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Objective: The aim of this study was to validate the Arabic version of General Medication 
Adherence Scale (GMAS) in Sudanese patients with type 2 diabetes mellitus (T2DM).
Methods: A 3-month cross-sectional study was conducted among patients with T2DM at Al- 
Daraja Health Center, located in Wad Medani, Sudan. A convenient sample of patients was selected, 
and the study sample size was calculated using the item response ratio. Factorial, known group, and 
construct validities were determined. Internal consistency and reliability were also determined.
Results: Responses were provided by 500 patients. The average medication adherence score 
was 30 (median 31). The normed fit index (NFI) was 0.950, the comparative fit index (CFI) 
was 0.963, the incremental fit index (IFI) was 0.963, and the root-mean-square error of 
approximation (RMSEA) was 0.071. The results from these fit indices indicated a good 
model. Factorial, known group and construct validities were all established. A significant 
association was found between adherence score and age (P = 0.03) since a larger proportion 
of older patients were found to have high adherence compared to patients in other age 
groups. The reliability (α) of the questionnaire was 0.834.
Conclusion: The Arabic version of GMAS was validated in Sudanese patients with T2DM 
making it a suitable scale to be used in this population.
Keywords: medication adherence, patient compliance, medication persistence, chronic 
illness, Sudan

Introduction
Diabetes mellitus (DM) is a global pandemic and approximately 19.4 million people live 
with diabetes in Africa.1 According to the International Diabetes Federation (IDF), the 
prevalence of DM in adults in Sudan in 2020 was 17.9%.2 The prevalence of type 2 DM 
(T2DM) in the Northern part of Sudan was estimated to be 18.7%.3 Risk factors for the 
development of DM in North Sudan were age above 60, obesity, and urban residence.3 It 
has been reported that the annual medical expenditures for Sudanese patients with DM 
were fourfold higher for people with DM than those without DM.4 In addition, patients 
with DM were more likely to experience foot ulcers and cardiovascular diseases com-
pared to patients without DM.4 The direct costs of diabetes control in Sudan, including 
the cost of drugs and ambulatory care, were equivalent to USD 175 per year in 2010.5

Many patients in Sudan face financial issues due to a high inflation rate and the 
country’s poor economic condition. The governmental pharmaceutical expenditures 
as of 2010 were USD 1349 and per capita pharmaceutical expenditures were USD 
34.45.6 The majority of patients in Sudan are uninsured and pay for their 
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medications out-of-pocket; therefore, patient adherence is 
suboptimal due to the inability to consistently obtain their 
medications.7 Poor adherence to anti-diabetic medications 
was reported among adults in many previous studies.8–10 

Lack of insurance coverage, unavailability of medicine, 
financial difficulties, brand-name medication substitution, 
and patients’ negative perceptions that some medicines are 
not necessary are some factors that have led to patients’ 
inability to buy their anti-diabetic medications.9 

Medication-related factors, such as side effects and the 
use of herbal medicine, were also reported as factors con-
tributing to non-adherence.8,9

Measurement of medication adherence can be direct or 
indirect. Examples of direct medication adherence method 
are directly observed therapy and measurement of drug 
concentration or its metabolite in the blood or urine. Pill 
counts, self-reported questionnaires, assessment of the 
patient’s clinical outcome and rates of prescription fills 
are instances of direct medication adherence. Each of 
these methods has advantages and disadvantages. Several 
validated adherence questionnaires are widely used in the 
clinical setting. One of the most commonly used is the 
Morisky Medication Adherence Scale (MMAS). First, 
a 4-item questionnaire was developed to study medication- 
taking behaviors leading to omission of drug and later 
additional 4 items addressing conditions surrounding 
adherence behavior were added to the original version to 
overcome some of its limitations; this updated scale was 
named the 8-item Morisky Medication Adherence Scale 
(MMAS-8).11 The Medication Adherence Report Scale-10 
(MARS-10) is a 10-item self-report adherence scale. It 
measures both intentional and nonintentional nonadher-
ence and is intended to report some of the weaknesses of 
self-report measures.12 Assessment of medication adher-
ence among Patients with DM is important for the devel-
opment of evidence-based policies aimed at the prevention 
and management of DM. Previous studies conducted to 
assess adherence among patients with DM in Sudan used 
questionnaires that were validated in western countries.8 

The Arabic version of General Medication Adherence 
Scale (GMAS) was validated in Saudi patients with 
chronic diseases, and it has been proposed to validate the 
tool in specific patient population such as diabetes. 
Moreover, Sudanese Arabic dialects are different from 
those of Saudi Arabia. Therefore, the aim of the current 
study was to validate an Arabic version of the GMAS in 
Sudanese patients with type T2DM.

Methods
Study Design and Setting
A cross-sectional study was conducted for three months, 
ie, February – April 2019 at Al-Daraja Governmental 
Health Center. This is an outpatient facility in the Wad 
Medani area and averages between 3000 and 4000 patient 
visits per month. The health facility offers preventative 
and management services for a variety of chronic diseases, 
administers children’s vaccinations, and provides specia-
lized services for patients with T2DM.

Participants and Eligibility Criteria
The study included adult (≥18 years), ambulatory patients 
with T2DM with or without comorbidities, who were 
previously diagnosed with the disease and prescribed phar-
macotherapy for T2DM for at least six months. Patients 
with other categories of diabetes, pregnancy, and planned 
surgery were excluded from the study.

Sampling and Sample Size Calculation
A convenient sample was selected, and all the patients 
accessible at the time of data collection were asked to 
participate. The sample size was calculated using the 
item response theory, and utilized an item-subject ratio of 
1:30 plus 20% drop-out rate.13–16 Therefore, we required 
a sample of 396 patients.

Patient Recruitment and Data Collection
Patients were recruited from an outpatients DM clinic. On 
clinic day, a random sample list of eligible patients was 
generated and approached. Patients were asked to read and 
sign a consent form. Patients who agreed to participate 
were asked to fill the GMAS questionnaire.

Research Instrument
The eleven-item GMAS was originally developed by Naqvi 
et al in the Urdu language for Pakistani patients.12 

Subsequently, after a successful validation of the results, the 
scale was translated into the English language and was vali-
dated in both the Pakistani and Saudi populations.13,17 Arabic 
and Chinese versions of the scale have recently been validated 
in the Saudi and Chinese populations, respectively.18,19 The 
highest score that can be achieved is 33. Based upon the score, 
adherence levels are categorized as high,27–31 good,25–27 

partial,15–24 low9–14 and poor (≤10). The adherence may 
also be categorized as adherent (≥27) or non-adherent 
(≤26).18 The scale was developed to assess adherence in the 

https://doi.org/10.2147/RMHP.S325184                                                                                                                                                                                                                                

DovePress                                                                                                                                      

Risk Management and Healthcare Policy 2021:14 4236

Mahmoud et al                                                                                                                                                       Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


general population and is not limited to any particular disease 
state. This tool measures the unintentional and intentional 
non-adherence to medications, non-adherence to comorbidity 
and pill burden and cost-related non-adherence.

Construct Validity
Construct validity was established by conducting 
Confirmatory Factor Analysis (CFA) and a structure equa-
tion model. Fit indices are, namely, comparative fit index 
(CFI), goodness-of-fit index (GFI), adjusted goodness-of-fit 
index (AGFI), Tucker Lewis index (TLI), and root-mean- 
square error of approximation (RMSEA). Values of AGFI 
and CFI ≥0.9, and for TLI and GFI ≥0.95 were considered 
acceptable. Further, a significant chi-square value (p < 0.05) 
and chi-square/df ratio <5 were also considered. We consid-
ered construct validity to be established if the majority of fit 
indices were in their acceptable ranges.20,21

Known Group Validity
Based on previous research, we hypothesized that 
a relationship between age and medication adherence exists 
among Sudanese patients with DM.22 This hypothesis was 
tested by cross tabulating the variables of both age and 
adherence categories. This technique evaluates the ability 
of the scale to discern among samples with known traits.16 

The known group validity was established if the χ2 was 
significant, ie, p < 0.05.23–26

Internal Consistency
The internal consistency of the tool was assessed through 
Cronbach’s alpha (α) value. Item-to-total correlation (ITC) 
and intraclass correlation coefficient (ICC) were also cal-
culated. ICC was also expressed in 95% confidence inter-
val (CI) ranges. The inter-item correlation matrix was 
assessed to evaluate the correlations among scale items. 
An α value above 0.5 was considered satisfactory.23,24 ITC 
and ICC values >0.2 were considered acceptable.28–30

Ethics Approval and Patient Consent
Patient permission was obtained before conducting the survey. 
A written informed consent form was provided to all patients 
at the time of enrollment. Those who signed the consent form 
were included in the study and provided with the survey. 
Participation was voluntary. The study was approved by the 
Gezira State Ministry of Health (No. A/K/T/44) and ethical 
committee of the healthcare facility and the IRB Committee of 
Wad Medani College of Medical Sciences and Technology. 

The study was conducted in accordance with the Declaration 
of Helsinki.

Results
A total of 500 patients responded to the study. Most patients 
(N = 219, 43.8%) were in the age range of between 59 and 
78 years. The majority of patients were female (N = 355, 
71%). Most patients were married (N = 465, 93%), home-
makers (N = 283, 56.6%), and did not earn any family 
income (N = 313, 62.6%). More than a third had primary 
education (N = 176, 35.2%), and over half of the patients 
had comorbidities (N = 266, 53.2%). A third (N = 165, 62%) 
of patients with comorbidities had hypertension, and some 
had a combination of hypertension and hyperlipidemia (N = 
56, 21.2%). A minority of patients (N = 45, 16.9%) had 
pulmonary and musculoskeletal diseases. Most patients (N = 
367, 73.4%) had a HbA1c (%) of ≤7%. The demographic 
information of the participants is provided in Table 1.

The average medication adherence score was 30 (mean 
30.06, SD 3.66, median 31, IQR 4). The minimum score 
reported was 11, and the maximum score was 33.

Construct Validity
Results from CFA reported that the values for the fit indices 
were as follows: CFI = 0.936, GFI = 0.948, AGFI = 0.915, TLI 
= 0.913, and RMSEA = 0.073. The values for AGFI and CFI 
were ≥0.9, and for TLI slightly less than 0.95, while it was 
roughly equal to 0.95 for GFI. The value for RMSEA was 
<0.08 and also indicated an acceptable model fit. Furthermore, 
the chi-square value was significant, ie, p < 0.05 and chi- 
square/df ratio was <5. Therefore, all values except for TLI 
were in acceptable range. These results established the con-
struct validity of the scale (Figure 1). The individual item 
factor loadings are listed in Table 2.

Known Group Validity
There was a significant association (Fisher exact χ2 = 12.850, 
p = 0.033) between the age and adherence variables since 
a larger proportion of older patients were found to have high 
adherence compared to patients in other age groups (Table 3).

Internal Consistency
The reliability (α) of the questionnaire was 0.834 which 
was acceptable. The minimum value for ITC was 0.296, 
ie, >0.2 which was also acceptable (Table 2). Item correla-
tion matrix revealed that all items were positively corre-
lated with the minimum correlation coefficient value of 
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0.127 and maximum value of 0.614. ICC was 0.834 
(0.812–0.855 for 95% CI).

Discussion
This study reported patients’ adherence to anti-diabetic 
medications among adult Sudanese patients attending an 

outpatient clinic. One quarter of the patients had HbA1c 
≥7%. Patient adherence was measured using the Arabic 
version of GMAS, and it was found that 69% had high 
adherence, while approximately 11% of the patients had 
partial adherence. In contrast, one study reported that 15% 
of patients had high adherence and 44.6% had medium 
adherence to anti-diabetic medications. Furthermore, 
Mikhael et al reported that 77.5% of patients had moderate 
and high adherence to anti-diabetic medications in the 
Iraqi Anti-Diabetic Medication Adherence Scale con-
ducted in the Arabic language.31

The Arabic version of GMAS was validated in 
Sudanese patients with diabetes. The Arabic version was 
previously validated in Saudi patients with chronic 
diseases.16 In the current study, the known group validity 
was evaluated by testing the hypothesis that age relates to 
medication adherence. Our study results showed that older 
patients had significantly higher adherence compared to 
other age groups. This finding was comparable to pre-
viously published results.22,32,33 Likewise, Sudanese 
patients with diabetes above 60 years old have consistently 
reported higher adherence to their diabetes medication 
than younger patients.8,9 This could be because they have 
had diabetes for a longer period of time and may have 
started to experience more complications than their 
younger counterparts. Furthermore, the sample size in 
our study was larger than several recent studies conducted 
to measure adherence among patients with diabetes.8,9,22,28

The construct validity of the Arabic version of GMAS 
was evaluated by associating the adherence categories with 
the HbA1c (%). Evidence has shown that patients adherence 
to their anti-diabetic medications is associated with diabetes 
control.34 In the current study, patients with HbA1c values of 
≤7% reported high levels of adherence; however, patients 
with HbA1c values greater than 7% more frequently reported 
having good, partial, and low levels of adherence. Michael 
et al reported that only 33% of patients with controlled 
diabetes had moderate and high levels of adherence.31 

Furthermore, these results provided sufficient evidence to 
establish construct validity of the tool. In addition, the relia-
bility of the Arabic version of the scale, ie, 0.834, in the 
current study was quite high. This is similar to the reliability 
reported in the Arabic version validated in Saudi Arabia.18 

Moreover, it was higher than the values reported in the 
studies validating the 8-item Morisky’s Medication 
Adherence Scale (MMAS-8), ie, 0.7, and the English version 
of GMAS in the Saudi population, ie, 0.74.17

Table 1 Participant Demographics (N = 500)

Patient Information N (%)

Age group
Between 18 and 38 years 25 (5)

Between 39 and 58 years 214 (42.8)

59 and above 261 (52.2)

Gender
Male 145 (29)

Female 355 (71)

Marital Status
Married 465 (93)

Single 35 (7)

Educational level
No formal education 126 (25.2)
Primary education 176 (35.2)

Intermediate education 57 (11.4)

Secondary education 92 (18.4)
College graduate 49 (9.8)

Employment
Employed 145 (29)

Un-employed 24 (4.8)

Household 283 (56.6)
Retired 48 (9.6)

Monthly family income
No income 313 (62.6)

Less than 5000 SDG ie, USD <110.38 123 (24.6)

Between 5000–10,000 SDG ie, USD 110.30–220.75 32 (6.4)
Between 10,000–15,000 SDG ie, USD 220.75–331.13 8 (1.6)

More than 15,000 SDG ie, USD >331.13 24 (4.8)

Comorbidities
No comorbidity 234 (46.8)

Comorbidity present 266 (53.2)

HbA1c
≤7% 367 (73.4)
>7% 133 (26.6)

Adherence to medications
High adherence 345 (69)

Good adherence 94 (18.8)

Partial adherence 57 (11.4)
Low adherence 4 (0.8)

Note: 1 USD equals SDG 45.3. 
Abbreviations: SDG, Sudanese pound; USD, United States Dollar.
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Published studies to assess patients’ adherence in Sudan 
have been plagued with several limitations. The majority of 
the studies have either not used well-validated 

questionnaires or did not conduct psychometric property 
analysis of the previously validated questionnaires.8,9 The 
GMAS was formulated in a developing country with similar 
financial issues faced by Sudanese patients, thus making it 
more suitable to be used in Sudan. This study has a few 
limitations worth mentioning. The test–retest reliability was 
not conducted, and the concurrent validity of the scale was 
not established. These two facets of validation would have 
added to the scale’s strength. Nevertheless, the validities 
that were established coupled with satisfactory reliability 
are indicative of the scale’s ability to measure medication 
adherence in this patient population.

Conclusion
The Arabic version of GMAS was found to be valid in 
Sudanese patients with T2DM. The availability of 
a culturally and social-economically appropriate medi-
cation adherence scale for public use should assist 

Figure 1 Structure equation model.

Table 2 GMAS Item Characteristics

Items Highest Factor 
Loadings

ITC Cronbach (α) If Item 
Deleted

1 0.729 0.551 0.817

2 0.768 0.500 0.823
3 0.644 0.570 0.816

4 0.607 0.500 0.821

5 0.737 0.670 0.806
6 0.849 0.558 0.819

7 0.810 0.538 0.818

8 0.576 0.626 0.810
9 0.535 0.557 0.816

10 0.790 0.376 0.830

11 0.815 0.296 0.846
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clinicians in their assessment of patients with chronic 
diseases such as DM. This version of GMAS is recom-
mended to be validated in Sudanese patients with other 
chronic diseases.
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