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Abstract
Background  The objective of the study was to cross-culturally adapt and validate the General Medication Adherence 
Scale (GMAS) in patients with type-2 diabetes in Morocco.

Methods  The study was a cross-sectional study conducted between September 12 and October 12, 2022, and 
included patients with type-2 diabetes from a primary health care network. To measure the different psychometric 
parameters of the construct, data analysis was performed using SPSS v20. The study was approved by the Moroccan 
Association for Research and Ethics.

Results  A total of 284 patients were included in the study; the results of the different psychometric parameters were 
largely acceptable. Indeed, the improvement of the goodness-of-fit of the model in relation to the independence 
model was evaluated by the comparative fit index (CFI), which was higher than 0.95, as well as the normalized fit 
index (NFI), which expresses the percentage of the general covariance between the variable demonstrated via the 
tested model when the null model is taken as reference and was also higher than 0.95 in this study. Additionally, the 
Tucker Louis Index (TLI) or Unstandardized Fit Index, which measures the increase in goodness of fit when moving 
from the reference model to the model under study, had a value of > 0.95. The correlations between the items were 
good; indeed, the Kaiser-Meyer-Olkin (KMO) index was > 0.7. The translated tool presents good internal consistency; 
thus, Cronbach’s α had a value of approximately 0.804 (> 0.7).

Conclusions  The version of the GMAS tool adapted to the Moroccan context has very acceptable psychometric 
values. This means that Moroccan researchers and health professionals can use it as an instrument to measure 
adherence among individuals with type-2 diabetes.
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Introduction
Demographic transitions and lifestyle changes have 
led to increasing chronic diseases, more so in low- and 
middle-income countries. These chronic diseases not 
only have unfavorable outcomes on patients but also 
increase health care costs [1]. The World Health Orga-
nization (WHO) defines chronic diseases as any disease 
that is characterized by its long-standing and slow evo-
lution, usually resulting in death, apparent disability, 
or even unhealthy complications [2]. Multimorbidity is 
especially related to functional incapacity, as well as to 
apparent frailty, especially in elderly individuals [3]. Some 
examples of chronic illness that may result in functional 
decline, debility and/or frailty include cancers, cardio-
vascular diseases, respiratory disorders, and diabetes [2]. 
Type-2 diabetes is one of the most complex diseases and 
is characterized by hyper- or hypoglycemia, accompanied 
by a significant change in insulin sensitivity or secretion 
[2]. Although diabetes mellitus is not contagious, it is a 
public health problem that continues to grow due to its 
prevalence and related complications [4]. In addition, 
the health costs attributed to diabetes are constantly ris-
ing, reaching 629 million US dollars by 2045 [5], thereby 
implicating diabetes as a major public health dilemma, 
which is forecast of being the 7th highest cause of death 
in the world by 2030 [6]. It is a chronic epidemic condi-
tion affecting several countries. It is a major public health 
problem in China, and its prevalence reached 11.2% 
among adults in 2017, increasing from 9.7% to 2007 [7]. 
This is due to a lack of physical exercise, overweight sta-
tus and even the adoption of an inappropriate diet [8]. 
A 2016 study from China (N = 15,404) and a 2019 study 
from Sudan and India (N = 55,639) reported that 80% of 
patients with diabetes were unable to reach their gly-
cemic goals [9]. In Morocco, the prevalence of diabetes 
has increased over the years, presenting a major public 
health concern. According to the Ministry of Health, 
the national estimated prevalence of diabetes was 10.6% 
in 2018. In addition, the cost of care with medication 
nonadherence exceeds $100  billion annually [10]. These 
widespread chronic diseases have impacted the socio-
economic burden of counties as well as individuals and 
their families [11]. Type-2 diabetes, which is often diag-
nosed incidentally during a routine check-up, accounts 
for 90% of the world’s diabetes population [12]. The con-
dition has serious micro- and macrovascular complica-
tions that may develop before the clinical diagnosis of the 
disease itself. The fundamental goal of self-management 
of diabetes is controlling blood sugar, maintaining nor-
mal or near-normal A1C, lifestyle modifications such as 
exercise and diet, and adhering to medication regimens 
to prevent or delay complications. The implementation 
of these health recommendations is described as thera-
peutic adherence. [13]. However, nonadherence remains 

a real problem in patients with chronic conditions, 
especially those with diabetes mellitus (DM); it deterio-
rates the patient’s health condition, increases the risk of 
treatment failure and hospital visits, and finally creates a 
financial burden to the patient and the health care sys-
tem. To measure patients’ adherence to their treatments, 
there are several validated tools to measure medication 
compliance outside Morocco [14]. Among these tools, we 
cite The General Medication Adherence Scale (GMAS), 
which has already been validated in several countries, 
such as Saudi Arabia [15, 16]. To our knowledge, we 
do not have such tools validated in our Moroccan con-
text, hence the importance of this work, which comes 
to fill this gap. Therefore, the objective of our study was 
to cross-culturally adapt and validate the GMAS for 
patients with diabetes in Morocco.

Methods
Study design
This cross-sectional study was conducted face-to-face 
from 12 September to 12 October 2022 at primary health 
care facilities in Morocco where curative and preventive 
care programs are being provided for individuals with 
chronic diseases.

The study included adult patients > 18 years of age with 
prediabetes and/or confirmed diabetes, with or without 
additional comorbidity, and on diabetic therapy for at 
least one month prior to study enrollment.

We excluded patients who had planned surgery, those 
who were pregnant, and those who presented with acute 
illness(s) requiring urgent medical treatment. All sub-
jects provided informed consent in person, through ver-
bal communication, to avoid problems with reading and 
comprehension, especially for illiterate patients.

Patient recruitment
A total of 284 subjects were selected from the primary 
health care institution registry.

Presentation of the GMAS tool
The General Medication Adherence Scale (GMAS) is a 
self-assessment tool consisting of 11 items with a maxi-
mum score of 33. A score of ≤ 10 indicates poor adher-
ence, 17–26 indicates partial adherence, 27–29 indicates 
good adherence, and 30–33 indicates high adherence 
[16].

Consequently, the cumulative ranking for overall med-
ication adherence is as follows: ⩾ 27 adherent and ≤ 26 
nonadherent.

Adherence is further divided into three categories:
(1) nonadherence due to patient behavior (questions 

1–5); (2) nonadherence due to comorbidities (ques-
tions 6–9); and (3) nonadherence due to cost (questions 
10–11).
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GMAS adaptation
The GMAS tool was developed for the first time in 2017 
by Naqvi et al. for the Urdu language [17]. for our study, 
we followed the standard operational procedure of the 
WHO [18] for translation of the instrument from English 
to Moroccan Arabic.

First, the scale was translated by two translators whose 
native language is Moroccan Arabic and who are fluent in 
English. This resulted in two Moroccan Arabic versions 
of the GMAS at this level. Both versions were presented 
to the panel and checked for conceptual and cultural 
equivalence. These two versions were reconciled, and a 
single Arabic dialect version was formulated and adopted 
at this level. The research team appointed a reviewer 
who was efficient in both English and Arabic language 
to develop the back translation of the instrument. Thus, 
any disagreements in the translated and back-translated 
versions were addressed at this stage. The final dialectal 
version of the tool was tested on 20 subjects. No difficul-
ties were noted, and the Moroccan dialect version of the 
GMAS was found to be satisfactory.

To adapt the original English version of the GMAS 
tool to Moroccan culture, a few terminologies were 
added, replaced, or even moved. This process allowed the 
development of a version that was easy for patients with 
type-2 diabetes to understand, thus overcoming all the 
constraints and ambiguities related to intercultural dif-
ferences. 2.6. Validity of the GMAS.

To evaluate the reliability of the translated GMAS, it 
was piloted twice in 20 patients with the questionnaires, 
which used only 11 items, administered 15 days apart. 
The delay was sufficient to avoid any influence in relation 
to the answers to the first questionnaire. Reproducibility 
is considered “good” if intraclass correlation coefficient 
(ICC) > 0.4 [19], and the internal consistency between 
the different items was estimated via Cronbach’s α value, 
which is considered good for values > 0.7. The response 
rate to all items was used to measure the acceptability of 
the instrument.

Ethical considerations
The study protocol was approved by RB00012973 
Moroccan Association for Research and Ethics IRB 
#1 [09/REC/22]. Patients were briefed about the study 
and its objectives; participants provided verbal informed 
consent.

Statistical analyses
The values obtained in this study were calculated using 
SPSS Statistical Package for Social Sciences for Win-
dows (SPSS version 20.0, SPSS Inc., Chicago, IL, USA). 
Although the homogeneity of variances was performed 
via Levene’s test, the normality of the data was studied 
via the Shapiro‒Wilk test. The variables with a normal 

distribution were averaged (SD). The variables with an 
abnormal distribution are shown as medians (IQRs). Stu-
dent’s t test was used in the evaluation of independence 
between qualitative and quantitative variables for two 
categories, and ANOVA was used in the comparison of 
variables for three or more categories. Spearman’s coef-
ficients measured the correlation between quantitative 
variables. For the estimation of the association between 
categorical variables, the chi-square test was used. A dif-
ference was considered significant when the p value was 
less than 0.05. In addition, the floor effects (% of patients 
who had the lowest score) and ceiling effects (% of sub-
jects who had the highest score) as well as the reliability 
(reproducibility and internal consistency) were estimated 
for the psychometric properties evaluated in this Moroc-
can/Arabic version of the GMAS. To determine the 
constructs, confirmatory factor analysis (CFA) was per-
formed. To check the possibility of factorizing the data, 
the Kaiser Meyer Olkin test (KMO > 0.05) with a Bartlett 
test (p < 0.05) was used [20]. To be included in the CFA, 
each item must express a communality greater than 0.5. 
Factors with an Eigen value greater than or equal to 1 
were considered. The application of an orthogonal rota-
tion (Varimax) was performed when the correlation 
between the items was lower than 0.3 [20]. The fit of the 
model was evaluated via the chi-square test (p < 0.05) 
and by calculating the root mean square residual 
(RMSR < 0.08: acceptable fit) [21].

Results
Sociodemographic information
Two hundred eighty-four patients with diabetes pro-
vided responses, and the average age of the participat-
ing patients was 58.24 ± 13.827 years, with extremes of 
29 and 91 years. Slightly more than half (53.2%) of the 
patients were female, 65.5% of the respondents were mar-
ried, and most respondents (78.5%) were illiterate. Most 
of the patients were unemployed (91.5%). Almost all 
patients had medical coverage, provided predominantly 
by the Medical Assistance Scheme (RAMED), which rep-
resented 82.81% of all insured persons (Table 1).

Approximately 40.5% of the subjects were only taking 
one antidiabetic medication, with metformin 1000  mg 
being the most common (37%).

Arterial hypertension was the most common comor-
bidity (43.7%), followed by dyslipidemia (37.7%). The 
duration of diabetes diagnosis ranged from 6 to 10 years 
in 37.7% of the subjects; 58.8% reported self-monitoring 
blood sugars, and 58.8% stated that they were receiving 
diabetes education.

Internal consistency and reproducibility in the pilot study
When calculating the Cronbach’s α values, the results 
showed a good internal consistency of the tool. Indeed, 
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all Cronbach’s α values ranged from 0.79 to 0.94. The 
reproducibility measured by intraclass correlation coef-
ficient (ICC) showed values above 0.4 (Table 2).

Factorial validity
The Kaiser‒Meyer‒Olkin (KMO) measure of sampling 
adequacy had a value of 0.775 (> 0.7), with the addition of 
a significant Bartlett’s test of sphericity (< 0.01). However, 

the χ2 value that concerns the null model is equal to 
1016.219 with a df value of 55.

Based on the values quoted above, the values of NFI, 
CFI, TLI, and IFI were all on the order of 1; however, all 
these values were > 0.95. Taken together, this established 
the factorial validity of the Moroccan version of the 
GMAS tool.

Validity of the known group
A significant association (χ2 = 20.119, p = 0.003) was 
found between medication adherence status and the pres-
ence of comorbidities (i.e., HTN, dyslipidemia and oth-
ers). The Cramer’s V value of 0.266 ensures a moderate 
association; likewise, no cell had an expected number < 5, 
so the results were reliable: this implies that patients 
without diabetic complications do not tend to adhere to 
drug treatment. However, there was a significant associa-
tion (χ2 = 7.503, p = 0.049 < 0.05) between adherence cat-
egory and prescribed treatment, and Cramer’s V value 
was 0.163, indicating a moderate association, and no cell 
had an expected number < 5, so the results were reliable: 
patients who had a single oral antidiabetic drug (OAD) 
prescribed tended to be adherent. Thus, our hypotheses 
were confirmed: monotherapy reinforces adherence, and 
the presence of comorbidities further reinforces medica-
tion adherence by increasing patients’ realization of the 
consequences. The validity of the known group was thus 
established (Table 3).

The reliability and internal consistency of the GMAS tool 
(N = 284)
Cronbach’s α = 0.804 (> 0.7) for three constructs (PBNA, 
ADPB, CRNA), encompassing the 11 items, although the 
ICC was 0.272 (95% CI: 0.232–0.317); however, the Cron-
bach’s α values were 0.769, 0.700, and 0.700 for the three 
constructs, respectively (Table 4).

Table 1  Sociodemographic information of patients (N = 284)
Sociodemographic characteristics N %
Sex
Female 151 53.2

Male 133 46.8

Place of residence
Urban 21 7.4

Rural 263 92.6

Marital status
Single 51 18.0

Married 186 65.5

Widow(er)/Divorced 47 16.5

Level of education
No education 223 78.5

Primary/College/High School 54 19

University 7 2.5

Employment status
Unemployed 260 91.5

Retired 12 4.2

Assets 12 4.2

Social security coverage
Insured 256 90.14

Without insurance 28 9.86

Type of health insurance
CNOPS 30 11.71

CNSS 14 5.46

RAMED 212 82.81
CNOPS: National Fund of Social Welfare Organizations

CNSS: National Social Security Fund

RAMED: Medical Assistance Plan

Table 2  Reliability and reproducibility scores of the GMAS Moroccan dialect version (Test-Retest) (N = 20)
The different constructions Score Spearman’s Correlation Interclass Correlation 

Coefficient
Cronbachα

Test Mean (SD)* Retest
Mean (SD)*

p Correlation P ICC* P

PBNA 19,90(0,44) 19,70(0,73) 0,06 0,54 0,01 0,77 0,00 0,87

ADPB 5,90(0,30) 15,95(0,22) 0,23 0,68 0,00 0,65 0,01 0,79

CRNA 7,65(0,81) 7,75(0,55) 0,30 0,99 0,00 0,90 0,00 0,94

Total 43,45(0,99) 43,40(0,88) 0,77 0,83 0,00 0,70 0,00 0,84
ICC*: Intraclass Correlation Coefficient

SD*: Standard Deviation

PBNA: Patient behavior-related nonadherence

ADPB: Comorbidities and pill burden

CRNA: Cost-related nonadherence
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≤ 26 ≥ 27 P Cramer’s V
N % N %

Place of residence 13 271 0.966 0.002

Rural 12 92.30 251 92.61

Urban 1 07.70 20 7.39

Sex 13 271 0.604 0.031

Male 7 53.84 126 46.49

Female 6 46.16 145 53.51

Marital status 13 271 0.604 0.031

Single 2 15.38 49 18.08

Married 8 61.53 178 65.68

Widow(er) 3 23.07 36 13.28

Divorced 0 00.00 8 2.95

Level of education 13 271 0.444 0.115

No education 13 100 210 77.49

Primary 0 00.00 35 12.91

College 0 00.00 16 5.90

High School 0 00.00 3 1.70

University 0 00.00 7 2.58

Employment status 13 271 0.533 0.067

Unemployed 13 100 247 91.14

Retired 0 00.00 12 4.42

Assets 0 00.00 12 4.42

Social security coverage 13 271 0.890 0.047

Insured 12 92.30 232 85.60

Without insurance 1 07.69 39 14.39

Type of health insurance 13 271 0.433 0.098

CNOPS 0 00.00 30 11.07

CNSS 0 00.00 14 5.10

RAMED 13 00.00 227 83.76

Treatment 13 271 0.049* 0.163

One OAD 5 38.46 110 40.59

OAD + Insulin 3 23.07 15 5.53

Two or more OADs 1 07.69 66 24.35

Insulin alone 4 30.76 80 29.52

Name of OAD taken 13 271 0.202 0.160

Glimepiride 2 mg 0 00.00 18 6.64

Gliclazide 60 mg 0 00.00 42 15.49

Metformin 1000 mg 10 76.92 148 54.61

Gliclazide + Metformin 0 00.00 33 12.17

Glimepiride + Metformin 3 23.07 30 11.07

Associations 13 271 0.090 0.151

Monotherapy 6 46.15 179 66.05

Dual therapy 2 15.38 83 30.62

Triple therapy and more 2 15.38 9 3.32

Associated diseases 13 271 0.003* 0.266

AHT 3 23.07 121 44.64

Dyslipidemia 4 30.76 113 41.69

Other pathologies 4 30.76 25 9.22

AHT + Dyslipidemia 1 07.69 4 1.47

AHT + Others 1 07.69 1 0.36

AHT + Dyslipidemia + Others 0 00.00 7 2.58

Duration of disease 13 271 0.998 0.043

Less than a year 1 07.69 16 5.90

Table 3  The impact of sociodemographic factors and diabetic disease-related determinants on adherence to treatment (N = 284)
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Discussion
Diabetes is a chronic condition requiring both routine 
and complex individual measures [4]. Efficient thera-
peutic compliance involves developing knowledge and 
skills through regular monitoring of blood glucose levels 
to prevent long-term complications, as well as adopting 
a valuable strategy for improving the health behaviors 
of these patients with diabetes [4]. Characterization of 
medication adherence using a self-report tool is the most 
common, effective and cost-effective way of assessing 
medication adherence [22]. Various self-assessment tools 
have been developed, including the Shea Scale [23], the 
Adherence to Refills and Medications Scale (ARMS) [24], 
the Morisky Medication Adherence Scale (MMAS) [25] 
and others. However, many studies have reported that no 
single tool qualifies as a standard for estimating adher-
ence [22]. GMAS was designed with the shortcomings 
of the above instruments in mind. The objective of our 
study was the cross-cultural adaptation and validation 
of the GMAS tool in the Moroccan context after it was 
used by Naqvi et al. in Pakistan [17], an English-speak-
ing population (January 2018), Saudi Arabia (April 2018, 
with the English language) [26] and elsewhere in the 

Arabic language in December 2019 [16]. The GMAS tool 
has been translated and cross-culturally validated in the 
Moroccan context in the present study. Theoretically, the 
number needed to successfully validate the scale should 
be in the range of 55–110 patients [27, 28]; however, the 
present study was able to exceed this figure by collecting 
data from 284 patients. This sample size was larger than 
that used in the study conducted in Saudi Arabia [26] and 
similarly larger than that employed in another study that 
was able to validate the eight-item Morisky Medication 
Adherence Scale (MMAS-8) in Saudi Arabia [29]. This 
aspect could be qualified as a strong point of our study. 
The factorial validity was estimated using a CFA by cal-
culating suitability indices such as NFI, CFI, TLI, IFI and 
the KMO measure. These fit indices in our study had a 
value of 1, and they were in a logical range (> 0.95). The 
KMO value was 0.775 (> 0.7). The study conducted in 
Pakistan revealed that these indices, NFI, TLI, and CFI, 
had the following values: 0.93, 0.93, and 0.97, respectively, 
with a KMO value of 0.832. For the study conducted in 
Saudi Arabia in English, the indices had the following val-
ues: 0.93, 0.99, and 0.99, respectively, with a KMO value 
of 0.705. For the assessment of GMAS in Saudi Arabia in 
Arabic, they had the following values: 0.960, 0.954, and 
0.979, respectively, with a KMO value of 0.870. All these 
above reported values confirmed the goodness of fit of 
this three-factor model GMAS tool. Convergent validity 
is established if the value that concerns the average fac-
tor loadings is ≥ 0.7 [30]. Our study revealed an average 
factor of 0.749 for the three constructs, although in the 
GMAS tool utilized in Pakistan, this loading had values 
of 0.70, 0.73, and 0.76, respectively, for the three con-
structs. However, the English GMAS versions used in 
Saudi Arabia were 0.75, 0.70, and 0.72 for the three con-
structs, respectively, and the factor loading of the GMAS 
in Arabic was 0.725 for all constructs in Saudi Arabia. 

Table 4  Reliability and reproducibility scores of the GMAS 
Moroccan dialect version (N = 284)

Interclass Correlation 
Coefficient

Cron-
bach  α

ICC* P
PBNA 0.39 0.00 0.760

ADPB 0.36 0.00 0.700

CRNA 0.53 0.00 0.700

Total 0.27 0.00 0.804
ICC*: Intraclass Correlation Coefficient

PBNA: Patient behavior-related nonadherence

ADPB: Comorbidities and pill burden

CRNA: Cost-related nonadherence

≤ 26 ≥ 27 P Cramer’s V
N % N %

1 to 5 years 5 38.46 88 32.47

6 to 10 years 4 30.76 10 38.00

11 to 15 years 1 07.69 25 9.22

16 to 20 years 1 07.69 22 8.11

21 years and more 1 07.69 17 6.27

Self-monitoring of blood glucose 13 271 0.102 0.127

Yes 4 30.76 167 61.62

No 9 69.23 117 43.17

Information about diabetes 13 271 0.127 0.091

Informed patients 5 38.46 162 59.77

Uninformed patients 8 61.5 109 40.22
*Significant p value < 0.05

AHT = Hypertension

OAD = oral antidiabetic drug

Table 3  (continued) 
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The construct validity of the tool was estimated via the 
correlation of the adherence score with the pill burden: 
the number of medications prescribed by the treating 
physician. To assess the correlation, Spearman’s σ cor-
relation coefficients were calculated, and the validity was 
established in the case of a correlation coefficient σ ≥ 0.3, 
with a p value < 0.05 [31–33]. In our study, σ had a value 
of 0.83, with p < 0.001, while σ for the GMAS in Arabic 
had a value of 0.388 with p < 0.001 in Saudi Arabia. The 
reliability of the GMAS tool was assessed through Cron-
bach’s α. In addition, internal consistency was assessed 
via the item-total correlation (ITC) and ICC. Our study 
revealed a Cronbach’s α of 0.804 for the three constructs, 
which was less than that of the following studies: the 
Pakistani study, which had a value of 0.819; the Sudanese 
study [34], which had a value of 0.834; the Saudi study 
(in Arabic), which had a value of 0.865; and the Vietnam 
study [9], which had a value of 0.879. However, the Cron-
bach’s α found in our study is higher than that of the study 
conducted in Saudi Arabia in English, which had a value 
of 0.740. The present study encountered a number of lim-
itations that need to be specified: the sensitivity, specific-
ity, and accuracy of the scale were not established, and 
these three validation modalities would have contributed 
to the strength of the measurement tool. However, the 
other validity measures that were developed, combined 
with the acceptable reliability that was demonstrated, 
reflect the scale’s suitability for assessing adherence in the 
target population.

Conclusion
The Moroccan Arabic-dialect version of the GMAS tool 
was translated and validated in Moroccan patients with 
type-2 diabetes and was able to satisfy the validity criteria 
for the majority of psychometric parameters. As a result, 
health care professionals caring for patients with diabetes 
can use this tool to measure adherence. This is important 
because physicians, nurse practitioners, physician assis-
tants, and even pharmacists manage diabetes patients.
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