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Individuals with type 2 diabetes mellitus (T2DM) with diabetic periph-

eral neuropathy (DPN) or diabetic foot (DF) disease may be at increased risk of adverse
glycemic events during Ramadan. This study evaluated fasting behavior and glycemic
outcomes in participants with T2DM, categorized as without DPN/DF, with DPN, and
with DPN + DF.

Methods Data from 12,530 participants in the Diabetes and Ramadan Global Survey
(2020-2022) were analyzed. Outcomes included the prevalence of those who fasted
and episodes of hypo- and hyperglycemia.

Results DPN and DPN + DF were present in 18.8 and 3.5% of participants, respective-
ly. The rate of fasting declined with increasing complication burden (no DPN/DF 88.1%,
DPN 78.2%, DPN + DF ®%, p < 0.0001). The odds of hyperglycemia, breaking the fast
due to hyperglycemia, and severe hyperglycemia were higher in those with DPN
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(adjusted odds ratio [AOR]: 1.59, 2.14, and 3.17, respectively, all p <0.0001), and
DPN -+ DF (AOR: 1.63, 2.36, and 3.47, respectively, all p=< 0.05- < 0.0001) compared
with T2DM without DPN/DF. Patients with DPN had the highest odds of daytime
hypoglycemia (AOR: 1.71 vs. 1.54, p < 0.0001) and breaking fast due to hypoglycemia
(AOR: 1.59 vs. 1.38, p < 0.0001) compared with T2DM without DPN/DF. The rate of
severe hypoglycemia did not differ between groups (1.7 vs. 2.2 vs. 3.4%, p=0.06).
Participants with DPN monitored glucose more frequently when fasting but were less
likely to receive Ramadan-focused education (both p < 0.0001).

Conclusion Although the majority of patients with T2DM fasted, those with DPN and
DF were least likely to fast during Ramadan. However, among those who fasted, the
presence of DPN and especially DPN +DF was associated with a higher risk of
hyperglycemia and hypoglycemia. Pre-Ramadan assessment and targeted education
are key in enabling safer fasting in patients with T2DM and DPN, especially those with

DPN -+ DF.

Introduction

Ramadan fasting is observed by more than 1 billion Mus-
lims globally." During this period, fasting from dawn to
sunset is obligatory for healthy adults but exempted for
those with medical conditions such as diabetes. Despite
these exemptions, most people with type 2 diabetes melli-
tus (T2DM) fast."2 This introduces unique metabolic and
behavioral challenges, including changes in meal timing and
composition, altered sleep and activity patterns, and mod-
ifications in medication schedules, which impact glucose
variability and increase the risk of both hypoglycemia and
hyperglycemia.>~

Individuals with diabetic peripheral neuropathy (DPN) or
diabetic foot (DF) disease may be especially vulnerable
during Ramadan due to autonomic neuropathy and impaired
response to hypoglycemia or reduced mobility with conse-
quent hyperglycemia.6'7 Additionally, most patients with
DPN/DF will be treated with a greater number and more
complex medication regimens, which may make glucose
management more difficult during fasting. Current risk
stratification models for Ramadan fasting such as those
developed by the International Diabetes Federation Diabetes
and Ramadan (IDF-DaR) Alliance do not adjust for the
presence of DPN or DE."? Indeed, research on the impact
of neuropathy and foot disease on fasting practices and
glycemic outcomes is very limited.®=

Large-scale Ramadan studies such as EPIDIAR and CREED
have provided valuable insights into fasting behaviors and
risks among individuals with T2DM.>* Both demonstrated
increased rates of hypoglycemia and hyperglycemia among
fasting participants and identified persistent gaps in pre-
Ramadan education.>~> However, neither stratified outcomes
inrelation to the presence of DPN nor DPN and DF. The Diabetes
and Ramadan (DaR) Global Survey (2020-2022), a large multi-
country initiative encompassing diverse Muslim populations,
provides a unique opportunity to explore these gaps. In this
analysis, we have evaluated fasting behavior and glycemic
outcomes in individuals with DPN, DPN + DF to those without
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DPN or DF to enable evidence-based risk stratification and
recommendations for individuals with DPN and DF who wish
to fast during Ramadan.

Methods

Study Design and Setting

This study is a retrospective observational cohort analysis of
data from the DaR Global Survey (2020-2022). The survey
included Muslim individuals withT2DM from seven geo-
graphic regions: the Gulf, the Middle East, Tiirkiye, the
United Kingdom, Africa, the Indian subcontinent, and South-
east Asia. Data were collected during routine outpatient
clinic visits within 10 weeks of Ramadan finishing. This
analysis specifically compares glycemic outcomes during
Ramadan among patients with T2DM and DPN, DPN and
DF, and patients with T2DM without DPN or DF.

Participants

All patients were regular attendees of outpatient clinics during
the study period. As this was a retrospective analysis of preex-
isting data, no formal sample size calculation was performed.

Variables and Outcomes

Participants were categorized into three groups: those with
DPN, both DPN and DF, and those without DPN or DF. The
primary outcomes were whether patients fasted during
Ramadan, the occurrence of daytime hypoglycemia, hyper-
glycemia, severe hypoglycemia or hyperglycemia requiring
assistance or medical attention, and breaking the fast due to
either hypoglycemia or hyperglycemia.

Secondary variables included age, sex, duration of diabetes,
glycated hemoglobin (HbA1c), body mass index (BMI), systolic
blood pressure, and lipid profile, including low-density lipo-
protein (LDL) levels, presence of hypertension, diabetic reti-
nopathy, microalbuminuria, nephropathy, and hyperlipidemia.
The use of diabetes medications was documented, including
insulin, metformin, sulfonylureas, GLP-1 receptor agonists,
DPP-4 inhibitors, SGLT2 inhibitors, and thiazolidinediones.
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Data were collected on the frequency of self-monitoring of
blood glucose (SMBG) during Ramadan and the receipt of
Ramadan-focused diabetes education, either through routine
clinic consultations or the distribution of educational leaflets.

Data Collection

Data were obtained via structured questionnaires adminis-
tered by trained health care professionals during routine
clinic visits. Information collected included demographic
details, duration of diabetes, HbAlc levels, and current
treatment regimens.

Statistical Analysis

Survey data from Ramadan 2020 and 2022 were combined
for analysis. Descriptive statistics were used to summarize
the clinical and demographic characteristics of participants
across the three groups: DPN, DPN + DF, and no DPN/DF.
Continuous variables were presented as means with stan-
dard deviations and compared using one-way analysis of
variance. Categorical variables were expressed as frequen-
cies and percentages and compared using the chi-square (x?)
test. When global tests were significant, pairwise compar-
isons were conducted with Bonferroni adjustment for mul-
tiple comparisons where applicable.

Multivariable logistic regression models were used to
evaluate the association between complication group (DPN
only, or both DPN and DF) and each Ramadan-related out-
come: fasting status, daytime hypoglycemia, hyperglycemia,
severe hypoglycemia, severe hyperglycemia, breaking the
fast due to hypoglycemia, and breaking the fast due to
hyperglycemia. Adjusted odds ratios (AORs) and 95% confi-
dence intervals (CIs) were calculated after adjusting for the
presence of nephropathy, retinopathy, macrovascular com-
plications and age, sex, duration of diabetes, HbA1c, hyper-
tension, hyperlipidemia, and insulin use.

Hassanein et al.

All analyses were conducted using IBM SPSS Statistics
version 30, and a two-tailed p-value < 0.05 was considered
statistically significant.

Results

Patient Clinical Characteristics

Of the 12,530 participants with T2DM, 2,357 (18.8%) had
DPN, and 442 (3.5%) had DPN + DF, while the remaining
9,731 (77.7%) had no DPN/DF (~Table 1).

Compared with patients without DPN/DF, those with
DPN and DPN + DF were significantly older (p < 0.0001),
had longer diabetes duration (p < 0.0001), higher systolic
blood pressure (p < 0.0001), and higher LDL levels (p <
0.0001), but comparable BMI (p > 0.05). Participants with
DPN +DF had a longer duration of T2DM (14.1 £8.7 vs.
9.2+7.1, and 11.9+7.6 years, p < 0.0001), higher HbA1c
(9.1+£2.2 vs. 82+£1.9, and 8.9+2.1, p < 0.0001), and
there was a higher proportion of males (57.5 vs. 48.4
and 42.6%, p < 0.0001) compared with DPN and no
DPN/DF groups.

Medications

Insulin use was higher in those with DPN + DF (72.9%) and
DPN (59.4%) compared with those without DPN/DF (38.4%) (p
<0.0001). A higher proportion of participants with DPN (1.7
and 6.5%), DPN + DF (2.0 and 6.8%) compared with those
without DPN/DF (0.6 and 3.8%) (p < 0.0001) were treated
with a GLP-1 receptor agonist and thiazolidinedione. Partic-
ipants with DPN had higher sulfonylurea and metformin use
compared with those with DPN + DF (p < 0.0001), and higher
sulfonylurea but lower metformin use (p < 0.0001) com-
pared with those without DPN/DF. DPP-4 and SGLT2 inhibitor
use did not differ between groups (p =0.09 and 0.41, respec-
tively) (=Table 2).

Table 1 Clinical and demographic characteristics of participants with and without DPN and DF

Characteristic No DPN/DF DPN DPN -+ DF p-Value
(N=9,730) (N=2,357) (N=442)

Female, n (%) 5,020 (51.6)° 1,350 (57.4)° 188 (42.5)° <0.0001
Male, n (%) 4,704 (48.4)° 1,003 (42.6)° 254 (57.5)°

Age, y 543+11.9 58.54+10.6" 58.5+10.9" 1.00
T2DM duration, y 9.2+7.1 11.9+£7.6' 14.1£8.71 <0.0001
HbA1c, % 8.2+1.9 8.9+2.1711 9.1+2.21 <0.0001
BMI, kg/m? 27.9+7.2 27.5+6.1 27.1+6.5 1.00
SBP, mm Hg 126.2 +28.1 133.4+ 242111 133.4+29.6'1 1.00
DBP, mm Hg 76.1+£16.8 78.9 41441 77.9+18.2 1.00
LDL, mg/dL 84.2+52.0 110.6 + 468111 106.7 +46.017 1.00

Abbreviations: DF, diabetic foot; DPN, diabetic peripheral neuropathy; T2DM, type 2 diabetes mellitus.
Notes: Values are presented as mean =+ standard deviation or n (%). Group comparisons were performed using one-way analysis of variance for

continuous variables and ¥ test for categorical variables. Significant differences between controls (no DPN or DF) and groups with either or both
complications are denoted as *p < 0.05, p < 0.01, Tip < 0.001, Tp < 0.0001. Superscript letters indicate post hoc pairwise comparisons. Values
sharing the same superscript letter are not significantly different, whereas values with different superscript letters differ significantly (p < 0.05). The

p-value reflects the comparison between DPN and both DPN and DF.
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Table 2 Use of glucose-lowering medications and prevalence of diabetes-related complications among study participants.

Medication No DPN/DF DPN DPN + DF (N =442) p-Value
(N=9,730) (N=2,357)

Metformin 7,970 (81.9%)° 1,792 (76%)° 289 (65.4%)° <0.0001
Sulfonylureas 3,670 (37.7%)° 964 (40.9%)° 108 (24.4%)° <0.0001
DPP4 inhibitors 3,206 (32.9%)° 727 (30.8%)? 128 (29.0%)° 0.09

Thiazolidinedione 365 (3.8%)° 153 (6.5%)° 30 (6.8%)° <0.0001
SGLT2 inhibitors 1,867 (19.2%)? 425 (18.0%)? 87 (19.7%)? 0.41

GLP-1 receptor agonist 60 (0.6%)? 40 (1.7%)° 9 (2.0%)° <0.0001
Any insulin 3,745 (38.4%)° 1,399 (59.4%)° 322 (72.9%)° <0.0001
Hypertension 4,353 (44.7%)? 1,478 (62.7%)° 292 (66.1%)° <0.0001
Hyperlipidemia 3,843 (39.5%)* 1,199 (50.9%)° 203 (45.9%)° <0.0001
Retinopathy 922 (9.5%)? 697 (29.6%)° 175 (39.6%)° <0.0001
Microalbuminuria 372 (3.8%)° 184 (7.8%)° 42 (9.5%)° <0.0001
Nephropathy 777 (8.0%)° 409 (17.4%)° 104 (23.5%)° <0.0001
Macrovascular disease 916 (9.4%)? 458 (19.4%)° 145 (32.8%)¢ <0.0001

Abbreviations: DF, diabetic foot; DPN, diabetic peripheral neuropathy.
Notes: Group comparisons were performed using the x? test. Data are shown as n (%). Superscript letters indicate post hoc pairwise comparisons.

Values sharing the same superscript letter are not significantly different, whereas values with different superscript letters differ significantly

(p <0.05). The p-values indicate overall group differences.

Complications

There was a stepwise increase in the prevalence of retinopa-
thy, nephropathy, and macrovascular complications in those
without DPN/DF, DPN, and DPN + DF (p < 0.0001). Patients
with DPN and DPN + DF had a higher prevalence of hyper-
tension, hyperlipidemia, and microalbuminuria compared
with those without DPN/DF (p < 0.0001) (~Table 2).

Self-Monitoring of Blood Glucose and Ramadan
Focused Education

Patients with DPN more frequently performed SMBG during
Ramadan compared with patients without DPN/DF (p <
0.0001). Patients with DPN and DPN + DF received less educa-

tion during routine clinic consultations and educational leaf-
lets compared with patients without DPN/DF (p < 0.0001)
(=Table 3).

Fasting Rates and Glycemic Outcomes during Ramadan
Fasting during Ramadan was less frequent in those with
DPN + DF and DPN compared with those without DPN/DF
(65.8 vs. 78.2 vs 88.1%, all p < 0.0001). The prevalence of
daytime hypoglycemia, hyperglycemia, breaking the fast
due to hypoglycemia or hyperglycemia, and severe hyper-
glycemia was significantly higher in patients with DPN
and DPN +DF compared with patients without DPN/DF
(p < 0.0001), while the frequency of severe hypoglycemia

Table 3 SMBG frequency and receipt of Ramadan-focused education

Characteristic No DPN/DF DPN DPN -+ DF p-Value
(N=9,730) (N=2357) (N=442)
Did SMBG More frequent than before Ramadan 1,124 (12.2%)? 357 (17.3%)° 44 (12.3%)*° <0.0001
gg;:;%an Less frequent than before Ramadan 1,271 (13.8%)? 171 (8.3%)° 40 (11.2%)*
Same frequency as before Ramadan 4,500 (49.0%)? 933 (45.1%)° 176 (49.2%)P
No 2,290 (24.9%)* | 606 (29.3%)° 98 (27.4%)*°
Received education 5,569 (60.5%)° | 1,095 (53.2%)° | 217 (60.4%)° <0.0001
Method In clinic during routine consultation 5,023 (51.6%)" 950 (40.3%)° 202 (45.7%)° <0.0001
In group session 524 (5.4%)° 141 (6.0%)? 25 (5.7%)? 0.52
Online or through app 253 (2.6%)° 59 (2.5%)? 6 (1.4%)? 0.27
Leaflet 1,628 (16.7%)° | 172 (7.3%)° 50 (11.3%)° <0.0001

Abbreviations: DF, diabetic foot; DPN, diabetic peripheral neuropathy; SMBG, self-monitoring of blood glucose.

Notes: Values are presented as n (%). Group comparisons were performed using the x? test. Superscript letters indicate post hoc pairwise
comparisons. Values sharing the same superscript letter are not significantly different, whereas values with different superscript letters differ
significantly (p < 0.05). The p-values indicate overall group differences.
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Table 4 Fasting participation and glycemic outcomes during Ramadan according to the presence of DPN and DF

Parameter No DPN/DF DPN DPN -+ DF (N=442) p-Value
(N=9,730) (N=2,357)

Fasting during Ramadan, n (%) 8,575 (88.1)° 1,842 (78.2)° 291 (65.8)¢ <0.0001
Daytime hypoglycemia, n (%) 1,143 (13.4)? 444 (24.2)° 71 (24.7)° <0.0001
Broke fast due to hypoglycemia, n (%) 669 (7.8)° 274 (14.9)° 44 (15.1)° <0.0001
Severe hypoglycemia, n (%) 147 (1.7)? 40 (2.2)? 10 (3.4)7 0.06

Hyperglycemia, n (%) 1,108 (13.0)? 432 (23.5)° 72 (25.4)° <0.0001
Broke fast due to hyperglycemia, n (%) 218 (2.5)° 123 (6.7)° 23 (7.9)° <0.0001
Severe hyperglycemia, n (%) 51 (0.6)* 40 (2.2)° 8 (2.7)° <0.0001

Abbreviations: DF, diabetic foot; DPN, diabetic peripheral neuropathy.

Notes: Group comparisons were performed using the x? test. Superscript letters indicate post hoc pairwise comparisons. Values sharing the same
superscript letter are not significantly different, whereas values with different superscript letters differ significantly (p < 0.05). The p-values indicate

overall group differences.

was comparable between groups (p=0.06) (=Table 4
and ~Fig. 1).

After adjustment for nephropathy, retinopathy, macro-
vascular complications, age, sex, duration of diabetes, HbAlc,
hypertension, hyperlipidemia, and insulin therapy, the odds
of fasting during Ramadan were lower in participants with
DPN + DF (AOR: 0.52, 95% CI: 0.37-0.74, p < 0.0001), but not
in those with DPN (p = 0.66). The odds of hypoglycemia were
higher in those with DPN + DF (AOR: 1.54, 95% CI: 1.15-2.08,
p<0.01) and DPN (AOR: 1.71, 95% CI: 1.50-1.95, p < 0.0001)
compared with those without DPN/DF. The odds of breaking
the fast due to hypoglycemia were higher in those with DPN
(AOR: 1.59, 95% CI: 1.35-1.88, p < 0.0001), but not DPN + DF
(p=0.07) compared with those without DPN/DF. The odds of

hyperglycemia (AOR: 1.59, 95% CI: 1.39-1.83, p <0.0001),
breaking the fast due to hyperglycemia (AOR: 2.14, 95% CI:
1.67-2.74,p < 0.0001), and severe hyperglycemia (AOR: 3.17,
95% Cl: 2.00-5.01, p < 0.0001) were higher in those with DPN
and were further increased in those with DPN + DF (AORs
1.63, 2.36, and 3.47, respectively, p=<0.05- <0.0001).

Discussion

This study shows that individuals with DPN and DF were less
likely to fast during Ramadan compared with those without
DPN or DF. The odds of hyperglycemia, breaking the fast due
to hyperglycemia, and severe hyperglycemia were higher in
those with DPN, and even higher in those with DPN and DF.

OR 95%Cl Pvalue

DPN '—OI—'

090 057-143 066

Fasting during Ramadan <
DPN+DF =~ o= 0.52 0.37-0.74 <0.0001
DPN - 1.71 1.50-1.96 <0.0001

Hypoglycemia (Daytime) <
DPN+DF ——t 154 1.15-2.08 <0.01
DPN —— 1.59 1.35-1.88 <0.0001

Breaking fast due to hypoglycemia <
DPN+DF —— 138 0.97-1.96 0.07
DPN —— 097 067141 087

Severe hypoglycemia <
DPN+DF —— 198 0.71-2.74 033
DPN - 159 1.39-1.83 <0.0001

Hyperglycemia <
DPN+DF — 163 121-2.19 0.001
DPN —— 214 167-2.74 <0.0001

Breaking fast due to hyperglycemia <
DPN+DF e e 236 1.46-3.79 <0.0001
DPN * 317 2.00-5.01 <0.0001

Severe hyperglycemia <
DPN+DF 347 151-7.99 <0.05

0.00 1.00 2.00 3.00

4.00 5.00 6.00 7.00 8.00 9.00

Fig. 1 Association of the burden of DPN and DF disease with fasting status and glycemic outcomes during Ramadan. Cl, confidence interval; DF,

diabetic foot; DPN, diabetic peripheral neuropathy; OR, odds ratio.
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However, individuals with DPN had the highest risk of
daytime hypoglycemia and breaking the fast due to hypogly-
cemia. Severe hypoglycemia rates were similar across
groups. Patients with DPN and DF had a higher prevalence
of hypertension, hyperlipidemia, retinopathy, microalbumi-
nuria, nephropathy, and macrovascular complications.
Patients with DPN and DF performed SMBG more frequently
during Ramadan, but were less likely to receive Ramadan-
focused education, underscoring a gap between awareness
and structured support. These findings highlight the need for
targeted risk assessment and tailored education for individ-
uals with DPN and DF to enable safer fasting during
Ramadan.

Large-scale Ramadan studies, such as EPIDIAR® and the
multicountry CREED cohorts,*'% have reported high levels of
fasting in individuals with T2DM during Ramadan, despite
the presence of complications. EPIDIAR reported a fivefold
increase in severe hyperglycemia,® and in CREED, those with
complications were more likely to experience hypoglyce-
mia.'® In both studies, fewer than half the participants
received Ramadan-focused education. However, neither
study stratified outcomes in relation to the presence of
DPN or both DPN and DFE. Our study shows that patients
with DPN and DF have the lowest fasting rate, the highest risk
of hyperglycemia-related events, despite more frequent in-
sulin use, and a lower likelihood of receiving Ramadan-
focused education.

Our findings provide important empirical support for the
IDF-DAR Practical Guidelines, which had relied on consensus
to classify patients with DPN and history of DF ulcer or active
foot disease as high or very high risk for fasting, with
recommendations for individualized counseling, careful
medication adjustment, and frequent glucose monitoring
before and during Ramadan.”'! Notably, despite this guid-
ance, patients with DPN and DF were less likely to receive
Ramadan-focused education, particularly through leaflets,
compared with those without DPN or DF, suggesting that
they were simply advised not to fast. Nevertheless, these
patients fasted, and despite more frequent SMBG during
Ramadan, their rates of hyperglycemia and fasting interrup-
tion were higher, suggesting that monitoring alone, without
effective education, is not sufficient. This is consistent with a
study showing that frequent glucose monitoring is associat-
ed with fewer acute glycemic events, but only when com-
bined with education and management plans.'? Tourkmani
et al showed that a pre-Ramadan education program includ-
ing individualized risk assessment, dietary advice, medica-
tion adjustment, and training in self-monitoring significantly
reduced the incidence of hypoglycemia, improved glycemic
stability, and enhanced safety during fasting, even in those
with diabetes complications.'® The educational gap identi-
fied in our cohort should be prioritized to improve outcomes
in high-risk groups.

The higher prevalence of vascular risk factors, including
hypertension and dyslipidemia, together with retinopathy,
nephropathy, and greater insulin use in patients with DPN
and DF likely contributes to their increased risk of adverse
glycemic events during Ramadan. Jabbar et al showed that
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insulin therapy and the presence of chronic complications
were independently associated with a higher likelihood of
hypoglycemia and hyperglycemia during fasting.* In a cohort
of patients with T2DM from Qatar, Kingdom of Saudi Arabia,
and Kuwait, we previously reported that individuals with
DPN and DF had poorer glycemic control and higher insulin
use, which may increase their risk of acute glycemic events
during Ramadan.' Collectively, these findings reinforce the
importance of targeted risk assessment with structured
Ramadan-focused education, individualized medication ad-
justment, and increased SMBG in patients with DPN and DF
who choose to fast during Ramadan.

We acknowledge that this study relied on self-reported
data for complications and glycemic events, which may
have resulted in recall bias and misclassification. Further-
more, the severity of adverse glycemic events was assessed
indirectly through questions on event frequency, fasting
interruption, and need for medical assistance. Neverthe-
less, this study is large with a geographically diverse
sample, addressing Ramadan-specific outcomes, including
both severe and nonsevere glycemic events, with adjust-
ment for key confounders such as insulin and sulfonylurea
use. By stratifying participants into those with DPN and
DPN + DF, this study enabled assessment of the cumulative
impact of these complications on fasting practices and
glycemic risk.

Conclusion

In conclusion, individuals with DPN and DF were less likely to
fast during Ramadan, but in those who fasted, the occurrence
of adverse glycemic events was increased. This highlights the
importance of structured risk assessment and Ramadan-
focused education with individualized therapy to enhance
the safety of fasting in patients with DPN and DF.
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