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Abstract
Background: Self-monitoring of blood glucose (SMBG) is a crucial component of diabetes management, but
adherence remains suboptimal. This study aimed to evaluate adherence to SMBG among type 2 diabetic
patients in Al-Ahsa, Saudi Arabia.

Methods: A cross-sectional study was conducted among 398 type 2 diabetic patients attending primary
healthcare centers. Data were collected through face-to-face or virtual interviews and electronic health
records. Adherence levels were categorized as low, moderate, and high.

Results: The majority of participants exhibited moderate adherence to SMBG (58.5%), while 27.1% had low
adherence, and 14.3% were highly adherent. The use of oral hypoglycemic medications and insulin
injections was associated with higher adherence (p<0.001). Comorbidities, physical exercise, diet, frequency
of medical visits, and attendance at diabetes education sessions did not significantly influence adherence.

Conclusions: Suboptimal adherence to SMBG was observed among type 2 diabetic patients in Al-Ahsa.
Targeted interventions addressing individual barriers and integrating technology may improve SMBG
adherence and diabetes management.
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Introduction
Diabetes mellitus (DM) is a chronic metabolic disorder characterized by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. Globally, the prevalence of DM, particularly type 2
diabetes mellitus (T2DM), has been increasing at an alarming rate [1]. According to the International
Diabetes Federation (IDF), an estimated 537 million adults were living with diabetes in 2021, with the
majority being diagnosed with T2DM [2]. This rise in prevalence is a significant public health concern due to
the associated complications, healthcare costs, and the overall burden on healthcare systems.

Saudi Arabia is among the countries with the highest prevalence of diabetes. Recent statistics indicate that
approximately 18.3% of the Saudi population, equivalent to 6.5 million people, are affected by diabetes,
positioning Saudi Arabia as the second highest in the Middle East and the seventh globally in terms of
diabetes prevalence [3,4]. The high prevalence of diabetes in Saudi Arabia can be attributed to several
factors, including rapid urbanization, dietary changes, physical inactivity, and genetic predisposition [5].
Uncontrolled diabetes can lead to severe acute and chronic complications, which significantly impair the
quality of life and increase morbidity and mortality rates [6]. Microvascular complications, such as diabetic
retinopathy, nephropathy, and neuropathy, and macrovascular complications, including coronary artery
disease, stroke, and peripheral vascular disease, are common among individuals with diabetes [7]. These
complications not only affect the health and well-being of individuals but also impose a substantial
economic burden on healthcare systems. In Saudi Arabia, the economic cost of diabetes was estimated at
$2.4 billion in 2013, with projections reaching $6.5 billion by 2020 [8].

Effective management of diabetes focuses on maintaining blood glucose levels within a target range to
prevent or delay the onset of complications [9]. Glycemic control is a critical component of diabetes
management, typically assessed using the HbA1c test, which reflects average blood glucose levels over the
past two to three months [10]. The American Diabetes Association (ADA) recommends an HbA1c target of
less than 7.0% for most adults with diabetes, with individualized targets based on patient-specific factors
[11]. Self-monitoring of blood glucose (SMBG) is a cornerstone of diabetes management, especially for
patients on insulin therapy. SMBG involves the regular checking of blood glucose levels by the patient using

1 2 1

 Open Access Original Article

How to cite this article
AlRasheed A Y, Hashim H, Alrofaie H (July 27, 2024) Adherence to Self-Monitoring of Blood Glucose and Its Related Factors Among Type 2
Diabetic Patients Attending Al-Ahsa Primary Health Care Centers in Saudi Arabia. Cureus 16(7): e65545. DOI 10.7759/cureus.65545

https://www.cureus.com/users/821992-afnan-y-alrasheed
https://www.cureus.com/users/136313-hajer-hashim
https://www.cureus.com/users/823484-hassan-alrofaie
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


a portable glucometer [12]. This practice provides immediate feedback on blood glucose levels, enabling
patients to make informed decisions about their diet, physical activity, and medication [13]. Additionally,
SMBG helps healthcare providers assess the effectiveness of treatment plans and make necessary
adjustments to achieve optimal glycemic control.

Despite the benefits of SMBG, adherence to this practice remains a challenge for many patients. Several
factors influence adherence to SMBG, including demographic characteristics, psychological barriers, and the
perceived burden of self-monitoring [14]. Studies have shown that older age, lower educational levels, and
lower income are associated with poorer adherence to SMBG. Psychological factors such as fear of testing,
pain associated with finger pricks, and frustration with "poor" blood glucose readings also contribute to low
adherence [14].

In Saudi Arabia, several studies have examined adherence to SMBG among patients with diabetes. A study
conducted in the Eastern region of Saudi Arabia between 2011 and 2012 evaluated the impact of intensified
SMBG combined with patient education programs on glycemic control [15,16]. The results indicated that
patients who received intensified SMBG and education had significantly lower fasting blood glucose and
HbA1c levels compared to those who did not receive the intervention [12]. This study underscores the
importance of education and support in improving adherence to SMBG and achieving better glycemic
control.

Despite the known benefits of SMBG, various challenges hinder patients from adhering to this practice. In a
qualitative study, Gucciardi et al. identified several barriers to SMBG, including distressing emotions and
thoughts, fingertip pain, and frustration about high blood glucose readings [17]. Similarly, a study by
Nagelkerk et al. highlighted barriers such as lack of awareness of hypoglycemia and hyperglycemia
symptoms, lack of social support, and difficulty in interpreting SMBG results [18]. These findings suggest
that both emotional and practical factors need to be addressed to improve SMBG adherence.

DM, particularly type 2 diabetes, poses a significant public health challenge in Saudi Arabia due to its high
prevalence and associated complications [4]. Effective management of diabetes through glycemic control is
essential to prevent complications and improve patient outcomes [19]. SMBG is a vital tool in diabetes
management, but adherence to this practice is often suboptimal [20]. By investigating adherence to SMBG
and identifying related factors, this study aims to contribute to the development of targeted interventions to
improve diabetes management in Saudi Arabia [21].

Materials And Methods
Study design
This study employs a cross-sectional design to evaluate adherence to SMBG among type 2 diabetic patients
attending primary health care centers in the Al-Ahsa governorate, Saudi Arabia. The study was conducted
over a one-year period, from April 2023 to April 2024.

Study area and settings
The research was carried out in multiple primary healthcare centers affiliated with the Ministry of Health in
the Al-Ahsa governorate. Al-Ahsa is located in the Eastern Province of Saudi Arabia, and it is one of the
largest oases in the world. The healthcare centers involved in this study are part of a well-established
network providing comprehensive primary care services, including diabetes management.

Study population
The study population comprised adults over 18 years old diagnosed with T2DM who were virtually contacted
by the selected primary healthcare centers. These patients were required to self-monitor their blood glucose
levels using a glucometer.

Inclusion criteria
Participants were included in the study if they met the following criteria: diagnosed with T2DM, aged 18
years or older, using a glucometer for self-monitoring blood glucose, and provided informed consent to
participate in the study.

Exclusion criteria
The following patients were excluded from the study: those with type 1 DM, patients with gestational
diabetes, type 2 diabetes patients using continuous glucose monitoring systems, and patients under 18 years
old.

Sample size and sampling technique
A simple random sampling technique was used to select participants from the patient records available at the
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primary healthcare centers. The target sample size was calculated based on the prevalence of type 2 diabetes
in the Al-Ahsa governorate and the expected adherence rate to SMBG. A minimum sample size of 400
participants was determined to be adequate for the study.

Data collection
Data Sources

Data were collected from the Electronic Health Record (EHR) database of the primary healthcare centers and
through face-to-face or virtual interviews. The EHR provided demographic and clinical information, while
the interviews collected data on SMBG practices and attitudes.

Data Collection Tools

An interviewer-administered questionnaire was used as the primary data collection tool. The questionnaire
was developed based on existing validated instruments and tailored to the study objectives. It consisted of
three main sections.

Socio-Demographic Characteristics

The study collected information on age, sex, nationality, marital status, level of education, employment
status, monthly income, and body mass index (BMI).

Diabetes Management

Participants provided details on the duration of diabetes, family history of diabetes, current diabetes
treatment regimen (diet and exercise, oral hypoglycemic agents, insulin injections, or a combination),
frequency of medical consultations for diabetes, and attendance at diabetes education sessions.

SMBG

The study also assessed the frequency and timing of SMBG and the level of glycemic control as indicated by
the latest HbA1c measurement.

Data collection procedure
The data collection process was conducted in several phases.

Preparatory Phase

The preparatory phase involved obtaining ethical approval from the relevant authorities and the local ethics
committee, training data collectors on the study protocol and the use of the data collection tools, and
piloting the questionnaire on a small sample of patients to ensure clarity and appropriateness.

Fieldwork Phase

The fieldwork phase involved extracting patient records from the EHR database to identify eligible
participants, contacting these patients to invite them to participate in the study and obtain informed
consent, conducting face-to-face or virtual interviews using the structured questionnaire, and recording
responses while cross-checking data for accuracy and completeness.

Data management and analysis
Data Entry and Cleaning

Data collected from the questionnaires were entered into a database using Microsoft Excel. The data were
then cleaned to remove any inconsistencies, errors, or missing values. Two independent researchers cross-
verified the data entry process to ensure accuracy.

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics for Windows, Version 28 (Released 2021; IBM Corp.,
Armonk, New York, United States). Descriptive statistics were calculated to summarize the demographic
characteristics, diabetes management practices, and SMBG adherence levels of the study participants.
Continuous variables were presented as means and standard deviations, while categorical variables were
presented as frequencies and percentages.
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Inferential Statistics

To identify factors associated with SMBG adherence, inferential statistics were employed. The Pearson chi-
square test was used to assess associations between categorical variables and SMBG adherence levels. For
continuous variables, independent t-tests were used as appropriate. A p-value of less than 0.05 was
considered statistically significant.

Ethical considerations
Ethical approval for the study was obtained from the Institutional Review Board (IRB) of the Ministry of
Health. Written or verbal informed consent was obtained from all participants before their inclusion in the
study. The confidentiality and privacy of participants were strictly maintained throughout the study. Data
were anonymized and stored securely, with access restricted to the research team.

Results
Table 1 presents a comprehensive overview of the demographic characteristics of the study participants. The
majority of the participants were male (54%), and a significant portion of the participants were married
(83%). Educational attainment varied, with the largest groups being those with below high school education
(32%) and high school education (23%). In terms of employment status, most participants were either
unemployed (34%) or employed (35%), with a smaller proportion being housewives (30%) and students (1%).
The majority of the participants reported a monthly income of ≤6000 SAR (62%), reflecting a predominantly
low-income population. Smoking prevalence was low, with only 11% having smoked a cigarette in the past
week. In terms of BMI, a significant number of participants were classified as obese (58%), while 30% were
overweight, and only 12% were of normal weight. Age distribution showed that most participants were in the
40-59 age group (62%), followed by the 60-79 age group (24%). The mean age of the participants was 52
years with a standard deviation of 10.90 years, indicating a middle-aged population with a wide age range.

Demographics n %

Sex

Male 214 54.0

Female 184 46.0

Marital status

Single 17 4.0

Married 329 83.0

Divorced 9 2.0

Widowed 43 11.0

Level of education

Uneducated 60 15.0

Below High School 129 32.0

High School 90 23.0

Diploma 32 8.0

Bachelor 84 21.0

Postgraduate 3 1.0

Employment status

Housewife 119 30.0

Unemployed 135 34.0

Employed 140 35.0

Student 4 1.0

Monthly income (SAR)

≤6000 248 62.0
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6001-10000 89 22.0

10001-20000 56 14.0

>20000 5 1.0

Smoked a cigarette in the past week

Yes 43 11.0

No 355 89.0

BMI

Underweight 0 0.0

Normal 49 12.0

Overweight 120 30.0

Obese 229 58.0

Age groups

20-39 54 14.0

40-59 246 62.0

60-79 96 24.0

80-99 2 1.0

Mean age (years) 52 10.90

TABLE 1: Demographics of study participants

Table 2 presents the adherence levels to SMBG among type 2 diabetic patients. The majority of patients (233,
58.5%) were moderately adhered to SMBG, while 108 (27.1%) showed low adherence, and only 57
(14.3%) demonstrated high adherence. These results indicate that a significant proportion of patients are
not fully compliant with the recommended SMBG practices, highlighting the need for targeted interventions
to improve adherence rates and, consequently, glycemic control in this population.

Adherence level n %

Low adhered 108 27.1

Moderately adhered 233 58.5

High adhered 57 14.3

Total 398 100.0

TABLE 2: Adherence to self-monitoring of blood glucose (SMBG) among type 2 diabetic patients

Table 3 presents the distribution of adherence levels (low, moderate, high) to SMBG among type 2 diabetes
patients, categorized by their HbA1c levels. The adherence is broken down into three categories of HbA1c:
intensive, moderate, and poor glycemic control. The majority of patients (233, 59%) exhibit moderate
adherence to SMBG, while only a small proportion (57, 14%) show high adherence. Notably, the highest
adherence levels are observed in patients with moderate HbA1c, indicating that patients with better
glycemic control are more likely to adhere to SMBG practices. However, the p-value of 0.155 suggests that
the differences in adherence levels across the HbA1c categories are not statistically significant.
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HbA1c Adherence Total Chi-square (χ2) p-value

Intensive

Low adhered 32

129

3.75

Moderately adhered 85

High adhered 12

Moderate

Low adhered 38

132Moderately adhered 75

High adhered 19

Poor

Low adhered 38

137Moderately adhered 73

High adhered 26

Total

Low adhered 108

398Moderately adhered 233

High adhered 57

TABLE 3: Distribution of adherence to self-monitoring of blood glucose by HbA1c levels

Table 4 presents the demographic characteristics of the study participants and their adherence to SMBG. The
p-values indicate the statistical significance of the relationships between these characteristics and SMBG
adherence. None of the variables showed a statistically significant association with adherence levels,
suggesting that factors such as sex, marital status, education level, employment status, monthly income,
smoking status, BMI, and age do not significantly influence adherence to SMBG in this sample. For sex, the
adherence levels are similar between males and females. Among males, 57 (53%) were low adherents, 129
(55%) were moderately adherent, and 28 (49%) were highly adherent. Similarly, among females, 51
(47%) were low adherents, 104 (45%) were moderately adherent, and 29 (51%) were highly adherent, with a

chi-square (χ2) value of 0.78 and a p-value of 0.678 indicating no significant difference.

Demographics Low adhered Moderately adhered High adhered Total Chi-square (χ2) p-value

Sex

Male 57 (53%) 129 (55%) 28 (49%) 214

0.78 0.678

Female 51 (47%) 104 (45%) 29 (51%) 184

Marital status

Single 5 (5%) 11 (5%) 1 (2%) 17

1.84 0.607

Married 93 (86%) 191 (82%) 45 (79%) 329

Divorced 1 (1%) 6 (3%) 2 (4%) 9

Widowed 9 (8%) 25 (11%) 9 (16%) 43

Level of education

Uneducated 12 (11%) 34 (15%) 14 (25%) 60

5.42 0.144

Below High School 30 (28%) 77 (33%) 22 (39%) 129

High School 27 (25%) 53 (23%) 10 (18%) 90

Diploma 10 (9%) 21 (9%) 1 (2%) 32

Bachelor 29 (27%) 45 (19%) 10 (18%) 84

Postgraduate 0 (0%) 3 (1%) 0 (0%) 3
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Employment status

Housewife 27 (25%) 73 (31%) 19 (33%) 119

1.70 0.637

Unemployed 36 (33%) 77 (33%) 22 (39%) 135

Employed 44 (41%) 81 (35%) 15 (26%) 140

Student 1 (1%) 2 (1%) 1 (2%) 4

Monthly income (SAR)

≤ 6000 59 (55%) 150 (64%) 39 (68%) 248

7.34 0.06

6001-10000 29 (27%) 45 (19%) 15 (26%) 89

10001-20000 20 (19%) 33 (14%) 3 (5%) 56

> 20000 0 (0%) 5 (2%) 0 (0%) 5

Smoked a cigarette in the past week

Yes 10 (9%) 29 (12%) 4 (7%) 43

1.77 0.413

No 98 (91%) 204 (88%) 53 (93%) 355

BMI

Underweight 0 (0%) 0 (0%) 0 (0%) 0

3.07 0.380

Normal 8 (7%) 34 (15%) 7 (12%) 49

Overweight 32 (30%) 72 (31%) 16 (28%) 120

Obese 68 (63%) 127 (55%) 34 (60%) 229

Age groups

20-39 16 (15%) 33 (14%) 5 (9%) 54

3.88 0.420

40-59 69 (64%) 139 (60%) 38 (67%) 246

60-79 22 (20%) 61 (26%) 13 (23%) 96

80-99 1 (1%) 0 (0%) 1 (2%) 2

TABLE 4: Demographic characteristics and adherence to self-monitoring of blood glucose
(SMBG)

Marital status also showed no significant association with SMBG adherence (χ2 = 1.84, p = 0.607). The
majority of the participants were married, with 93 (86%) low adherents, 191 (82%) moderately adherent, and
45 (79%) highly adherent participants falling into this category. Single, divorced, and widowed individuals
were distributed similarly across adherence levels. Education level did not significantly affect adherence to

SMBG (χ2 = 5.42, p = 0.144). Participants with below high school education made up 30 (28%) low adherents,
77 (33%) moderately adherent, and 22 (39%) highly adherent individuals. Interestingly, uneducated
participants constituted 12 (11%) low adherents, 34 (15%) moderately adherent, and 14 (25%) highly

adherent participants. Employment status showed a non-significant association with adherence (χ2 = 1.70, p
= 0.637). Unemployed participants were the most common among low adherents (36, 33%) and highly
adherent (22, 39%) groups. Employed participants made up 44 (41%) low adherents but only 15 (26%) high
adherents.

Monthly income was another factor without significant association (χ2 = 7.34, p = 0.06). A majority of
participants earning ≤6000 SAR were low adherents (59, 55%), moderately adherent (150, 64%), and highly
adherent (39, 68%). Higher-income levels were less represented among high adherents, with only 3 (5%)
participants earning 10001-20000 SAR and none earning >20000 SAR being highly adherent. Smoking status

in the past seven days did not significantly affect SMBG adherence (χ2 = 1.77, p = 0.413). Among those who
had smoked, 10 (9%) were low adherents, 29 (12%) were moderately adherent, and 4 (7%) were highly
adherent. Non-smokers constituted 98 (91%) low adherents, 204 (88%) moderately adherent, and 53 (93%)
highly adherent participants.

 

2024 AlRasheed et al. Cureus 16(7): e65545. DOI 10.7759/cureus.65545 7 of 13



Table 5 presents the relationship between various diabetes management factors and adherence levels to
SMBG among type 2 diabetic patients, categorized as low, moderate, and high adherence. The data reveals
several key findings. Patients with a family history of diabetes generally exhibited higher adherence levels to

SMBG, although this association was not statistically significant (χ2 = 5.91, p = 0.052). The use of oral

hypoglycemic tablets showed a significant association with higher adherence levels (χ2 = 28.90, p < 0.001),
indicating that patients on these medications are more diligent in monitoring their blood glucose. Similarly,

insulin injections were significantly associated with higher adherence (χ2 = 51.18, p < 0.001), suggesting that
patients using insulin are more committed to SMBG. In contrast, no significant associations were found

between adherence levels and physical exercise (χ2 = 1.34, p = 0.511) or diet (χ2 = 2.05, p = 0.358), implying
that these lifestyle factors did not significantly influence SMBG adherence. The frequency of visits to a

general practitioner (GP) also did not show a significant association with adherence levels (χ2 = 2.00, p =
0.765), indicating that regular consultations alone do not necessarily enhance SMBG adherence. Last,
attending diabetes education sessions in the past seven days did not significantly impact adherence levels

(χ2 = 2.35, p = 0.310), although those who attended the sessions exhibited slightly higher adherence.
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Factor Low adhered Moderately adhered High adhered Total Chi-square (χ2) p-value

Family history of diabetes

Yes 99 (92%) 198 (85%) 54 (95%) 351

5.91 0.052

No 9 (8%) 35 (15%) 3 (5%) 47

Oral hypoglycemic tablets

No 17 (16%) 14 (6%) 0 (0%) 31

28.90 <0.001

Yes 91 (84%) 219 (94%) 57 (100%) 367

Insulin injections

No 89 (82%) 150 (64%) 3 (5%) 242

51.18 <0.001

Yes 19 (18%) 83 (36%) 54 (95%) 156

Physical exercise

No 60 (56%) 114 (49%) 30 (53%) 204

1.34 0.511

Yes 48 (44%) 119 (51%) 27 (47%) 194

Diet

No 62 (57%) 119 (51%) 34 (60%) 215

2.05 0.358

Yes 46 (43%) 114 (49%) 23 (40%) 183

Frequency of GP visits

Every three months 73 (68%) 161 (69%) 44 (77%) 278

2.00 0.765

Every six months 11 (10%) 13 (6%) 3 (5%) 27

Monthly 21 (19%) 49 (21%) 8 (14%) 78

Weekly 1 (1%) 3 (1%) 0 (0%) 4

Yearly 0 (0%) 3 (1%) 1 (2%) 4

Never 2 (2%) 4 (2%) 1 (2%) 7

Diabetes education sessions in past seven days

No 95 (88%) 197 (85%) 45 (79%) 337

2.35 0.310

Yes 13 (12%) 36 (15%) 12 (21%) 61

TABLE 5: Relationship between diabetes management factors and adherence to self-monitoring
of blood glucose (SMBG)
GP: general practitioner

Discussion
The present study aimed to evaluate adherence to SMBG among patients with T2DM attending primary
healthcare centers in the Al-Ahsa governorate of Saudi Arabia. The findings revealed that the majority of
participants (58.5%) exhibited moderate adherence to SMBG, while 27.1% demonstrated low adherence, and
only 14.3% were highly adherent. These results are consistent with previous studies conducted in Saudi
Arabia and other countries, which have reported suboptimal adherence to SMBG among patients with
diabetes [22-24].

The suboptimal adherence to SMBG observed in this study is concerning, as SMBG is a crucial component of
effective diabetes management. Regular SMBG levels enable patients to make informed decisions about their
diet, physical activity, and medication adjustments, ultimately leading to better glycemic control and a
reduced risk of complications [25,26]. A study highlighted the positive impact of SMBG on glycemic control,
showing that individuals who performed SMBG more frequently had lower HbA1c levels compared to those
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who monitored less frequently [27].

Interestingly, the present study found no significant association between demographic factors, such as sex,
marital status, education level, employment status, monthly income, smoking status, BMI, and age, and
adherence to SMBG [28,29]. These findings contradict previous studies that have reported associations
between demographic characteristics and SMBG adherence [30]. For instance, a study found that older age,
lower educational levels, and lower income were associated with poorer adherence to SMBG [31]. The lack of
significant associations in the current study may be attributed to the homogeneous nature of the study
population or the influence of other factors that were not captured in the study [32].

Regarding diabetes management factors, the present study revealed significant associations between the use
of oral hypoglycemic medications and insulin injections and higher adherence to SMBG. Patients taking
these medications were more likely to be moderately or highly adherent to SMBG. This finding is consistent
with previous research, which has shown that patients on pharmacological treatments for diabetes tend to
be more diligent in monitoring their blood glucose levels [33]. It is possible that patients on medication
perceive a greater need to monitor their blood glucose levels to assess the effectiveness of their treatment
and make necessary adjustments [34].

Interestingly, the presence of comorbidities, such as hypertension, high cholesterol, and obesity, did not
significantly influence adherence to SMBG in the current study. This finding contradicts previous studies
that have reported an association between comorbidities and SMBG adherence [35]. It is possible that the
presence of comorbidities alone may not be a strong predictor of SMBG adherence, and other factors, such as
perceived severity, disease knowledge, and self-efficacy, may play a more significant role [36].

The lack of significant associations between some diabetes management factors (e.g., physical exercise, diet,
frequency of GP visits, and attendance at diabetes education sessions) and SMBG adherence in the current
study is noteworthy. These findings suggest that simply providing educational interventions or encouraging
lifestyle modifications may not be sufficient to improve SMBG adherence. A more comprehensive approach
that addresses individual barriers, motivations, and self-efficacy may be necessary to enhance adherence to
SMBG [37].

The findings of this study have important implications for healthcare professionals and policymakers in
Saudi Arabia. The suboptimal adherence to SMBG highlights the need for targeted interventions to improve
diabetes management and prevent complications. Healthcare providers should focus on identifying and
addressing individual barriers to SMBG adherence, such as psychological factors, fingertip pain, and
frustration with high blood glucose readings [38]. Providing tailored education, emotional support, and
practical strategies can help overcome these barriers and empower patients to take an active role in their
diabetes management.

Limitations
This study has several limitations that should be considered when interpreting the findings. First, the cross-
sectional design of the study limits the ability to establish causal relationships between the variables
examined. While associations between factors such as medication use and SMBG adherence were observed,
the cross-sectional nature of the data does not allow for determining the direction of these relationships.

Second, the study was conducted in a specific geographic region, the Al-Ahsa governorate of Saudi Arabia.
While this area has a large population and represents an important region for diabetes management, the
findings may not be fully generalizable to the entire Saudi population or other regions with different
demographic and cultural characteristics.

Future studies could address these limitations by employing longitudinal or prospective study designs,
expanding the geographic scope to include multiple regions or a nationally representative sample, and using
more objective measures of SMBG adherence, such as electronic monitoring devices or direct observation by
healthcare providers.

Implications
The findings of this study have several important implications for healthcare practice, policy, and future
research related to diabetes management in Saudi Arabia.

From a healthcare practice perspective, the suboptimal adherence to SMBG observed in this study highlights
the need for targeted interventions to support and improve adherence among patients with type 2 diabetes.
Healthcare providers should prioritize identifying and addressing individual barriers to SMBG adherence,
such as psychological factors, pain associated with finger pricks, and frustration with high blood glucose
readings. Tailored education, emotional support, and practical strategies can help overcome these barriers
and empower patients to take an active role in their diabetes self-management.
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Furthermore, the integration of technology into diabetes care presents promising opportunities to enhance
SMBG adherence and overall disease management. Mobile applications, continuous glucose monitoring
systems, and telemedicine solutions have shown the potential to improve diabetes outcomes by providing
real-time feedback, reminders, and support. Implementing and promoting the use of such technologies in
Saudi Arabia's healthcare system could facilitate better monitoring, enhance patient engagement, and
ultimately improve glycemic control and patient outcomes.

From a policy perspective, healthcare policies and programs should prioritize the promotion of SMBG
adherence and diabetes self-management education. Collaborative efforts between healthcare providers,
policymakers, patient advocacy groups, and technology companies can help develop effective strategies to
address the unique challenges faced by patients in Saudi Arabia. Such efforts may include increasing
awareness, providing access to affordable monitoring devices and supplies, and fostering a supportive
environment for diabetes self-management.

Additionally, further research is needed to explore the complex interplay of factors influencing SMBG
adherence, including psychological, social, cultural, and environmental factors. Qualitative studies can
provide deeper insights into the barriers and facilitators experienced by patients, while longitudinal studies
can examine the long-term effects of interventions on adherence and clinical outcomes.

Conclusions
In conclusion, the present study revealed suboptimal adherence to SMBG among patients with T2DM
attending primary healthcare centers in the Al-Ahsa governorate of Saudi Arabia. While demographic factors
did not significantly influence adherence levels, the use of oral hypoglycemic medications and insulin
injections was associated with higher adherence to SMBG. These findings underscore the need for targeted
interventions to improve SMBG adherence and overall diabetes management in this population. Addressing
individual barriers, providing tailored education and support, and integrating technology-based solutions
may be effective strategies to enhance adherence and empower patients to take an active role in their care.
Moreover, healthcare policies and programs should prioritize the promotion of SMBG adherence and
diabetes self-management education. Collaborative efforts between healthcare providers, policymakers, and
patient advocacy groups are crucial to developing effective strategies that address the unique challenges
faced by patients in Saudi Arabia.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Afnan Y. AlRasheed, Hajer Hashim, Hassan Alrofaie

Acquisition, analysis, or interpretation of data:  Afnan Y. AlRasheed, Hajer Hashim, Hassan Alrofaie

Drafting of the manuscript:  Afnan Y. AlRasheed, Hajer Hashim, Hassan Alrofaie

Critical review of the manuscript for important intellectual content:  Afnan Y. AlRasheed, Hajer
Hashim, Hassan Alrofaie

Supervision:  Afnan Y. AlRasheed

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board (IRB) of the Ministry of Health issued approval 76-EP-2023. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance
with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References
1. Galicia-Garcia U, Benito-Vicente A, Jebari S, et al.: Pathophysiology of type 2 diabetes mellitus . Int J Mol

Sci. 2020, 21:6275. 10.3390/ijms21176275
2. Sun H, Saeedi P, Karuranga S, et al.: IDF Diabetes Atlas: Global, regional and country-level diabetes

prevalence estimates for 2021 and projections for 2045. Diabetes Res Clin Pract. 2022, 183:109119.

 

2024 AlRasheed et al. Cureus 16(7): e65545. DOI 10.7759/cureus.65545 11 of 13

https://dx.doi.org/10.3390/ijms21176275
https://dx.doi.org/10.3390/ijms21176275
https://dx.doi.org/10.1016/j.diabres.2021.109119


10.1016/j.diabres.2021.109119
3. Al Dawish MA, Robert AA, Braham R, Al Hayek AA, Al Saeed A, Ahmed RA, Al Sabaan FS: Diabetes mellitus

in Saudi Arabia: a review of the recent literature. Curr Diabetes Rev. 2016, 12:359-68.
10.2174/1573399811666150724095130

4. Robert AA, Al Dawish MA, Braham R, Musallam MA, Al Hayek AA, Al Kahtany NH: Type 2 diabetes mellitus
in Saudi Arabia: major challenges and possible solutions. Curr Diabetes Rev. 2017, 13:59-64.
10.2174/1573399812666160126142605

5. Elhadd TA, Al-Amoudi AA, Alzahrani AS: Epidemiology, clinical and complications profile of diabetes in
Saudi Arabia: a review. Ann Saudi Med. 2007, 27:241-50. 10.5144/0256-4947.2007.241

6. David P, Singh S, Ankar R: A comprehensive overview of skin complications in diabetes and their
prevention. Cureus. 2023, 15:e38961. 10.7759/cureus.38961

7. Cade WT: Diabetes-related microvascular and macrovascular diseases in the physical therapy setting . Phys
Ther. 2008, 88:1322-35. 10.2522/ptj.20080008

8. Alhowaish AK: Economic costs of diabetes in Saudi Arabia . J Family Community Med. 2013, 20:1-7.
10.4103/2230-8229.108174

9. Davies MJ, Aroda VR, Collins BS, et al.: Management of hyperglycemia in type 2 diabetes, 2022. A consensus
report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes
(EASD). Diabetes Care. 2022, 45:2753-86. 10.2337/dci22-0034

10. Glycemic targets: standards of medical care in diabetes - 2022 . Diabetes Care. 2022, 45:S83-96.
10.2337/dc22-S006

11. Baranwal JK, Maskey R, Chaudhari RK, Sherchand O: Assessment of achievement of American Diabetes
Association (ADA) targets in patients with type 2 diabetes mellitus at a tertiary care centre in eastern Nepal.
Diabetes Metab Syndr Obes. 2020, 13:2959-64. 10.2147/DMSO.S262643

12. Czupryniak L, Barkai L, Bolgarska S, et al.: Self-monitoring of blood glucose in diabetes: from evidence to
clinical reality in Central and Eastern Europe - recommendations from the international Central-Eastern
European expert group. Diabetes Technol Ther. 2014, 16:460-75. 10.1089/dia.2013.0302

13. Powers MA, Davidson J, Bergenstal RM: Glucose pattern management teaches glycemia-related problem-
solving skills in a diabetes Self-Management Education Program. Diabetes Spectr. 2013, 26:91-7.
10.2337/diaspect.26.2.91

14. Ong WM, Chua SS, Ng CJ: Barriers and facilitators to self-monitoring of blood glucose in people with type 2
diabetes using insulin: a qualitative study. Patient Prefer Adherence. 2014, 8:237-46. 10.2147/PPA.S57567

15. Shaban MM, Sharaa HM, Amer FG, Shaban M: Effect of digital based nursing intervention on knowledge of
self-care behaviors and self-efficacy of adult clients with diabetes. BMC Nurs. 2024, 23:130. 10.1186/s12912-
024-01787-2

16. Jamal A, Tharkar S, Babaier WS, et al.: Blood glucose monitoring and sharing amongst people with diabetes
and their facilitators: cross-sectional study of methods and practices. JMIR Diabetes. 2021, 6:e29178.
10.2196/29178

17. Gucciardi E, Fortugno M, Senchuk A, Beanlands H, McCay E, Peel EE: Self-monitoring of blood glucose in
black Caribbean and South Asian Canadians with non-insulin treated type 2 diabetes mellitus: a qualitative
study of patients’ perspectives. BMC Endocr Disord. 2013, 13:46. 10.1186/1472-6823-13-46

18. Nagelkerk J, Reick K, Meengs L: Perceived barriers and effective strategies to diabetes self-management . J
Adv Nurs. 2006, 54:151-8. 10.1111/j.1365-2648.2006.03799.x

19. Rodríguez-Gutiérrez R, Montori VM: Glycemic control for patients with type 2 diabetes mellitus: our
evolving faith in the face of evidence. Circ Cardiovasc Qual Outcomes. 2016, 9:504-12.
10.1161/CIRCOUTCOMES.116.002901

20. Krishnan V, Thirunavukkarasu J: Assessment of knowledge of self blood glucose monitoring and extent of
self titration of anti-diabetic drugs among diabetes mellitus patients - a cross sectional, community based
study. J Clin Diagn Res. 2016, 10:FC09-11. 10.7860/JCDR/2016/18387.7396

21. Chen M, Yun Q, Lin H, et al.: Factors related to diabetes self-management among patients with type 2
diabetes: a Chinese cross-sectional survey based on self-determination theory and social support theory.
Patient Prefer Adherence. 2022, 16:925-36. 10.2147/PPA.S335363

22. Fallatah MS, Alghamdi GS, Alzahrani AA, Sadagah MM, Alkharji TM: Insights into medication adherence
among patients with chronic diseases in Jeddah, Saudi Arabia: a cross-sectional study. Cureus. 2023,
15:e37592. 10.7759/cureus.37592

23. Krzemińska S, Lomper K, Chudiak A, Ausili D, Uchmanowicz I: The association of the level of self-care on
adherence to treatment in patients diagnosed with type 2 diabetes. Acta Diabetol. 2021, 58:437-45.
10.1007/s00592-020-01628-z

24. Alhaiti AH, Senitan M, Dator WL, et al.: Adherence of type 2 diabetic patients to self-care activity: tertiary
care setting in Saudi Arabia. J Diabetes Res. 2020, 2020:4817637. 10.1155/2020/4817637

25. Klupa T, Czupryniak L, Dzida G, et al.: Expanding the role of continuous glucose monitoring in modern
diabetes care beyond type 1 disease. Diabetes Ther. 2023, 14:1241-66. 10.1007/s13300-023-01431-3

26. Han CY, Zhang J, Ye XM, et al.: Telemedicine-assisted structured self-monitoring of blood glucose in
management of T2DM results of a randomized clinical trial. BMC Med Inform Decis Mak. 2023, 23:182.
10.1186/s12911-023-02283-4

27. Sia HK, Kor CT, Tu ST, Liao PY, Wang JY: Self-monitoring of blood glucose in association with glycemic
control in newly diagnosed non-insulin-treated diabetes patients: a retrospective cohort study. Sci Rep.
2021, 11:1176. 10.1038/s41598-021-81024-x

28. Wang P, Abdin E, Sambasivam R, Chong SA, Vaingankar JA, Subramaniam M: Smoking and Socio-
demographic correlates of BMI. BMC Public Health. 2016, 16:500. 10.1186/s12889-016-3182-y

29. Lv W, Luo J, Long Q, Yang J, Wang X, Guo J: Factors associated with adherence to self-monitoring of blood
glucose among young people with type 1 diabetes in China: a cross-sectional study. Patient Prefer
Adherence. 2021, 15:2809-19. 10.2147/PPA.S340971

30. AlBurno H, Schneider F, de Vries H, Al Mohannadi D, Mercken L: Determinants of adherence to insulin and
blood glucose monitoring among adolescents and young adults with type 1 diabetes in Qatar: a qualitative

 

2024 AlRasheed et al. Cureus 16(7): e65545. DOI 10.7759/cureus.65545 12 of 13

https://dx.doi.org/10.1016/j.diabres.2021.109119
https://dx.doi.org/10.2174/1573399811666150724095130
https://dx.doi.org/10.2174/1573399811666150724095130
https://dx.doi.org/10.2174/1573399812666160126142605
https://dx.doi.org/10.2174/1573399812666160126142605
https://dx.doi.org/10.5144/0256-4947.2007.241
https://dx.doi.org/10.5144/0256-4947.2007.241
https://dx.doi.org/10.7759/cureus.38961
https://dx.doi.org/10.7759/cureus.38961
https://dx.doi.org/10.2522/ptj.20080008
https://dx.doi.org/10.2522/ptj.20080008
https://dx.doi.org/10.4103/2230-8229.108174
https://dx.doi.org/10.4103/2230-8229.108174
https://dx.doi.org/10.2337/dci22-0034
https://dx.doi.org/10.2337/dci22-0034
https://dx.doi.org/10.2337/dc22-S006
https://dx.doi.org/10.2337/dc22-S006
https://dx.doi.org/10.2147/DMSO.S262643
https://dx.doi.org/10.2147/DMSO.S262643
https://dx.doi.org/10.1089/dia.2013.0302
https://dx.doi.org/10.1089/dia.2013.0302
https://dx.doi.org/10.2337/diaspect.26.2.91
https://dx.doi.org/10.2337/diaspect.26.2.91
https://dx.doi.org/10.2147/PPA.S57567
https://dx.doi.org/10.2147/PPA.S57567
https://dx.doi.org/10.1186/s12912-024-01787-2
https://dx.doi.org/10.1186/s12912-024-01787-2
https://dx.doi.org/10.2196/29178
https://dx.doi.org/10.2196/29178
https://dx.doi.org/10.1186/1472-6823-13-46
https://dx.doi.org/10.1186/1472-6823-13-46
https://dx.doi.org/10.1111/j.1365-2648.2006.03799.x
https://dx.doi.org/10.1111/j.1365-2648.2006.03799.x
https://dx.doi.org/10.1161/CIRCOUTCOMES.116.002901
https://dx.doi.org/10.1161/CIRCOUTCOMES.116.002901
https://dx.doi.org/10.7860/JCDR/2016/18387.7396
https://dx.doi.org/10.7860/JCDR/2016/18387.7396
https://dx.doi.org/10.2147/PPA.S335363
https://dx.doi.org/10.2147/PPA.S335363
https://dx.doi.org/10.7759/cureus.37592
https://dx.doi.org/10.7759/cureus.37592
https://dx.doi.org/10.1007/s00592-020-01628-z
https://dx.doi.org/10.1007/s00592-020-01628-z
https://dx.doi.org/10.1155/2020/4817637
https://dx.doi.org/10.1155/2020/4817637
https://dx.doi.org/10.1007/s13300-023-01431-3
https://dx.doi.org/10.1007/s13300-023-01431-3
https://dx.doi.org/10.1186/s12911-023-02283-4
https://dx.doi.org/10.1186/s12911-023-02283-4
https://dx.doi.org/10.1038/s41598-021-81024-x
https://dx.doi.org/10.1038/s41598-021-81024-x
https://dx.doi.org/10.1186/s12889-016-3182-y
https://dx.doi.org/10.1186/s12889-016-3182-y
https://dx.doi.org/10.2147/PPA.S340971
https://dx.doi.org/10.2147/PPA.S340971
https://dx.doi.org/10.12688/f1000research.123468.2


study. F1000Res. 2022, 11:907. 10.12688/f1000research.123468.2
31. Kassahun A, Gashe F, Mulisa E, Rike WA: Nonadherence and factors affecting adherence of diabetic patients

to anti-diabetic medication in Assela General Hospital, Oromia Region, Ethiopia. J Pharm Bioallied Sci.
2016, 8:124-9. 10.4103/0975-7406.171696

32. Fullerton SM, Yu JH, Crouch J, Fryer-Edwards K, Burke W: Population description and its role in the
interpretation of genetic association. Hum Genet. 2010, 127:563-72. 10.1007/s00439-010-0800-0

33. Siraj J, Abateka T, Kebede O: Patients’ adherence to anti-diabetic medications and associated factors in
Mizan-Tepi University Teaching Hospital: a cross-sectional study. Inquiry. 2021, 58:469580211067477.
10.1177/00469580211067477

34. Benjamin EM: Self-monitoring of blood glucose: the basics. Clin Diabetes. 2002, 20:45-7.
10.2337/diaclin.20.1.45

35. Sendekie AK, Netere AK, Kasahun AE, Belachew EA: Medication adherence and its impact on glycemic
control in type 2 diabetes mellitus patients with comorbidity: a multicenter cross-sectional study in
Northwest Ethiopia. PLoS One. 2022, 17:e0274971. 10.1371/journal.pone.0274971

36. Gillani SW, Ansari IA, Zaghloul HA, Abdul MI, Sulaiman SA, Baig MR, Rathore HA: Women with type 1
diabetes mellitus: effect of disease and psychosocial-related correlates on health-related quality of life. J
Diabetes Res. 2018, 2018:4079087. 10.1155/2018/4079087

37. Yeh YK, Yen FS, Hwu CM: Diet and exercise are a fundamental part of comprehensive care for type 2
diabetes. J Diabetes Investig. 2023, 14:936-9. 10.1111/jdi.14043

38. Alhussein NA, Mahzari MM, Aljumaie NM, Alosaimi MI, Almansouf AS, Alkahtani FK: Diabetes Self-
Management among healthcare providers in King Abdulaziz Medical City, Riyadh: a cross-sectional pilot
study. Cureus. 2021, 13:e18155. 10.7759/cureus.18155

 

2024 AlRasheed et al. Cureus 16(7): e65545. DOI 10.7759/cureus.65545 13 of 13

https://dx.doi.org/10.12688/f1000research.123468.2
https://dx.doi.org/10.4103/0975-7406.171696
https://dx.doi.org/10.4103/0975-7406.171696
https://dx.doi.org/10.1007/s00439-010-0800-0
https://dx.doi.org/10.1007/s00439-010-0800-0
https://dx.doi.org/10.1177/00469580211067477
https://dx.doi.org/10.1177/00469580211067477
https://dx.doi.org/10.2337/diaclin.20.1.45
https://dx.doi.org/10.2337/diaclin.20.1.45
https://dx.doi.org/10.1371/journal.pone.0274971
https://dx.doi.org/10.1371/journal.pone.0274971
https://dx.doi.org/10.1155/2018/4079087
https://dx.doi.org/10.1155/2018/4079087
https://dx.doi.org/10.1111/jdi.14043
https://dx.doi.org/10.1111/jdi.14043
https://dx.doi.org/10.7759/cureus.18155
https://dx.doi.org/10.7759/cureus.18155

	Adherence to Self-Monitoring of Blood Glucose and Its Related Factors Among Type 2 Diabetic Patients Attending Al-Ahsa Primary Health Care Centers in Saudi Arabia
	Abstract
	Introduction
	Materials And Methods
	Study design
	Study area and settings
	Study population
	Inclusion criteria
	Exclusion criteria
	Sample size and sampling technique
	Data collection
	Data collection procedure
	Data management and analysis
	Ethical considerations

	Results
	TABLE 1: Demographics of study participants
	TABLE 2: Adherence to self-monitoring of blood glucose (SMBG) among type 2 diabetic patients
	TABLE 3: Distribution of adherence to self-monitoring of blood glucose by HbA1c levels
	TABLE 4: Demographic characteristics and adherence to self-monitoring of blood glucose (SMBG)
	TABLE 5: Relationship between diabetes management factors and adherence to self-monitoring of blood glucose (SMBG)

	Discussion
	Limitations
	Implications

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


