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1  | INTRODUC TION

Diabetes mellitus is a long-term disease that can be caused by both 
external factors and internal factors. Recent statistics showed that 
the diabetes had a high prevalence, and it threatened people's 
health worldwide (International Diabetes Federation 2017, 2019). 
Self-management is the key to stabilizing diabetes control, due to 
the lifelong characteristics of it (Aga et  al.,  2020). However, poor 
self-management and glycaemic control are the prominent problems 

of people with type 2 diabetes mellitus (T2DM) (Eh et al., 2016; Lin 
et al., 2017). Health education is an important non-pharmacological 
method to promote self-management and stabilize glycaemic control 
in people with diabetes (Mohamed et al., 2019). Psychosocial factors 
have progressively played an essential role in diabetes education 
and management (Klinovszky et al., 2019). Notably, current educa-
tion often neglects the psychosocial factors in disease management. 
Health locus of control (HLC) as a psychosocial variable that could 
predict self-management behaviours of T2DM, and the education, 
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Abstract
Aim: To assess the effects of health locus of control-based education programme 
(HLCEP) on self-management, health locus of control and glycated haemoglobin 
(HbA1c) among type 2 diabetes mellitus (T2DM).
Design: Quasi-experimental study.
Methods: The study recruited 120 T2DM participants from May–September 2020. 
The control group received one-week in-hospital care and 12-week follow-up. The 
intervention group received additional HLCEP. The self-management and the health 
locus of control were measured by using the Summary of Diabetes Self-care Activities 
and the Multidimensional Health Locus of Control at baseline and the 4th and 12th 
week after discharge. The HbA1c was collected at baseline and the 12th week after 
discharge. The generalized estimating equation analysis was performed to assess the 
intervention effects.
Results: The intervention group has statistically significantly higher scores on the 
overall level of self-management, dietary management, foot care, medication man-
agement and internal health locus of control, while a lower HbA1c level than the 
control group.
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which takes the health locus of control into account, should be val-
ued. However, the current studies on health locus of control have 
focused on cross-sectional surveys, and few interventional studies, 
especially for patients with type 2 diabetes, have been conducted. 
One HLC-based intervention study on the effect of self-management 
of type 2 diabetes was retrieved (Ebadi Fardaza et al., 2017), but it 
did not present a detailed intervention programme based on HLC for 
the reference of Chinese patients and did not explore the effect on 
HbA1c. The intervention in our study added personalized interview 
communication compared to previous interventions, which not only 
stimulated patients' awareness of internal control, but also made the 
subsequent intervention protocols more personalized and tailored 
to patients' needs. At the same time, our study explored the effect of 
the HLC-based education programme (HLCEP) on glycaemic control 
in patients with type 2 diabetes. It is expected that the findings of 
this study could promote the application of health locus of control 
in health education and provide new ideas for personalized care of 
type 2 diabetes in clinical practice.

2  | BACKGROUND

Prevention and management of diabetes have received global atten-
tion. Simultaneously, recent statistics revealed that the prevalence 
of diabetes is at a constant high level. Diabetes management and 
glycaemic control were not satisfied. Thus, effective prevention 
and management were needed (International Diabetes Federation 
2017, 2019; Laxy et  al.,  2014). According to the statistics of the 
International Diabetes Federation (IDF), 9.3% of adults (20–79 years 
old) worldwide were diagnosed with diabetes, which means one in 
eleven adults were diagnosed (IDF 2019). Furthermore, T2DM is 
the most common type of diabetes, accounting for around 90% of 
all diabetes worldwide (IDF 2019). A systematic review (Mannucci 
et al., 2014) indicated that approximately two-thirds of people with 
T2DM had not achieved the treatment target [glycated haemoglo-
bin (HbA1c) <7.0%)]. A cross-sectional study demonstrated that the 
proportion of HbA1c <7.0% was only 30.1% (Aschner et al., 2020). 
If the HbA1c targets could not be achieved in a long term, it would 
increase the number of long-term complications, readmission rates, 
economic burden and even premature mortality (Zhou et al., 2020). 
As reported in the World Health Statistics 2020 report (WHO 2020), 
approximately three-quarters of deaths in 2016 were caused by 
non-communicable diseases (NCDs). While other NCDs had a de-
creasing trend, the premature mortality of diabetes increased by 5% 
from 2000–2016.

The management of diabetes is a systematic and comprehensive 
process. The long-term and progressive characteristics of diabetes 
could cause unsuccessful diabetes management in a short period of 
hospitalization. As people with diabetes are primary managers of their 
health, self-management plays an important role in the management of 
diabetes (Yao et al., 2019). Diabetes education is an essential method to 
improve patients' self-management and reduce HbA1c. The theoretical 
basis and forms of diabetes education have been greatly enriched, and 

the diabetes self-management education and support (DSMES) was 
regarded as an effective way to enhance self-management and reduce 
HbA1c (Powers et al., 2020). However, current studies suggested that 
participation in self-management and HbA1c control remained subop-
timal among people with T2DM (Aschner et al., 2020; Eh et al., 2016; 
Laxy et al., 2014). Research has shown that diabetes education often 
neglects the impact of psychosocial factors on educational effects, and 
people with different psychosocial characteristics may derive differ-
ent benefits from education (Li  2018). Certain educational methods 
and contents might not be suitable for the patients and may led to 
unsatisfactory educational outcomes. The role of psychosocial fac-
tors is increasingly significant in diabetes management (Li et al., 2019). 
Compared with some factors that are difficult to change, such as bio-
logical factors, the changeable characteristics of psychosocial factors 
provide a personalized direction for interventions. Therefore, there is 
a call for personalized intervention programmes that take into account 
people's psychosocial characteristics to improve self-management be-
haviours and achieve HbA1c targets.

Health locus of control (HLC) is a psychosocial variable to predict 
people's behaviours in health care, which includes three types: in-
ternal health locus of control (IHLC), powerful others health locus of 
control (PHLC) and chance health locus of control (CHLC) (Wallston 
et al., 1978). According to the HLC theory, people with IHLC believe 
that they are responsible for their behaviours and health through 
their own efforts. Those with PHLC believe that health relies on the 
guidance and care of powerful others (e.g. medical professionals). 
Moreover, those with CHLC often have negative or false perceptions 
and cope with disease management passively (Nugent et al., 2015). A 
series of studies (Alyami et al., 2019; Klinovszky et al., 2019; O'Hea 
et al., 2005) showed that HLC was related to self-management and 
HbA1c in people with T2DM, and those with a higher IHLC, es-
pecially both with a lower CHLC, might frequently engage in self-
management and have a safe level of HbA1c. However, few numbers 
of research are on the application of HLC to self-management inter-
ventions for people with T2DM. A study showed that the education 
based on HLC could stimulate the IHLC perception and improve self-
management behaviours among people with T2DM (Ebadi Fardaza 
et al., 2017). However, their study lacked a systematic and specific 
education programme based on HLC. In addition, it did not explore 
the effect on HbA1c, which is one of the best physiological indica-
tors to assess glycaemic control in diabetes. There are some other 
differences between our study and Ebadi Fardaza's study. In terms of 
the duration and dosage of intervention, Ebadi Fardaza's study only 
mentioned three 60-min educational sessions in the form of short 
lectures, question and answer, and group discussions. However, it 
did not specify a specific timetable for the intervention. Our study 
included one-week in-hospital education and 11-week intensive fol-
low-up education. A detailed schedule and additional personalized 
communications based on HLC helped stimulate the patient's sense 
of internal control and motivation. In addition, Ebadi Fardaza's study 
population was from the Babol Diabetes Association and the effec-
tiveness of this intervention in the Chinese population remained to 
be explored.
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The study aimed to explore the effects of HLCEP on self-
management, HLC and HbA1c in type 2 diabetes by applying the 
quasi-experimental study. It was hypothesized that the HLCEP might 
increase the level of self-management and IHLC and reduce HbA1c 
at the end of the intervention.

3  | THEORETIC AL BA SIS

The HLC theory and the Thorndike's Law of Learning were the 
theoretical basis of HLCEP. The HLC is a crucial variable to predict 
individuals' health behaviours (Wallston et al., 1978). The increase 
of the people's IHLC would facilitate the self-management behav-
iours. Thorndike's Law of Learning, including the law of readiness, 
the law of exercise and the law of effect, could strengthen the IHLC 
perception and educational effect. A study indicated that (Cheng 
et  al.,  2019) applying the Law of Learning to Chronic Obstructive 
Pulmonary Disease patients could improve their IHLC. Therefore, 
we incorporated it into this study to enhance the IHLC perception 
of people with T2DM.

4  | METHODS

4.1 | Research design

A quasi-experimental design was used to evaluate the effects of the 
HLCEP, that is the research method allowing to conduct experiments 
in a more natural and realistic setting. Therefore, this design is ap-
propriate and more feasible to our population.

4.2 | Participants and recruitment

Participants who were familiar with social media (Zoom, QQ or 
Wechat) and were hospitalized in the department of endocrinology 
of a tertiary hospital in Xi'an, China, from May–September 2020 
were consecutively selected. Inclusion criteria were as follows: (a) 
WHO (1999) diagnosis for T2DM; (b) ages 18–70 years; (c) diabetes 
duration ≥3 months; (d) can use e-platform (Zoom, QQ or Wechat); 
and (e) volunteer to participate. Exclusion criteria were as follows: 
(a) people with malignant tumours; (b) people with severe compli-
cations and/or comorbidities; (c) people with cognitive impairment; 
and (d) participating in other clinical trials at the same time.

Researchers of our team screened qualified participants through 
reviewing the electronic medical records. Researchers informed the 
purpose and process of the study, and volunteers were selected. The 
baseline assessments were completed independently by the partic-
ipants after they signed informed consent. The endocrinology de-
partment has two wards, Ward A and Ward B, where participants' 
basic conditions and treatment plans were homogeneous. By con-
venience sampling, the Ward A participants were assigned to the 
experimental group and the Ward B participants were assigned to 

the control group. Ward A and Ward B are independent, while the in-
tervention was conducted in the diabetes education room in Ward A 
to prevent contamination as much as possible. Once eligible patients 
were enrolled, the researchers would select the application that 
was used more frequently based on patients' habits and train them 
uniformly on Zoom, QQ or WeChat to ensure that all participants 
were able to use these applications correctly during the follow-up. 
Besides, the outcome evaluator was blinded to the allocation of 
participants.

4.3 | Sample size

The sample size was calculated according to the formula of repeated-
measures analysis of variance (Lui & Cumberland,  1992): 

n= 2
�2
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self-management. Referring to the previous literature (Peng 
et al., 2019), in this study α = 0.05, β = 0.10, δ = 11.25, �c = 0.5, K = 3, 
�2
�
 = 99.62, and �2

e
 = 199.23. Considering an attrition rate of 20%, the 

participants of per group were 47. Finally, a total of 120 participants 
were collected depending on the actual conditions.

4.4 | Description of the intervention

4.4.1 | Control group

The control group received the routine care provided by endocrine 
nurses during hospitalization. It included admission education, rou-
tine nursing care, discharge guidance and follow-up. The unstruc-
tured online follow-up was implemented at the 4th and 12th week 
after discharge, with each follow-up lasted 20–25  min. The main 
purpose of the follow-up was to gain information about the blood 
glucose levels and to answer questions, and attention bias could be 
balanced through follow-up.

4.4.2 | Experimental group

The intervention group received the routine care and HLCEP pro-
vided by endocrine nurses and study group members who had re-
ceived uniform training. The HLCEP included hospital education and 
intensive follow-up education. The hospital education consisted of 
2 personalized communications (20–25  min/session) and 3 group 
educations (40–45 min/session) attended by 6–8 participants each 
and encouraged caregivers to participate in the whole process. 
Specifically, the first personalized communication was held on the 
first or second day of hospitalization, and the second communica-
tion was held on the fourth day. Three group educations were con-
ducted on days 3, 5 and 6 of hospitalization respectively. Themes of 
personalized communications were "Ice breaking, HLC identifying" 
and "Self-directed goals setting," and the group educations themed 
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"Hello diabetes," "Scientific dietary and exercise" and "SMBG and 
medication as prescribed." Unlike traditional education, HLCEP re-
quires an assessment of the patient's HLC before the implementa-
tion of the education. Then, according to the outline, personalized 
communications were conducted for participants of different HLC, 
aiming to guide them to rational attribution, focus on their strengths 
and stimulate IHLC perception in diabetes self-management. Details 
of hospital education are shown in Table 1. Researchers conducted 
intensive follow-up education through sending messages about 
diabetes-related knowledge and answering questions to participants 
via e-platform (e.g. Zoom, QQ or WeChat). Thus, we could learn 
about their daily self-management and supervise the review of the 
hospital courses to strengthen the educational effects. Additionally, 
participants could interact and communicate with each other with-
out time and geographic restrictions. After discharge, the follow-up 
was biweekly for 20–25 min and was flexibly adjusted according to 
participants' actual status.

4.5 | Outcome measures and data collection

Sociodemographic information, disease-related status and out-
comes of interest were collected. The primary outcome was self-
management, while the secondary outcomes were HLC and HbA1c.

The Summary of Diabetes Self-Care Activities (SDSCA) of 
Toobert (Toobert et  al.,  2000) was used extensively to assess the 
level of self-management for people with diabetes. It contains 12 
entries with five dimensions: exercise management, dietary man-
agement, medication management, foot care and self-monitoring 
of blood glucose (SMBG). Each entry was scored according to the 
number of days that participants engaged in self-management be-
haviours in the past seven days. The score of 0 represents never 
completed, and 7 represents daily completion; the mean scores were 
calculated for each dimension, and higher scores indicated better 
self-management behaviours. In China, Hua and Zhu (2014) trans-
lated the SDSCA from English to Chinese, and the results showed 
that the instrument had good reliability and validity. The reliability of 
the Chinese version had been validated (Cheng et al., 2018). In the 
pilot study, the Cronbach's α of the overall instrument was 0.820, 
and the range of Cronbach's α for each dimension was 0.707–0.937. 
The HLC was assessed by Multidimensional Health Locus of Control 
(MHLC), which was widely used in the medical field to assess peo-
ple's attitudes, beliefs and coping strategies of people in the face 
of health-related problems (Wang et  al.,  1999). It contains 18 en-
tries and three subscales: IHLC subscale, PHLC subscale and CHLC 
subscale. Each subscale adopts a 6-point scoring method, ranging 
from "strongly disagree" to "strongly agree," and each of them is 
scored separately. Higher scores that were obtained from a subscale 
indicated that the individual was more likely to the corresponding 
tendency of HLC. The Multidimensional Health Locus of Control 
(Chinese version) had been translated from English to Chinese, 
and the validity and reliability of it had been confirmed in Chinese 

communities (Wang et al., 1999). The Cronbach's α of the subscales 
in the pilot study was 0.725, 0.726 and 0.745. HbA1c was measured 
by the high-performance liquid chromatography, using the Japanese 
Tosoh-G8 automatic glycated haemoglobin analyzer.

At baseline, the data were obtained from the participants and 
the electronic medical records. At the 4th and 12th week after dis-
charge, primary and secondary outcomes were collected again. We 
collected these data using wjx, an online questionnaire collection 
programme (https://www.wjx.cn/). Notably, HbA1c was only col-
lected at the 12th week and was checked at a convenient hospital 
by themselves.

4.6 | Data analysis

Epidata 3.1 was used to establish the database, and SPSS 26.0 was 
used for statistical analysis. The study chose appropriate descriptive 
indicators (mean, standard deviation [SD], frequency and percent-
age) and statistical methods based on the data characteristics and 
the normality test results. The generalized estimating equation anal-
ysis was used to assess the main effects of group and time, and the 
interaction effects of the group by time for interest outcomes. The 
statistically significant level was set at α = 0.05, and the Bonferroni 
corrected α′  =  0.00167 was used to compare simple effects be-
tween groups.

4.7 | Ethical considerations

Research Ethics Committee approval was obtained by the 
Biomedical Ethics Committee of the Medical Department of Xi'an 
Jiaotong University (Approval number: 2020-1187) and registered in 
the Chinese Clinical Trial Registry (Identifier: ChiCTR2000032160). 
All participants signed informed consents, and the research process 
complied with the Declaration of Helsinki.

5  | RESULTS

5.1 | Recruitment and attrition

Recruitment started from May–September 2020. As shown in 
Figure 1, 109 of 120 eligible participants provided complete data, 54 
in the control group and 55 in the intervention group. The attrition 
rate between the two groups was not statistically significant (10.0% 
vs. 8.3%, p = .752).

5.2 | Baseline characteristics

The majority of the participants were males (55.8%), and the mean 
age of them was 49.83  ±  11.66  years. The duration of diabetes 

https://www.wjx.cn/
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TA B L E  1   Outline of the hospital education programme among type 2 diabetes based on HLC

Time Form Theme Main content

Day 1 ~ 2 Personalized communication
(law of readiness)

Ice breaking and HLC 
identifying

1.	Establishing trust relationship and active listening. 
(10 min)

2.	 Identifying the HLC and guiding rational attribution. 
(10 min)
•	 IHLC: praising responsibility consciousness and 

healthy behaviors, assessing whether their ability 
match with the high internal control perception.

•	 PHLC: Affirming compliance with clinicians, guiding 
them to focus on strengths of themselves in diabetes 
self-management and stimulating internal control 
perception.

•	 CHLC: Neutral, non-judgemental communication and 
receptive listening, recognizing irrational cognition 
and imparting hope.

3.	 Introducing education theme and assessing relevant 
needs. (5 min)

Day 3 Group education
(law of readiness)

Hello diabetes 1.	 Introducing story to stimulate awareness of internal 
control perception "the transatlantic experiment." 
(5 min)

2.	The management of diabetes and complications, and 
the content of self-management. (40 min)

Interaction
(law of exercise,
law of effect)

1.	 "Brainstorming": the benefits of self-management. 
(5 min)

2.	Treatment of hypoglycaemia (5min)
3.	Positive feedback and reinforcement. (5min)

Day 4 Personalized communication
(law of readiness)

Self-directed goals setting 1.	Strengthening self-management benefits. (5 min)
2.	Clarify self-directed goals. (10 min)

•	 IHLC: Self-evaluation and goals setting, educator 
supplement.

•	 PHLC: Strengthening the perception of internal 
control, encouraging self-analysis of problem and 
setting goals.

•	 CHLC: Improving irrational cognition and 
strengthening internal awareness, analysing their 
problem together, setting goals, compensation 
education (if needed).

3.	 Introducing next education theme and assessing 
relevant needs. (5 min)

Day 5 Group education
(law of readiness)

Scientific dietary and 
exercise

1.	Course review. (5 min)
2.	Significance, principles, skills and precautions of 

scientific dietary and regular exercise. (40 min)

Interaction
(law of exercise,
law of effect)

1.	 "Let's find the difference"—Case Study. (5 min)
2.	Assessing whether goals of dietary and exercise were 

completed. (5 min)
3.	Participant interaction. (5 min)

Day 6 Group education
(law of readiness)

SMBG and medication as 
prescribed

1.	Course review. (5 min)
2.	Significance, scheme and precautions of SMBG; 

Introduction of common hypoglycaemic agents and 
insulin. (40 min)

Interaction and Follow-up guidance
(law of exercise,
law of effect)

Participating follow-up 
actively

1.	Participants demonstrating SMBG or insulin injection. 
(5 min)

2.	Assessing whether goals of SMBG and medication were 
completed. (5 min)

3.	Experience sharing among participants with high levels 
of self-management and internal perception. (5 min)

4.	 Informing participants of follow-up arrangements and 
distributing educational materials. (5 min)

Abbreviations: CHLC, participants with chance health locus of control; HLC, health locus of control; IHLC, participants with internal health locus of 
control; PHLC, participants with powerful others health locus of control; SMBG, self-monitoring of blood glucose.
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<5 years accounted for 44.2%. Only 11.9% of participants were from 
rural. Other characteristics of sociodemographic, medical status and 
outcomes of interest are shown in Table  2. Chi-square test, t-test 
and Fisher exact test were used to test the comparability of the two 
groups, and the two groups were comparable at baseline (p > .05).

5.3 | Effect on self-management

Generalized estimating equation analysis was used to identify the 
effects of the intervention on participants' self-management over 
time. The results showed that the group by time interaction effects 
were statistically significant on the overall level of self-management 
(Wald χ2 = 28.910, p < .001), dietary management (Wald χ2 = 17.600, 
p  <  .001), foot care (Wald χ2  =  61.709, p  <  .001) and medication 
management (Wald χ2 = 6.690, p = .025). Consequently, the simple 

effect analyses were conducted for the above variables, and the re-
sults are detailed in Table 3.

5.4 | Effect on health locus of control

Generalized estimating equation analysis was implemented to test 
the effects of intervention over time on the HLC. Statistical dif-
ference was only found on the interaction effect of IHLC (Wald 
χ2 = 9.226, p <  .001), implying that changes in the IHLC scores of 
participants over time varied depending on the intervention. The 
simple effect analyses presented that by the 12th week, the IHLC 
scores of the control group decreased from the baseline, while the 
intervention group increased. At both 4th week and 12th week, the 
IHLC scores of the intervention group were higher than those of the 
control group (see Table 3).

F I G U R E  1   The flow diagram of the study selection process

Assessed for eligibility (n= 381)

Excluded (n= 261)
• Not meeting inclusion criteria (n= 149)
• Declined to participate (n= 43)
• Uncertain whether to review HbA1c at 

follow-up (n= 69)

T1: 4th week follow-up (n= 58)
• Declined to follow-up (n= 2)
T2: 12th week follow-up (n= 55)
• Failed to acquire HbA1c (n= 3)

Allocated to intervention (n= 60)
• Received routine care and health locus of 

control-based education program

T1: 4th week follow-up (n= 57)
• Declined to follow-up (n= 2)
• Loss of contact (n= 1)
T2: 12th week follow-up (n= 54)
• Declined to follow-up (n= 3)

Allocated to control (n= 60)
• Received routine care

Allocation

Data analysis (n= 55)
Generalized estimating equation analysis

Follow-Up

Data analysis (n= 54)
Generalized estimating equation analysis

Implement intervention (n= 120)

Enrollment

Analysis
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TA B L E  2   Baseline characteristics of participants between the two groups (N = 109)

Variables

Control group (n = 54) Intervention group (n = 55)

t/χ2 pn (%) Mean (SD) n (%) Mean (SD)

Gender

Male 31 (57.4) 31 (56.4) 0.012 .912

Female 23 (42.6) 24 (43.6)

Age (y) 51.15 (10.18) 46.93 (12.68) 1.918 .058

≤44 12 (22.2 ) 24 (43.6) 5.663 .059

45 ~ 59 29 (53.7) 21 (38.2)

≥60 13 (24.1) 10 (18.2)

Marital status (%)

Married 46 (85.2) 47 (85.5) 0.002 .968

Others 8 (14.8) 8 (14.5)

Employment (%)

Employed 22 (40.7) 22 (40.0) 0.136 .934

Retired 15 (27.8) 14 (25.5)

Others 17 (31.5) 19 (34.5)

Educational level (%)

Junior high school and below 12 (22.2) 9 (16.4) 0.604 .739

High school or secondary 
school

13 (24.1) 14 (25.5)

College or above 29 (53.7) 32 (58.2)

Residence (%)

City 49 (90.7) 47 (85.5) 0.725 .395

Rural 5 (9.3) 8 (14.5)

Monthly income (%)

≤1,000 (CNY) 5 (9.3) 4 (7.3) 4.846 .185

1,001 ~ 3,000 (CNY) 19 (35.2) 18 (32.7)

3,001 ~ 5,000 (CNY) 24 (44.4) 18 (32.7)

≥5,001 (CNY) 6 (11.1) 15 (27.3)

T2DM family history (%)

No 39 (72.2) 30 (54.5) 3.665 .056

Yes 15 (27.8) 25 (45.5)

Treatment (%)

Hypoglycaemic drugs 23 (42.6) 19 (34.5) 2.889 .236

Insulin 10 (18.5) 18 (32.7)

Hypoglycaemic drugs 
combined with insulin

21 (38.9) 18 (32.7)

Complications (%)

No 20 (37.0) 30 (54.5) 3.364 .067

Yes 34 (63.0) 25 (45.5)

Diabetes duration (%) 8.09 (6.29) 6.47 (6.29) 1.344 .182

<5 (y) 20 (37.0) 27 (49.1) 1.614 .446

5 ~ 10 (y) 17 (31.5) 14 (25.5)

>10 (y) 17 (31.5) 14 (25.5)

(Continues)
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5.5 | Effect on HbA1c

As highlighted in Table  4, HbA1c decreased significantly in both 
groups after the intervention compared to baseline (p  <  .001). 
Moreover, the average HbA1c of the intervention group was lower 
than that of the control group in the 12th week.

6  | DISCUSSION

This study was designed to assess the effects of HLCEP on self-
management, HLC and HbA1c among people with T2DM. The re-
sults indicated that the HLCEP could improve the overall level of 
self-management as well as dietary management, foot care and 
medication management. Meanwhile, it also increased IHLC scores 
and reduce HbA1c levels. Research showed that diabetes care and 
education is moving towards greater personalization (Dickinson 
et  al.,  2017). Currently, no systematic and specific HLC-based in-
tervention programme for patients with T2DM has been devel-
oped for reference, and the impact on HbA1c needs to be explored. 
Therefore, this study developed the HLCEP to focus on the crucial 
role of perception in diabetes management and to enrich the person-
alized approach to diabetes education.

Compared with the control group, statistically significant im-
provements were observed in the intervention group on self-
management, especially on the dietary management, foot care 
and medication management, suggesting that HLCEP could facil-
itate the involvement of self-management behaviours, which were 

similar but better to previous studies on diabetes education (Cheng 
et al., 2018; Ebadi Fardaza et al., 2017; Nejhaddadgar et al., 2019). 
The study further enriched the evidence that personalized diabe-
tes education could improve self-management. Diabetes education 
is a process to promote the knowledge and ability that are nec-
essary for self-management. Multiple studies have found that (Eh 
et al., 2016; Ghisi et al., 2020; McElfish et al., 2020) diabetes self-
management education was practical to improve physical and psy-
chosocial outcomes and health behaviours. In this study, we used 
the Law of Learning to reinforce the educational content, which 
would help to reduce the loss of intervention effects after a short 
intervention period. However, in terms of exercise management 
and SMBG, both groups improved compared with the baseline, but 
the intergroup comparisons did not show statistical differences. 
Given that the baseline scores of the exercise management were 
already at a relatively high level, it left very little room for further 
improvements. Besides, both the hospital and the community are 
continually reinforcing the benefits of exercise for disease manage-
ment, enhancing people's awareness of exercise. Compared with 
other dimensions, SMBG remained at a low level. Possibly that par-
ticipants in the study did not have the time or forgot to measure 
their blood glucose, or that cost considerations prevented them 
from measuring blood glucose strictly as required. Consequently, 
researchers and clinicians may need to further explore the corre-
sponding measures, for instance, inviting their families to assist in 
supervising and designing blood glucose monitoring check-in ap-
plets as reminders. In addition, the government could consider pol-
icies for glucose strips reimbursements.

Variables

Control group (n = 54) Intervention group (n = 55)

t/χ2 pn (%) Mean (SD) n (%) Mean (SD)

BMI (%)

Normal 23 (42.6) 28 (50.9) 0.757 .384

Abnormal 31 (57.4) 27 (49.1)

HbA1c (%) 9.11 (1.85) 8.93 (2.03) 0.490 .625

HbA1c (mmol/mol) 76 74 − −

SDSCA 17.76 (3.61) 17.04 (3.22) 1.097 .275

Diet management 3.95 (0.77) 3.74 (0.86) 1.371 .173

Exercise management 4.30 (1.63) 4.04 (1.63) 0.833 .407

Blood glucose 
self-monitoring

1.78 (1.51) 1.83 (1.49) −0.172 .864

Foot care 1.11 (1.10) 1.33 (0.91) −1.116 .267

Medication management 6.20 (0.96) 6.20 (1.16) 0.018 .986

MHLC

IHLC 24.33 (3.10) 23.78 (3.07) 0.934 .353

PHLC 24.69 (3.96) 24.89 (3.40) −0.291 .771

CHLC 11.48 (3.37) 14.84 (3.07) −0.575 .567

Abbreviations: BMI, body mass index; CHLC, chance health locus of control; CNY, Chinese Yuan; HbA1c, glycated haemoglobin; IHLC, internal health 
locus of control; MHLC, Multidimensional Health Locus of Control; PHLC, powerful others health locus of control; SDSCA, the Summary of Diabetes 
Self-care Activities; T2DM, type 2 diabetes mellitus.

TA B L E  2   (Continued)
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TA B L E  3   Comparisons of self-management behaviors and health locus of control by groups (N = 109)

Variables
Baseline 
Mean (SD)

4th week 
Mean (SD)

12th week 
Mean (SD)

Group main effect Time main effect
Interaction effect 
Time × Group

Wald χ2 (p) Wald χ2 (p) Wald χ2 (p)

SDSCA
Control 17.76 (3.61) 20.78 (3.37)a 18.64 (3.47)b 24.443 (<.001**) 104.060 (<.001**) 28.910 (<.001**)
Intervention 17.04 (3.22) 23.72 (3.77)a 23.12 (3.95)a

t 1.097 −4.304 −6.293
p .275 <.001** <.001**

Dietary management
Control 3.95 (0.77) 4.75 (0.90)a 4.36 (1.03)a,b 1.458 (.227) 127.444 (<.001**) 17.600 (<.001**)
Intervention 3.74 (0.86) 4.96 (1.08)a 4.89 (0.96)a

t 1.371 −1.112 −2.809
p .173 .269 .006**

Exercise management
Control 4.30 (1.63) 4.81 (1.68)a 4.42 (1.61)b 0.079 (.779) 14.644 (.001**) 1.310 (.519)
Intervention 4.04 (1.63) 4.74 (1.68)a 4.53 (1.81)
t 0.833 0.215 −0.336
p .407 .830 .737

SMBG
Control 1.78 (1.51) 2.59 (1.77)a 2.02 (1.54)b 3.579 (.059) 26.623 (<.001**) 2.812 (.245)
Intervention 1.83 (1.49) 3.16 (1.82)a 2.69 (1.70)a,b

t −0.172 −1.660 −2.161
p .864 .100 .033*

Foot care
Control 1.11 (1.10) 2.04 (1.44)a 1.47 (0.96)a,b 55.395 (<.001**) 139.994 (<.001**) 61.709 (<.001**)
Intervention 1.33 (0.91) 4.14 (2.23)a 4.21 (2.12)a

t −1.116 −5.825 −8.647
p .267 <.001** <.001**

Medication management
Control 6.20 (0.96) 6.59 (0.63)a 6.37 (0.92) 2.554 (.110) 21.876 (<.001**) 6. 690 (.035*)
Intervention 6.20 (1.16) 6.73 (0.59)a 6.80 (0.52)a

t 0.018 −1.151 −3.010
p .986 .252 .003**

IHLC
Control 24.33 (3.10) 23.54 (3.11) 22.50 (3.79)a,b 2.952 (.086) 9.226 (.010*) 21.824 (<.001**)
Intervention 23.78 (3.07) 25.11 (4.05)a 24.51 (4.02)
t 0.934 −2.270 −2.684
p .353 .025* .008**

PHLC
Control 24.69 (3.96) 23.31 (4.35)a 22.91 (3.99)a 0.441 (.506) 54.608 (<.001**) 3.185 (.203)
Intervention 24.89 (3.40) 22.84 (3.29)a 21.98 (3.17)a,b

t −0.291 0.649 1.344
p .771 .518 .182

CHLC
Control 14.48 (3.37) 14.46 (3.82) 14.33 (3.70) 0.303 (.582) 5.685 (.058) 3.809 (.149)
Intervention 14.84 (3.07) 13.85 (4.31)a 13.56 (3.94)a

t −0.575 0.779 1.052
p .567 .437 .295

Abbreviations: CHLC, chance health locus of control; IHLC, internal health locus of control; PHLC, powerful others health locus of control; SDSCA, 
the Summary of Diabetes Self-care Activities; SMBG, self-monitoring of blood glucose.
*p < .05.
**p < .01.
aCompared with baseline, p < .05.
bCompared with 4th week, p < .05.
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The results showed that the IHLC scores of the intervention group 
increased compared to baseline, while the control group had an op-
posite trend. The scores of PHLC in the two groups decreased sig-
nificantly, whereas the difference between the two groups was not 
statistically significant. As for CHLC scores, the intervention group 
decreased over time, while the control group did not change signifi-
cantly. The results were similar to Ebadi Fardaza's (Ebadi Fardaza 
et al., 2017), indicating that education based on HLC could increase 
the IHLC perception while reducing the CHLC perception in people 
with T2DM. HLC is an individual's perception of responsibility for 
behavioural outcomes. People who believe that health behaviours or 
results are determined by their abilities and efforts belong to IHLC. 
Those who choose to rely on authorities when facing health-related 
problems belong to PHLC. However, people with CHLC often attri-
bute the behavioural consequences to chance and random events. 
They are more likely to believe in the role of fate rather than their 
efficacy or others' help (Rotter, 1966). The relationship between the 
HLC and the self-management among people with diabetes is at-
tracting more attention (Ferrari et al., 2017; Reach et al., 2018; Zhu 
et al., 2020), and those with high IHLC tend to take proactive actions 
that are beneficial to health (Zhu et al., 2020). Given that, this study 
developed the HLCEP to identify the HLC perception of participants 
before education implementation and encouraged people to identify 
their strengths in diabetes management. Simultaneously, strengths-
based languages were used during the whole education could let peo-
ple focus on their strengths and stimulate their IHLC perception. Thus, 
a virtuous circle was formed between self-management and IHLC.

Our results found that this programme significantly reduced 
the HbA1c, similar to several systematic reviews related to dia-
betes education (Chrvalaa et  al.,  2016; Mohamed et  al.,  2019). 
Previous studies proved that the glycaemic control was closely as-
sociated with the effective self-management (D'Souza et al., 2017; 
Lin et  al.,  2017). This study adopted the education to enable par-
ticipants to grasp diabetes-related knowledge, laid the foundation 
for the engagements of self-management and promote HbA1c at 
a safe level. However, several studies found that self-management 
education programme did not significantly reduce HbA1c (Cheng 
et al., 2018; Gamboa Moreno et al., 2019). In this study, the statisti-
cally significant reduction of HbA1c may be due to a virtuous cycle 
created by the personalized education based on HLC. The HLCEP 
focused on improving participants' confidence in diabetes manage-
ment and providing positive feedback on stable glycaemic control. 

In addition, participants had elevated HbA1c at baseline, around 
75  mmol/mol (9.0%); however, Gamboa Moreno et al. was about 
53 mmol/mol (7.0%) (Gamboa Moreno et al., 2019), possibly leading 
to a more significant room for improvements. Additionally, partici-
pants in this study were hospitalized, most of whom were admitted 
due to elevated HbA1c. After experiencing the discomfort caused 
by hyperglycaemia and the professionals' guidance during hospital-
ization, they would attach more importance on glycaemic stability 
in a shorter period after discharge, therefore inducing a statistically 
significant reduction in HbA1c among the two groups.

The innovation of HLCEP was mainly reflected as follows. Firstly, 
the HLCEP integrated the strengths of the HLC theory and the 
Thorndike's Law of learning to maximize the educational effects. 
Secondly, during the personalized communication, we applied tar-
geted instructions according to people's HLC characteristics to help 
people identify their strengths in diabetes management, stimulate 
or stabilize their perception of IHLC that also embodied the law of 
readiness. Thirdly, the group education consisted of three topics 
covering essential aspects of diabetes self-management, providing 
participants with knowledge and skills for self-management practice. 
Finally, the law of exercise and the law of effect served to deepen 
the participants' memory through continuous repetition of knowl-
edge and positive feedback.

6.1 | Limitations

It should be noted that the following limitations on the interpreta-
tion of the results. Due to the single-centre, quasi-experimental 
study, the representation of samples and the conclusions' extrapola-
tion would be limited. The effects might be exaggerated since self-
reported instruments were used. Furthermore, the SDSCA was used 
to assess self-management activities in the past seven days, which 
would be influenced by memory bias. Ultimately, considering that 
the participants would have their HbA1c rechecked at 12th week 
after discharge. Thus, the follow-up lasted only 12 weeks. The long-
term effects of the intervention need to be explored.

6.2 | Suggestions

In the future, qualitative methods can be considered into the per-
sonalized communication to explore more deeply the inner feelings 
of type 2 diabetes patients with different HLC. Moreover, more bio-
markers (e.g. blood lipids and blood pressure) can be considered to 
be included to verify the effects of the intervention.

7  | CONCLUSION

The HLCEP improved self-management and IHLC of people with 
T2DM, and further reduced HbA1c. This programme can provide an 
empirical basis for innovating personalized education for T2DM and 

TA B L E  4   Comparisons of HbA1c by groups (N = 109)

Baseline
Mean (SD)

12th week
Mean (SD) t p

Control 9.11 (1.85) 7.74 (1.84) 4.825 <.001**

Intervention 8.93 (2.03) 6.83 (0.79) 7.398 <.001**

t 0.490 3.354

p .625 .001**

Abbreviation: HbA1c, glycated haemoglobin.
**p < .01.
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for broadening the application of the theory of HLC and Thorndike's 
Law of Learning in clinical practice. However, the representation of 
subjects and the conclusions' extrapolation would be limited due to 
the single-centre study. The intervention's effects could be further 
verified through considering using multi-centre and multiple bio-
markers in the future.
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