Exploratory Research in Clinical and Social Pharmacy 19 (2025) 100617

Contents lists available at ScienceDirect

Exploratory Research in Clinical and Social Pharmacy

OPEN ACCESS

journal homepage: www.elsevier.com/locate/rcsop

ELSEVIER

Impact of clinical pharmacist video-based education on self-care and
glycemic control in Sudanese adults with type 2 diabetes: A pre-post
interventional study

Safaa Badi ', Sara Zainelabdein Suliman“, Rayan Almahdi”, Mohammed A. Aldomah
Habab Khalid Elkheir >", Mohamed Izham Mohamed Ibrahim ©, Mohamed H. Ahmed “**

& Department of Clinical Pharmacy, Faculty of Pharmacy, Omdurman Islamic University, Khartoum 14415, Sudan

b Department of Clinical Pharmacy, University of Science and Technology, Khartoum 14411, Sudan

¢ Department of Clinical Pharmacy and Practice, College of Pharmacy, QU Health, Qatar University, Doha, P.O. Box 2713, Qatar

4 Department of Medicine and HIV Metabolic Clinic, Milton Keynes University Hospital NHS Foundation Trust, Eaglestone, Milton Keynes, Buckinghamshire, UK
¢ Department of Geriatric Medicine, Milton Keynes University Hospital NHS Foundation Trust, Eaglestone, Milton Keynes, Buckinghamshire, UK

f Faculty of Medicine and Health Sciences, University of Buckingham, UK

ARTICLE INFO ABSTRACT

Keywords:

Self-care practices
Clinical pharmacist
Glycemic parameters
Diabetes control
Education

Background: Diabetes affects various body systems, increasing the risk of complications.

Objectives: This study assessed the impact of clinical pharmacist-associated education on diabetes self-care
practices and glycemic control in Sudanese individuals with Type 2 Diabetes Mellitus (T2DM).

Design and methods: This quasi-experimental study with no control group recruited 110 adults with T2DM from a
diabetes clinic over 12 months using simple random sampling. We collected data through interviews and calls.
Participants received 12 educational videos covering diabetes management. The intervention was video-based
and delivered over 5 months. We analyzed data using SPSS version 28.

Results: The mean age of participants was 56.2 + 10.3 years. Self-care practices significantly improved over time.
Fasting blood glucose (FBG) levels decreased by 16.7 mg/dL at 6 months (p = 0.009) and 41.9 mg/dL at 12
months (p < 0.001). Two-hour postprandial glucose levels dropped by 18.7 mg/dL at 6 months (p = 0.006) and
61.8 mg/dL at 12 months (p < 0.001). HbAlc levels decreased by 1 % at6 months (p < 0.001) and 1.9 % at 12
months (p < 0.001). The effect size (Cohen’s d) was increased from 0.26 at 6 months to 0.74 at 12 months.
Similarly, it was increased for 2hrsPPG from 0.2 at 6 months to 0.74 at 12 months. For HbAlc, it was increased
from 0.62 at 6 months to 1.25 at 12 months, indicating clinically meaningful improvement in long-term glycemic
control following the pharmacist intervention. LDL decreased by 9.2 mg/dL at 12 months (p < 0.001), and HDL
increased by 5.5 mg/dL at 12 months (p = 0.002). Changes in BUN and serum creatinine were insignificant.
Conclusion: Clinical pharmacist education improved diabetes self-care practices and metabolic outcomes,
including glycemic control and lipid profiles, demonstrating its role in achieving therapeutic goals for patients
with T2DM.

1. Introduction glycated hemoglobin (HbAlc), as each 1 % reduction significantly re-

duces the risk of major complications.'® Diabetes care involves both

The prevalence of diabetes in Sudan has increased significantly over
the last two decades, driven by rising obesity, sedentary lifestyles, and
excessive carbohydrate intake.' Poorly managed type 2 diabetes
mellitus (T2DM) can lead to serious complications, disability, and early
death, with increased risks of heart attack, stroke, nephropathy, reti-
nopathy, and neuropathy.*® Effective management aims to lower
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pharmacological and non-pharmacological strategies, emphasizing
adherence and self-management as key components.'! While insulin is
essential for type 1 diabetes, it is used in T2DM when other treatments
fail to maintain glycemic control.'? Intensive insulin therapy and oral
hypoglycemics have proven effective in improving outcomes in
T2DM.'>'°The American Diabetes Association (ADA) emphasizes
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several factors in selecting T2DM medications, including efficacy,
weight impact, hypoglycemia risk, administration route, cardiovascular
and renal effects, cost, and potential side effects. For instance, conges-
tive heart failure is associated with pioglitazone or rosiglitazone use.
Despite pharmacological interventions, many patients remain uncon-
trolled, highlighting the importance of non-pharmacological mea-
sures.'* Nutrition therapy must be individualized and evidence-based. A
dietician evaluates the patient’s current dietary habits and collaborates
to develop a tailored nutrition-care plan.'>'® Medical nutrition therapy
(MNT), as defined by the CDC and ADA, is a cornerstone of T2DM
management, with proven benefits for HbAlc and other outcomes.'”>'®
The ADA’s evidence-based dietary recommendations and 2020 guide-
lines also advocate regular physical activity, aerobic exercises, and
flexibility training to improve metabolic control.'?

Weight reduction is prioritized in T2DM care, particularly for over-
weight or obese patients. Losing at least 5 % of body weight improves
glycemic control and cardiovascular health.'*?° Weight loss can be
achieved through lifestyle modifications, medications, or bariatric
surgery.”’

Psychological health is another critical component of diabetes care.
T2DM patients face a heightened risk of psychological distress, which
can negatively impact adherence and health outcomes.'®?' In-
terventions like cognitive-behavioral therapy (CBT), motivational
interviewing (MI), and client-centered therapy (CCT) have been effec-
tive in addressing diabetes distress.'*>! Smoking cessation is also vital,
with counselling and treatment playing essential roles in reducing
associated risks.’

Self-management refers to a patient-driven approach to managing
diabetes through informed decisions and specific behaviors, often in
collaboration with healthcare providers.?>* Diabetes Self-Management
Education and Support (DSMES) is a globally recognized cornerstone of
quality diabetes care, aimed at equipping individuals with the knowl-
edge, skills, and confidence needed to manage their condition effectively
through structured education and personalized support.”* In Sudan,
where access to specialist care and DSMES is limited, pharmacist-led
interventions offer a practical, cost-effective, and scalable solution. By
utilizing the accessibility and expertise of pharmacists, DSMES can be
more consistently and equitably delivered, empowering patients to take
control of their health and reducing the risk of complications. The ADA
incorporates DSMES programs as one of six core elements in its chronic
care model, with proven benefits for metabolic control, prognosis, and
quality of life (QoL).19’23’25

Effective diabetes self-care involves lifestyle changes, including ex-
ercise, weight control, dietary adjustments, blood glucose monitoring,
and proper medication use. In Sudan, traditional diets rich in starch
make dietary control challenging for many T2DM patients.?® This un-
derscores the need for tailored interventions that consider cultural and
dietary habits. Clinical pharmacists play a vital role in T2DM manage-
ment by optimizing therapies, resolving drug-related issues, and
improving patient education and adherence, which enhances outcomes
and reduces healthcare costs.?”**® They support patients through edu-
cation on glucose monitoring, physical assessments, and adherence
tools, with studies confirming the effectiveness of pharmacist-led in-
terventions in improving glycemic control.?’*! Barriers to effective
diabetes care in Sudan include limited access to specialists, poor conti-
nuity of care, low health literacy, inadequate adherence, and insufficient
counselling.

Given pharmacists’ accessibility; especially in community settings,
they are well-positioned to provide regular education, support, and task-
shifted care. Implementing pharmacist-led interventions could fill crit-
ical gaps in Sudan’s diabetes care system, offering cost-effective and
continuous support that improves patient outcomes in a resource-
limited environment. Few studies have focused on Sudanese health-
care settings, where pharmacists’ roles in chronic illness management
are still underexplored. We have recently shown that pharmacist lead
intervention in Sudan is associated with improving knowledge, attitude,
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patients’ quality of life, treatment satisfaction and medication
adherence.”’*%33

Despite the presence of specialized diabetes centers in Khartoum,
pharmacist-managed clinics, this is the first study in Sudan to implement
and assess a video-based diabetes education program led by clinical
pharmacists, representing a novel, culturally tailored approach in a
resource-limited setting and enables scalable, low-cost education de-
livery. This study aimed to evaluate the impact of clinical pharmacist
education on diabetes self-care and glycemic control in Sudanese adults
with Type 2 Diabetes.

2. Methods
2.1. Study design

This study was a quasi-experimental pre-post interventional study
without a control group.

2.2. Study site

The study was conducted at a diabetes clinic located at Omdurman
Military Hospital (OMH). OMH is a secondary healthcare hospital
located in Khartoum state and contains about 704 beds. The clinic
provides services for TIDM and T2DM, and it contains an outpatient
clinic that receives patients with diabetes two times per week. The clinic
staff includes: diabetes physician, dietician, specialist nurse and
pharmacist.

2.3. Study population

Adult individuals with T2DM attend the diabetes clinic at OMH.
2.4. Study period

We collected the data from January 2021 to January 2022.
2.5. Inclusion and exclusion criteria

Individuals with T2DM aged more than 18 years (adult, older adult)
of both sexes and attending the outpatient clinic were eligible for the
study. We excluded any pregnant patients with diabetes, patients
currently using diabetogenic medications and any patients who were
unable to communicate from the study.

A total of 140 adult patients with T2DM attending the outpatient
diabetes clinic at Omdurman Military Hospital (OMH) were initially
assessed for eligibility. Of these, 30 individuals were excluded; 15 did
not meet the inclusion criteria and 15 declined to participate. A final
sample of 110 eligible participants was enrolled in the study. All 110
enrolled participants completed the full 12-month follow-up period.
There were no dropouts or losses to follow-up during the study, reducing
the risk of attrition bias (Fig. 1).

2.6. Sample size and sampling techniques

We calculated the sample size using OpenEpi based on the following
parameters: a confidence level of 95 % (o = 0.05), a statistical power of
80 % to detect a true effect, and a margin of error of 5 %. The estimated
sample size was 105; but we recruited 110 patients accounting for any
drop out as the study progressed. Participants were selected using simple
random sampling. Each eligible patient attending the clinic was assigned
a number, and numbers were randomly drawn to select participants
until the target sample size was reached.

2.7. Data collection tool and method

We collected the data over 12 months through face-to-face
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Enrollment

Screened and assessed
for the eligibility n=140

Excluded (n=30):

Not meeting inclusion criteria
(n=5)

L

Refused to participate (n=25)

Allocation

Allocated to intervention
(n=110)

Received allocated

intervention (n=110)

Follow-up

Participants were
followed-up for 12
months

Lost to follow-up:

_
No dropout had been

reported

Analysis

110 participants were
analyzed

Fig. 1. Flow of participants through each stage of the study.

interviews and telephone calls. We scheduled six sessions throughout
the period of data collection, during which we collected the baseline
information of the participants, provided the participants with the
educational materials and recorded the laboratory results at baseline,
during the follow-up period and at the end of the study. Laboratory
investigations were requested and performed at the discretion of each
patient’s Primary Care Physician (PCPs). Patients were managed by
their assigned PCPs per usual care plus clinical pharmacist education.
We provided twelve educational videos covered all information about
diabetes mellitus to the participants over five months. We blinded both
data collectors and biostatisticians to the study condition assignment to
reduce assessment bias. They were not informed about the content or
timing of the educational program provided to participants. The blind-
ing ensured that data collection, entry, and analysis were carried out
objectively, without effect of participants’ exposure to the intervention.

The self-care questionnaire used in this study was based on a previ-
ously validated tool by Farag et al.,>* which demonstrated strong in-
ternal consistency in a Sudanese population (Cronbach’s alpha = 0.869).
For the present study, the questionnaire was further reviewed to ensure
its relevance, clarity, and cultural appropriateness for the specific cohort
at Omdurman Military Hospital. The instrument was translated from
English to Arabic using a forward-backward translation process con-
ducted by bilingual clinical pharmacy experts. The translated version
was then reviewed by an expert panel comprising two clinical phar-
macists, a diabetologist, and a public health specialist to ensure se-
mantic and conceptual equivalence. A pilot test was conducted with 10
patients from the same clinical setting who were not included in the final
study sample. Feedback was collected on item clarity, language
simplicity, and cultural appropriateness. Minor linguistic and formatting
adjustments were made accordingly. The pilot confirmed that the in-
strument was well-understood and acceptable to participants with var-
ied literacy levels, supporting its use in the main study.

The questionnaire consisted of three sections; section one included
the socio-demographic data and the medical history of the participants.
The second section consisted of questions assessing the participants’ self-

care practices towards DM.>* Section three consisted of the laboratory
investigations that included glycemic parameters (FBG, 2hrsPPG,
HbAlc), lipid profile (HDL, LDL, TG, TC).

2.8. Intervention (education)

In this phase, we provided the educational materials to the partici-
pants in the form of videos sent throughout the period of intervention.
The educational videos were primarily delivered via WhatsApp, a widely
used mobile messaging platform in Sudan, ensuring ease of access and
minimal technical barriers. Participants who did not have access to
WhatsApp or smartphones were offered the videos through in-person file
transfer during clinic visits. This flexible, multimodal delivery approach
ensured that all participants, regardless of digital literacy or internet
availability, could access the content. Participants were instructed to
view each video at their convenience and were encouraged to rewatch
the materials as needed. We distributed 12 videos over a 5-month
period. Participant engagement with the videos was monitored
through self-report during scheduled follow-up phone calls and clinic
visits. In each session, participants were asked whether they had
watched the assigned videos, how many times, and whether they found
the content understandable and useful. While no digital viewing logs
were used due to technological limitations in the setting, this self-
reported feedback was recorded to assess adherence to the educational
component. Participants were also encouraged to ask questions and
share reflections related to video content, further reinforcing engage-
ment and comprehension. Participants received 4 videos in the first
month, and 2 videos each month for the next 4 months. Each video was
in MP4 format and lasted from 4 to 7 min.. Before full distribution, the
videos had been piloted with a small sample of the target population to
ensure clarity, cultural relevance, and engagement. We did minor im-
provements to content and design based on pilot feedback. All videos
were linguistically and culturally tailored including locally relevant
language, examples, and illustrations to ensure that they related to the
intended Arabic-speaking population. To reduce the potential of
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contamination from non-study staff or other educational sources, the
educational videos was exclusively given by the principal investigator.
Furthermore, we carried out data collection independently through
planned interviews and follow-up calls, limiting participants’ exposure
to unintentionally diabetes education throughout the intervention.
Although the study did not specifically assess exposure to external
sources, the structured and consistent nature of the intervention reduced
the likelihood of contamination. In those videos, we provided detailed
information about diabetes such as:

Diabetes mellitus pathophysiology, blood glucose goals, HbAlc
goals, management of hyperglycemic and hypoglycemic episodes
and how to avoid them.

Information regarding DM medications includes the mode and time
of use, possible contraindications, possible side effects, and man-
aging them.

The importance of patients’ adherence to their healthy diet, medi-
cations and physician’s instructions.

Counselling regarding lifestyle modifications, including exercise,
weight management, diet modifications, and how to count daily
calories.

The importance of self-care activities to manage their diabetes,
including self-monitoring of their blood glucose, foot care, eye care,
management of diabetes during sick days, diabetes and special
conditions (like diabetes and sexual life, diabetes and infection,
diabetes in the elderly patients, etc.).

2.9. Outcome measures

We measured HbAlc, Fasting blood glucose (FBG) and two hours
postprandial blood glucose (2hrsPPG) at baseline, 6 months, and 12
months for all participants. In addition, we measured lipid profile and
renal function tests for all participants at baseline and at 12 months.
Glycemic parameters (FBG, 2hrsPPG, and HbAlc) were measured at
baseline, 6 months, and 12 months to allow for more frequent moni-
toring of short-term and intermediate-term changes in glucose control,
which are direct indicators of diabetes management effectiveness and
sensitive to educational interventions. In contrast, lipid profile and renal
function parameters were assessed only at baseline and at 12 months.
This is because meaningful changes in lipid levels and renal biomarkers
typically require a longer duration to manifest and are less sensitive to
short-term behavioral or educational interventions. Participants
continued to receive routine medical care from their assigned primary
care physicians throughout the study period. Any adjustments in anti-
diabetic medications including dose changes or additions of new agents
were made at the discretion of the treating physicians, independent of
the study team. No protocol-driven medication adjustments were
implemented as part of the intervention.

2.10. Data analysis

We analyzed the data by using the Statistical Package for the Social
Sciences (SPSS) version 28. We performed descriptive statistics to
describe the data and inferential statistics to determine any significant
difference between the outcome variables at two and three points. We
performed paired sample t-test to compare the mean difference of lipid
and renal function parameters at baseline and 12 months. In addition,
We performed repeated measure ANOVA to compare the mean differ-
ence of FBG, 2hrsPPG and HbAlc levels at baseline, 6 months and 12
months. We have addressed data of the baseline laboratory values using
multiple imputation in SPSS, with the assumption of missing at random
(MAR). We created five imputed datasets using the Full Conditional
Specification (FCS) approach. Analyses were performed individually
and pooled using Rubin’s rules to control for variability and provide
robust, unbiased estimates.

We presented the data as mean differences, with 95 % confidence
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intervals (CIs) and p-values. Statistical significance was determined at
the level of a = 0.05, with p-values less than 0.05 considered significant.

3. Results
3.1. Baseline characteristics of the participants

3.1.1. Socio-demographic characteristics of the participants at baseline

The sample size in this study was 110 participants. 68.2 % of the
participants were females. The mean age of the participants was 56.2
(£10.3) years. 84.5 % of them were married and 44.5 % have completed
their education till the university level. The mean BMI was 30.1(+5.6)
kg/m2. The mean systolic pressure among the participants was 123.2
(7.2) mmHg, while the mean diastolic pressure was 80.4 (+5.2) mmHg.
The median (Interquartile range, IQR) duration since DM diagnosis for
the total participants was 9 (5-16) years (Table 1).

3.1.2. Family and social history and diabetes-associated complications of
the participants at baseline

Most participants had a family history of diabetes (66.4 %), and more
than half of them had a history of hypertension (51.8 %). Most partici-
pants in this study have never been alcoholic abusers (94.5 %) or
smokers (93.4 %). More than 50 % of participants suffered from episodes
of recurrent hyper or/and hypoglycemia, tooth decay, retinopathy, and
peripheral neuropathy. Among them, tooth decay was the most reported
complication (70.9 %) (Table 2).

3.2. Participant’s self-care practices towards diabetes at baseline and 12
months

At baseline, more than one third (38.2 %) of participants reported
that they have glucometers in their houses. The majority of the partic-
ipants (76.4 %) checked their blood glucose periodically in the labs.
56.4 % of them reported that they examined their feet. 70.9 % of them
were doing exercise. 72.7 % reported that they have a proper meal plan
recommended by their doctor. After 12 months, 44.5 % of the

Table 1
Baseline information of the participants (n = 110).

Socio-demographic characteristics Responses N %

Gender Males 35 31.8
Females 75 68.2

Marital status Unmarried 17 15.5
Married 93 84.5

Age Mean (+SD) 56.2(+10.3)

Educational level Illiterate 17 15.5
Primary school 27 24.5
Secondary school 49 44.5
Bachelor degree 16 14.5
Postgraduate level 1 0.9

BMI: Underweight 0 0
Normal 16 14.5
Overweight 43 39.1
Obese 51 46.4.1

BMI Mean (+SD) 30.1(5.6)

SBP (mmHg), Mean (SD) 123.2(7.2)

SBP N (%) Uncontrolled 14 12.7
Controlled 96 87.3

DBP (mmHg) Mean (SD) 80.4(5.2)

DBP N (%) Uncontrolled 25 22.7
Controlled 85 77.3

Duration since DM diagnosis Median(IQR) 9(5-16)

Duration since DM diagnosis 1-5 27 24.5
6-10 31 28.2
11-15 23 20.9
16-20 17 15.5
> 20 years 12 10.9

SD: standard deviation, BMI: body mass index, DBP: Diastolic blood pressure,
SBP: Systolic Blood Pressure. DM: diabetes mellitus.
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Table 2
Family and social history and Diabetes-associated complications of the partici-
pants at baseline (n = 110).

Variables Responses N %
Family history in first-  Diabetes Yes 73 66.4
degree relatives No 37 33.6
Hypertension Yes 57 51.8
No 53 48.2
Dyslipidemia Yes 38 34.5
No 72 65.5
Social history Alcohol Never 104 945
I stopped 6 5.5
Smoking Never 99 90.0
I stopped 11 10.0
Complications History of renal diseases - 8 7.3
History of cardiac diseases - 13 11.8
Episodes of recurrent - 63 57.3
hyper or/and
hypoglycemia
Tooth decay - 78 70.9
Peripheral neuropathy - 59 53.6
Retinopathy - 65 59.1

Cig: cigarette.

Cardiac problems: Ischemic heart diseases, heart failure, heart valves replace-
ment, stroke, TIA, atherosclerosis.

Renal problems: renal stones, acute kidney injury, chronic kidney diseases,
benign prostatic hyperplasia.

participants had glucometers in their houses, and the majority of them
77.2 % checked their blood glucose by themselves. The participants
showed improvement towards their adherence to physical exercise, foot
and eye care at the end of the study when compared baseline (Table 3).

3.3. Biochemical changes among the participants

3.3.1.1. HbAlc, FBG and 2hrsPPG levels at baseline, 6 month, and 12
month-periods. A pairwise comparison using the Bonferroni correction
showed that the mean difference in FBG level from baseline to 6 months
fell by 16.7 mg/dl (CI, 3.5-30, p = 0.009) and from baseline to 12
months, it fell by 41.9 mg/dl (CI 28.4-55.5, p < 0.001).

Moreover, the mean difference in 2hrsPPG level from baseline to 6
months fell by 18.7 mg/dl (CI, 2.4-39.8, p = 0.006) and from baseline to
12 months, it fell by 61.8 (CI 42.3-81.4, p < 0.001). On the other hand,
the mean difference in HbAlc level from baseline to 6 months fell by 1 %
(CI, 0.6-1.5, p < 0.001) and from baseline to 12 months, it fell by 1.9 %
(CI 1.5-2.2, p < 0.001). Hence the results of the repeated measure
ANOVA indicate a significant time effect for FBG, 2hrsPPG and HbAlc
levels among the three time points (Table 4, Figs. 2 and 3). The inter-
vention showed various degrees of clinical significance for the primary
outcomes. The effect size of FBG was minimal at 6 months (Cohen’s d =
0.26), but increased to a medium-to-large effect by 12 months (d =
0.74), indicating a gradual but considerable improvement in FBG level.
Similarly, the effect size for 2hrsPPG at 6 months was (d = 0.20), but was
increased to 0.74 at 12 months indicating improved postprandial control
with time. In contrast, HbAlc revealed a moderate effect at 6 months (d
= 0.62), which increased to a large effect at 12 months (d = 1.25),
indicating a considerable and clinically meaningful improvement in
long-term glycemic control following the pharmacist-led educational
intervention. To assess the overall clinical relevance of the intervention,
we calculated a composite outcome which is defined as the proportion of
participants achieving a > 1 % reduction in HbAlc from baseline. At 6
months, 61.8 % of participants reached this target, which increased to
78.2 % by 12 months. This summary measure reflects a substantial and
sustained glycemic improvement attributable to the pharmacist-led
video intervention.
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Table 3
Diabetes-related self-care practices at baseline and after 12 months (n = 110).
Practice Responses Before After
N % N %
Having a glucometer at home Yes 42 38.2 49 44.5
No 68 61.8 61 55.5
If yes, check blood sugar witha  Yes 35 83.3 38 77.5
glucometer by the patient? No 7 16.7 11 225
The place where the blood In the lab 84 76.4 76 69.1
sugar is tested In home by 3 2.7 9 8.2
glucometer
Both 23 209 25 22.7
The frequency of testing blood Once amonth 47 42.7 43 39.1
sugar level Once a week 6 5.5 9 8.2
Twice a week 10 9.1 9 8.2
Every 2 8 7.3 9 8.2
months
Every day 3 2.7 3 2.7
Twice a 4 3.6 5 4.5
month
On need 9 8.1 5 4.5
Every 3 23 21.0 27 24.5
months
Doing physical exercise Yes 78 709 94 85.5
No 32 29.1 16 14.5
Frequency of doing physical Median (IQR) 7 (4-7) 7 (4-7)
exercise /week
Examining feet Yes 62 56.4 91 82.7
No 48 436 19 17.3
If yes, the frequency of Once per year 1 1.6 0 0
examining feet Twice per 4 6.5 7 7.7
month
Once per 7 11.3 13 14.3
week
Once per day 45 72.6 56 61.5
Sometimes 0 0 5 5.5
Monthly 2 3.2 6 6.6
Twice a week 3 4.8 4 4.4
Applying moisturizing lotionon  Yes 93 845 93 84.5
feet No 9 8.2 8 7.3
Sometimes 8 7.3 9 8.2
Inspection of the shoes before Yes 88 80.0 91 82.7
putting on No 15 136 5 4.5
Sometimes 7 6.4 14 12.7
Checking eyes in the hospital Yes 65 59 79 71.8
No 45 41 31 28.2
If yes, the frequency of Once per year 29 446 35 44.3
checking eyes in the hospital Once per 9 13.8 13 16.5
month
Once per 3 14 21.6 19 24
months
When I 2 3.1 1 1.3
complain
Every 6 6 9.2 7 8.9
months
Since I had 4 6.2 4 5
DM
6 times /year 1 1.5 0 0
Telling the health care provider  Yes 105 955 110 100
about diabetes before taking No 5 4.5 0 0
any other medicine
Having a proper meal plan Yes 80 72.7 101 91.8
recommended by the doctor? No 30 273 9 8.2

3.3.1.2. Lipid profile and renal function parameters at baseline and 12
month-periods. The Mean difference of the LDL level from baseline to 12
months for participants fell by 9.2 mg/dl (CI, 3-15, p < 0.001) while the
mean difference of the HDL level from baseline to 12 months for the
participants increased by 5.5 mg/dl (CI, 2-8.9, P = 0.002). However
BUN and Scr revealed a statistically insignificant results (Table 4, Fig. 4).

The statistical analysis demonstrates no significant association be-
tween the improvement of patients’ self-care practices and either the
duration of diabetes (p = 0.384) or sex (p = 0.936), suggesting that these
demographic factors do not appear to influence patients’ engagement in
self-care behaviors. Additionally, no significant relationship was found
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Table 4
Pairwise comparisons of the mean difference of the glycemic parameters, lipid profile and renal function parameters at different time points.
Laboratory data  Mean (£SD) at Mean (+SD) Mean difference baseline-6 months P Mean Mean difference baseline-12 months P
baseline At 6 months (95 %, CI) value (£SD) (95 %, CI) value
at12
months
FBG(mg/dl) 169.4 (£74) 152.6( 16.7 (3.5-30) 0.009 127.5(31.7) 41.9 (28.4-55.5) <0.001
+53.8)
2hrsPPG(mg/ 246.5(+108.6) 227.8 ( 18.7 (2.4-39.8) 0.006 184.6 61.8 (42.3-81.4) <0.001
dn +71.3) (45.9)
HbA1C (%) 8.6(+2) 7.5 (¢1.5) 1(0.6-1.5) <0.001 6.7 (0.8) 1.9 (1.5-2.2) <0.001
LDL(mg/dl) 102.3 (£26.9) - - - 93(+£20.4) 9.2(3-15) 0.003
HDL(mg/dl) 48.6(+14.4) - - - 54.2(£12) —5.5(2-8.9) 0.002
TG(mg/dl) 129.7 (£53.3) - - - 109.1( 20.6(10.4-30.9) <0.001
+32.7)
TC (mg/dl) 157.1 (£43.5) - - - 140.2( 16.9(7.8-26) <0.001
+45.5)
BUN(mg/dl) 23.7 (£7) - - - 23.4(x6.5) 0.3(-1.5-2) 0.706
Scr(mg/dl) 0.7 (£0.2) - - - 0.7(£0.2) 0.02(—0.04-0.08) 0.508

SD: standard deviation, CI: Confidence interval, FBG: fasting blood glucose, 2hrsPPG: 2 h postprandial glucose, HbAlc: glycosylated hemoglobin, LDL: low-density
lipoprotein, HDL: high-density lipoprotein, TG: triglyceride level, TC: total cholesterol level. BUN: blood urea nitrogen, Scr: serum creatinine. Note: p value of less

than 0.05 considered as a statistically significant.
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Fig. 2. Comparison of the mean (SD) of FBG and 2hrsPPG at baseline, 6
month months and 12 month of the study. FBG: fasting blood glucose,

2hrsPPG: 2 h postprandial glucose. SD: standard deviation. p < 0.009 at 6
months, and p < 0.001 at 12 months.
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Fig. 3. Comparison of the mean (SD) of HbAlc at baseline, 6 month

months and 12 month of the study, HbAlc: glycosylated hemoglobin, SD:
standard deviation. p < 0.001 at 6 and 12 months.

between sex and glycemic control, as measured by HbAlc, at both
baseline (p = 0.444) and after 12 months (p = 0.132), indicating com-
parable glycemic outcomes between male and female patients. Notably,
despite the result was statistically insignificant, a linear trend was
identified between diabetes duration and baseline HbAlc levels (p =
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Fig. 4. Comparison of the lipid parameters at baseline and 12 month of
the study. LDL: low-density lipoprotein, HDL: high-density lipoprotein, TG:
triglyceride level, TC: total cholesterol, SD: standard deviation. p < 0.001 at
12 months.

0.08), implying that longer disease duration is associated with poorer
glycemic control at the time of assessment. However, this association
was not maintained after 12 months (p = 0.985), suggesting that
effective clinical management may mitigate the negative impact of
longer diabetes duration on glycemic outcomes. Although most vari-
ables did not demonstrate statistically significant associations, the
observed trend between diabetes duration and baseline glycemic control
highlights the need for targeted early interventions in patients with
longstanding diabetes.

4. Discussion

Pharmacists play a crucial role in diabetes management, screening
high-risk patients, setting treatment goals, and assessing health status. A
strong family history of diabetes is a significant risk factor for T2DM. In
our study, 66.4 % of participants reported a family history of diabetes,
consistent with findings by Bukhsh et al. (59.2 %).%° However, other
studies showed lower rates, such as 47 % in a Sudanese study>° and 44.2
% in the interventional group in a study by Al Mazroui et al.,>’ Phar-
macists educate patients on glucometer use, foot care, blood pressure
monitoring, and lipid management while promoting adherence to care
standards.?® This study assessed the impact of pharmacist-led education
on self-care, including exercise, weight management, diet, and self-
monitoring of blood glucose (SMBG). The proportion of participants
owning glucometers increased by 8 %, with most still preferring
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laboratory tests for reliability. During the COVID-19 pandemic, partic-
ipants relied more on home monitoring due to fears of visiting
laboratories.

Regular exercise is critical for T2DM management. Over 70 % of
participants exercised regularly, improving by 14.6 % from baseline.
Comparable studies reported similar trends, such as 62.3 % in Ahmed
et al.’® and 46.9 % in Farag et al.,>* Conversely, Al-Maskari et al. re-
ported higher rates (83.4 %).>° Foot care adherence also improved,
rising from 56 % to over 80 %, aligning with Al-Maskari et al.’s findings
(81 %).%° Eye care adherence increased from 59 % to 71.8 %, consistent
with Sudanese findings (45.1 %).>*Dietary counselling was common,
with nearly 75 % of participants receiving advice on meal plans, aligning
with studies by Farag et al. and Al-Maskari et al.,>*>° However, adher-
ence to these recommendations remains an area of concern. Overall,
participants demonstrated improved self-care practices over time,
underscoring the positive impact of pharmacist-led educational
programs.

Notably, FBG levels significantly improved over the study period.
The mean reduction from baseline to six months was 16.7 mg/dL (p =
0.009) and 41.9 mg/dl at 12 months (p < 0.001). Comparable studies
reported similar improvements, such as a 24.2 mg/dL reduction in
Tabassum et al.,*” 21.4 mg/dl in Mourao et al.,*' and 36.7 mg/dl in
George et al.,*” These findings indicate a significant time effect on FBG
reduction. The mean reduction in 2hrPPG was 18.7 mg/dl at six months
(p = 0.006) and 61.8 mg/dl at 12 months (p < 0.001). This aligns with
Tabassum et al., who reported a 30 mg/dl decrease,’” and Malathy et al.,
who observed a 33 mg/dl reduction.”® HbA1lc levels improved signifi-
cantly, with a mean reduction of 1 % at six months (p < 0.001) and 1.9 %
at 12 months (p < 0.001). This aligns with findings from other studies
showing reductions of 1-1.7 %.%4*%34 These reductions significantly
lower the risks of heart attack (26.6 %), stroke (22.8 %), and other
diabetes-related complications (70.3 %).'° The findings of this study are
consistent with and go beyond those of major meta-analyses. For
example, Santschi et al. (2012) and Wang et al. (2020) found that
pharmacist-led therapies reduced HbAlc by an average of 0.76 % and
0.85 %, respectively. In comparison, this research found a higher 1.9 %
decrease, most likely due to its persistent, culturally tailored video-
based method. Improvements in FBG and 2hrPPG were also greater
than previously reported.*’>*®

Our study also showed improvement in lipid profile. For instance,
LDL cholesterol decreased by 9.2 mg/dl (p = 0.003), consistent with
Cohen et al. (9.4 mg/dl)49 and Chan et al. (6.5 mg/dL).50 HDL choles-
terol improved by 5.5 mg/dl, agreeing with Wishah et al.** and Al
Mazroui et al.,>” However, some studies reported no significant HDL
improvement.”>°%">? Variations in results could be attributed to differ-
ences in interventions, sample sizes, and study durations.

Pharmacists can deliver Diabetes Self-Management Education and
Support (DSMES), equipping patients with the skills and confidence
needed to manage their condition effectively. For instance, regular
counselling by pharmacists helps patients understand: diabetes and
impact on their life and health, how to interpret blood glucose readings,
the impact of diet and exercise and early warning signs of complications.
Ultimately, this education fosters self-efficacy, enabling patients to
make informed decisions, engage in goal-setting, and assume active
roles in managing their health. Studies show that pharmacist-led DSMES
interventions significantly increase patients’ diabetes knowledge,
perceived control, and self-care behavior.”?

In addition Pharmacists can help in increasing adherence for dia-
betes medication as they can address common barriers to adherence
such as: misunderstanding of prescriptions, concerns about side effects,
forgetfulness or lack of routine, cultural beliefs or myths around medi-
cation, clarify treatment plans and reinforce the importance of consis-
tent use as well as provide tools like pill organizers or reminder systems.
Evidence confirm that pharmacist interventions lead to significant im-
provements in medication adherence, with corresponding improve-
ments in clinical outcomes such as HbAlc.>
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The above initiative if implemented well can help in decreasing
health care cost. Pharmacist-led educational interventions have
demonstrated cost-effectiveness by improving clinical outcomes and
reducing the need for more expensive healthcare services. For instance,
Zhu et al. (2023) showed that in a systematic review assessing the cost-
effectiveness of pharmacist involvement in diabetes management, that
pharmacist care is more cost-effective compared to standard care, pri-
marily due to better glycemic control and enhanced patient
compliance.®®

In addition, Hendrie et al. (2014) assessed the cost-effectiveness of a
pharmacist-led Diabetes Management Education Program (DMEP) and
found that it significantly reduced the number of glycemic episodes in
patients with type 2 diabetes mellitus. The program was determined to
be cost-effective, with patients expressing willingness to pay more than
the cost to avoid hypoglycemic episodes.**

Comparisons with studies from other LMICs support the potential of
pharmacist-led and video-based interventions. In Pakistan, Bukhsh et al.
demonstrated that pharmacist-led education significantly improved
HbA1lc levels and diabetes self-care practices, although the intervention
was delivered face-to-face rather than through video content.”® In
Nigeria, David et al. implemented a pharmacist-led program that
enhanced both glycemic control and medication adherence among pa-
tients with type 2 diabetes.”’ Similarly, in Egypt, El-Haga et al. found
that structured diabetes education improved patients’ knowledge and
self-care behaviors regarding self-administration of insulin injections
among diabetic patients, though it was conducted through direct group
sessions.”® Unlike these studies, our intervention used culturally tailored
mobile videos, offering a scalable, low-cost solution that may be more
feasible in settings with limited healthcare workforce availability and
high patient loads.It is important to point out that the alternative causes
for the observed improvements in glycemic control and self-care prac-
tices may exist in addition to pharmacist-led education. Regression to
the mean is an important concern, since persons with initially poor
glycemic control may normally improve with time without intervention.
In addition, increased clinic visits and regular interaction with health-
care professionals during the study period may have improved adher-
ence and awareness, regardless of the educational videos. The
Hawthorne effect, in which people change their behavior just because
they are being observed, may have also had a role. Finally, seasonal
factors, medication adjustments by primary care providers or enhanced
access to lab testing during the 12 months might influence the observed
results. While the findings suggest that pharmacist-led video education
may be a sustainable and feasible method for diabetes care in low-
resource settings like Sudan, the lack of a control group limits the
ability to draw definitive causal inferences. The improvements observed
could have been influenced by other factors such as regression to the
mean, increased clinical engagement, seasonal variations, or the Haw-
thorne effect. The use of pre-recorded, culturally adapted videos reduces
continuing expenditures and pressure on overloaded healthcare sys-
tems, and assures constant delivery of educational materials. Videos
may be readily transmitted through mobile devices or local networks,
making them available even in remote areas. Leveraging pharmacists,
who are frequently more accessible than physicians, improves conti-
nuity of treatment and makes better use of existing human resources.
This scalable strategy provides an effective way for improving diabetes
outcomes in similar underserved locations. To improve diabetes care in
low-resource settings, policies should integrate pharmacists into multi-
disciplinary teams, establish national pharmacist-led DSMES programs
using culturally appropriate video tools, encourage task-shifting to
expand pharmacists’ roles, and provide long-term funding and training
for efficiently implementing these interventions. Despite the promising
outcomes of this study, several implementation barriers must be
acknowledged to ensure successful scale-up. One of the primary chal-
lenges is limited internet access, particularly in rural or underserved
areas where mobile data coverage may be unreliable or unaffordable.
Although WhatsApp was used for video delivery due to its widespread
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use, some participants required alternative formats such as in-person file
transfers highlighting the need for flexible, hybrid delivery methods.
Participant literacy also presents a barrier, as comprehension of
educational content may vary based on health literacy levels. While
efforts were made to use culturally appropriate and simplified language
in the videos, some individuals may still require additional support or
face difficulties with self-directed learning. Furthermore, cultural
resistance to pharmacist-led counselling could limit uptake. In some
settings, pharmacists may be viewed primarily as dispensers rather than
educators, which can affect patient trust or engagement with
pharmacist-driven education. To address these challenges, future scale-
up efforts should incorporate community sensitization campaigns,
infrastructure support for digital access, and tailored strategies to
overcome literacy and cultural barriers.

5. Strengths and limitations

The study’s strengths include a low dropout rate (<2 %) and the
individualized nature of interventions, which helped minimize
contamination. A unique aspect of this study is that it is one of the
pioneering efforts in this field in Sudan and demonstrated that
clinical pharmacist-led education can improve diabetes self-care
practices and metabolic outcomes. However, the study also has the
following limitations:

The lack of a control group reduces its internal validity and limits
causal interpretation.

External variables, such as natural changes over time, frequent
testing, or unrelated treatments, may have contributed to the
observed improvements.

There is also a possibility that recall bias occurred during participant
recruitment, which could influence self-reported results and increase
the likelihood of inaccurate reporting or social desirability bias.
Furthermore, conducting the study in a single center may limit the
generalizability of the findings to broader populations.

Extending the study duration beyond 12 months could allow for a
more comprehensive assessment of metabolic parameters related to
diabetes control.

6. Conclusion and recommendations

Clinical pharmacists significantly improve diabetes management by
enhancing self-care practices and achieving therapeutic goals in T2DM
patients. This study highlights their essential role in improving glycemic
control, lipid profiles, and overall diabetes care. The findings provide
robust evidence supporting the integration of pharmacists in T2DM care
in Sudan. To improve diabetes care in low-resource settings, national
guidelines should incorporate clinical pharmacists into primary diabetes
care, pharmacist-led DSMES programs using culturally appropriate
video tools should be established, furthermore, encouraging task-
shifting to expand pharmacists’ roles, and providing long-term fund-
ing and training for efficiently implementing these interventions are
critical issues. The next steps should include a well-designed random-
ized controlled trial (RCT) to strengthen causal evidence of the in-
tervention’s effectiveness. The proposed RCT could employ a cluster
randomization approach at the clinic level to prevent contamination
between intervention and control groups. Participants in the interven-
tion arm would receive the same culturally tailored video-based edu-
cation from clinical pharmacists, while those in the control arm would
receive standard care without additional educational support. The trial
should include a longer follow-up period; ideally 18 to 24 months to
assess the sustainability of improvements in glycemic control, self-care
behaviors, and secondary outcomes such as lipid profiles and health-
care utilization. Medication titration and adherence should be closely
tracked through electronic health records or pharmacy refill data to
account for treatment changes. Following this, a cost-effectiveness
analysis should be conducted to evaluate the financial benefits of
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scaling pharmacist-led video education. Given the rising adoption of
mobile health technologies, this asynchronous, low-cost video inter-
vention offers a scalable and replicable model for delivering diabetes
self-management education across other low- and middle-income
countries. Finally, a multi-site implementation study would help eval-
uate the feasibility, scalability, and real-world impact of this interven-
tion across diverse geographic and healthcare settings.
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