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ABSTRACT

Background. The aim of this study is to evaluate the
metabolic effects of Ramadan fasting on patients with
type 2 diabetes, and their relation to glycemic control,
risk of hypoglycemia, as well as any possible effects
on diabetic complications.

Methods. 300 subjects with type 2 diabetes were as-
sessed to evaluate the metabolic effects of Ramadan
fasting regarding glycemic control, risk of hypoglyce-
mia and any possible effects on diabetic complications.
The examination included measurement of body mass
index (BMI), blood pressure, examination of the foot
for sensory loss and peripheral vascular disease (PVD)
by assessing the vibration sense and calculating the
ankle-brachial index (ABI) respectively. Laboratory tests

included fasting plasma glucose (FPG), HbA, , complete

1c’
lipid profile, serum creatinine, urinary albumin-to-
creatinine ratio (UACR) and calculation of eGFR

Results. BMI, blood pressure, FPG, and triglycerides
levels were lower in patients after Ramadan compared
to their levels before Ramadan, while eGFR was higher
after Ramadan than it was before Ramadan. Hypo-

glycemia was highest in patients treated with insulin
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followed by those treated with oral agents including
sulfonylureas as compared to oral agents excluding
sulfonylureas (p = 0.002).

Conclusion. Fasting during Ramadan can affect body
weight, blood pressure, glycemic parameters and the
frequency of acute glycemic complications in patients
with type 2 diabetes. Hypoglycemia was highest in
patients treated with insulin followed by those treated
with oral agents especially sulfonylureas. (Clin Diabetol
2021; 10; 2: 161-168)

Key words: fasting, type 2 diabetes, glycemic
control, risk of hypoglycemia

Introduction

Ramadan is a holy month in the Islamic calendar
during which Muslims all over the world fast between
dawn and sunset. During Ramadan, Muslims who are
ill or have health conditions that may deteriorate upon
fasting, including patients with diabetes, are exempted
from fasting [1]. However, fasting during Ramadan is
highly regarded as a religious practice, any devoted
Muslim patients insist on fasting despite being advised
not to it by their healthcare providers. It has been esti-
mated that 40-50 million individuals with diabetes fast
during the month of Ramadan [2].

Ramadan fasting entails major changes in dietary
patterns and frequency. These changes could poten-
tially induce metabolic alterations in both healthy and
diseased people [3, 4]. Despite taking fewer meals,
this practice is usually compensated by ingesting large
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amounts of sugary food and drinks that are high in car-
bohydrates and fats, especially when breaking the fast
[5]. The overall calorie consumption of individuals with
type 2 diabetes has been reported to increase during
Ramadan [6, 7]. Moreover, the doses of anti-diabetic
agents are often adjusted at this time to reflect the
change in lifestyle during Ramadan. One study showed
that, among diabetic patients whose doses of oral
hypoglycemic agents were modified during Ramadan,
58% changed the timings of the administration of their
medications [8].

During Ramadan, it has also been reported that
physical activities, especially exercising, tend to de-
crease due to fear of hypoglycemia [9]. Patients with
diabetes are usually advised by healthcare providers
to avoid excessive physical activity during Ramadan
because fasting may increase the risk of hypoglycemia,
especially a few hours before the sunset meal. How-
ever, some studies reported that appropriate levels of
physical activity during fasting did not interfere with
tolerance to physical exercise [10]. Furthermore, it
has also been postulated that the act of fasting may
affect glycemic control, which raises questions about
the safety of Ramadan fasting for many patients with
diabetes. During Ramadan fasting, the decrease in
blood glucose levels triggers compensatory mecha-
nisms in the body of healthy individuals which causes
reduction in insulin secretion or breakdown of stored
glycogen to prevent hypoglycemia [11]. However, this
regulation is compromised in patients with diabetes,
due to dysfunction of insulin secretion, insulin sensitiv-
ity, or both [12].

Therefore, some kind of controversy might arise
here. One epidemiological study reported that the risk
of severe hypoglycemia increased seven-fold during
the month of Ramadan in patients with diabetes [2].
However, another study reported that Ramadan fasting
was safe and did not significantly increase the incidence
of hypoglycemic events [13].

The aim of this study is to evaluate the metabolic
effects of Ramadan fasting on patients with Type 2
diabetes, and their relation to glycemic control, risk
of hypoglycemia, as well as any possible effects on
diabetic complications.

Subjects

This prospective study was conducted on 300
subjects with type 2 diabetes, who were recruited from
the Diabetes Clinic of the Main University Hospital,
Alexandria University, Egypt. Eligible patients were
screened and approached to determine their interest in
participating in this study 3-6 weeks before Ramadan
and were requested to sign an informed consent. All
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participating patients were assessed again 3-6 weeks

after Ramadan, to evaluate the metabolic effects of

Ramadan fasting regarding glycemic control, risk of

hypoglycemia, as well as any possible effects on dia-

betic complications.
Inclusion criteria:

— Muslim patients with type 2 diabetes aged 21 and
older who were intending to fast in Ramadan and
willing to participate in this study.

Exclusion criteria:

— Patients with type 1 diabetes and patients with
endocrine or metabolic diseases other than type 2
diabetes;

— Pregnant and lactating women;

— Patients with a recent history of diabetic ke-
toacidosis and/or severe hypoglycemia within
3 months prior to enrollment in this study;

— Patients with recent history of corticosteroid ther-
apy within 3 months prior to enrollment in this
study;

— Patients who are unable to perform self-monitor-
ing of blood glucose and document hypoglyce-
mic events;

— Patients with advanced renal and/or hepatic
diseases.

Methods
After giving their signed informed consent; all the

participants were subjected to the following:

A. Full history taking including patient’s age, gen-
der, duration of diabetes, smoking, history of hy-
pertension and/or dyslipidaemia, as well as his-
tory of chronic diabetic complications. A detailed
drug history was obtained including the type of
anti-diabetic medication used, their dosing regi-
men, and other related drugs.

B. Complete physical examination including body
weight and height; for the calculation of body
mass index (BMI), measurement of blood pres-
sure, and examination of both feet which in-
cluded assessment of sensory loss by testing the
vibration sense using a 128 MH tuning fork and
assessment of peripheral vascular disease (PVD)
by calculating the ankle-brachial index (ABI). Pa-
tients with an ABI of less than 0.9 were diagnosed
as having PVD [14, 15].

C. Laboratory assessment including fasting plasma
glucose, HbA, [16], total cholesterol, high-density
lipoprotein cholesterol (HDL-C), low-density lipo-
proteincholesterol (LDL-C), serumtriglycerides[17],
serum creatinine with calculation of estimated
glomerular filtration rate (eGFR) [18] and uurinary
albumin-to-creatinine ratio (UACR) [18].
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Table 1. Comparison between pre and post Ramadan according to body mass index (kg/m?), blood pressure (mm Hg),

ABI, FBG, HbA, , LDL, HDL, TGs, eGFR and UACR

Pre-Ramadan Post-Ramadan P
BMI [kg/m?] 28.59 = 3.69 27.96 = 3.39 < 0.001"
Systolic blood pressure [mm Hg] 128.8 = 12.04 125.8 + 9.98 < 0.001"
Diastolic blood pressure [mm Hg] 81.0 + 8.26 79.60 + 6.0 < 0.001"
ABI 0.94 + 0.15 0.93 + 0.15 0.191
FBG [mg/dL] 147.3 + 48.79 139.7 £ 40.84 < 0.001"
HbA, _ [%] 8.04 = 1.60 7.97 £ 1.52 0.083
LDL-C [mg/dL] 107.7 £ 34.78 106.8 + 33.47 0.210
HDL-C [mg/dL] 45.77 £ 7.18 45.51 £ 5.10 0.272
TGs [mg/dL] 168.7 = 52.08 159.2 + 39.08 < 0.001"
eGFR [mL/min/1.73 m?] 73.48 = 19.47 74.87 = 19.49 < 0.001"
UACR [mg/gm. Cr] 228.1 = 335.2 227.6 = 339.6 0.505

ABI — ankle-brachial index; BMI — body mass index; FBG — fasting blood glucose; eGFR — estimated glomerular filtration rate; TGs — triglycerides; UACR
— urinary albumin creatinine ratio; P — p value for comparing between Pre-Ramadan and Post-Ramadan. *Statistically significant at p < 0.05

All study patients were subjected to Ramadan-
related patient education regarding hypo- and
hyperglycemia symptoms, self-monitoring of blood
glucose, anti-diabetic drug dosage and timing altera-
tion, diet, fluid intake during Ramadan and when to
break the fast. Adjustments were made to anti-diabetic
medication dosage and timing in accordance with the
International Diabetes Federation DAR Guidelines [19].
Hypoglycemia was defined as a blood glucose level less
than 70 mg/dl and it was classified as minor or major
hypoglycemia. Minor hypoglycemia was defined as
an event that could be self-managed by patients irre-
spective of the severity of the symptoms, while severe
hypoglycemia was defined as an event that required
the assistance of a third party [20].

All patients were observed during the entire month
of Ramadan and a post-Ramadan visit was conducted
3-6 weeks after the end of Ramadan. Information was
collected about the number of days of fasting during
Ramadan, development of hypoglycemia, its frequency
and severity. Physical examination included measure-
ment of body mass index (BMI), blood pressure, ex-
amination of the feet for sensory loss, and peripheral
vascular disease (PVD) by assessing the vibration sense
and calculating the ABI respectively. Laboratory tests
were performed including fasting plasma glucose,
HbA, , complete lipid profile, UACR and serum creati-
nine, with calculation of eGFR.

Results

The study included 132 males and 168 females
aged between 34 and 72 years (mean age was 54.23
+ 8.79 years). 168 patients were treated with oral
hypoglycemic drugs, 60 patients were treated with

insulin and 72 patients were on combination therapy
of oral drugs and insulin.

As presented in Table 1, reassessment showed
significant reduction in BMI, FPG, triglycerides, systolic
and diastolic blood pressure while there was significant
increase in mean eGFR post-Ramadan compared to
pre-Ramadan values (p < 0.001, p < 0.001, p < 0.001,
p < 0.001, p < 0.001 and p < 0.001 respectively). No
significant difference was observed between the two
studied periods regarding HbA, , LDL-C, HDL-C, UACR
and ABI (p = 0.083, p = 0.210, p = 0.272, 0.505 and
0.191 respectively).

Regarding hypoglycemia, patients on twice daily
premixed insulin had the highest rate of minor hypogly-
cemia compared to patients using basal bolus regimen
and patients treated with oral drugs. Patients on twice
daily premixed insulin and patients on sulfonylurea
monotherapy had the highest rates of severe hypogly-
cemia compared to patients on basal bolus regimen
and patients on other oral drugs as shown in Table 2.

As shown in Table 3, patients treated with premixed
insulin had more episodes of minor and severe hypo-
glycemia compared to patients treated with basal bolus
regimen and patients treated with oral-basal combina-
tion. Sulfonylurea based oral therapy showed higher
rate of minor and severe hypoglycemia compared to
DPP-4 inhibitors based oral therapy (p < 0.001 and
p < 0.001 respectively).

Males showed a higher rate of severe hypoglycemia
than females. Smoker patients showed a higher rate of
severe hypoglycemia than non-smokers. Patients with
hypertension and patients with dyslipidemia showed
a higher rate of both minor and severe hypoglycemia com-
pared to patients without hypertension and dyslipidemia.
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Table 2. Incidence and rate of minor and severe hypoglycemia

Rate of minor hypoglycemia

(episodes/pt./month)

Rate of severe hypoglycemia

(episodes/pt./month)

Mf 0.0 £ 0.0
Mf + DP 0.20 = 0.40
Mf + SU 2.0 £ 1.02
Mf + DP + SU 20+0.0
SU + DP 5.0 + 0.0
SU 5.0 = 0.0
Mf + DP + Basal insulin 1.50 = 1.53
Mf + DP + SU + Basal insulin 20=x0.0
Basal bolus 3.50 = 1.53
Premix 7.0 0.0

0.0 = 0.0
0.0 0.0
1.0=0.0
0.0 = 0.0
1.0 + 0.0
3.0+x0.0
0.0 +0.0
1.0=0.0
1.0 + 0.0
3.0+x0.0

DP — DPP-4 inhibitors; Mf — metformin; SU — sulfonylureas

Table 3. Comparison between oral drugs / insulin groups according to of minor and severe hypoglycemia on regimen

Minor hypoglycemia p

Severe hypoglycemia p

Premix regimen vs oral-basal regimen

Premix regimen vs basal bolus regimen

DPP4 inhibitors —based oral therapy vs SU-based
oral therapy

5.67 = 1.91vs 1.67 = 1.26 < 0.001" 3.0 £ 0.0vs 0.33 + 0.48 < 0.001"
5.67 = 1.91vs 3.50 = 1.53 < 0.001"
0.20 + 0.40vs 3.0 = 1.66 < 0.001* 0.0 = 0.0vs 1.67 + 0.96 < 0.001*

3.0+0.0vs 1.0 0.0 <0.001"

*Statistically significant at p < 0.05. SU — sulfonylureas; P — p value for association between different categories

Age, BMI, systolic blood pressure, diastolic blood
pressure, FPG, HbA, , LDL-C, triglycerides and UACR
showed significant positive correlation with the rate
of minor hypoglycemia both pre-Ramadan and post-
Ramadan while HDL-C, ABl and eGFR showed significant
negative correlation with the rate of minor hypogly-
cemia both during pre-Ramadan and post-Ramadan.

The rate of severe hypoglycemia had significant
positive correlation with age, BMI, diastolic blood pres-
sure and triglycerides while it had significant negative
correlation with ABI during pre-Ramadan and post-
Ramadan. No correlation was found between the rate
of severe hypoglycemia and eGFR nor UACR. Moreover,
the rate of severe hypoglycemia had significant positive
correlation with LDL-C, HbA, , FPG and systolic blood
pressure and significant negative correlation with HDL-C
only in post-Ramadan interval with no correlation with
these parameters in pre-Ramadan interval. Correlations
are shown in Table 4.

Discussion

Ramadan fasting is a religious pillar carried out by
Muslims all over the world. During Ramadan, Muslims
abstain from eating, drinking, and smoking during day-
light hours with Iftar being the main meal taken at sun-
set, and suhoor is a small meal taken before sunrise [21].
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Despite taking fewer meals, the overall caloric con-
sumption of individuals with diabetes has been re-
ported to increase during Ramadan [6]. People with
diabetes who fast usually are more prone to fluctua-
tions in their blood glucose values depending upon the
type, composition, and quantity of food consumed,
regularity in medicine taking, alterations in daily physi-
cal activities, or occasional binge-eating after breaking
the fast [6]. Epidemiological studies of Muslims with
diabetes showed that the majority of patients with
diabetes mellitus fasted during Ramadan [10, 19, 22].

The results of the current study showed significant
reduction of BMI post-Ramadan compared to pre-
Ramadan. In accordance with our study, many studies
reported weight loss during Ramadan [23]. The diabe-
tes education and medication adjustment in Ramadan
(DEAR) program showed a significant reduction in
weight, BMI, HbA, , LDL-C, triglycerides, and hypo-
glycemic events [24]. In another study, Sfar et al. [25]
observed little change in weight and BMI during Rama-
dan. Our finding was in contrast to Tiboura et al. [26]
who reported that the mean body weight and BMI of
the patients showed no change despite the marked
changes in food habits.

Regarding blood pressure, both systolic and dias-
tolic blood pressure mean values showed significant
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Table 4. Correlation between rate of minor hypoglycemia and rate of severe hypoglycemia with different parameters

Rate of hypoglycemia

Minor Severe
re P rg p

Age [years] 0.506 < 0.001" 0.570 < 0.001"
BMI [kg/m?]

Pre-Ramadan 0.378 < 0.001" 0.501 < 0.001"

Post-Ramadan 0.323 < 0.001" 0.405 < 0.001"
Systolic blood pressure [mm Hg]

Pre-Ramadan 0.232 0.002" 0.143 0.118

Post-Ramadan 0.350 < 0.001" 0.253 0.005"
Diastolic blood pressure [mm Hg]

Pre-Ramadan 0.537 < 0.001" 0.326 < 0.001"

Post-Ramadan 0.219 0.003" 0.456 < 0.001"
FBG

Pre-Ramadan 0.265 < 0.001" 0.071 0.441

Post-Ramadan 0.726 < 0.001" 0.641 < 0.001"
HbA,,

Pre-Ramadan 0.530 < 0.001" 0.018 0.847

Post-Ramadan 0.538 < 0.001" 0.356 < 0.001"
LDL

Pre-Ramadan 0.368 < 0.001" 0.142 0.122

Post-Ramadan 0.305 < 0.001" 0.284 0.002"
HDL

Pre-Ramadan -0.248 0.001" -0.143 0.120

Post-Ramadan -0.439 < 0.001" -0.429 < 0.001"
TGs

Pre-Ramadan 0.654 < 0.001" 0.284 0.002"

Post-Ramadan 0.753 < 0.001" 0.497 < 0.001"
eGFR

Pre-Ramadan -0.627 < 0.001" -0.142 0.121

Post-Ramadan -0.674 < 0.001" -0.143 0.120
UACR

Pre-Ramadan 0.616 <0.001" 0.071 0.441

Post-Ramadan 0.644 <0.001" 0.107 0.245

*Statistically significant at p < 0.05. BMI — body mass index; FBG — fasting blood glucose; eGFR — estimated glomerular filtration rate; r, — Spearman

coefficient; TGs — triglycerides; UACR — urinary albumin creatinine ratio

reduction after Ramadan compared to pre-Ramadan
values. Similar results were reported by Bener et al. [27]
explored the impact of Ramadan fasting on different
biochemical and lifestyle parameters and demonstrated
reduction of systolic and diastolic blood pressure with
fasting. In contrast to our findings, Sahin et al. [28]
reported that BMI, waist circumference and blood
pressure were unchanged in patients who fasted dur-
ing Ramadan.

In the present study, mean FPG was significantly
lower post-Ramadan compared to pre-Ramadan. Re-
garding HbA, , mean HbA, _was lower post-Ramadan
but the difference was non-significant. These findings

revealed that fasting lead to significant reduction in
blood glucose levels which is consistent with other
studies [27-29]. Also, there was significant reduction
of mean triglyceride level post-Ramadan but no effect
was observed on LDL-C

No significant difference was observed regarding
mean UACR between pre-Ramadan and post-Ramadan
but mean eGFR level was higher than pre-Ramadan level
indicating that fasting does not cause any deterioration
of renal functions. A previous meta-analysis including
six studies confirmed this conclusion [30]. Another
study compared a group of CKD patients who fasted
during Ramadan to a control group of CKD patients

165



Clinical Diabetology 2021, Vol. 10, No 2

who did not fast and reported similar results [31]. Few
studies showed worsening renal functions with Rama-
dan fasting. An observational trial including 65 partici-
pants showed worsening of renal functions with Rama-
dan fasting in 33% of patients. Interestingly, this study
identified young age as a risk factor for worsening renal
function with Ramadan fasting in these patients [32].
This may be related to more physical activity associated
with more dehydration in this age group.

Regarding lipid profile, no effect was observed on
mean LDL-C or HDL-C but mean triglyceride level showed
significant reduction post-Ramadan compared to pre-
Ramadan. A previous study reported that Ramadan fast-
ing improved blood lipid profile, blood pressure, blood
glucose, BMI, and sleeping problems among patients
with T2DM [27]. Another study demonstrated reduction
of LDL-C and triglycerides in addition to elevation of
HDL-C levels in adult males after Ramadan fasting [33].

The results of the current study showed higher
frequency of hypoglycemic episodes among insulin
treated patients and patients using sulfonylureas.
A previous study showed that 2% of patients with type 2
diabetes experienced at least one episode of hypogly-
cemia requiring hospitalization during Ramadan [28].
Another study including 493 diabetic patients reported
that about 14.6% of the patients experienced mild hy-
poglycemia, 3.2% had severe hypoglycemia and 11.2%
had severe hyperglycemia during Ramadan [34].

Ba-Essa et al. [35] described rates of hypoglycemia
during Ramadan according to type of treatment. Hypo-
glycemia was highest in patients treated with insulin
followed by those treated with oral agents including
sulfonylureas as compared to oral agents excluding
sulfonylureas.

Smokers showed higher rate of severe hypoglyce-
mia than nonsmokers. The relation of smoking to severe
hypoglycemia may be attributed to the effect of smok-
ing on insulin clearance, leading to hyperinsulinemia,
increasing the risk of postprandial hypoglycemia, and
worsening metabolic control [36]. Moreover, hyperten-
sive patients showed higher rate of severe hypoglyce-
mia compared to normotensive patients. It is highly
probable that hypoglycemia-induced hypertension is
amplified in patients experiencing frequent and severe
hypoglycemia which may increase the risk of a broad
spectrum of hypertension-related complications [37].

The rate of hypoglycemia had significant positive
correlation with BMI. These results are in contrast to
Yun et al. [38], who assessed the association between
BMI and the development of severe hypoglycemia in
patients with type 2 diabetes and concluded that BMI
and severe hypoglycemia were found to be inversely
associated. However, BMI was strongly associated with
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severe hypoglycemia in the males compared to females
which is in agreement with our study.

Regarding blood pressure, there was a statistically
significant positive correlation between the rate of hy-
poglycemia and systolic blood pressure post-Ramadan.
Diastolic blood pressure had statistically significant
positive correlation between the rate of hypoglycemia
(pre-Ramadan and post-Ramadan). Frier et al. [39]
stated that the hemodynamic changes associated with
hypoglycemia included an increase in heart rate and
peripheral systolic blood pressure.

Our results showed that there was significant
positive correlation between the rate of hypoglycemia
and FPG and HbA, . These results contradicts Tsujino
et al. [40] who examined the relationship between the
occurrence of hypo-/hyperglycemia and HbA,_values
and reported that higher the HbA,_values were sig-
nificantly associated with shorter time in hypoglycemia
(< 70 mg/dL).

Regarding LDL, there was a statistically significant
positive correlation between the rate of hypoglycemia
and LDL. Li et al. [41], found that increased LDL was as-
sociated with mild hypoglycemia, severe hypoglycemia,
or both in multivariable analysis.

Conclusion

Pre-Ramadan education can greatly benefit
patients with diabetes in maintaining blood sugar
control and preventing weight gain. Ramadan fasting
reduced BMI, blood pressure, FBG and TGs compared
to pre-Ramadan levels while eGFR was higher than
pre-Ramadan. Hypoglycemia was highest in patients
treated with insulin followed by those treated with
oral agents including sulfonylureas as compared to oral
agents excluding sulfonylureas. Smokers, patients with
hypertension and dyslipidemia showed higher rate of
severe and minor hypoglycemia compared to patients
without those risk factors.
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