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Abstract 

Background: Diabetes is a major cause of worldwide morbidity and mortality. Diet and medication non-adherence 
are common among individuals with diabetes, making glycemic control difficult to attain. This study aimed to evalu-
ate an intervention designed based on Health Action Process Approach (HAPA) to improve adherence to diet and 
medication among patients with type 2 diabetes in Tehran, Iran.

Methods: The study was a randomized controlled trial. A total of 248 patients with type 2 diabetes who had low diet 
and medication adherence were randomly allocated into two intervention (n  = 124) and control (n  = 124) groups. 
Intervention group received educational intervention during three months. HAPA constructs, diet and medication 
adherence, and Hemoglobin A1c (HbA1c) levels were assessed at baseline, one month and six months after the inter-
vention. Mixed Model Analysis was used to compare between and within group changes in the outcomes.

Results: There was a statistically significant improvement in HbA1c levels after six months (7.77 ± 1.36% vs. 
8.07 ± 1.52%, 95% CI, p  < 0.001). Diet and medication adherence, intention, task self-efficacy, coping self-efficacy, 
recovery self-efficacy, action and coping planning, barriers, benefits and perceived social support were significantly 
improved one month and six months after the intervention (p  < 0.001).

Conclusion: Our intervention designed based on health action process approach led to improvements in diet and 
medication adherence, and HbA1c among the patients within one and six months.

Trial registration: IRCT, IRCT20151208025431N4. Registered 10 March 2018, https:// fa. irct. ir

Keywords: Adherence, HbA1c, Type 2 diabetes, Health action process approach, Iran

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
The number of people with diabetes has risen since 1980 
to 422 million, according to the report of the World 
Health Organization (WHO) [1]. In Iran, prevalence of 
type 2 diabetes amongst adults was rapidly growing from 
5.7% in 2010 to 14.3% in 2019 [2, 3]. Diabetes complica-
tions include heart attack, stroke, kidney failure, lower 
limb amputation [1].
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Hemoglobin A1c (HbA1c) is a common health indica-
tor of glycemic control. High level of HbA1c is related 
with the increased risk of diabetes related morbidity and 
mortality [4]. Management of type 2 diabetes requires 
active participation of patients in self-care behaviors, 
including prescribed diet and medication, which can lead 
to an improvement in HbA1c levels [5–9]. Risk of com-
plications of diabetes can be reduced by proper adher-
ence to diet and medications prescribed by doctors [10]. 
Interventions that aim to improve diet and medication 
adherence may result in better outcomes of glycemic 
control [11–14]. “Patient activation” has been concep-
tualized by Hibbard and colleagues as a new behavioral 
intervention strategy [15]. Active patients are people 
who have the knowledge, skills and confidence to man-
age their health [15]. Patient activation interventions 
have positive effects on glycemic control and healthy 
diet; and decrease HbA1c in patient with type 2 diabe-
tes [16]. Theory-based interventions can help understand 
which specific techniques and approaches are effective to 
activate patients and why [17]. The health action process 
approach (HAPA) is an appropriate and effective model 
for active patient interventions in terms of including two 
phases of motivation and volition and self-emphasis [18].

The health action process approach (HAPA)
HAPA describes the factors that influence adoption 
and maintenance of health behaviors [19]. According 
to HAPA, changing behavior involves two continuous 
phases: (1) a motivational phase including risk percep-
tions, outcome expectancies and task self-efficacy that 
lead to a behavioral intention; and (2) a volition phase 
that comes after a goal has been set within the motivation 
phase [20]. Volitional phase includes maintenance self-
efficacy, recovery self-efficacy, action and coping plan-
ning that lead to the actual health behavior and is applied 
to bridge the gap between intentions and behaviors and 
perceived benefits and barriers (e.g., social support) [19, 
21–25]. In this phase, peoples plan the details, try to act, 
invest effort, persist, possibly fail, and eventually recover 
[20]. Perceived benefits and barriers reflect pros and cons 
of performing the respective behavior in this study [25].

A number of interventions have used HAPA fruitfully to 
increase fruit and vegetable consumption [26–28]. How-
ever, few studies have examined the effect of HAPA-based 
interventions to improve adherence on diet and medi-
cation among patients with type 2 diabetes [27, 29–31]. 
Although the rate of adherence to diet and medication 
among patients with type 2 diabetes in Iran is low, a spe-
cial program for adherence to diet and medication has not 
yet been included in the care program for patients in health 
centers. Then, such program can have a great effect in Iran, 
where the roles of health centers and health care providers 

in patient care are well established. Therefore, the present 
study aimed to evaluate an intervention designed based 
on HAPA to improve adherence to diet and medication 
among patients with type 2 diabetes.

Methods
Research design and participants
A cluster randomized controlled trial was conducted in 
South Tehran health centers during June–December 2018. 
In this study, 248 participants were recruited from six 
health centers. The health centers were randomly assigned 
into the intervention (three health centers) and con-
trol groups to have these 248 subjects we had to ask 437 
patients registered to health centers,189 patients did not 
meet the inclusion criteria in the study. The participants 
were included in the study using simple random sampling 
Excel software. A total of 248 patients with Type 2 diabetes 
were randomly divided into the intervention (n  = 124) and 
control (n  = 124) groups. Study variables were measured at 
baseline, one and six months follow-up (Fig. 1).

The inclusion criteria were the onset of type 2 diabetes at 
least six months ago, aging less than 65 years, having non-
adherence to diet (lower scores than six) and medication 
(lower scores than three), lack of other chronic diseases 
such as cancer, absence of any mental, visual, and learn-
ing disabilities (according to the clinical diagnosis by phy-
sician), no participation in similar classes offered by the 
healthcare centers. The exclusion criteria included having 
other types of diabetes including type 1 diabetes or gesta-
tional diabetes, lack of participation in at least half of our 
educational classes.

Blinding
Blinding of data analyst and staffs laboratory were done.

Sample size
Based on the results of a previous study [32], for a 90% 
power at 5% level of significance, to detect a (d  = 1) dif-
ference between two groups, the standard deviation of the 
intention score  = 1.37 when the drop-out rate was consid-
ered to be f  = 20%, and the design effect have assumed to 
be Deff  = 1.9, we needed to include 124 study participants 
in each study arm using the following formula. The final 
sample size was required as 248 participants.

Measures
A HAPA self-structured questionnaire consisted of 
eight sections and 38 items and eight dimensions were 
developed. The dimensions consisted of: (a) intention 
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to diet and medications adherence (4 items), meas-
ured using seven-interval Likert scales, ranging from 1 
(strongly disagree) to 7 (strongly agree); (b) task self-
efficacy of diabetes diet and medications adherence (14 
items); (c) copping self-efficacy (13 items); (d) recovery 
self-efficacy (6 items); (e) action planning (5 items); (f ) 
copping planning (13 items), rated on a 4-point scale 
ranging from 1 (not at all true) to 4 (exactly true); (g) 
barriers to adherence (18 items); (h) resources and 
benefits (8 items), scores for this item ranged from 1 
(strongly disagree) to 7 (strongly agree), higher scores 
represented a high level of barriers. Content valid-
ity and reliability for the HAPA-based questionnaire 
has been measured in the previous studies [33, 34]. 
We transformed the scores of each item to 0–100 

using the following formula: the new score of item  
= 100  ×  (Score of item  −  Minimum possible score)/
Range of possible scores. Then we calculated the sec-
tion score as the average of item scores in that section 
for each sample.

The social support was measured using the “Chronic 
Illness Support Scale,” with diabetes patients’ family and 
friends’ subscales. Each item best indicated patients’ 
experience over the past three months. The family and 
friends’ subscales included eight items in a 5-point Lik-
ert scale (1 =  “not at all” to 5 =  “a great deal”). Internally 
consistent, test–retest reliability after two weeks for the 
subscales were α  = 0.75 and r  = 0.78, respectively [35].

We applied a reliable and valid nine-item scale to 
measure patients’ adherence to diet [36]. The total 

Assessed for eligibility

N of health centers= 6

(n=437 patients)

Enrollment

N of health centers= 6

248 patients met 

inclusion criteria

Excluded (n=189)

Not meeting inclusion criteria 

(n =189)

No health centers refused to

participate

Baseline assessment

Control group

(n of health centers= 3)

124 patients gave consent

Received routine care (no 

intervention)

Intervention group

(n of health centers= 3)

124 patients gave consent

Received intervention

Allocation

Lost to follow-up

(n=0)

Lost to follow-up

(n=0)

1 month follow up

N of patients=124

Discontinued 

intervention (n=0)

N of patients=124

Discontinued 

intervention (n=0)

6 months follow up

All available data were analyzedAnalysis

Fig. 1 CONSORT trial flow chart
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score ranged 0–9. The first seven items ranged from 0 
(never), 0.33 (rarely), 0.66 (sometimes) to 1 (always).

The patients’ adherence to medication regimen was 
measured using the Persian version of MMAS-8-Item 
in Iran [36]. Each item in this questionnaire measures a 
specific medication-taking behavior. Responds categories 
were yes/no for each item and a 5-point Likert response 
for the last item [36]. The correlation coefficient was cal-
culated by Negarandeh (r  = 0.8) and the Chronbach’s 
alphas was more than 0.7 [36]. All questionnaires were 
completed by one of the researchers through face-to-face 
interviews with the patients.

Glycated Hemoglobin (HbA1c) was determined using 
high-performance liquid chromatography and 7180 Clin-
ical Analyzer (Hitachi, Japan).

Intervention
The educational intervention was designed and imple-
mented based on HAPA constructs (intention, task self-
efficacy, coping self-efficacy, recovery self-efficacy, action 
planning, coping planning, barriers, resources and ben-
efits and social support). The intervention group received 
intervention based on patient activation approach which 
focused on skill and confidence building during three 
months. The intervention was conducted through both 
group sessions and telephone calls. The intervention 
was held for 17  weeks, weekly 45–60-min group ses-
sions. Participants received two booklets with the diet 
and medication adherence educational content and 
checklist of homework for planning. Monitoring plan-
ning were reviewed weekly and individualized feedback 
was given for planning. The first eight sessions provided 
the intervention goals, intention to diet and medication 
adherence, benefits of healthy behavior, increasing task 
self-efficacy, and coping self-efficacy strategies. The fol-
lowing eight sessions presented action and coping plan-
ning, ways to decrease barriers, recovery self-efficacy, 
preventing relapse and maintenance behavior of diet and 
medication adherence. Action and coping planning were 
presented in continued consecutive sessions. The action 
planning included determining when, where and how a 
behavior would be done, barriers ahead and coping strat-
egies. Patients were asked to set plan for their diet and 
medication adherence, which their plans should include 
information about when, where, and how to adhere. Par-
ticipants were also asked to plan how they would behave 
in the tempting situation. The following week, partici-
pants reported the success rate of their action and coping 
planning. In last session, we focused on perceived social 
support. Also, during the 3-month intervention, partici-
pants were contacted with telephone calls and feedbacks 
were provided about homework checklists and prob-
lems may have been encountered. The calls encouraged 

self-efficacy and planning, identification of probable bar-
riers and copping strategies. Texts addressed medication 
and diet adherence, social supporting and other planning 
and self-efficacy behaviors. A combination of group ses-
sions, in-person, telephone calls and delivering massages 
intervention were applied. At the end of the intervention, 
text messages were monthly delivered during 6-month 
follow-up to improve friends or family involvement 
about diet and medication adherence of their patients 
and patients were encouraged to continue their plan. 
Also, telephone calls were used to motivate and support 
implementation of individualized action planning in 
patients. Patients in control group received a usual pro-
gram of diabetes management by health care providers 
in health centers (diabetes complications prevention and 
blood glucose monitoring).

The outcome measures: (a) primary outcomes: meas-
ures of diet and medication adherence and level of 
HbA1c, (b) secondary outcomes: measures of motiva-
tional phase (task self-efficacy, behavioral intention) and 
volitional phase (maintenance self-efficacy, recovery self-
efficacy, action and coping planning, benefits and barri-
ers of behavioral and social support).

Statistical analysis
Demographic data and the outcome measures were 
reported using the means and standard deviations (SDs) 
for continuous variables; and frequency and percentages 
for categorical variables. Differences between two groups 
at baseline was evaluated by independent t-test and Chi-
square tests. To compare the trend between two groups, 
we used interaction analysis of time and groups within 
hybrid linear mixed model. Using this analysis, we con-
sidered the correlation of the measurement in different 
centers and repeated measurements. All statistical analy-
sis performed by SPSS (version 26.0). Statistical signifi-
cance was considered for p value  < 0.05.

Ethics statement
The Ethics Committee of Tehran University of Medical 
Sciences (code: IR.TUMS.SPH.REC.1396.4200) approved 
the study. Before enlistment in the study, the participants 
received a complete explanation of the plan and objec-
tives of the study and those willing to participate pro-
vided written informed consent.

Results
Most of the participants were female (61.3% of the inter-
vention and 64.5% of control group). Regarding age of the 
participants, 52.4% of the intervention group and 80% of 
the control group were 56–65  years old. No significant 
differences were observed between both study groups 
for the demographic variables (Table  1). There were no 



Page 5 of 10Ranjbaran et al. Diabetology & Metabolic Syndrome            (2022) 14:3  

differences between the intervention and control groups 
in outcome variables (diet adherence, medication adher-
ence, HbA1c levels, HAPA constructs) at baseline, except 
for the barriers of diet adherence (t  = − 3.16, p  = 0.002). 
The intervention group reported a significantly higher 
level of barriers for diet adherence compared with the 
control group (79.2 ± 11.8 vs. 74.3 ± 12.7), respectively.

The HbA1c levels decreased significantly in the inter-
vention group 6 months after the intervention (− 0.51%; 
p  < 0.001) (Table 2).

Tables 3, 4 show three-level linear mixed models sug-
gested that participants in the intervention group sig-
nificantly increased their adherence to diet (61.8 ± 10.2, 

p < 0.001) and adherence to medication (80.5 ± 8.4, 
p < 0.001) as compared with the control group at one 
month after the intervention.

Patients in the intervention group showed signifi-
cant improvements in HAPA constructs and diet and 
medication adherence one month after the intervention, 
including: higher levels of intention to diet (71.7 ± 7.9, 
p < 0.001) and medication (83.9 ± 11.5, p < 0.001), 
stronger task self-efficacy for diet (40.1 ± 13.9, p < 0.001) 
and medication (76.7 ± 17.2, p < 0.001), higher levels of 
coping self-efficacy to diet (37.3 ± 12.8, p < 0.001) and 
medication (79.1 ± 19.4, p  < 0.001), promoting recovery 
self-efficacy to diet (32.3 ± 12.7, p < 0.001) and medication 

Table 1 Demographic characteristics of the study participants in both intervention and control groups at baselien (n  = 248)

a Pearson chi-squared test

Variable Group Intervention group 
n  = 124
n (%)

Control group 
N  = 124
n (%)

p  valuea

Age (years) ≤ 45 12 (9.7) 6 (4.8) 0.181

46–55 47 (37.9) 41 (33.1)

56–65 65 (52.4) 77 (62.1)

Gender Female 74 (61.3) 80 (64.5) 0.599

Male 48 (38.7) 44(35.5)

Marital status Married 114 (91.9) 106 (85.5) 0.214

Single 2 (1.6) 2 (1.6)

Widowed 6 (4.8) 15 (12.1)

Divorced 2 (1.6) 1 (0.8)

Level of income (Rls) ˂ 5,000,000 7 (5.6) 9 (7.3) 0.929

50,00,000–1,00,00,000 24 (19.4) 24 (19.4)

10,00,000–20,00,000 90 (72.6) 89 (71.8)

> 20,00,000 3 (2.4) 2 (1.6)

Employment status Unemployment 1 (0.8) 1 (0.8) 0.801

Retired 24 (19.4) 27 (21.8)

Clerk 3 (2.4) 6 (4.8)

Free job 21 (16.9) 19 (15.3)

Housewife 75 (60.5) 71 (57.3)

Level of education Illiterate 23 (18.5) 30 (24.2) 0.554

Elementary 52 (41.9) 45 (36.3)

Middle school 20 (16.1) 22 (17.7)

High school 22 (17.7) 17 (13.7)

University degree 1 (0.8) 4 (3.2)

Other 6 (4.8) 6 (4.8)

Disease duration (years) ≤ 5 50 (40.3) 50 (40.3) 0.239

5.01–10 35 (28.2) 38 (30.6)

10.01–15 18 (14.5) 22 (17.7)

15.01–20 17 (13.7) 7 (5.6)

20.01 + 4 (3.2) 7 (5.6)

Medications Tablet 86 (69.4) 90 (72.6) 0.477

Tablet and Insulin 28 (22.6) 21 (16.9)

Insulin 10 (8.1) 13 (10.5)
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(65.6 ± 20.8, p < 0.001) in time of setbacks, formed action 
planning for diet (44 ± 14.2, p < 0.001) and medication 
(70.8 ± 19, p < 0.001) adherence and coping planning 
(47.4 ± 11.9, p  < 0.001); (79.8 ± 16.3, p  < 0.001) respec-
tively, lower levels of barriers diet (63.3 ± 12.1, p < 0.001) 
and medication (52.3 ± 17.6, p < 0.001) adherence behav-
iors, increasing benefits of diet (63.3 ± 12.1, p < 0.001) 
and medication (72.6 ± 16.4, p < 0.001) adherence and 
perceived social support for diet and medication adher-
ence (46.8 ± 15.5, p < 0.001).

The results of the Mixed Model Analysis test revealed 
that the HAPA model led to the change in mean 
scores of intentions to diet (87.3 ± 6.8, p  < 0.001) and 

medication adherence (95.4 ± 6.9, p  < 0.001), task self-
efficacy to diet (56.8 ± 12.9, p  < 0.001) and medication 
adherence (86.9 ± 11.7, p < 0.001), coping self-efficacy 
to diet (55.8 ± 13.4, p  < 0.001), and medication adher-
ence (88.8 ± 12.1, p < 0.001), recovery self-efficacy to 
diet (51.1 ± 15.1, p  < 0.001) and medication adherence 
(73.5 ± 19.1, p < 0.001), action and coping planning to 
diet (62.4 ± 17.5, p < 0.001; 66.1 ± 12.5, p  < 0.001) and 
medication adherence (80 ± 16.7, p  < 0.001; 87.5 ± 10.9, 
p < 0.001), barriers to diet (52.1 ± 12.3, p < 0.001) and 
medication adherence (41.4 ± 16.2, p < 0.001) and benefits 
of diet (81.2 ± 12.9, p  < 0.001) and medication adherence 
(79.8 ± 15.1, p < 0.001) and social support (52.9 ± 14.2, 

Table 2 HbA1c levels in the intervention and control groups

HbA1c glycated hemoglobin; CI confidence interval
a Interaction analysis of time and groups within a linear mixed model

Group Estimated change 
difference

95% CI p  valuea

Control Intervention Lower Upper

HbA1c (%)

Baseline mean  ±  SD 8.34 ± 1.46 8.07 ± 1.52 0.15

6-month follow-up 
mean  ±  SD

8.56 ± 1.45 7.77 ± 1.36 0.52 0.44 0.59 p  < 0.001

Table 3 Medication adherence and HAPA constructs among patients with type 2 diabetes before and after the intervention

SD standard deviation
a Interaction analysis of time and groups within a linear mixed model

Variable Group Baseline mean  ±  SD 1-month follow-up
Mean  ±  SD

6-month follow-up
mean  ±  SD

p  valuea

Medication adherence Intervention 34.1 ± 20.6 80.5 ± 8.4 89.1 ± 6.8 p  < 0.001

Control 37.3 ± 18.5 42.2 ± 15.8 41.5 ± 13.5

Intention Intervention 72.7 ± 16 83.9 ± 11.5 95.4 ± 6.9 p  < 0.001

Control 76.8 ± 15.7 76.8 ± 15.5 76.3 ± 15.4

Task self-efficacy Intervention 55.3 ± 26.4 76.7 ± 17.2 86.9 ± 11.7 p  < 0.001

Control 56.8 ± 23.9 58.3 ± 23.1 59.1 ± 22.5

Coping self-efficacy Intervention 56.2 ± 28.9 79.1 ± 19.4 88.8 ± 12.1 p   < 0.001

Control 55.7 ± 24.8 58 ± 23.6 58.3 ± 23.1

Recovery self-efficacy Intervention 48.3 ± 30.2 65.6 ± 20.8 73.5 ± 19.1 p < 0.001

Control 46.5 ± 30.8 46.4 ± 30.7 45.3 ± 30.6

Action planning Intervention 46.2 ± 28.7 70.8 ± 19.1 80 ± 16.7 p  < 0.001

Control 46.9 ± 29.4 46.8 ± 29.4 44.8 ± 29.2

Coping planning Intervention 53.9 ± 27.9 79.8 ± 16.3 87.5 ± 10.9 p  < 0.001

Control 53.9 ± 26 56.9 ± 23.8 56.3 ± 23.1

Barriers to medication adherence Intervention 70.5 ± 19.1 52.3 ± 17.6 41.4 ± 16.2 p  < 0.001

Control 67.8 ± 16.5 68.5 ± 16.1 68.6 ± 15.5

Benefits of medication adherence Intervention 60 ± 20.9 72.6 ± 16.4 79.8 ± 15.1 p  < 0.001

Control 60.8 ± 17.8 62.5 ± 16.5 60.1 ± 16.1

Social support Intervention 33.1 ± 16 46.8 ± 15.5 52.9 ± 14.2 p  < 0.001

Control 34.4 ± 15.4 35.4 ± 14.9 35.2 ± 14.9
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p  < 0.001) in the intervention group compared with the 
control group six months after the intervention (Tables 3, 
4).

Discussion
Diabetes is a chronic disease that has been recognized 
as a main global public health challenge. Adherence to 
diet and medication is crucial in patient with type 2 dia-
betes and factors that lead to non-adherence should be 
put in intervention programs and healthcare policies. 
Therefore, the aim of this was to evaluate an interven-
tion designed based on Health Action Process Approach 
(HAPA) to improve adherence to diet and medication 
among patients with type 2 diabetes.

In general, patient activation intervention based on 
HAPA model had a positive effect on diet and medica-
tion adherence behaviors among patients with type 2 
diabetes. HAPA approach was useful in improving diet 
and medication adherence among patients with type 2 
diabetes.

The adherence rates among patients with type 2 diabe-
tes in Iran explored in health centers were low [33, 34]. It 
is important to encourage patients to monitor their own 
progress in order for long-term adherence to be success-
ful [31]. The results of this study is in similarity to previ-
ous studies, in which activated patients practiced healthy 
behaviors including healthy diet, physical activity and 

adherence to medication and health-related outcomes 
[37–41]. A study conducted by Lin et al. in Iran, reported 
that a HAPA-based intervention increased adolescents’ 
intake of fruit and vegetables one month and six months 
following the intervention [26]. A systematic review con-
ducted by Almutairi in 2020 showed that patient acti-
vation concept used in the theory-based interventions 
including HAPA, health belief model, social cognitive 
theory, and PRECEDE- PROCEED was effective in self- 
management behaviors (physical activity, healthy diet, 
food care and blood glucose self-monitoring) among 
patient with type 2 diabetes [16].

Our findings support results of the other studies 
that action planning and coping planning are effective 
approaches to improve health behaviors [18, 26]. Tailor-
ing specific and personalized diet and medication plans 
may help patients achieve their improving adherence 
goals.

In the present study, we found participation of patients’ 
families and friends in the intervention sessions ben-
eficiary. Social support can be an important component 
to promote diet and medication adherence behaviors 
among patients with chronic conditions. This finding is 
consistent with the results of previous studies [26, 42, 
43]. Rotberg et al. has shown higher social support asso-
ciated with lower level of HbA1c [44]. Another study 
conducted by Döbler et al. in 2018 about a theory-based 

Table 4 Diet adherence and HAPA constructs among patients with type 2 diabetes before and after the intervention

SD standard deviation
a Interaction analysis of time and groups within a linear mixed model

Variable Group Baseline mean  ±  SD 1-month follow-up
mean  ±  SD

6-month follow-up
mean  ±  SD

p  valuea

Diet adherence Intervention 16 ± 9.4 61.8 ± 10.2 75.7 ± 7.8 p  < 0.001

Control 16.3 ± 9.8 17.5 ± 9.4 17.8 ± 9.6

Intention Intervention 53.6 ± 10.4 71.7 ± 7.9 87.3 ± 6.8 p  < 0.001

Control 51.1 ± 6.2 53.4 ± 6.2 53.4 ± 6.4

Task self-efficacy Intervention 7.2 ± 12.3 40.1 ± 13.9 56.8 ± 12.9 p  < 0.001

Control 6.8 ± 8.7 7.3 ± 8.5 7.1 ± 8.3

Coping self-efficacy Intervention 6.5 ± 13 37.3 ± 12.8 55.8 ± 13.4 p  < 0.001

Control 5.3 ± 8.5 6 ± 8.4 6.1 ± 8.6

Recovery self-efficacy Intervention 3.4 ± 11.4 32.3 ± 12.7 51.1 ± 15.1 p  < 0.001

Control 2 ± 6.7 2 ± 6.7 1.9 ± 6.6

Action planning Intervention 6.8 ± 13.3 44 ± 14.2 62.4 ± 17.5 p  < 0.001

Control 6.5 ± 9.3 7.6 ± 8.9 8.4 ± 9.6

Coping planning Intervention 6.7 ± 11.5 47.4 ± 11.9 66.1 ± 12.5 p  < 0.001

Control 6.6 ± 7.7 9.3 ± 6.9 9.9 ± 7.2

Barriers to diet adherence Intervention 79.2 ± 11.8 63.3 ± 12.1 52.1 ± 12.3 p  < 0.001

Control 74.3 ± 12.7 77.5 ± 11.6 78.6 ± 10.9

Benefits of diet adherence Intervention 54.6 ± 18.4 70.9 ± 14.8 81.2 ± 12.9 p  < 0.001

Control 57 ± 16.1 57.7 ± 16 56 ± 15.6
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telephone-delivered follow-up intervention including 
motivational interviewing and personalized action plan-
ning revealed improvements in level of physical activity 
and health status in patients with type 2 diabetes [18]. 
Miller et  al., in another study showed no contact from 
intervention group during the 3-month-follow-up in pre-
diabetes led to no significant different between groups 
in HAPA constructs except outcome expectancies [45]. 
It seems that follow-up calls and delivered messages 
in long-term interventions based on HAPA model can 
maintain the behavior in chronic conditions.

The results of present study indicated a reduction in 
the levels of HbA1c in the patients six months after the 
intervention. The results of a study conducted in Ger-
many based on HAPA showed a decrease in the levels of 
HbA1c, 12 months after the intervention [18]. There is an 
association between level of HbA1c and complications of 
diabetes. Each 1% reduction in level of HbA1c decreases 
the risk of complications of type 2 diabetes such as in risk 
of 21% related to diabetes, 21% for deaths related to dia-
betes, 14% for myocardial infarction and 37% for micro-
vascular complications [46]. The most improvements in 
level of HbA1c was seen in the interventions designed 
based on HAPA and empowerment models [16]. Apply-
ing a combination of group/in-person interventions with 
reminders such as telephone calls and delivered messages 
seems to be effective in decreasing the HbA1c in patients 
with type 2 diabetes.

Strengths and limitations of the study
In this study, barriers and temptations of patients were 
considered that affect the practice of ones. Without these 
cognitive factors, intervention programs are ineffective. 
Action plans and coping plans were recorded weekly by 
collection of planning checklists instead of self-report-
ing planning. Another strength of this study, there was 
no drop-out patients in during intervention and follow 
ups. Therefore, this research was successful in patients 
participation.

Some limitations require to be addressed in this study. 
Results of these study may be biased by patients’ incor-
rect information. Diet and medication adherence meas-
urements were not performed directly however diet and 
medication adherence questionnaires has been validated 
in measuring diet and medication adherence among dia-
betes in Iran.

Suggestions for future research
The findings of this research can help health care pro-
viders to design effective programs to improve diet and 
medication adherence behaviors among patients with 
type 2 diabetes, and addressing problems nonadherence 
in these group of patients. Performing of such programs 

could be cost–benefit and inexpensive, because adher-
ence to diet and medication can prevent and decrease 
complications of diabetes, so it is suggested to use 
this approach in future studies. This intervention tar-
geted diet and medication adherence, future researches 
could target other combinations of health behaviors 
in patients with type 2 diabetes. Future research could 
apply longer follow-ups e.g., 12 or 24 months to deter-
mine the maintenance of diet and medication behav-
iors. The results in this study were for patients referring 
to the South Tehran health centers in Iran, so further 
research is needed to determine the generalizability to 
other area of Iran and Western countries improving 
diet and medication adherence programs.

Conclusion
Our study showed effectiveness of an intervention 
designed based on HAPA approach plus family and 
friends support on diet and medication adherence 
in patients with type 2 diabetes. The combination of 
grouping, in-person approaches in the intervention and 
reminders led to reduction in HbA1c levels in patients 
six months after the intervention.
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