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Abstract

Aims/Background: Intermittent fasting (IF) is increasingly adopted by patients with type 2 diabetes mellitus (T2DM), often without
adequate medical supervision. Despite growing patient demand, family physicians frequently report limited formal training in fasting-
related diabetes management. This study aimed to evaluate the efficacy of a structured continuing medical education (CME) intervention
in improving family physicians’ knowledge, confidence, and clinical decision-making regarding IF in T2DM. Methods: A single-
group pre-test and post-test interventional design was employed. Four weekly CME sessions were delivered, with each participant
attending one session comprising a didactic lecture. A structured questionnaire was administered before and after each session. A total
of 180 participants who completed both assessments and provided informed consent were included in the final analysis. Results: The
educational intervention produced a statistically significant increase in total knowledge scores (median [interquartile range, IQR]: 12.0
[10.0-15.25] vs. 18.0 [15.25-19.0], Z=-9.17, p <0.001, » = 0.68). Significant improvements were also observed in exercise and diet (»
= (.58), diabetes management (r = 0.43), oral antidiabetic drug adjustment (» = 0.64), and insulin management (» = 0.55) (all p <0.001).
Self-perceived competence in managing patients with fasting T2DM increased from 33.3% to 75.6%, and confidence in medication
dose and timing adjustment increased from 26.7% to 72.8%. Years in practice were not associated with knowledge gain (Spearman's
re = —0.058, p = 0.438), and participant characteristics had only limited influence on educational outcomes. Conclusion: A structured
guideline-based CME programme improved short-term knowledge and self-reported confidence regarding IF in T2DM.
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1. Introduction (HbA Ic), and body weight in patients with type 2 diabetes,
particularly when combined with overall caloric restriction
[5,6]. However, outcomes are heterogeneous and depend
on the specific fasting regimen and individual patient char-
acteristics. While some studies report that IF is comparable
to continuous calorie restriction for glycaemic control, oth-
ers highlight the need for careful monitoring given variable
patient responses to prolonged fasting [7,8].

The adoption of IF among individuals with type 2 di-
abetes is increasing. Population-based data indicate that
fasting is highly prevalent among people with type 2 dia-
betes mellitus (T2DM): The multinational EPIDIAR study
of 12,243 patients across 13 countries reported that approx-
imately 79% of those with type 2 diabetes fasted for at least
15 days during Ramadan, frequently maintaining or self-
adjusting their glucose-lowering treatment without medi-
cal supervision [9]. Beyond religious fasting, non-religious

Intermittent fasting (IF) is a group of dietary patterns
that alternate periods of eating with periods of voluntary ab-
stinence from caloric intake. Common forms include time-
restricted eating (e.g., 16 hours of fasting and 8 hours of eat-
ing), alternate-day fasting, and the 5:2 diet, in which indi-
viduals consume very low calories on two non-consecutive
days per week. In recent years, IF has attracted consid-
erable attention for its potential health benefits, including
weight reduction, improvements in metabolic parameters,
reductions in cardiovascular risk, and possible effects on
longevity [1,2]. These benefits are thought to be medi-
ated by mechanisms such as improved insulin sensitivity,
reduced oxidative stress, modulation of circadian rhythms,
and favourable changes in inflammatory pathways [3].

Extensive research has examined the effects of IF on

glycaemic control and diabetes management. Fasting re-
duces insulin levels, promotes lipolysis, and shifts energy
metabolism from glucose to fat and ketone utilisation [4]. In
individuals with insulin resistance, these changes may im-
prove glycaemic control by decreasing hepatic glucose pro-
duction. Clinical trials and systematic reviews indicate that
IF can reduce fasting blood glucose, glycated haemoglobin

IF and time-restricted eating are increasingly adopted for
weight loss and metabolic goals, often encouraged by non-
medical sources rather than clinicians [10]. Non-medical
sources, including social media and online health platforms,
often promote fasting as a “natural” or “medication-free”
approach to diabetes management. As a result, many pa-
tients initiate IF independently and may alter or discontinue
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their diabetes medications without professional guidance.
This widespread, unsupervised practice underscores a sig-
nificant gap between patient behaviours and the medical ad-
vice provided by healthcare professionals [11].

Despite its potential benefits, IF has disadvantages and
potential complications in patients with type 2 diabetes.
The primary concern is hypoglycaemia, especially in pa-
tients using insulin or insulin secretagogues like sulfony-
lureas [12]. Extended fasting periods may also increase the
risk of dehydration, electrolyte imbalances, dizziness, and
orthostatic hypotension, particularly in older adults or in-
dividuals with comorbidities [1]. Some patients may ex-
perience increased glycaemic variability, headaches, irri-
tability, or decreased adherence to treatment plans. There
are concerns about the long-term viability of IF and its
psychological effects, including disordered eating patterns
in vulnerable individuals [13]. Additionally, patients with
advanced diabetes complications, chronic kidney disease,
frailty, or those who are pregnant may not be suitable candi-
dates for fasting interventions. Consequently, IF should not
be regarded as a universally safe or appropriate approach for
all patients with T2DM.

The role of family physicians is particularly critical in
this context. The prevalence of type 2 diabetes continues to
rise globally, placing a substantial burden on primary care
systems [14]. Family physicians are often the first point
of contact for patients seeking advice on lifestyle interven-
tions, including diet and fasting practices. In daily prac-
tice, patients frequently ask questions such as whether they
should take antidiabetic medications while fasting, how to
use insulin on fasting days, or whether fasting is safe in the
presence of comorbid conditions. Evidence from a primary
care study indicates that patients trust family physicians for
practical, individualised guidance on medication timing and
risk prevention [ 15]. However, many physicians report lim-
ited formal training in IF, resulting in uncertainty and in-
consistent counselling [ 12]. The literature increasingly em-
phasises the need for structured education for primary care
clinicians on fasting-based dietary approaches, particularly
regarding medication safety, patient selection, and monitor-
ing strategies [16].

Continuing medical education (CME) consists of
structured learning activities designed to enable physicians
to maintain and enhance their knowledge, skills, and pro-
fessional performance throughout their careers [17]. The
primary objective of CME is to ensure that clinical practice
remains aligned with current evidence and adapts to evolv-
ing patient needs. The present study aims to support family
physicians in providing safe, evidence-based, and patient-
centred guidance to individuals considering or practising
IF. Additionally, the primary objective is to evaluate the ef-
ficacy of the educational intervention in improving T2DM
management during IF.

2. Methods
2.1 Interventional Education

A single-group interventional educational design (pre-
test and post-test) was utilised to improve family physi-
cians’ knowledge, attitudes, and intended clinical prac-
tices regarding IF in patients with type 2 diabetes melli-
tus (T2DM). The educational intervention was designed as
a structured CME activity, focusing on: (i) Evidence sup-
porting IF in T2DM, (ii) patient selection and contraindica-
tions, (iii) exercise and dietary recommendations, and (iv)
principles for medication adjustment during fasting peri-
ods. A standardised intervention format ensured consis-
tency across all participants. Outcomes were measured im-
mediately before and after the educational activity using a
pre-defined questionnaire.

2.2 Participants and Recruitment

The study was conducted in Kocaeli with 668 regis-
tered family physicians. Educational sessions were held
weekly on Mondays, for a total of four sessions. Recruit-
ment and data collection were carried out over four consec-
utive weekly sessions in November 2025, following ethics
committee approval on 27 October 2025. Each physician
attended one session as part of routine in-service training,
and 500 family physicians attended one of these sessions.

All attending family physicians were invited to partic-
ipate in the study voluntarily. Participation required com-
pletion of both the pre-test and post-test questionnaires and
provision of informed consent for research use of their re-
sponses. Physicians who completed the tests but did not
consent to participate in the study were excluded from the
analysis.

2.3 The Educational Content

The CME content was developed by family medicine
faculty with input from endocrinology and diabetes special-
ists and was aligned with current evidence and guideline-
based diabetes care (Turkish Diabetes Association: Ra-
madan and Diabetes Guideline) [18]. The programme was
organised into four modules:

(i) Evidence supporting IF in T2DM;

(ii) Patient selection and contraindications;

(ii1) Exercise and dietary recommendations;

(iv) Principles for medication adjustment during fast-
ing periods.

Teaching methods included a didactic lecture, clin-
ical case discussions, concise decision algorithms, and a
question-and-answer segment.

2.4 Questionnaire

Data were collected using a structured questionnaire
specifically developed for this study. The questionnaire
was developed based on a comprehensive literature review,
and relevant items were adapted from previously published
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studies on fasting, diabetes education, and physician com-
petence. To ensure scientific accuracy and content validity,
endocrinology specialists reviewed the questionnaire and
made necessary revisions. The questionnaire consisted of
the following sections:

(1) Sociodemographic and professional characteris-
tics.

(2) Personal exposure to diabetes and fasting.

(3) Attitudes and confidence in fasting-related dia-
betes management: Five Likert-scale questions assessed
family physicians’ perceived competence in managing pa-
tients with diabetes during Ramadan fasting and IF, includ-
ing counselling, risk assessment, and medication adjust-
ment [19]. This section was assessed separately.

(4) Exercise and dietary counselling during IF: Five
knowledge-based statements regarding physical activity
and nutrition for patients with diabetes practising IF were
asked and assessed by true/false/I don’t know items [11].

(5) Clinical scenarios on medication adjustment: Two
case-based scenarios required participants to make deci-
sions regarding dose adjustments of oral antidiabetic drugs
and insulin for patients with T2DM who were practising IF.
Fehime case was about a patient on oral antidiabetic drug
treatment, and the Abdullah case was about a patient on an
insulin regimen. All cases consisted of five multiple-choice
questions about drug and insulin dosage regulations [12].

(6) Special population scenario: A final scenario as-
sessed the appropriateness and safety of IF during preg-
nancy [11].

Content validity was established through expert re-
view by family medicine faculty, and clarity was improved
through pilot testing with 49 physicians not included in the
main study. The intervention was conducted in Turkish;
however, the English version of the questionnaire, includ-
ing the case scenarios, was provided in the Supplementary
Material. The five-item self-efficacy section demonstrated
acceptable internal consistency (Cronbach’s a = 0.746).

2.5 Questionnaire Scoring

The knowledge assessment comprised 21 scored items
(total score range 0-21), grouped into four domains—
exercise and diet counselling (5 items, range 0-5), diabetes
management during fasting (5 items, range 0-5), oral an-
tidiabetic drug adjustment (Fehime case; 5 items, range 0—
5), and insulin adjustment (Abdullah case; 5 items, range
0-5)—together with one special-population item on fasting
during pregnancy. One point was awarded for each correct
response and none for an incorrect or “I don’t know” an-
swer; multiple-choice case items had a single correct option
with no partial credit. Self-efficacy percentages reported
in the Results denote the proportion of participants select-
ing “confident” (Likert score 4 or 5), with scores of 1-3
grouped as “not confident”.
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2.6 Pre-Test and Post-Test

Participants completed the pre-test questionnaire im-
mediately before the educational session and the post-test
immediately after, using the same questionnaire to min-
imise recall bias. Each participant used the same quick
response (QR) code to link their pre-test and post-test re-
sponses. Only responses from participants who completed
both pre-test and post-test assessments and provided in-
formed consent were included in the final analysis. After
excluding responses due to unmatched codes, incomplete
data, or lack of consent, 180 participants were included in
the final analysis (Fig. 1).

2.7 Statistical Analysis

Continuous variables were assessed for normality us-
ing the Shapiro—Wilk test. As total and subdomain scores
were not normally distributed, continuous data were sum-
marised as median (interquartile range, IQR) and analysed
using non-parametric tests. Pre-test and post-test continu-
ous scores were compared using the Wilcoxon signed-rank
test, and paired categorical item responses were analysed
using McNemar’s test. Associations between years in med-
ical practice and continuous knowledge scores (pre-test,
post-test, and change scores) were assessed using Spear-
man’s rank correlation coefficient because the score distri-
butions were non-normal. Correlation coefficients (ry) and
corresponding p-values were reported. For the Wilcoxon
signed-rank comparisons, the effect size was calculated as
r = |Z] / VN, where N is the number of paired observa-
tions, and interpreted using Cohen’s thresholds as small (»
~ (.10), medium (r = 0.30), and large (» = 0.50). Because
the Spearman correlations were computed on pairwise-
complete observations, the two participants who completed
only the pre-test were excluded, so the pre-test total, post-
test total and years in practice were available for all 180
participants, giving n = 180 for every panel of Fig. 2.

3. Results

3.1 Demographic and Professional Characteristics of
Participants

The study sample consisted of 180 physicians. Of the
participants, 54.4% were women (n = 98) and 45.6% were
men (n = 82); years in medical practice ranged from 1 to 38
years, with a median of 9.5 years.

Regarding participants’ personal and family history of
type 2 diabetes mellitus (T2DM), the majority (92.8%, n =
167) reported not having a personal diagnosis of T2DM,
while 6.1% (n = 11) were diagnosed with the condition. A
small proportion (1.1%, n = 2) declined to answer. In con-
trast, a substantial proportion of participants reported hav-
ing a family member diagnosed with T2DM: 30.2% (n =
54) indicated a positive family history, while 68.9% (n =
124) reported no such history in their household.

Participants were also asked about their personal fast-
ing habits, which is relevant to their cultural competence
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CME training session invitation letters were mailed to
family physicians in Kocaeli (7 = 668)

R

T

168 family physicians did not participate for the
following reasons:
500 family physicians attended  Illness / medical leave
the CME training session e Maternity or breastfeeding leave
e Pregnancy-related health issues
‘ e Mandatory official duties

\
\
v

248 family physicians accepted to

participate in the study. 68 family physicians excluded because:

e Unmatched participant codes ( » =4)
e Lack of consent (n=3)
l e Incomplete pretest (# =16)
e Incomplete posttest ( # =42)
e Incomplete data ( n =3)

180 completed
both pretest and posttest

Fig. 1. Study flow diagram. CME, continuing medical education.

and personal experience with the physiological effects of Table 1. Demographic characteristics of participants.
fasting. A substantial majority, 67.2% (rn = 121), reported Characteristics n %
fasting only during Ramadan (Table 1). Gender
Female 98 54.4
3.2 Changes in Total and Domain Scores from Pre-Test to Male 82 45.6
Post-Test Personal history of T2DM
Normality assessment using the Shapiro-Wilk test in- Yes 1 6.1
dicated that total and subdomain scores were not normally No 167 928
distributed; therefore, continuous paired comparisons were Declined to answer 2 L1
analysed using the Wilcoxon signed-rank test and are pre- Family history of T2DM
sented as medians (IQRs). The median total score increased Yes 4300
No 124 68.9

from 12.0 (IQR 10.0-15.25) before the training to 18.0

(IQR 15.25-19.0) after the training (Z = -9.17, p < 0.001). Declined to answer 2
. . . . . Fasting habit (esp in Ramadan)
Similar statistically significant improvements were iden-
tified in the Exercise/Diet, diabetes management, Fehime Yes 121672
case, and Abdullah case domains (all p < 0.001), indicat- No 49 272
Declined to answer 10 5.6

ing that the intervention was effective across both theoret-
ical knowledge and case-based clinical decision-making.
Changes in total and subdomain scores from pre-test to
post-test are presented in Table 2. The magnitude of im-
provement across all knowledge domains is summarised in
Fig. 3.

N = 180. Data are presented as frequencies (per-
centages). T2DM, type 2 diabetes mellitus.
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Fig. 2. Spearman correlations between experience and knowledge scores. (A) shows scatter plots of years in medical practice versus

pre-test total knowledge score. (B) displays years in practice versus total gain score. (C) presents pre-test total score versus total gain

score. Spearman’s rank correlation coefficient (y) and its p-value are displayed within each panel.

Table 2. Changes in total and subdomain scores from pre-test to post-test.

Domain/score n  Pre-test median (IQR) Post-test median (IQR)  Z P r

Total score 180 12.0 (10.0-15.25) 18.0 (15.25-19.0) -9.17 <0.001 0.68
Exercise/Diet 180 4.0 (3.0-5.0) 5.0 (5.0-5.0) -7.76 <0.001 0.58
Diabetes management 180 3.0 (2.04.0) 4.0 (3.0-5.0) -5.80 <0.001 0.43
Oral antidiabetics (Fehime case) 180 2.0 (1.0-4.0) 4.0 (4.0-5.0) -8.64 <0.001 0.64
Insulin treatment (Abdullah case) 180 2.0(1.0-3.0) 4.0 (3.04.0) -7.43 <0.001 0.55

Data are presented as medians (interquartile ranges, IQRs). Pre-test to post-test comparisons were performed using

the Wilcoxon signed-rank test.

3.3 Item-Level Paired Categorical Changes

Paired categorical responses were analysed using
McNemar’s test (Table 3). Statistically significant im-
provements were observed in both self-perceived compe-
tence and the majority of case-based clinical items. Self-
perceived competence in managing patients with fasting
T2DM rose from 33.3% to 75.6% (x> = 54.09, p < 0.001),
and confidence in adjusting medication dose and timing in-
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creased from 26.7% to 72.8% (x> = 64.04, p < 0.001). Sig-
nificant gains were also evident across the Fehime (oral
antidiabetic) case items (Q22—Q26) and the Abdullah (in-
sulin) case items addressing treatment adjustment (Q28—
Q31). By contrast, correct recognition that the high-risk
Abdullah profile should not fast was already high at base-
line and did not change (Q27B: 94.4% vs. 93.3%, x> = 0.06,
p = 0.804), while the pregnancy scenario showed a modest
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Domain-level improvement after the CME intervention (all p < 0.001)

Total knowledge score -

Exercise & diet counselling -

Diabetes management -

Oral antidiabetics (Fehime case) -

Insulin treatment (Abdullah case) -

r T T

0 20 40

Effect size
58% 79%
o0—@ r=0.68
76% 93%
O @ r=0.58
61% 76%
49% 80%
O O
68%
O—— @ r=0.55
© Pre-test @ Post-test
T I 1
60 80 100

Mean correct responses (% of maximum domain score)

Fig. 3. Domain-level improvement in mean correct-response rates from pre-test to post-test, expressed as a percentage of the

maximum score in each knowledge domain (blue = pre-test, red = post-test). The Wilcoxon signed-rank effect size (») is shown at

the right of each domain. All within-domain improvements were statistically significant (p < 0.001).

improvement (Q32: 71.1%vs. 81.1%, x> =4.52, p=0.033),
as detailed in Table 3.

3.4 Associations With Years in Practice

Spearman correlation analysis was used to assess asso-
ciations between years in medical practice and knowledge
scores. Years in practice showed a weak positive correla-
tion with the pre-test total score (v, = 0.197, p = 0.008), but
not with the post-test total score (r; =0.099, p=0.186) or the
total change score (7, = —0.058, p = 0.438). A strong neg-
ative correlation was found between the pre-test total score
and the total gain score (r; =—0.660, p < 0.001) (Fig. 2).

3.5 Factors Influencing Knowledge Scores and Learning
Gains

Because score distributions were non-normal,
between-group comparisons were performed using the
Mann—Whitney U test and are reported as medians with
interquartile ranges, together with the Z statistic and
p-value (Table 4a and Table 4b). There were no signif-
icant sex-based differences in total pre-test (Z = —0.88,
p = 0.377), post-test (Z = —0.57, p = 0.566), or gain
scores (Z = —1.35, p = 0.178); however, male physicians
showed a marginally larger Exercise/Diet gain than female
physicians (Z = —2.20, p = 0.028) (Table 4a and Table 4b).

Participants with and without a personal diagnosis of
T2DM did not differ significantly in total pre-test, post-test,
or gain scores (p = 0.981, p = 0.594, and p = 0.480, respec-
tively), nor in any subdomain gain score; these comparisons
should be interpreted cautiously given the small subgroup
with personal T2DM (n = 11) (Table 4b).

Participants with a family history of T2DM did not
differ from those without at baseline (Z = —0.74, p = 0.462)
but achieved significantly lower post-test total scores (Z =
—1.99, p = 0.046) and gain scores (Z = -2.26, p = 0.024);
those without a family history reached a higher post-test
median (18.0 vs. 16.5) and a larger median gain (5.0
vs. 3.0). A parallel difference was observed in the Exer-
cise/Diet gain score (Z =-2.32, p = 0.020) (Table 4b).

Ramadan fasting habit was unrelated to total pre-test,
post-test, or gain scores (p = 0.221, p = 0.766, and p =
0.486, respectively); nonetheless, physicians who fasted
during Ramadan had higher baseline Exercise/Diet scores
(Z = =2.56, p = 0.010) and a different Exercise/Diet gain
(Z =-2.38, p = 0.017) than those who did not fast (Table
4b).

Overall, participant characteristics exerted only a lim-
ited influence on educational outcomes: Within-group
Wilcoxon analyses confirmed significant pre-to-post im-
provement on the total score and all major domains in ev-
ery subgroup, irrespective of gender, personal T2DM sta-
tus, family history, or Ramadan fasting habit.

4. Discussion

This study demonstrates that a structured contin-
uing medical education (CME) programme improved
questionnaire-based clinical decision-making performance
regarding IF in patients with type 2 diabetes mellitus
(T2DM). The magnitude of change across total scores, sub-
domains, and case-based scenarios indicates that targeted
education can rapidly reduce knowledge gaps in an area
where patient demand is increasing but formal training re-
mains limited.
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Table 3. Changes in selected item-level correct responses from pre-test to post-test.

2

Item (correct response) n Pre-test, n (%)  Post-test, n (%) X p
Self-efficacy: Competent to manage fasting T2DM patients 180 60 (33.3) 136 (75.6) 54.09 <0.001
Self-efficacy: Confident adjusting medication dose/timing 180 48 (26.7) 131 (72.8) 64.04 <0.001
Self-efficacy: Understands patient’s wish to fast & needs 180 129 (71.7) 152 (84.4) 8.80 0.003
Self-efficacy: Has knowledge to manage fasting T2DM 180 95 (52.8) 149 (82.8) 31.92  <0.001
Self-efficacy: Adequately trained for fasting T2DM care 180 61 (33.9) 148 (82.2) 73.23  <0.001
Q22. Fehime case—general fasting recommendation 180 86 (47.8) 134 (74.4) 25.69 <0.001
Q23. Fehime case—metformin twice daily 180 141 (78.3) 171 (95.0) 21.02  <0.001
Q24. Fehime case—sulfonylurea twice daily 180 80 (44.4) 134 (74.4) 32.66 <0.001
Q25. Fehime case—DPP-4 inhibitor plus sulfonylurea 180 70 (38.9) 139 (77.2) 46.71  <0.001
Q26. Fehime case—SGLT-2 inhibitor only 180 68 (37.8) 139 (77.2) 48.51 <0.001
Q27B. Abdullah case—high-risk profile should not fast 180 170 (94.4) 168 (93.3) 0.06 0.804
Q28. Abdullah case—insulin plus oral antidiabetic regimen 180 60 (33.3) 121 (67.2) 37.89  <0.001
Q29. Abdullah case—once-daily basal insulin 180 54 (30.0) 97 (53.9) 2291 <0.001
Q30. Abdullah case—twice-daily rapid-acting insulin 180 53 (29.4) 124 (68.9) 44.14  <0.001
Q31. Abdullah case—premixed insulin regimen 180 58 (32.2) 101 (56.1) 17.47  <0.001
Q32. Pregnancy scenario—fasting not recommended 180 128 (71.1) 146 (81.1) 4.52 0.033
T2DM, type 2 diabetes mellitus; SGLT-2, sodium-glucose cotransporter-2; DPP-4, dipeptidyl peptidase-4.
Table 4a. Comparison of total pre-test and post-tests according to participant characteristics.
Characteristic Outcome Group Median (IQR) Group Median (IQR) VA p
Pre-test total ~ Male (n=82) 12.0(9.25-14.0) Female (n=98)  12.0(10.0-15.0) —-0.88 0.377
Gender Post-test total Male 18.0 (16.0-19.0) Female 18.0 (15.0-19.0)  —0.57 0.566
Gain score Male 5.0 (3.0-8.0) Female 4.5 (1.0-7.0) -1.35 0.178
Pre-test total Yes (n=11) 13.0 (9.5-15.0) No (n=167) 12.0 (10.0-14.5) —0.02 0.981
Personal T2DM diagnosis  Post-test total Yes 18.0 (16.5-19.5) No 18.0 (15.5-19.0) —0.53 0.594
Gain score Yes 6.0 (3.5-7.5) No 5.0 (1.5-8.0) —-0.71 0.480
Pre-testtotal ~ No (n=124)  12.0(10.0-14.0) Yes (n=154) 13.0(10.25-15.0) —0.74 0.462
Family history of T2DM Post-test total No 18.0 (16.0-19.0) Yes 16.5(13.75-19.0) —1.99  0.046
Gain score No 5.0 (2.0-8.0) Yes 3.0 (0-6.25) —-2.26  0.024
Pre-test total No (n=49) 12.0 (10.0-14.0) Yes (n=121) 13.0 (10.0-15.0)0 —1.22 0.221
Fasting habit (Ramadan) Post-test total No 18.0 (16.0-19.0) Yes 18.0 (16.0-19.0) —-0.30 0.766
Gain score No 5.0 (2.0-8.0) Yes 4.0 (2.0-8.0) —-0.70  0.486

IQR, interquartile range (Q1-Q3). Between-group comparisons were performed using the Mann—Whitney U test. Bold values indicate
statistically significant differences (p < 0.05). T2DM, type 2 diabetes mellitus. Results for the personal T2DM diagnosis subgroup should

be interpreted with caution given the small subgroup size (n = 11).

Table 4b. Comparison of Exercise/Diet and other subdomain scores according to participant characteristics.

Characteristic Outcome Group Median (IQR) Group Median (IQR) Z P
Gender Exercise/Diet gain Male (n=82) 1.0(0-2.0) Female(n=98) 1.0(0-1.0) —-2.20 0.028
Exercise/Diet gain Yes (n=11) 1.0 (1.0-2.0) No (n=167) 1.0 (0-2.0) -1.61 0.109
. . Diabetes management gain Yes 0(0-2.0) No 1.0 (0-2.0) —0.27 0.791
Personal T2DM diagnosis . .
Fehime case gain Yes 1.0 (0.5-2.0) No 2.0(0-3.0) —0.45 0.652
Abdullah case gain Yes 2.0 (1.5-3.0) No 1.0 (0-2.0) —1.46 0.144
Family history of T2DM Exercise/Diet gain No (n=124) 1.0 (0-2.0) Yes (n=54) 0.5(0-1.0) —=2.32 0.020
. . Exercise/Diet pre-test No(n=49) 4.0(3.04.0) Yes(n=121) 4.0(3.0-5.0) -2.56 0.010
Fasting habit (Ramadan) . . .
Exercise/Diet gain No 1.0 (1.0-2.0) Yes 1.0 (0-1.0) —2.38 0.017

IQR, interquartile range (Q1-Q3). Between-group comparisons were performed using the Mann—Whitney U test. Bold values indicate
statistically significant differences (p < 0.05). T2DM, type 2 diabetes mellitus. Results for the personal T2DM diagnosis subgroup should
be interpreted with caution given the small subgroup size (n = 11).
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Beyond statistical significance, the magnitude of the
observed knowledge gain suggests a meaningful educa-
tional impact, indicating that the intervention led to im-
provements in physicians’ competence in managing T2DM
during IF. Such gains are particularly relevant for brief
CME interventions.

Significant improvements were observed across all
knowledge domains, with particularly marked improve-
ments in case-based medication adjustment questions.

This pattern suggests that case-based, scenario-
driven teaching may be effective in strengthening clinical
decision-making skills. In contrast, the more moderate ef-
fect in the general diabetes management domain may reflect
greater baseline familiarity with theoretical concepts.

Overall, these results demonstrate that the intervention
produced both statistically significant and practically mean-
ingful educational gains, reinforcing the value of structured,
guideline-based training in primary care settings.

At baseline, misconceptions were particularly evident
in medication management and safety thresholds. This
finding is consistent with previous literature showing that
clinicians often report uncertainty when advising patients
on fasting-related diabetes care, especially regarding in-
sulin adjustment, sulfonylureas, and newer agents such as
sodium-glucose cotransporter-2 (SGLT-2) inhibitors [16].
Although international guidelines increasingly recognise
lifestyle modification, specific structured algorithms for IF
are not uniformly integrated into routine primary care edu-
cation [19]. As a result, practice patterns may vary widely.

The high rate of incorrect responses related to insulin
injections and fasting likely reflects the interaction between
biomedical knowledge and culturally embedded beliefs. In
fasting contexts such as Ramadan, physicians must navigate
religious considerations while ensuring safety. Without
evidence-based training, counselling may rely on personal
interpretation rather than guideline-informed risk stratifi-
cation. Consistent with the findings of Beshyah et al.
(2017) [20] and Zainudin et al. (2018) [21], who reported
gaps in primary care physicians’ confidence and prepared-
ness in managing patients fasting during Ramadan, our re-
sults demonstrate that a structured educational intervention
led to a substantial and statistically significant improve-
ment in both theoretical knowledge and case-based clinical
decision-making in T2DM management during fasting.

The significant increase in total knowledge aligns with
evidence that structured CME interventions—particularly
those combining didactic teaching with case-based
reasoning—are associated with measurable improvements
in clinician performance [17,22]. Furthermore, partici-
pants with lower baseline knowledge demonstrated greater
post-intervention gains, likely reflecting greater room for
improvement. Importantly, improvements were not limited
to theoretical items but also extended to complex clinical
scenarios involving medication adjustment. In line with
Ahmedani et al. (2016) [12], who highlighted gaps in

general practitioners’ Ramadan-specific knowledge and
clinical practices in diabetes care, our findings similarly
demonstrate baseline deficiencies in competence; however,
unlike their cross-sectional assessment, our study shows
that a structured educational intervention can signifi-
cantly improve physicians’ knowledge, confidence, and
case-based management skills during Ramadan fasting.

The largest gains were observed in the management
of sulfonylureas, insulin regimens, and SGLT-2 inhibitors.
This is clinically relevant. Systematic reviews indicate
that while IF may modestly reduce HbAlc and body
weight, safety concerns—especially hypoglycaemia and
dehydration—remain central in medicated patients [7,23].
Furthermore, improvement in medication adjustment for
SGLT-2 inhibitors is particularly important. Recent obser-
vational data highlight an association between SGLT-2 in-
hibitor use and increased risk of euglycaemic ketoacidosis
under conditions of reduced caloric intake or dehydration
[24]. Strengthening physicians’ understanding of when to
withhold or modify therapy during fasting, therefore, has
direct patient safety implications.

4.1 Experience and Learning Dynamics

A weak positive correlation between years of practice
and baseline knowledge suggests experiential accumulation
of informal knowledge. However, the absence of associ-
ation between professional seniority and post-test perfor-
mance indicates that the educational intervention equalised
competence across experience levels. This supports the
concept that CME can standardise care delivery and reduce
practice variability [22].

Physicians who fasted during Ramadan demonstrated
higher baseline knowledge in exercise and dietary recom-
mendations. Personal fasting experience may increase in-
tuitive understanding of meal timing and energy manage-
ment. However, experiential familiarity did not confer an
advantage in medication safety domains. This finding high-
lights a critical distinction between experiential knowledge
and pharmacological competence.

Similarly, physicians with a family history of T2DM
showed smaller relative gains. One interpretation is that
prior informal exposure may anchor certain assumptions,
moderating the magnitude of cognitive restructuring during
CME. Educational theory suggests that pre-existing beliefs
can influence receptivity to new information, especially in
areas intersecting lifestyle and cultural practice [25]. Struc-
tured, evidence-based content is therefore essential to re-
calibrate informal knowledge toward guideline-aligned rea-
soning.

The rising global burden of T2DM places increas-
ing responsibility on primary care [26]. Concurrently, IF
is increasingly adopted by patients, often without profes-
sional supervision [27]. Meta-analyses indicate that IF
may achieve glycaemic improvements comparable to con-
tinuous calorie restriction in selected populations [13,23].
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However, heterogeneity in outcomes and the risk of poten-
tial adverse events underscore the need for clinician-guided
implementation.

This study demonstrates that a structured CME in-
tervention can substantially enhance physicians’ prepared-
ness to provide evidence-based guidance. Notably, im-
provements were observed in both confidence and objective
knowledge. Although self-perceived competence does not
ensure behavioural change, confidence is a recognised me-
diator of clinical decision-making and the quality of patient
counselling [22].

The persistence of some residual misconceptions—
particularly around insulin and fasting status—suggests
that culturally sensitive topics may require repeated rein-
forcement or supplementary materials. Future CME pro-
grammes may benefit from integrating algorithm cards, dig-
ital decision tools, or follow-up workshops to consolidate
learning.

4.2 Limitations and Future Directions

The single-group pre-test and post-test design limits
causal inference and does not control for testing effects.
The immediate post-intervention assessment does not cap-
ture long-term knowledge retention or translation into clin-
ical behaviour. Additionally, outcomes were physician-
centred rather than patient-centred.

Future research should assess whether CME-driven
improvements translate into measurable clinical outcomes,
such as reduced hypoglycaemia incidence during fasting
periods, improved glycaemic stability, or fewer emergency
visits. Randomised or cluster-controlled designs would
strengthen evidence regarding effectiveness.

5. Conclusion

A structured CME intervention significantly improved
family physicians’ knowledge, clinical reasoning, and con-
fidence in managing patients with type 2 diabetes during IF.
The programme effectively addressed safety-related mis-
conceptions and strengthened medication adjustment com-
petence across experience levels.

With the increasing prevalence of IF among individ-
uals with diabetes, primary care physicians require struc-
tured, evidence-based education to deliver safe and indi-
vidualised counselling. Continuing medical education is
essential for aligning clinical practice with evolving di-
etary trends and for strengthening physicians’ prepared-
ness to counsel patients safely. Because the present study
evaluated physicians’ knowledge, confidence, and case-
based decision-making immediately after the intervention,
its findings should not be extrapolated to patient-level out-
comes such as glycaemic control or hypoglycaemia; estab-
lishing that link will require studies that measure clinical
endpoints and prescribing behaviour.

&% IMR Press

Key Points

+ At baseline, family physicians’ self-efficacy was
limited, with only 33.3% considering themselves compe-
tent to manage type 2 diabetes during IF and 26.7% confi-
dent in adjusting medication dose and timing.

* A structured CME intervention significantly in-
creased the median total knowledge score from 12.0 (IQR
10.0-15.25) at pre-test to 18.0 (IQR 15.25-19.0) at post-test
(Z=-9.17,p<0.001, r = 0.68).

* Knowledge gains extended beyond factual items to
the case-based medication-adjustment scenarios, although
the single-group design cannot isolate the specific contri-
bution of any individual teaching component.

* The intervention’s benefit was independent of pro-
fessional experience, as years in practice correlated weakly
with pre-test scores (r;, = 0.197, p = 0.008) but not with
knowledge gain (r; = —0.058, p = 0.438).

* Clinically important knowledge gaps persisted after
training, with correct-response rates for the insulin-plus-
oral-agent regimen (Q28: 67.2%) and the premixed insulin
regimen (Q31: 56.1%) remaining limited, underscoring the
need for reinforcement and decision support in high-risk pa-
tients.
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