the 
Intervention Group and Control Group 

Paramater Intervention Control PValue* 
 

  

Post 
Intervention 

(n=30) 

Post Control 
(n=30) 

  

 

 

M SD M SD 
 

 
HbA1C 8,766 1,869 9,743 1,938 0,854  

Self Efficacy 51.33 6.92 42.13 10.74 0.002  

Physical Activity (PA) 
Parameter 

      

Tot Days Of Activity 7,00 0,000 6,87 0,434 0,103  

Tot  PA_MIN,WEEK 83,50 30,994 55,90 18,447 0,000  

Met_Vigorous 
Met/week 

798,67 523,69 301,33 343,24 0,000  

Met 
Moderate_Min/week 

409,33 262,65 176,67 126,28 0,000  

Met Walk_Min/Week 618,20 273,73 416,35 319,40 0,002  

Met Total 
PA_Min/Week 

1826,2 714,81 894,35 607,06 0,000  

     * p-value for the comparison of the mean change (Post Intervention-Post Control) for the 
intervention group and the control group was obtained from the parameters HbA1C, Self-efficacy 
and Physical Activity (PA). 
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The effects of PA intervention on the clinical parameter HbA1c between the intervention and 
control groups after 12 weeks of PA intervention in T2DM patients are shown in Table 2. There 
were statistically significant differences in the clinical outcomes of HbA1C and PA. Changes in 
HbA1c decreased significantly in the intervention and control groups after the intervention but 
were not statistically significant between groups, namely (p < 0.05) with the results (Intervention 
= 0.0001; Control 0.904). 

A comparison of PA parameters between the two groups is presented in Table 2. Significant 
increases in Total PA_Min, Week and Met Total PA_Min/Week (MET-min/week) were observed 
at 12 weeks for the intervention group compared to the control group. The mean total PA scores 
for the intervention and control groups were 83.50 ± 30.994 versus 55.90 ± 18.447, respectively. 
Also, the average Met Total PA_Min/Week was able to reach 1826.2 ± 714.81 in the intervention 
group versus 894.35 ± 607.06 in the control group, PA parameters are shown in Table 2. 

Discussion 

This study assessed the effectiveness of a PA intervention based on a mobile application 
(Whatsapp) in T2DM patients among a rural population. After 12 weeks, the intervention showed 
a positive impact in changing HbA1c parameters through increasing PA in the intervention group 
compared to the control group. Education via mobile applications (WhatsApp) is very feasible and 
acceptable, the method presented by developing monitoring and reminders via WhatsApp groups 
is able to improve glycemic control and activity behavior of T2DM sufferers in Indonesia. For 12 
weeks, patients are directed to be able to absorb education and change behavior to be able to do 
PA, they are made aware of the risk of diabetes and even further complications from T2DM, and 
they will be encouraged to do PA as a simple way to reduce the possibility of complications and 
the inability to control their blood sugar. Our findings suggest that the implementation of an SCT 
intervention using a mobile application (WhatsApp) to promote PA has potential benefits for 
people with T2DM who have no awareness of the importance of PA, and hard-to-reach T2DM 
patients in rural areas. This finding is in accordance with the results of the study conducted (34) 
by promoting PA using WhatsApp which is able to change knowledge and control of HbA1c. 

The most important finding of this study was the change in HbA1c parameters among rural 
individuals with T2DM. Comparative changes in HbA1C reduction between the intervention and 
control groups with an average score of 8.766 ± 1.869 versus 9.743 ± 1.938, with these results the 
researchers assumed that with the indirect change in decreasing HbA1c apart from being able to 
control blood sugar through PA habits, they would also be able to reduce the economic burden 
through T2DM treatment costs. This is based on characteristic data showing that the average rural 
patient uses oral medication so that with PA promotion interventions they are able to change their 
self-management to continue to control their blood sugar. At least 150 minutes/week of PA reduces 
the risk of developing T2DM complications by 40-70% in people with impaired glucose tolerance 
(47)(17) 
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Several studies have recommended PA for T2DM patients by doing PA for 150 minutes/week 
(48)(19)(48) have been done. Our research actually uses a theory-based intervention developed 
through a mobile application (WhatsApp) by developing PA Health Promotion which is able to 
change the behavior of T2DM patients in rural areas for PA. 

Using the SCT intervention in promoting PA through a mobile application was successful in 
increasing awareness, and was able to build PA behavior through daily monitoring and reminders. 
The most important finding from this study was that by increasing Exercise self-efficacy (ESE) 
for 12 weeks, the intervention led to an increase in Exercise self-efficacy, and the change in 
exercise self-efficacy of the intervention group was higher than the control. The average self-
efficacy of the intervention group increased from 33.60 at the pretest to 51.33 at the posttest. 
Meanwhile, the control group increased from 33.63 on the pretest to 42.13 on the posttest. This is 
influenced by several factors, one of which is the willingness of the respondents and reminder 
activities that are delivered every day via the mobile application (Whatsapp) during the research. 
According (46), exercise self-efficacy is based on an individual's belief in his or her ability to be 
willing to do it and one possible explanation related to this is that it is also influenced by the 
characteristics of the respondent (Table 1) such as the level of education. Bandura explained that 
the process of forming self-efficacy is the cognitive process, motivational process, affective 
process, and selection process. The cognitive process in this research is clearly aimed at providing 
PA promotion via a mobile application (WhatsApp) which can increase PA behavior and exercise 
self-efficacy. 

SCT is a theory-based intervention emphasizing constructs such as self-efficacy, and cognitive 
aims to promote self-management behavior such as PA. Our study seeks to include the core 
constructs of SCT by developing self-efficacy and cognitive processes specifically in this study. 
The strength of this study, we specifically used the ESES instrument with a valid, reliable, and 
stable measuring tool to assess SE in T2DM in Indonesia (46). In this study, we sought to develop 
an SCT intervention by seeking to increase confidence and intention in behavior change and be 
able to produce blood sugar control through PA. Another strength of this research is that we 
combined theory-based interventions (SCT) with technology-based interventions that were tried 
in rural areas. This RCT study has several strengths with a population that is difficult to reach and 
at high risk of experiencing complications with diverse characteristics of respondents. 

Limitations 

The lack of previous research in people with T2DM using SCT with eHealth makes it difficult to 
compare the results of the study with others. This study was conducted in a rural population, which 
may limit the generalizability of the findings to urban populations. Another limitation raised by 
our study is that there were significant differences between the characteristics of the control and 
intervention groups. 
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Conclusion 

Our study results support the effectiveness of an SCT-based PA intervention via a mobile app 
among rural patients with T2DM to reduce complications through an RCT design study. 

Findings suggest that implementation of SCT-based PA interventions in rural populations at risk 
for diabetes has the potential to benefit these populations. Further long-term research is needed to 
determine the maintenance of PA interventions and their impact on diabetes prevalence among 
rural residents 

Acknowledgment 

Thank you to the Takalar Regency Government, and Takalar Health Service. 

Conflict of interest 

The researcher states there is no conflict of interest in this research. 

Daftar Pustaka 

1.  International Diabetes Federation. IDF. IDF Diabetes Atlas [Internet]. 2021st ed. 2021; 
2021. Available from: url: https://diabetesatlas.%0Aorg/ 

2.  Wondafrash DZ, Desalegn TZ, Yimer EM, Tsige AG, Adamu BA, Zewdie KA. Potential 
Effect of Hydroxychloroquine in Diabetes Mellitus: A Systematic Review on Preclinical and 
Clinical Trial Studies. J Diabetes Res. 2020;2020.  

3.  Lester FT. Diabetes mellitus. In: The Ecology of Health and Disease In Ethiopia. 2019.  

4.  International Diabetes Federation (IDF). IDF Diabetes Atlas. IDF Diabetes Atlas, 5th 
edition. 2013.  

5.  ADA. 2. Classification and diagnosis of diabetes: Standards of medical care in 
diabetesd2019. Vol. 42, Diabetes Care. 2019. 13–28 p.  

6.  International Diabetes Federation (IDF). IDF Diabetes Atlas. 8th ed. Vol. 76. Brussels: 
Belgium: International Diabetes Federation; 2017.  

7.  Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al. Global and 
regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from 
the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res Clin Pract 
[Internet]. 2019;157:107843. Available from: https://doi.org/10.1016/j.diabres.2019.107843 

8.  Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L, Cho NH, 
et al. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. 



1467 GROWTH, STRUCTURAL AND OPTICAL STUDIES ON PURE AND L-HISTIDINE DOPED SINGLE CRYSTALS OF COPPER SULPHATE 

  

 

Diabetes Res Clin Pract [Internet]. 2017;128:40–50. Available from: 
http://dx.doi.org/10.1016/j.diabres.2017.03.024 

9.  Kementerian Kesehatan RI Badan Penelitian dan Pengembangan. Hasil Utama Riset 
Kesehatan Dasar. Kementrian Kesehat Republik Indones [Internet]. 2018;1–100. Available from: 
http://www.depkes.go.id/resources/download/info-terkini/hasil-riskesdas-2018.pdf 

10.  Alfaqeeh G, Cook EJ, Randhawa G, Ali N. Access and utilisation of primary health care 
services comparing urban and rural areas of Riyadh Providence, Kingdom of Saudi Arabia. BMC 
Health Serv Res [Internet]. 2017;17(1):1–13. Available from: http://dx.doi.org/10.1186/s12913-
017-1983-z 

11.  Carrasquillo O, Lebron C, Alonzo Y, Li H, Chang A, Kenya S. Effect of a Community 
Health Worker Intervention Among Latinos With Poorly  Controlled Type 2 Diabetes: The Miami 
Healthy Heart Initiative Randomized Clinical Trial. JAMA Intern Med. 2017 Jul;177(7):948–54.  

12.  Rothschild SK, Martin MA, Swider SM, Lynas CMT, Janssen I, Avery EF, et al. Mexican 
american trial of community health workers: A randomized controlled trial of a community health 
worker intervention for mexican americans with type 2 diabetes mellitus. Am J Public Health. 
2014;104(8):1540–8.  

13.  de Melo Ghisi GL, Aultman C, Konidis R, Foster E, Tahsinul A, Sandison N, et al. 
Effectiveness of an education intervention associated with an exercise program in improving 
disease-related knowledge and health behaviours among diabetes patients. Patient Educ Couns 
[Internet]. 2020;(2019). Available from: https://doi.org/10.1016/j.pec.2020.04.007 

14.  Ghisi GL de M, Aultman C, Konidis R, Foster E, Tahsinul A, Sandison N, et al. 
Effectiveness of an education intervention associated with an exercise program in improving 
disease-related knowledge and health behaviours among diabetes patients. Patient Educ Couns 
[Internet]. 2020;(2019). Available from: https://doi.org/10.1016/j.pec.2020.04.007 

15.  Foster C, Hillsdon M, Thorogood M, Kaur A, Wedatilake T. Interventions for promoting 
physical activity. Cochrane Database Syst Rev. 2005;2013(1):1–3.  

16.  Dubbert PM, Cooper KM, Kirchner KA, Meydrech EF, Bilbrew D. Effects of nurse 
counseling on walking for exercise in elderly primary care patients. Journals Gerontol - Ser A Biol 
Sci Med Sci. 2002;57(11):M733–40.  

17.  Motahari-Tabari N, Ahmad Shirvani M, Shirzad-E-Ahoodashty M, Yousefi-Abdolmaleki 
E, Teimourzadeh M. The effect of 8 weeks aerobic exercise on insulin resistance in type 2 diabetes: 
a randomized clinical trial. Glob J Health Sci. 2015;7(1):115–21.  

18.  Jr Y, Green JB, Lum H, Peterson MJ, Huffman KM, Ph D, et al. Control in Older Adults 
with Prediabetes. 2013;60(9):1655–62.  



1468 GROWTH, STRUCTURAL AND OPTICAL STUDIES ON PURE AND L-HISTIDINE DOPED SINGLE CRYSTALS OF COPPER SULPHATE 

  

 

19.  Lee SF, Pei D, Chi MJ, Jeng C. An investigation and comparison of the effectiveness of 
different exercise programmes in improving glucose metabolism and pancreatic β cell function of 
type 2 diabetes patients. Int J Clin Pract. 2015;69(10):1159–70.  

20.  Rahbar S, Naimi SS, Soltani AR, Rahimi A, Akbarzadeh Baghban A, Rashedi V, et al. 
Improvement in biochemical parameters in patients with type 2 diabetes after twenty-four sessions 
of aerobic exercise: A randomized controlled trial. Iran Red Crescent Med J. 2017;19(7).  

21.  Karimi H, Shakil-ur-Rehman S, Gillani SA. Effects of supervised structured aerobic 
exercise training program on interleukin-6, nitric oxide synthase-1, and cyclooxygenase-2 in type 
2 diabetes mellitus. J Coll Physicians Surg Pakistan. 2017;27(6):352–5.  

22.  Schwingshackl L, Missbach B, Dias S, König J, Hoffmann G. Impact of different training 
modalities on glycaemic control and blood lipids in patients with type 2 diabetes: A systematic 
review and network meta-analysis. Diabetologia. 2014;57(9):1789–97.  

23.  Yang Z, Scott CA, Mao C, Tang J, Farmer AJ. Resistance exercise versus aerobic exercise 
for type 2 diabetes: A systematic review and meta-analysis. Sport Med. 2014;44(4):487–99.  

24.  Paluch AE, Church TS, Blair SN. Effect of an Intensive Exercise Intervention Strategy on 
Modifiable Cardiovascular Risk Factors in Subjects with Type 2 Diabetes Mellitus. Curr 
Cardiovasc Risk Rep. 2011;5(6):481–3.  

25.  Chudyk A, Petrella RJ. Effects of exercise on cardiovascular risk factors in type 2 diabetes: 
A meta-analysis. Diabetes Care. 2011;34(5):1228–37.  

26.  Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, et al. 2019 update to: 
Management of hyperglycemia in type 2 diabetes, 2018. A consensus report by the American 
Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD). 
Diabetes Care. 2020;43(2):487–93.  

27.  Park SH. Effects of passive static stretching on blood glucose levels in patients with type 
2 diabetes mellitus. J Phys Ther Sci. 2015;27(5):1463–5.  

28.  González K, Fuentes J, Márquez JL. Physical inactivity, sedentary behavior and chronic 
diseases. Korean J Fam Med. 2017;38(3):111–5.  

29.  Domin A, Ouzzahra Y, Vögele C. Features and Components Preferred by Adolescents in 
Smartphone Apps for the Promotion of Physical Activity: Focus Group Study. JMIR Hum Factors. 
2022;9(2):1–10.  

30.  Baptista S, Wadley G, Bird D, Oldenburg B, Speight J. User experiences with a type 2 
diabetes coaching app: Qualitative study. JMIR Diabetes. 2020;5(3).  



1469 GROWTH, STRUCTURAL AND OPTICAL STUDIES ON PURE AND L-HISTIDINE DOPED SINGLE CRYSTALS OF COPPER SULPHATE 

  

 

31.  Corella D, Asensio EM, Coltell O, Sorlí J V, Estruch R, Martínez-González MÁ, et al. 
CLOCK gene variation is associated with incidence of type-2 diabetes and  cardiovascular diseases 
in type-2 diabetic subjects: dietary modulation in the PREDIMED randomized trial. Cardiovasc 
Diabetol. 2016 Jan;15:4.  

32.  Rachmah Q, Setyaningtyas SW, Rifqi MA, Indriani D, Nindya TS, Megatsari H, et al. Self-
efficacy to engage in physical activity and overcome barriers, sedentary behavior, and their relation 
to body mass index among elderly Indonesians with diabetes. J Prev Med Public Heal. 
2019;52(4):242–9.  

33.  Smith Y, Garcia-Torres R, Coughlin SS, Ling J, Marin T, Su S, et al. 1. Smith 
YEffectiveness of social cognitive theory-based interventions for glycemic control in adults with 
type 2 diabetes mellitus: Protocol for a systematic review and meta-analysis, Garcia-Torres R, 
Coughlin SS, Ling J, Marin T, Su S, et al. . JMIR Res. JMIR Res Protoc. 2020;9(9):1–11.  

34.  Zainuddin, Abdullah AZ, Jafar N, Suriah, Nursalam, Darmawansyah, et al. The application 
of social cognitive theory (SCT) to the mHealth diabetes physical activity (PA) app to control 
blood sugar levels of type 2 diabetes mellitus (T2DM) patients in Takalar regency. J Public health 
Res. 2023;12(2).  

35.  Tougas ME, Hayden JA, McGrath PJ, Huguet A, Rozario S. A systematic review exploring 
the social cognitive theory of self-regulation as a framework for chronic health condition 
interventions. PLoS One. 2015;10(8):1–19.  

36.  Shamizadeh T, Jahangiry L, Sarbakhsh P, Ponnet K. Social cognitive theory-based 
intervention to promote physical activity among prediabetic rural people : a cluster randomized 
controlled trial. 2019;1–10.  

37.  Heitkemper EM, Mamykina L, Travers J, Smaldone A. Do health information technology 
self-management interventions improve glycemic control in medically underserved adults with 
diabetes? A systematic review and meta-analysis. J Am Med Informatics Assoc. 2017;24(5):1–13.  

38.  Lian JX, McGhee SM, Chau J, Wong CKH, Lam CLK, Wong WCW. Systematic review 
on the cost-effectiveness of self-management education programme for type 2 diabetes mellitus. 
Diabetes Res Clin Pract [Internet]. 2017;127:21–34. Available from: 
http://dx.doi.org/10.1016/j.diabres.2017.02.021 

39.  Kirwan M, Chiu CL, Laing T, Chowdhury N, Gwynne K. A Web-Delivered, Clinician-
Led Group Exercise Intervention for Older Adults With Type 2 Diabetes: Single-Arm Pre-Post 
Intervention. J Med Internet Res. 2022;24(9):e39800.  

40.  Alenazi HA, Jamal A, Batais MA. Identification of type 2 diabetes management mobile 
app features and engagement strategies: Modified delphi approach. JMIR mHealth uHealth. 
2020;8(9):1–16.  



1470 GROWTH, STRUCTURAL AND OPTICAL STUDIES ON PURE AND L-HISTIDINE DOPED SINGLE CRYSTALS OF COPPER SULPHATE 

  

 

41.  Eberle C, Löhnert M, Stichling S. Effectiveness of disease-specific mHealth apps in 
patients with diabetes mellitus: Scoping review. JMIR mHealth uHealth. 2021;9(2):1–14.  

42.  Lam MHS, Leung AYM. The effectiveness of health literacy oriented programs on 
physical activity behaviour in middle aged and older adults with type 2 diabetes: a systematic 
review. Heal Psychol Res. 2016;4(1):1–3.  

43.  Limb ES, Ahmad S, Cook DG, Kerry SM, Ekelund U, Whincup PH, et al. Measuring 
change in trials of physical activity interventions: a comparison of self-report questionnaire and 
accelerometry within the PACE-UP trial. Int J Behav Nutr Phys Act. 2019;16(1):1–11.  

44.  Control D. List of NGSP Certified Methods ( updated 1 / 22 , listed by date certified ) The 
NGSP has certified the following methods and reagents as having documented traceability to the 
Diabetes Control and Complications Trial Reference Method . Manufacturers are a. :1–24.  

45.  Sobolesky PM, Smith BE, Saenger AK, Schulz K, Apple FS, Scott MG, et al. Multicenter 
assessment of a hemoglobin A1c point-of-care device for diagnosis of diabetes mellitus. Clin 
Biochem [Internet]. 2018;61(September):18–22. Available from: 
https://doi.org/10.1016/j.clinbiochem.2018.09.007 

46.  Hakim AR, Wang ST, Widiantoro FX, Hannan M, Wang CJ, Fetzer SJ. The Indonesian 
Version of the Exercise Self-Efficacy Scale: Cross-cultural Adaptation and Psychometric Testing. 
Asian Nurs Res (Korean Soc Nurs Sci) [Internet]. 2020;14(5):300–5. Available from: 
https://doi.org/10.1016/j.anr.2020.08.008 

47.  Ranasinghe C, Hills AP, Constantine GR, Finlayson G, Katulanda P, King NA. Study 
protocol: a randomised controlled trial of supervised resistance training  versus aerobic training in 
Sri Lankan adults with type 2 diabetes mellitus: SL-DART study. BMC Public Health. 2018 
Jan;18(1):176.  

48.  Newton RLJ, Johnson WD, Larrivee S, Hendrick C, Harris M, Johannsen NM, et al. A 
Randomized Community-based Exercise Training Trial in African American Men:  Aerobic Plus 
Resistance Training and Insulin Sensitivity in African American Men. Med Sci Sports Exerc. 2020 
Feb;52(2):408–16.  


