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Abstract
Background: Many patients with type 2 diabetes mellitus (T2DM) do not achieve the 

desired glycaemic control despite being treated with insulin. Studies found this due to an improper 
understanding of insulin function, its intensification process and patients’ negative perspective on 
insulin. We developed an education module to enhance adherence to insulin therapy. 

Methods: This study applied a mixed design. It was conducted in three phases: i) Phase 
I: literature search and focus group discussions (FGDs), ii) Phase II: module development and 
iii) Phase III: content and face validation of Universiti Sains Malaysia-Insulin Adherence Module 
(USM-IAM). FGDs were used to gather patients’ opinions. All researchers repeatedly discussed 
about the module content and arrangement, the words and images used, and the grammar in 
producing the final draft. Specialists and target audience performed content and face validation of 
the module.  

Results: Thirty-six participants were involved in the FGDs. Data saturation was achieved at 
the 4th FGD. Three themes emerged from qualitative data analysis and were incorporated into the 
module. USM-IAM was finalised with five units. The content validity index (CVI) was 0.92, while 
face validity agreements were between 86% and 97%.

Conclusion: The CVI and face agreement for USM-IAM exceed the cut-off point for a sound 
module. It has good potential to be used as a resource for educating patients in enhancing insulin 
adherence. 

Keywords: module development and validation, education module, insulin adherence, USM-Insulin Adherence 
Module, USM-IAM
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Introduction

Background

Type 2 diabetes mellitus (T2DM) is the 
most common form of diabetes in adults. 
Approximately 537 million people globally 
had diabetes in 2021, a figure that is projected 
to rise to 783 million by 2045 (1). In addition 
to a healthy diet and increased physical 
activity, patients with diabetes mellitus are 
often prescribed oral glucose-lowering drugs 
(OGLDs) and/or insulin or injectable agents 
to achieve glycaemic control. The Malaysia’s 
local guidelines suggest combining OGLDs 
with insulin/injectable agents when patients 
cannot achieve their HbA1c targets after the 
optimum dosage of OGLDs (2). Despite the 
development of sodium-glucose cotransporter-2 
inhibitors (SGLT2-i) such as canagliflozin 
and empagliflozin (3) and injectables such 
as dulaglutide, liraglutide and semaglutide 
with proven efficacy in reducing HbA1c and 
cardiac events (4, 5), insulin remains the 
critical treatment for many patients due to its 
availability and affordability. Patients with 
diabetes mellitus will ultimately need insulin  
8 years–10 years after the diagnosis of diabetes 
to maintain a desirable level of glycaemic control 
(6, 7). Most individuals on a single insulin 
injection will need intensification within 3 years 
of insulin initiation (8). Despite the increase 
in the number of patients using insulin to 65% 
in a tertiary centre, the percentage of patients 
who achieve targeted HbA1c levels is still low 
(9). A literature review revealed that insulin 
adherence is very poor or unsatisfactory among 
diabetic patients and is generally lower than 
the adherence to oral hypoglycaemic agents 
(10, 11). An internet survey among 502 diabetic 
patients in America revealed that more than 
half of them intentionally omitted their insulin 
and 20% of them omitted insulin regularly (12). 
A cross-sectional survey of 256 patients with 
T2DM in Tehran showed that 28.8% of them 
had low insulin adherence (13). Another cross-
sectional study in Japan involving 1,441 patients 
revealed that 29.4% had low insulin adherence 
(14). Lastly, a telephone interview survey of 
433 subjects in Turkey revealed that 22.03% 
of patients were non-adherent to their insulin 
regimes (15).

Many factors contribute to non-adherence 
to insulin, including pain associated with 
injections (16), fear of hypoglycaemia and 
weight gain (17) and fear of embarrassment 
regarding the administration of insulin in 
public (18). Reports have emphasised that poor 
diabetic control results primarily from a lack of 
understanding of the disease, which leads to the 
low adherence to proper diabetes management 
prescribed to patients (e.g. medications 
or lifestyle modifications) (19), the lack of 
knowledge on glycaemic targets and the lack of 
knowledge on diabetes self-care (particularly 
self-insulin dose adjustment) (20). 

Patient education is an integral part of 
managing diabetes. It has been shown that 
patients’ education significantly reduces HbA1c 
(21), blood pressure and cholesterol, and 
increases diabetes knowledge (22). Patients 
on insulin require extensive education on the 
process involved in insulin use and injection; 
re-education on insulin administration has 
been shown to improve glycaemic control 
(23). Patients who had been taught flexible 
insulin dosing based on their dietary intake and 
physical activity had better HbA1c reduction 
levels (24). Thus, in this study, we developed an 
education module to improve insulin adherence, 
specifically in patients with T2DM who need 
insulin. The validation of the module involved 
the calculation of the content validity index 
and the patients’ agreement on aspects of the 
face validity of the module. The relevant insulin 
therapy guidelines are available in English 
(25) and are meant for use by healthcare 
professionals. This newly developed Universiti 
Sains Malaysia-Insulin Adherence Module 
(USM-IAM), which uses layperson Malay, could 
be easily comprehended and used by patients. 

Methods

Study Design

This study applied a mixed design, 
employing both qualitative and quantitative 
methods. It was conducted in three phases: 
i) Phase I: literature search and focus group 
discussion; ii) Phase II: module development 
and iii) Phase III: content and face validation 
of USM-IAM. Only patients who provided their 
written informed consent were recruited.
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Phase I: Literature Search and Focus 
Group Discussion

An extensive literature review was initially 
conducted to determine whether there were 
any research papers relevant to this study for 
module development purposes. A literature 
search via electronic databases, which includes 
PubMed, ScienceDirect, EBSCOhost and JSTOR, 
was carried out for relevant articles on insulin 
adherence/non-adherence, factors or barriers 
to insulin adherence and T2DM. Information on 
barriers to insulin adherence was extracted and 
summarised. A draft of an education module was 
constructed based on the information acquired. 
Patients’ experiences of problems with insulin 
therapy and suggestions to overcome said 
problems were sought and gathered through 
focus group discussions (FGDs) to obtain a 
complete picture of the situation. A researcher, 
assisted by a research assistant, screened 
through the list of patients attending the 
outpatient clinic and evaluated their eligibility 
for recruited for the study based on specific 
inclusion and exclusion criteria. Patients aged  
18 years old–75 years old with a formal diagnosis 
of T2DM by a physician and prescribed insulin 
for at least 1 year and had HbA1c levels between 
8% and 15% were included. Those who could not 
communicate in Malay, read or write and were 
not willing/able to give their commitment to this 
project were excluded.

On the day of the FGD session, patients 
were given information sheets to read 
thoroughly, as well as ample time to clarify 
anything before giving their written consent. Five 
to seven patients were gathered in a circle prior 
to the discussion. The investigator explained the 
rules of discussion. As the investigator asked 
questions, all patients were expected to answer 
the questions one after another. They were 
requested not to interrupt others’ conversations 
and to respect others’ opinions. Additionally, 
they were told that there were no right or wrong 
answers. They were asked not to use their phones 
during the discussion. All patients consented 
to the sessions being audiotaped. The questions 
posed during the FGD followed a natural 
conversation and were asked in a structured 
sequence. Most questions were open-ended to 
encourage patients to provide ideas about their 
knowledge, problems with insulin therapy and 
possible solutions. 

The interviews were recorded with two 
digital recorders. A trained assistant took field 
notes (non-verbal responses such as tone of 
voice, body language and facial expressions). The 
sessions continued until a saturation point was 
achieved (i.e. when patients produced little or 
no new added information to what had already 
been discussed). All audiotaped discussions 
were transcribed verbatim. The transcripts were 
checked with the original audiotapes to confirm 
their contents (26). Two researchers (AMZ and 
NBH) coded the transcripts independently. The 
gathered data were analysed using a thematic 
approach (26, 27). NVivo 12 (QSR International 
Pty. Ltd., Doncaster, Victoria, Australia) was 
used for data analysis. The list of nodes was 
grouped into sub-themes and further grouped as 
themes (Table 2).

Phase II: Module Development

Module development involved an iterative 
design and review process accomplished 
through online meetings with several experts: 
an endocrinologist (WMIWM), a pharmacologist 
(AHGR), two family physicians (RM and AMZ), a 
medical educationist (MZMN) and a pharmacist 
(NBH). The order of units in the module began 
with essential diabetic topics and moved on to 
more insulin-specific topics. Layperson terms 
were used to communicate effectively with 
readers. Realistic and culturally appropriate 
examples, eye-catching images and practical 
tables were used. During the meetings, these 
experts discussed the units of the module, the 
appropriate information to be included, and 
words to be used in the modules and assessed the 
suitability of the module’s pictures, charts and 
tables. 

Phase III: Content and Face Validation of 
USM-IAM

Content Validation by Expert Panels

Based on the published literature, the most 
extensively used approach for content validity 
is the content validity index (CVI) (28, 29). We 
also chose to adopt the CVI for assessment of 
content validity for the module. We adopted six 
content validation steps: i) preparing the content 
validation form, ii) selecting a panel of experts, 
iii) conducting content validation, iv) reviewing 
the domain and items, v) scoring each item and 
vi) calculating the CVI (30). 
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Face Validation by Target Audience

To assess the face validity of the USM-IAM, 
the patients were asked to read the module and 
complete the face validity form. The patients 
could ask the investigator questions openly 
and fill out the form at the allocated time. 
The instrument aimed at patients consisted 
of 15 questions focused on the sufficiency of 
information, the importance and usefulness 
of information, content legibility, engaging 
content and helpful illustration. The patients 
were made to choose either ‘yes’ or ‘no’. The 
patients were also invited to provide suggestions 
for module improvement. A total of 20 patients 
participated in the face validation of the module. 
The participants included were T2DM patients 
aged between 18 years old and 75 years old, and 
prescribed insulin for at least 1 year with HbA1c 
levels between 8% and 15%. Those who could not 
communicate in Malay or were illiterate were 
excluded. 

Results

Phase I: Literature Search and Focus 
Group Discussion

Socio-Demographic Characteristics

Thirty-six participants involved in the FGDs 
aged 40 years old–74 years old. The mean age 
of the participants was 56.7 (7.2) years old; 90% 
of the participants were Malay and 65% were 
males; 47.5% had secondary education and 90% 
were married. Table 1 outlines the demographic 
characteristics of the participants involved in the 
FGDs.

The content validation form consisted of  
20 items, as in the draft module. The review 
panel was requested to rate the degree of 
the relevance of each item related to insulin 
adherence. The score options were placed on 
a Likert scale from 1 to 4 (1 = not relevant, 2 = 
somewhat relevant, 3 = quite relevant and 4 
= highly relevant) (30). The expert panel was 
also requested to examine the adequacy of 
the allocated time duration for each unit. The 
experts were open to give additional comments 
for each unit; blank spaces were provided in 
the form at the end of each unit. It has been 
recommended that there should be at least 
five members on the panel to avoid chance 
agreement during content validation assessment 
(31). Our panel’s experts were asked to produce 
ideas from their different specialities (32). 
The interdisciplinary experts who completed 
the content validation assessment constituted  
10 panellists from different fields of expertise: 
two endocrinologists, two family medicine 
specialists, two medical educationists, two 
pharmacists, a nurse with diabetes training and 
a dietitian. 

These experts were given a hard copy of the 
content validation form and 2 weeks to complete 
the task of content assessment. As each item 
was completed, the scores were transferred to 
an Excel worksheet for calculation. Items that 
scored 3 or 4 on the 4-point Likert scale were 
recorded as 1 (valid) and items that scored 1 
or 2 were recorded as 0 (not valid) (33). The 
number of experts judging an item as relevant (a 
rating of 3 or 4) was divided by the total number 
of experts to obtain the CVI, which expresses 
the proportion of agreement on the relevancy 
of each item between zero and one (34). It has 
been proposed that an index of 0.80 or higher 
is required before an item is accepted or a lower 
CVI of 0.78 if nine experts are involved (35).

Table 1. Sociodemographic profiles of the 36 patients involved in FGD 

Characteristics FG1 FG2 FG3 FG4 FG5 FG6 n %

Gender
Male
Female

4
1

4
3

4
3

2
4

3
3

5
0

22
14

61.1
38.9

Ethnicity
Malay
Others

5
0

7
0

5
2

6
0

5
1

4
1

32
4

88.9
11.1

Marital status
Single
Married
Widowed

0
5
0

0
7
0

0
6
1

1
3
2

0
6
0

0
5
0

1
32
3

2.8
88.9
8.3

(continued on next page)
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Characteristics FG1 FG2 FG3 FG4 FG5 FG6 n %

Occupation
Pensioner
Government servant
Self-employed
Housewife

3
1
0
1

1
4
0
2

0
4
2
1

2
0
1
3

2
1
0
3

4
0
1
0

12
10
4
10

33.3
27.8
11.1
27.8

Household monthly income (RM)
< 3,000
3,001–6,000
6,001–13,000
> 13,000

3
2
0
0

4
1
2
0

5
0
2
0

6
0
0
0

6
0
0
0

4
0
0
1

28
3
4
1

77.8
8.3
11.1
2.8

Duration of diabetes (years)
< 5 
5–9
10–15 
> 15

0
0
1
4

1
1
1
4

1
1
1
4

1
1
3
1

0
1
2
3

1
0
1
3

4
4
9
19

11.1
11.1
25.0
52.8

Number of injections/days
One
Two
Three
Four

0
2
0
3

1
3
2
1

3
0
2
2

0
0
1
5

0
2
1
3

1
1
2
1

5
8
8
15

13.9
22.2
22.2
41.7

Emergent Themes 

The nodes from the transcriptions were 
grouped into sub-themes. The sub-themes were 
further grouped into themes. Data saturation 

was achieved at the 4th FGD. We continued with 
additional two FGDs to ensure no more new 
themes emerged. Three themes that emerged 
from the FGDs are summarised in Table 2. 

Table 2. Themes emerged from FGD

Theme Sub-themes Nodes

Poor 
knowledge Poor knowledge

Poor knowledge on definition and types of diabetes

Misunderstanding about the function of insulin 

Poor knowledge on insulin types and their respective actions

Problems 
with insulin 
therapy

Side effect of insulin

Hypoglycaemia 

Weight gain

Allergic reaction

Injection site problems
Pain/scarring/fibrosis

Bleeding/bruising

Attitude towards insulin

Insulin restricts daily activity

Forgetting to inject

Embarrassed to inject in public

Financial constraint High cost of glucose strips and needles

Misperception of insulin

Insulin is ineffective

should not inject when fasting

Forbidden to carry insulin when travelling on the aeroplane

Myths
Insulin is derived from porcine sources. Forbidden for Muslim

Insulin causes kidney failure

Table 1.  (continued)

(continued on next page)
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We found that patients, generally, have poor 
knowledge about diabetes.

One patient assumed that an individual has 
diabetes when their blood sugar level is over 10 
mmol/L:

As far as I know, diabetes is when the blood 
sugar level is more than 10. (P1, FG1 SHC 
62-year-old male)

There were also patients with their own 
classifications of diabetes: 

There are two types of diabetes, which are 
blood diabetes and vein diabetes, (P16, FG3, 
LLH, a 53-year-old female) 

and the third type is nerve diabetes. (P13, 
FG3, HA, a 60-year-old female)

We noticed that over half of the patients in 
the discussions had poor knowledge of insulin 
types and functions. Most patients knew only 
about the type of insulin they were using. 
Patients who used premixed insulin knew only 
one type of insulin, and they were not aware 
that their insulin contained both prandial and 
basal insulin and were perplexed when the other 
members of the group who were on basal-bolus 
regime were talking about short (clear) and long 
(cloudy) acting insulins. 

As for the other patients injecting insulin, 
several patients from these group discussions 
also experienced the adverse effects of insulin. 
Two-thirds of the patients involved in FGDs had 
experienced hypoglycaemia. Most of these cases 
of hypoglycaemia were caused by a reduction in 
the amount of food ingested, delayed meals after 
injecting prandial insulin or performing more 
strenuous physical activities than their usual 
routine. Most of these patients described having 

palpitations, sweating, lethargy and hunger, 
which are symptoms of hypoglycaemia. Other 
patients described symptoms of confusion (e.g. 
incorrect prayer recitation) while others had 
been awakened by their spouses from their sleep, 
as they had experienced unpleasant dreams and 
were talking nonsense. Other common adverse 
effects of insulin experienced by the patients 
were weight gain, injection site itchiness, pain, 
bleeding, bruising and generalised allergic 
reactions.

Several patients on prandial human insulin 
were bothered at the notion of having to wait  
30 min before meals after insulin injections:

The second problem is the time before 
eating. It is as if we must wait for that time, 
which means that we must obey the doctor’s 
instructions. I cannot immediately eat after 
injecting insulin, and I must be patient. (P7, 
FG2, KM, a 62-year-old-female)

A patient had incorrect knowledge about 
proper insulin storage, which made insulin 
storage troublesome for him:

The problem with injecting insulin is it 
cannot be taken everywhere. Hot conditions 
will damage insulin. For example, if I go 
to Kota Bharu and want to bring insulin, 
I need to bring it packed in ice, or it will be 
damaged. (P36, FG6, FLS, a 56-year-old 
male)

Some patients were not taught about 
bringing insulin pens when travelling abroad:

It is not easy to bring insulin everywhere. 
I have been stopped and asked to leave my 
insulin at the security check in airports. 
(P32, FG6, MJ, a 59-year-old male)

Theme Sub-themes Nodes

Possible 
solutions

Taking meals within 20 min 
of injecting insulin

Has hypoglycaemia after injecting pre-lunch insulin. This can 
disturb tasks  

Refrain from consuming 
excessive food to avoid 
weight gain

Binge eating as always feel hungry

Excessive weight gain

Rotate the injection sites to 
avoid scarring

Scarring/hardened area 

Fibrosis

To find a confined space to 
inject insulin

Embarrassed to inject in public

Take specific measures to 
overcome forgetfulness

Forgetting to inject insulin

Forget to bring insulin pen to work

Table 2.  (continued)
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Some patients forgot to inject:

After coming back from work, I was tired and 
fell asleep. I recall waking up to inject pre-
bed insulin, but I failed to do so. I did not 
inject until morning (sigh). (P28, FG5, CKS, a 
56-year-old female)

Some patients did not taper up their 
insulin doses and blamed the insulin for being 
ineffective:

Another problem is that my blood sugar 
readings were still high after injecting 
insulin. It occurred despite correct storage, 
correct technique, and the correct dose 
prescribed. It makes me think that insulin is 
not effective. (P13, FG3, HA, a 60-year-old 
female)

Injecting insulin during fasting will cause 
hypoglycaemia, generalising it to pre-dawn and 
pre-iftar doses: 

When fasting, I do not inject insulin. I am 
afraid to get hypoglycaemia. Before sahur, 
I did not inject insulin, and then I injected 
the insulin when breaking the fast, but with 
a reduced dose. (P3, FG1, KM, a 62-year-old 
female)

Phase II: Module Development

Module Content

The adherence module was developed 
based on information from the literature and 
patients’ input from FGDs. As many patients 
have poor knowledge about diabetes and insulin 
treatment, the module was drafted to address 
these problems. Unit 1 provides information on 
diabetes definition and types, insulin function 
and types, and its regimes. Unit 2 provides 
information regarding adherence and the 
consequences of nonadherence to insulin. The 
themes from FGD were incorporated into Unit 3: 
causes of nonadherence and possible solutions; 
Unit 4: empowering self-care; and Unit 5: fasting 
safely while undergoing insulin therapy. The 
dimensions of the USM-IAM draft were 5.8 in ×  
8.3 in. It contained 36 pages and had a front 
cover, a back cover, a table of contents and a 
page for notes. It contained a total of five units. 
The units, learning outcomes and content of the 
module are summarised in Table 3. 

Table 3. Topics, learning outcomes and content of USM-IAM

Unit Topics Learning outcomes Content

1 Diabetes and 
insulin

To give general information to 
diabetic patients about diabetes 
and its relationship with insulin

• Diabetes definition
• Types of diabetes
• The relationship between diabetes and insulin
• Types of insulin
• Why diabetics inject different insulin types
• Insulin regimes

2 Non-adherence 
to insulin 
treatment and the 
consequences of 
non-adherence

Improve the knowledge and 
understanding of diabetic 
patients about non-adherence to 
insulin treatment and its outcome

• Definition of nonadherence to insulin 
treatment

• The outcome of non-adherence to insulin
treatment

3 Causes of non-
adherence to 
insulin treatment 
and suggested 
solutions

Improve the knowledge and 
understanding of diabetic 
patients about the causes of non-
adherence to insulin injection and 
how to overcome them

• Insulin side effects
• Problems with insulin injections
• Negative attitude towards insulin
• Expensive cost for monitoring
• Wrong perception on insulin
• Myths on insulin

4 Empowering 
diabetes self-care

• Improve knowledge and 
understanding of target sugar 
control, blood pressure, 
cholesterol, and ideal body 
weight.
• Improve the motivation of 
diabetic patients to monitor sugar 
levels and adjust insulin doses to 
changes in blood glucose levels

• Be disciplined in controlling diabetes
• Do self-monitoring of sugar levels
• Changing the insulin dose based on their 

sugar level

(continued on next page)
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Phase III: Content and Face Validation of 
the USM-IAM

Content Validation by an Expert Panel

The panel of experts rated the relevancy of 
the items. Items that scored 3 or 4 on the 4-point 
Likert scale were recorded as 1, while and items 
that scored 1 or 2 were recorded as 0. The CVI of 
the items is illustrated in Table 4. 

The panel suggested classifying 
hypoglycaemia into mild, moderate and severe 
and specifying the management of each class. 
The panel also suggested a few corrections to 
the vocabulary used. The dietician suggested 
using pictures for carbohydrate counts for easier 
understanding. The suggestions were accepted 
and adopted into the final module. All the raters 
except for one agreed that the allocated reading 
time for the module was adequate. The rater 
stated that patients with lower education levels 
might require longer than the allocated time to 
comprehend the module content and suggested 

that more time be given to them. The experts 
generally agree that the USM-IAM can be used 
as a guide for facilitators to conduct education 
programmes.

The authors reviewed these expert 
comments. Furthermore, the classification 
of hypoglycaemia and its management were 
added. Pictures of carbohydrate exchange are 
provided in an appendix, and the terminology 
and grammar were corrected. No new items were 
added. All 20 items in the second draft of the 
USM-IAM were maintained under five units. 

Face Validation by Target Audience

As shown in Figure 1, aspects of face 
validity achieved a level of agreement between 
86% and 97%, which is higher than the required 
minimum to be valid (75%) (36), indicating an 
excellent level of agreement among the patients. 
In addition, the legibility aspect scored lowest 
(86%) compared to the other aspects.

Unit Topics Learning outcomes Content

5 Fasting safely with 
insulin treatment

Improve the knowledge of 
diabetic patients about methods 
to fast safely despite injecting 
insulin

• When should I monitor my sugar levels while
fasting?

• How to modify the insulin dose while fasting?
• When should I break my fast?

Table 3.  (continued)

Figure 1. Face validation by target audience

Sufficiency of 
information

Important and  
useful information

Legibility Attractive content Illustration

100

90

80

70

60

50

40

30

20

10

0
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Discussion

The present study successfully developed 
a validated USM-IAM for patients with T2DM. 
The mean CVI was 0.92, thus confirming content 
validity. Other studies that validated printed 
educational modules also utilised the CVI to 
measure content validity, then underwent 
revisions until the validated final version was 
achieved. The process measuring content validity 
and revising the domain are an important step 
for the development of quality educational 
materials (36–38). Modifying educational 
modules to suit experts’ recommendations 
is essential to making the module more 
scientifically accurate and effective for health-
learning activities (38). 

The USM-IAM content was developed to 
correct misinformation about insulin among 
patients. As the cohort of patients interviewed 
in this study had shown a lack of understanding 
of the definition of diabetes and its types, as well 
as the types of insulin available and their varying 
effects, these were incorporated into the initial 
part of the module. These were followed by an 
explanation of the definition of insulin therapy 
non-adherence and its effects. 

Patients with diabetes have many 
misconceptions about insulin that cause them 
not to adhere to insulin therapy. For example, 
the false perception that insulin causes kidney 
failure, as reported in our FGDs, has also been 
reported previously (39). Our patient voiced 
their concern that insulin originated from pork, 
which is banned for Muslims. This outdated 
knowledge was corrected by the statement that 
no more animal-derived insulin exists and that 
all insulin were produced in labs via bacterial 
DNA replication. 

Patients who experienced adverse effects 
of insulin adhered less to their insulin regimes 
compared to those who did not experience 
adverse effects. As reported in a previous study, 
our patient cohort also mentioned the side 
effects of insulin, such as hypoglycaemia, weight 
gain, injection site problems such as pain, 
bleeding, bruising, injection site scarring and 
allergic reactions (12, 15, 39). Insulin injection is 
bothersome for some patients, particularly those 
on human insulin. Some had problems with 
damaged insulin due to improper transportation 
and storage. A few of them were stopped from 
bringing their insulin on board aeroplanes, not 
to mention those who forgot to take their insulin 
shots, used incorrect injection techniques or 

were reluctant to inject insulin in public to avoid 
exposing the ‘aurat’ (body parts that Muslims are 
forbidden from exposing to others). 

It is vital to address all these difficulties to 
improve adherence to insulin. These issues were 
delivered in the third module unit: causes of 
insulin nonadherence and measures to overcome 
them. Many patients did not achieve glycaemic 
control despite insulin usage, as they lacked the 
knowledge and understanding of their treatment 
purpose, targets and the need for and techniques 
of insulin intensification (19, 40, 41). These 
issues were addressed in the fourth module unit 
on empowering self-care. Last but not least, 
an important subject covered in the module 
concerns fasting safely. It is essential to cover 
this topic, as most of our patients are Muslims, 
and they will fast even if the doctors classify 
them as being at moderate or high risk and 
advise them against fasting (42). These patients 
should be aware of the fact that complications 
among high-risk patients are higher during 
Ramadan than at other times of the year (43). 

The strength of the USM-IAM is that it was 
tailored to the needs of Malaysian T2DM patients 
treated with insulin therapy. The USM-IAM was 
field-tested among potential patients and had 
its content validated by an expert panel before 
being implemented in an intervention study. 
This enhanced the effectiveness of the module as 
content refinement was accomplished. 

Overall, the CVI of the USM-IAM was 
0.92, which was considered good—it was higher 
than the published physical activity educational 
material’s CVI of 0.85 (37) but was lower than 
the booklet for childbirth companions, which 
had a CVI of 0.94 (36). It has been proposed 
that an index of 0.80 or higher is required 
before an item is accepted (a lower CVI of 0.78 
if required nine experts are involved) (35). The 
USM-IAM achieved an agreement rate ranging 
from 86% to 97% for face validity compared to 
the physical activity education module (75.6% 
to 86.7%) and childbirth companion module 
(81.8% to 100%). The acceptable agreement rate 
for face validity is >75% (36). The practice of 
validating education modules using CVI and face 
validity index has been widely accepted as a tool 
to validate printed education modules (29). It is 
a practical approach—the content derived from 
the module was incorporated into the form and 
judged by experts. Content judged by experts 
to be unrelated should be removed before the 
development of the final module (34).
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With the development of many educational 
models and statistical applications, newer 
researchers have adopted these models and 
applications in the development and validation 
of their modules. Educational material developed 
in a nurse-led self-management education in 
adults with T2DM used the Taba model (44), 
which is one of the few models for curriculum 
development. Seven basic steps of Taba models 
are diagnosis of learners’ needs, formulation of 
objectives, selection of the content., organisation 
of the content, selection of learning activity, 
organisation of learning activities and evaluation. 
These models are too complex (45), and the steps 
proposed in these models do not apply to this 
study as the authors had decided the learning 
activity is through counselling given by diabetes 
educators. The educational material for diabetes 
self-management education among patients 
with T2DM in Sri Lanka was validated in terms 
of judgment and criteria validity, including 
sensitivity, specificity and the area under the 
receiver operating characteristic (ROC) curve 
(46). Testing the sensitivity and specificity 
of a new tool for medical diagnosis is crucial. 
However, the need to determine the sensitivity 
and specificity of educational content is arguable. 
An integrated diabetes-periodontitis education 
module that contains 17 infographic flip charts 
and 13 short videos was validated using PEMAT 
(47), which is suitable for validating multimedia 
content under its subsection PEMAT-A/V (48), 
compared to CVI which did not specifically assess 
multimedia content.

Conclusion

The USM-IAM was explicitly developed to 
enhance patients’ adherence to insulin. It has 
high content validity and face validity, reflecting 
its impactful content and patient acceptance. 
It has the potential to be used as a resource for 
educating patients in enhancing their insulin 
adherence.

Acknowledgements

The authors thank the patients for their 
commitment to the project and the clinic staff for 
their cooperation and support. The efforts of the 

researchers, content and face validation panel 
members and all those involved in this project 
are greatly appreciated.

Ethics of Study

The study protocol was approved by the 
Research Ethics Committee of Universiti Sains 
Malaysia (USM/JEPeM/17100439). All patients 
involved in the study provided informed consent 
to participate in the research. They were also 
informed about the publications of research 
materials without mentioning their individual 
names.

Conflict of Interest

None.

Funds

This research was funded by the Short-
Term Universiti Sains Malaysia Grant (304/
PPSP/6315140). None of the funding bodies had 
a role in the study’s design or the writing of this 
manuscript, nor did the funding bodies have a 
role in data collection, analysis, interpretation of 
data, and writing of publications.

Authors’ Contributions

Conception and design: AMZ, WMIWM, MZMN, 
AHGR, NBH, RM
Analysis and interpretation of the data: AMZ, 
MZMN, NBH, RM
Drafting of the article: AMZ
Critical revision of the article for important 
intellectual content: AMZ, WMIWM, MZMN, 
AHGR, NBH, RM
Final approval of the article: AMZ, WMIWM, 
MZMN, AHGR, NBH, RM
Provision of study materials or patients: AMZ, 
NBH
Statistical expertise: AMZ, WMIWM, MZMN, 
AHGR, RM
Obtaining of funding: AMZ, AHGR
Administrative, technical or logistic support: 
AMZ, WMIWM



Malays J Med Sci. 2024;31(2):98–112

www.mjms.usm.my110

Correspondence

Associate Professor Dr. Wan Mohd Izani  
Wan Mohamed
MMed Internal Medicine (USM)
Department of Internal Medicine, 
School of Medical Sciences,  
Universiti Sains Malaysia, 
16150 Kubang Kerian, Kelantan, Malaysia.
T Tel: +609 7676596
Fax: +6097676590
E-mail: izani@usm.my

References

1. International Diabetes Federation (IDF). IDF 
Diabetes Atlas 10th edition [Internet]. IDF; 2021 
[Retrieved 2022 Oct 2]. Available at: https://
diabetesatlas.org/atlas/tenth-edition/

2. Malaysian Endocrine and Metaboloc Society 
(MEMS). CPG-Management of type 2 diabetes 
mellitus, 6th ed. [Internet]. MEMS; 2020 
[Retrieved 2022 Oct 3]. Available at: https://
mems.my/cpg-management-of-type-2-diabetes-
mellitus-6th-edition/

3. Rastogi A, Bhansali A. SGLT2 inhibitors through 
the windows of EMPA-REG and CANVAS trials: 
a review. Diabetes Ther. 2017;8:1245–1251. 
https://doi.org/10.1007/s13300-017-0320-1

4. Gerstein HC, Colhoun HM, Dagenais GR. 
Dulaglutide and cardiovascular outcomes in 
type 2 diabetes (REWIND): a double-blind, 
randomised placebo-controlled trial. Lancet. 
2019;394(10193):121–130. https://doi.
org/10.1016/S0140-6736(19)31149-3

5. Bailey CJ, Marx N. Cardiovascular protection in 
type 2 diabetes: insights from recent outcome 
trials. Diabetes Obes Metab. 2019;21(1):3–14. 
https://doi.org/10.1111/dom.13492

6. Fonseca VA. Defining and characterizing 
the progression of type 2 diabetes. Diabetes  
Care. 2009;32(Suppl 2):S151–S156. https://doi.
org/10.2337/dc09-S301

7. UK Prospective Diabetes Study (UKPDS) 
Group. Intensive blood-glucose control with 
sulphonylureas or insulin compared with 
conventional treatment and risk of complications 
in patients with type 2 diabetes (UKPDS 33). 
Lancet. 1998;352:837–853. https://doi.
org/10.1016/S0140-6736(98)07019-6

8. Holman RR, Farmer AJ, Davies MJ, Levy JC, 
Darbyshire JL, Keenan JF, et al. Three-year 
efficacy of complex insulin regimens in type 2 
diabetes. N Engl J Med. 2009;361(18):1736–
1747. https://doi.org/10.1056/NEJMoa0905479

9. Mohamed M, Hussein Z, Nazeri A, Chan SP. 
Diabcare 2013: a cross-sectional study of hospital 
based diabetes care delivery and prevention of 
diabetes related complications in Malaysia. Med J 
Malaysia. 2016;71(4):177. 

10. García-Pérez LE, Álvarez M, Dilla T, Gil-Guillén 
V, Orozco-Beltrán D. Adherence to therapies 
in patients with type 2 diabetes. Diabetes Ther. 
2013;4(2):175–194. https://doi.org/10.1007/
s13300-013-0034-y

11. Ahmad NS, Ramli A, Islahudin F, Paraidathathu 
T. Medication adherence in patients with type 
2 diabetes mellitus treated at primary health 
clinics in Malaysia. Patient Prefer Adherence. 
2013;7:525–530. https://doi.org/10.2147/PPA.
S44698

12. Peyrot M, Rubin RR, Kruger DF, Travis LB. 
Correlates of insulin injection omission.  
Diabetes Care. 2010;33(2):240–245. https://doi.
org/10.2337/dc09-1348

13. Farsaei S, Radfar M, Heydari Z, Abbasi F, Qorbani 
M. Insulin adherence in patients with diabetes: 
risk factors for injection omission. Prim Care 
Diabetes. 2014;8(4):338–345. https://doi.
org/10.1016/j.pcd.2014.03.001

14. Mashitani T, Hayashino Y, Okamura S, Kitatani 
M, Furuya M, Matsunaga S, et al. Patient-reported 
adherence to insulin regimen is associated with 
glycemic control among Japanese patients with 
type 2 diabetes: diabetes distress and care registry 
at Tenri (DDCRT 3). Diabetes Res Clin Pract. 
2013;100(2):189–194. https://doi.org/10.1016/j.
diabres.2013.03.006

15. Yavuz DG, Ozcan S, Deyneli O. Adherence to 
insulin treatment in insulin-naïve type 2 diabetic 
patients initiated on different insulin regimens. 
Patient Prefer Adherence. 2015;9:1225–1231. 
https://doi.org/10.2147/PPA.S87935

16. Rubin RR, Peyrot M, Kruger DF, Travis LB. 
Barriers to insulin injection therapy: patient 
and health care provider perspectives. Diabetes 
Educ. 2009;35(6):1014–1022. https://doi.
org/10.1177/0145721709345773

https://diabetesatlas.org/atlas/tenth-edition/
https://diabetesatlas.org/atlas/tenth-edition/
https://mems.my/cpg-management-of-type-2-diabetes-mellitus-6th-edition/
https://mems.my/cpg-management-of-type-2-diabetes-mellitus-6th-edition/
https://mems.my/cpg-management-of-type-2-diabetes-mellitus-6th-edition/
https://doi.org/10.1007/s13300-017-0320-1
https://doi.org/10.1016/S0140-6736(19)31149-3
https://doi.org/10.1016/S0140-6736(19)31149-3
https://doi.org/10.1111/dom.13492
https://doi.org/10.2337/dc09-S30
https://doi.org/10.2337/dc09-S30
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1016/S0140-6736(98)07019-6
https://doi.org/10.1056/NEJMoa0905479
https://doi.org/10.1007/s13300-013-0034-y
https://doi.org/10.1007/s13300-013-0034-y
https://doi.org/10.2147/PPA.S44698
https://doi.org/10.2147/PPA.S44698
https://doi.org/10.2337/dc09-1348
https://doi.org/10.2337/dc09-1348
https://doi.org/10.1016/j.pcd.2014.03.001
https://doi.org/10.1016/j.pcd.2014.03.001
https://doi.org/10.1016/j.diabres.2013.03.006
https://doi.org/10.1016/j.diabres.2013.03.006
https://doi.org/10.2147/PPA.S87935
https://doi.org/10.1177/0145721709345773
https://doi.org/10.1177/0145721709345773


www.mjms.usm.my 111

Original Article | Development and validation of USM-IAM

17. Ross SA, Tildesley HD, Ashkenas J. Barriers to 
effective insulin treatment: the persistence of poor 
glycemic control in type 2 diabetes. Curr Med Res 
Opin. 2011;27(Suppl 3):13–20. https://doi.org/1
0.1185/03007995.2011.621416

18. Peyrot M, Barnett AH, Meneghini LF, Schumm-
Draeger PM. Insulin adherence behaviours and 
barriers in the multinational Global Attitudes of 
Patients and Physicians in Insulin Therapy study. 
Diabet Med. 2012;29(5):682–689. https://doi.
org/10.1111/j.1464-5491.2012.03605.x

19. Tan MY, Magarey J. Self-care practices of 
Malaysian adults with diabetes and sub-optimal 
glycaemic control. 2008;72(2):252–267. Patient 
Educ Couns. 2008;72(2):252–267. https://doi.
org/10.1016/j.pec.2008.03.017

20. Tong WT, Vethakkan SR, Ng CJ. Why do some 
people with type 2 diabetes who are using insulin 
have poor glycaemic control? A qualitative 
study. BMJ Open. 2015;5(1):1–10. https://doi.
org/10.1136/bmjopen-2014-006407

21. Gonzalez LS, Berry DC, Davison JA. Diabetes 
self-management education interventions and 
glycemic control among hispanics: a literature 
review. Hisp Heal Care Int. 2013;11(4):157–166. 
https://doi.org/10.1891/1540-4153.11.4.157

22. Molsted S, Tribler J, Poulsen PB, Snorgaard O. 
The effects and costs of a group-based education 
programme for self-management of patients with 
type 2 diabetes. A community-based study. Health 
Educ Res. 2012;27(5):804–813. https://doi.
org/10.1093/her/cyr053

23. Nakatani Y, Matsumura M, Monden T, Aso Y, 
Nakamoto T. Improvement of glycemic control 
by re-education in insulin injection technique 
in patients with diabetes mellitus. Adv Ther. 
2013;30(10):897–906. https://doi.org/10.1007/
s12325-013-0066-8

24. Lowe J, Linjawi S, Mensch M, James K, Attia 
J. Flexible eating and flexible insulin dosing in 
patients with diabetes: results of an intensive self-
management course. Diabetes Res Clin Pract. 
2008;80(3):439–443. https://doi.org/10.1016/j.
diabres.2008.02.003

25. Zanariah H, Foo SH, Md M, Nurain MN. Practical 
guide to insulin therapy in type 2 diabetes. 
Ministry of Health Malaysia; 2011. pp. 22–30. 
Available at: https://www.researchgate.net/
publication/278406704_Practical_Guide_To_
Insulin_Therapy_in_Type_2_Diabetes

26. Boeije H. A purposeful approach to the constant 
comparative method in the analysis of qualitative 
interviews. Qual Quant. 2002;36:391–409. 
https://doi.org/10.1023/A:1020909529486

27. Silvermann D. Beginning research. Interpreting 
qualitative data. Methods for analysing talk, text 
and interaction. London: Sage Publications; 2015. 

28. Kitzinger J. Focus groups with users and 
providers of health care. In: Pope C, Mays N, 
editors. Qualitative research in health care. BMJ 
Books; 2000. 

29. Grant JS, Davis LL. Selection and use of content 
experts for instrument development. Res Nurs 
Health. 1997;20(3):269–274. https://doi.
org/10.1002/(SICI)1098-240X(199706)20:3% 
3C269::AID-NUR9%3E3.0.CO;2-G

30. Yusoff MSB. ABC of content validation and 
content validity index calculation. Educ Med J. 
2019;11(2):49–54. https://doi.org/10.21315/
eimj2019.11.2.6

31. Zamanzadeh V, Ghahramanian A, Rassouli M, 
Abbaszadeh A, Alavi-Majd H, Nikanfar A-R. 
Design and implementation content validity 
study: development of an instrument for 
measuring patient-centered communication. 
J Caring Sci. 2015;4(2):165. https://doi.
org/10.15171/jcs.2015.017

32. Polit DF, Beck CT, Owen SV. Is the CVI an 
acceptable indicator of content validity? Appraisal 
and recommendations. Res Nurs Health. 
2007;30(4):459–467. https://doi.org/10.1002/
nur.20199

33. Polit DF, Beck CT. The content validity index: 
are you sure you know what’s being reported? 
Critique and recommendations. Res Nurs Health. 
2006;29(5):489–497. https://doi.org/10.1002/
nur.20147

https://doi.org/10.1185/03007995.2011.621416
https://doi.org/10.1185/03007995.2011.621416
https://doi.org/10.1111/j.1464-5491.2012.03605.x
https://doi.org/10.1111/j.1464-5491.2012.03605.x
https://doi.org/10.1016/j.pec.2008.03.017
https://doi.org/10.1016/j.pec.2008.03.017
https://doi.org/10.1136/bmjopen-2014-006407
https://doi.org/10.1136/bmjopen-2014-006407
https://doi.org/10.1891/1540-4153.11.4.157
https://doi.org/10.1093/her/cyr053
https://doi.org/10.1093/her/cyr053
https://doi.org/10.1007/s12325-013-0066-8
https://doi.org/10.1007/s12325-013-0066-8
https://doi.org/10.1016/j.diabres.2008.02.003
https://doi.org/10.1016/j.diabres.2008.02.003
https://www.researchgate.net/publication/278406704_Practical_Guide_To_Insulin_Therapy_in_Type_2_Diab
https://www.researchgate.net/publication/278406704_Practical_Guide_To_Insulin_Therapy_in_Type_2_Diab
https://www.researchgate.net/publication/278406704_Practical_Guide_To_Insulin_Therapy_in_Type_2_Diab
https://doi.org/10.1023/A:1020909529486
https://doi.org/10.1002/(SICI)1098-240X(199706)20:3%3C269::AID-NUR9%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1098-240X(199706)20:3%3C269::AID-NUR9%3E3.0.CO;2-G
https://doi.org/10.1002/(SICI)1098-240X(199706)20:3%3C269::AID-NUR9%3E3.0.CO;2-G
https://doi.org/10.21315/eimj2019.11.2.6
https://doi.org/10.21315/eimj2019.11.2.6
https://doi.org/10.15171/jcs.2015.017
https://doi.org/10.15171/jcs.2015.017
https://doi.org/10.1002/nur.20199
https://doi.org/10.1002/nur.20199
https://doi.org/10.1002/nur.20147
https://doi.org/10.1002/nur.20147


Malays J Med Sci. 2024;31(2):98–112

www.mjms.usm.my112

34. Lynn MR. Determination and quantification of 
content validity. Nurs Res. 1986;35(6):382–386. 
https://doi.org/10.1097/00006199-198611000-
00017

35. Davis LL. Instrument review: getting the 
most from a panel of experts. Appl Nurs Res. 
1992;5(4):194–197. https://doi.org/10.1016/
S0897-1897(05)80008-4

36. Teles LMR, Oliveira AS de, Campos FC, Lima TM, 
Costa CC da, Gomes LF de S, et al. Development 
and validating an educational booklet for 
childbirth companions. Rev da Esc Enferm 
da USP. 2014;48(6):977–984. https://doi.
org/10.1590/S0080-623420140000700003

37. Lau XC, Wong YL, Wong JE, Koh D, Sedek R, 
Jamil AT, et al. Development and validation 
of a physical activity educational module for 
overweight and obese adolescents: CERGAS 
programme. Int J Environ Res Public Health. 
2019;16(9):1–16. https://doi.org/10.3390/
ijerph16091506

38. Waltz C, Bausell B. Nursing research: design 
statistics and computer analysis [Internet]. 
ACM Digital Library; 1981 [Retrieved 2022 
Sep 19]. Available at: https://dl.acm.org/doi/
abs/10.5555/578318

39. Hassali MA, Ching MW, Yusoff ZM, Hussein Z, 
Alrasheedy AA, Al-Tamimi SK, et al. “Why I do 
not want to take insulin shots”: findings from 
a qualitative study among diabetic patients 
in Malaysia. J Public Heal. 2014;22(1):3–11. 
https://doi.org/10.1007/s10389-013-0594-3

40. Bermeo-Cabrera J, Almeda-Valdes P, Riofrios-
Palacios J, Aguilar-Salinas CA, Mehta R. Insulin 
adherence in type 2 diabetes in Mexico: behaviors 
and barriers. J Diabetes Res. 2018;2018:1–7. 
https://doi.org/10.1155/2018/3190849

41. Lee YK, Ng CJ, Lee PY, Khoo EM, Abdullah 
KL, Low WY, et al. What are the barriers faced 
by patients using insulin? A qualitative study 
of Malaysian health care professionals’ views. 
Patient Prefer Adherence. 2013;7:103–109. 
https://doi.org/10.2147/PPA.S36791

42. International Diabetes Federation (IDF) and 
the DAR International Alliance. Diabetes and 
Ramadan: practical guidelines. Brussels, 
Belgium: IDF; 2016. Available at: https://www.
campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-
ae33-7b198469da00/Risk%20Stratification%20
of%20Individuals%20with%20Diabetes%20
Before%20Ramadan.pdf

43. Rashid F, Abdelgadir E, Bashier A. A systematic 
review on the safety of Ramadan fasting in 
high-risk patients with diabetes. Diabetes Res 
Clin Pract. 2020;164:108161. https://doi.
org/10.1016/j.diabres.2020.108161

44. Azami G, Soh KL, Sazlina S-G, Salmiah MS, 
Aazami S, Mozafari M, et al. Developing 
and validating the educational materials for 
a nurse-led self-management education in 
adults with type 2 diabetes. Dubai Diabetes 
Endocrinol J. 2019;25(1–2):1–10. https://doi.
org/10.1159/000495762

45. Bhuttah TM, Xiaoduan C, Ullah H, Javed S. 
Analysis of curriculum development stages from 
the perspective of Tyler, Taba and Wheeler. Eur J 
Soc Sci. 2019;58(1):14–22. 

46. Kisokanth G, Prathapan S, Indrakumar J, 
Ilankoon I. Validation of educational material 
for diabetes self-management education: 
judgemental and criterion validity. Biomed 
Res. 2018;29(11):2290–2295. https://doi.
org/10.4066/biomedicalresearch.41-17-3601

47. Jamil NA, Chau SH, Abdul Razak NI, 
Shamsul Kamar II, Mohd-Said S, Rani H, 
et al. Development and evaluation of an 
integrated diabetes-periodontitis nutrition 
and health education module. BMC Med Educ. 
2021;21(1):1–9. https://doi.org/10.1186/s12909-
021-02721-9

48. Shoemaker SJ, Wolf MS, Brach C. Development of 
the Patient Education Materials Assessment Tool 
(PEMAT): a new measure of understandability 
and actionability for print and audiovisual 
patient information. Patient Educ Couns. 
2014;96(3):395–403. https://doi.org/10.1016/j.
pec.2014.05.027

https://doi.org/10.1097/00006199-198611000-00017
https://doi.org/10.1097/00006199-198611000-00017
https://doi.org/10.1016/S0897-1897(05)80008-4
https://doi.org/10.1016/S0897-1897(05)80008-4
https://doi.org/10.1590/S0080-623420140000700003
https://doi.org/10.1590/S0080-623420140000700003
https://doi.org/10.3390/ijerph16091506
https://doi.org/10.3390/ijerph16091506
https://dl.acm.org/doi/abs/10.5555/578318
https://dl.acm.org/doi/abs/10.5555/578318
https://doi.org/10.1007/s10389-013-0594-3
https://doi.org/10.1155/2018/3190849
https://doi.org/10.2147/PPA.S36791
https://www.campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-ae33-7b198469da00/Risk%20Stratification%20of%20Individuals%20with%20Diabetes%20Before%20Ramadan.pdf
https://www.campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-ae33-7b198469da00/Risk%20Stratification%20of%20Individuals%20with%20Diabetes%20Before%20Ramadan.pdf
https://www.campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-ae33-7b198469da00/Risk%20Stratification%20of%20Individuals%20with%20Diabetes%20Before%20Ramadan.pdf
https://www.campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-ae33-7b198469da00/Risk%20Stratification%20of%20Individuals%20with%20Diabetes%20Before%20Ramadan.pdf
https://www.campus.sanofi/dam/jcr:7e0d0e70-5b24-40cc-ae33-7b198469da00/Risk%20Stratification%20of%20Individuals%20with%20Diabetes%20Before%20Ramadan.pdf
https://doi.org/10.1016/j.diabres.2020.108161
https://doi.org/10.1016/j.diabres.2020.108161
https://doi.org/10.1159/000495762
https://doi.org/10.1159/000495762
https://doi.org/10.4066/biomedicalresearch.41-17-3601
https://doi.org/10.4066/biomedicalresearch.41-17-3601
https://doi.org/10.1186/s12909-021-02721-9
https://doi.org/10.1186/s12909-021-02721-9
https://doi.org/10.1016/j.pec.2014.05.027
https://doi.org/10.1016/j.pec.2014.05.027

