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Background: The management of diabetes during Ramadan is well codified. International guidelines recommend avoiding fasting
for patients with the risk of complications. However, during Ramadan drastic changes occur in lifestyles habits. Our study aims to
evaluate the impact of the month of Ramadan on the lifestyle habits and metabolic profile of non-fasting patients with diabetes.
Patients and Methods: This observational cross-sectional study was carried out during 3 months of Ramadan in 2018, Ramadan
2019, and Ramadan 2021. We conducted 3 consultations (before, during, and after Ramadan). Before Ramadan, we collected
anthropometric and metabolic parameters, and we assessed physical activity level and dietary intake. During Ramadan, we evaluated
the occurrence of complications such as hyperglycemia and hypoglycemia, as well as we assessed physical activity level, dietary
intake, and the number of meals. After Ramadan re-evaluate anthropometric and metabolic parameters.

Results: We included 155 patients, 93.5% had type 2 diabetes and 6.5% had type 1 diabetes. We found that glycated hemoglobin,
LDL cholesterol, and Triglyceride increased significantly after Ramadan (p-value <0.001). We also found that weight, body mass
index, waist circumference. Caloric intake increased significantly during Ramadan (p-value <0.001); this increase concerned
61.3% of patients. In terms of metabolic parameters, diabetes was unbalanced in 52.6% of patients, hypoglycemia occurs in 20.9%
of patients, and hyperglycemia was experienced by 37% of patients during Ramadan. We found that LDL cholesterol increased in
48.4% of patients, triglycerides increased in 60.6% of patients and serum level of total cholesterol increased in 55% of patients.
Conclusion: Our study showed that during Ramadan risk of complications in patients with diabetes is not only related to fasting.
Keywords: Ramadan, diabetes, non-fasting patients, metabolic profile

Introduction

Ramadan is a holy month during which Muslims around the world observe a strict fast from eating and drinking from
dawn until sunset. This month follows the lunar calendar and is spread over 29 to 30 days. The duration of the fast can be
as long as 18 hours depending on the geographical location.

Fasting during Ramadan can lead to complications in patients with chronic diseases such as diabetes.' Indeed,
patients with diabetes who fast during this month are at risk of hypoglycemia, ketoacidosis, dehydration, and
thrombosis.>*> To prevent these complications, the International Diabetes Federation (IDF) recommends a pre-
Ramadan assessment for patients with diabetes, in order to advise patients with risk of complications not to fast.*

However, during the month of Ramadan, the lifestyle and eating habits of Muslims undergo major changes. Studies
have shown that there is a disruption of sleep patterns, a reduction in physical activity, as well as a change in the number
and meals.” Indeed, in the Moroccan cultural habits, the fasting period of the day is broken by a feasting period with high
caloric content of meals®. All these changes could have an impact on the metabolic control of patients with diabetes
during this month even if they do not fast and this question is not well documented. To answer this interrogation, we
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conducted a study that aimed to evaluate the impact of the month of Ramadan on the lifestyle habits and metabolic
profile of non-fasting patients with diabetes during this month.

Patients and Methods

Study Design

This was an observational cross-sectional study conducted at the department of endocrinology and diabetology of the
Sheikh Khalifa Ibn Zaid Hospital of Casablanca, Morocco. The study was conducted during 3 months of Ramadan in
2018 (between May 17th and June 15th), Ramadan 2019 (between May 7th and June 6th), and Ramadan 2021 (between
14th April and 13th May).

Study Population

In this study, we included all patients with a known diagnosis of diabetes, aged above 18 years old, who did not fast during
Ramadan. The study included patients who have agreed to be followed during Ramadan and agreed to provide informed
consent. We excluded pregnant women and patients who did not fully complete the follow-up during the study period.

Data Collection and Measurements

The study was conducted during the three Ramadans, during 6 weeks with 3 consultations. First consultation was
conducted one week before the beginning of Ramadan, during this consultation we collected the following data:
demographics (age, gender), type of diabetes, diabetes history (including duration of diabetes, diabetes medications,
degenerative complications), fasting risk stratification according to the IDF-DAR recommendations,* anthropometric
parameters (weight, body mass index, waist circumference), metabolic parameters (glycated hemoglobin, fasting blood
glucose and lipid profile), physical activity level and assessment of dietary intake before Ramadan. During the month of
Ramadan, all patients performed self-monitoring of blood glucose using a blood glucose logbook.

The second consultation was performed the second week of Ramadan (mid-Ramadan) to assess physical activity
level, dietary intake, and number of meals, as well as the occurrence of complications such as hyperglycemia and
hypoglycemia. The third consultation was performed, during the first week after the end of Ramadan to re-evaluate the
anthropometric and metabolic parameters previously mentioned.

In order to evaluate the impact of the month of Ramadan on non-fasting diabetic patients, we compared the
anthropometric and metabolic parameters of all patients. We also evaluated these parameters in the group of patients
on insulin therapy and patients on oral antidiabetics.

Definitions
Risk Stratification
Risk related to fasting was defined according to DAR-IDF recommendations. Patients were stratified into 3 categories:

- Very high risk included patients who presented acute complications such as severe hypoglycemia, ketoacidosis, or
hyperosmolar hyperglycaemic coma within the 3 months before Ramadan, patients with a history of recurrent hypogly-
cemia or hypoglycemia unawareness, poorly controlled type 1 diabetic patients, patients with acute illness, patients with
Chronic dialysis or chronic kidney disease stage 4 and 5, patients with advanced macrovascular complications and
elderly patients with ill health. For patients in this category, fasting is prohibited.

- High-risk category included type 2 diabetic patients with sustained poor glycaemic control, well-controlled type 1
diabetic patients, Well-controlled patients with mixed insulin, patients with chronic kidney disease stage 3, patients with
stable macrovascular complications, patients with comorbid conditions that present additional risk factors, patients with
diabetes performing intense physical labor and patients with treatment with drugs that may affect cognitive function. For
patients in this category, fasting is not recommended.

- Moderate/low-risk category included, well-controlled type 2 diabetic patients treated with Lifestyle therapy,
metformin, acarbose, Thiazolidinediones, second-generation sulfonamide, incretin-based therapy (DPP-4 inhibitors or
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GLP-1 RAs), sodium-glucose cotransporter-2 (SGLT2) inhibitors, or basal insulin. For patients in this category, fasting is
not recommended. For patients in this category, fasting may be allowed.

Anthropometric Parameters
Weight and height were measured by trained investigators using standard equipment, according to the recommendations
of Lohman et al.” Weight was measured in fasting patients, with light clothing and an empty bladder. Standing height was
measured in patients without shoes. Waist circumference was measured at the midpoint between the iliac crest and the
lowest rib according to the World Health Organization recommendations.®

Body mass index (BMI) was calculated as weight in kilograms divided by height in squared meters.

Metabolic Parameters

Glycated hemoglobin was measured using high-performance liquid chromatography method (HPLC) according to the
National Glycohemoglobin Standardization Program standardization.” Fasting blood samples were collected after 12
hours of overnight fasting to quantify fasting plasma glucose (FPG) levels and Lipid profile components which include
high-density lipoprotein-cholesterol (HDL-C), total cholesterol (TC), triglyceride and Low-density lipoprotein-
cholesterol (LDL-C).

Serum levels of Cholesterol, HDL-C, and triglyceride were measured using by direct enzymatic colorimetric method,
LDL-C was calculated using the Friedewald formula.'® The cut-off values that were used as reference for cholesterol was
TC <200 mg/dL, TG <150 mg/dL, and HDL-C > 40 mg/dL in men and >50 mg/dL in women, following the NCEP/ATP
IIL.'"" LDL-C targets were established following the American Diabetes Association recommendations.' For diabetic
patients with established atherosclerotic cardiovascular disease, the cute off the value of LDL-C was LDL-C< 70mg/dl,
for all other patients this value was LDL-C< 100mg/dl.

Dietary Intake Assessment
Dietary intake assessment and caloric intake were performed using the 24-hour dietary recall method and a food
frequency questionnaire adapted for Moroccan adult.'® Total energy intake was calculated by trained investigators.

Physical Activity

Physical activity level was assessed using the Global Physical Activity Questionnaire (GPAQ2), which includes estimates
of physical activity in three domains (activity at work, activity travelling to and from places, recreational activities) as
well as sedentary behavior.'* The intensity of physical activity was classified into three categories: light intensity,
moderate intensity, and vigorous intensity.

Statistical Analysis

For the descriptive analysis, we described normally distributed continuous variables as mean with standard deviations
(SD) and normally undistributed variables as medians with interquartile ranges (IQRs). Categorical variables were
described as percentages and frequencies. The normality of continuous variables distribution was conducted using the
Kolmogorov—Smirnov test. To compare data before and after Ramadan, the McNemar test was used to compare
categorical data and the student test for paired samples was performed to compare normally distributed quantitative
variables. The Wilcoxon test was used to analyze normally undistributed data. All P-values were two-sided, and those
< 0.05 were considered statistically significant. Statistical analyses were performed using SPSS 20.0.

Ethical Considerations
The study was approved by the institutional ethics board of Cheikh Khalifa ibn Zaid International University Hospital.
Our study complies with the Declaration of Helsinki.

Informed consent was obtained for all patients prior to inclusion. Data confidentiality and patient anonymity were
maintained at all stages of the study. We deleted Patient-identifying information before analysing the database.
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Results

During the study period, 155 patients were included. Baseline characteristics of the study population are represented in
Table 1. The median (interquartile range IQR) age of patients was 64 (IQR 57.5-71) years and, 60.6% were men. Among
our patients, 93.5% of them had type 2 diabetes and 6.5% had type 1 diabetes. Diabetes duration was above 10 years of
diabetes in 36.1% of patients. Microangiopathy was found in 36.1% of patients, and macroangiopathy in 15.5% of
patients. Stratification of risk related to fasting showed that 91.6% were classified among very high risk and 8.4% were
classified among high risk. As represented in Table 2, the median baseline weight of patients was 77 kg (IQR 69-88),
their median BMI was 28kg/m2 (IQR 24.9-31.9) and their median waist circumference was 99cm (IQR 91-105).

Table | Baseline Characteristics of Patients: Demographics, Diabetes History and
Risk Stratification

Characteristics Median (IQR) or N (%)
Age (years) 64 (57.5-71.0)
Gender Male 94 (60.6)
Female 61 (39.4)
Duration of diabetes (%) >10 years 56 (36.1)
< 10 years 99 (63.9)
Type of diabetes (%) Type | Il (6.5)
Type 2 144 (93.5)
HTN* (%) 90 (58.1)
Degenerative complications No complications 42 (27.1)
%)
Microangiopathies 55 (36.1)
Macroangiopathies 24 (15.5)
Combined 33 (21.3)
Risk stratification (IDF) (%) High risk 14 (8.4)
Very high risk 141 (91.6)
Insulin therapy (%) No insulin 34 (21.9)
Basal 33 (21.9)
Basal-bolus 49 (31.6)
Pre-mixed 38 (24.5)
Oral anti-diabetics (%) No OAD** 76 (49.4)
Metformin 39 (25.3)
MTF***+sitagliptin 24 (15.6)
MTF+empagliflozine 8 (5.2)
MTF+ gliclazide 4 (2.6)
MTF+sitagliptin 3(1.9)
+gliclazide

Notes: *Hypertension, **Oral anti-diabetics, **Metformin.
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Table 2 Baseline Characteristics of Patients: Anthropometric and Metabolic
Parameters, and Caloric Intake of Patients

Characteristics Median (IQR) or N (%)
Weight (kg) 77 (69-88)
BMI*Before ramadan (kg/m?) 28 (24.9-31.9)
Waist circumference (cm) 99 (91-105)
HbAlc (%) 8.45 (7.7-10)
FBG** (g/l) 1.8 (1.4-2.09)
TC*(g/l) 1.7 (1.32-2.01)
LDL* (g/l) 1.01 (0.74-1.32)
TG (g/) 1.2 (0.95-1.6)
Caloric intake (Kcal) 1641 (1454-1915)
GPAQ score (%) | 130 (83.9)

2 18 (11.6)

3 7 (4.5)

Notes: *Body mass index. **Fasting blood glucose, *Total cholesterol, *Low-density lipoprotein
cholesterol, JfTriegcerides.

Assessment of physical activity before Ramadan using the GPAQ score showed that 83.9% had low physical activity,
11.6% had moderate activity, and 4.5% had high physical activity. Medians of baseline glycated hemoglobin and baseline
fasting blood glucose were respectively 8.45% (IQR7.7-10) and 180 mg/l (1.40-2.09). Medians of baseline serum levels
of total cholesterol, HDL-C, LDL-C and triglycerides were respectively 1.70g/1 (1.32-2.01), 0.42¢g/1 (0.33-0.5), 1.01g/1
(0.74-1.32), 1.2g/1 (0.95-1.6). The median caloric intake before Ramadan was 1641.12 Kcal (1454-1915.16). The
median number of meals per day before Ramadan was 4 (IQR 3-4). We found no significant difference in terms of
physical activity before and during Ramadan (p-value=0.79).

We found that 20.9% of patients presented hypoglycemia and 37.3% of patients presented hyperglycemia during
Ramadan. The Median Number of meals during Ramadan was 4 meals (IQR: 4-5), 2.6% of patients had two meals
per day, 46.4% had three meals, 41.8% had four meals, and 9.2% had five meals a day. There was no statistically
significant difference between the number of meals before and after Ramadan (p=0.75). As represented in Table 3, caloric
intake during Ramadan was significantly higher than before Ramadan (1861.78Kcal (IQR1549-2288) versus 1641.12
Kcal (1454-1915.16) respectively with p-value<0.01). The median evolution of caloric intake was +341.43 (IQR:0-
465.4). We found that caloric intake increased in 61.3% of patients (Figure 1).

In terms of anthropometric parameters, BMI, weight, and waist circumference increased significantly after Ramadan,
p-values <0.001. The medians of evolutions of BMI, weight and waist circumference were respectively + 0.46kg/m>
(IQR: —0.75-1.49), +2 (IQR: —2-4) and +2 (IQR: —2- +3.75). Assessment of biochemical metabolic parameters after
Ramadan showed that glycated hemoglobin after Ramadan increased significantly (8.55% (IQR: 7.5-10), p-value
<0.001) with a median evolution of +0.1% (IQR: —0.75- +0.85). We noticed that 52.6% of the patients have unbalanced
their diabetes (Figure 1).

Serum levels of total cholesterol after Ramadan was 1.69g/1 (IQR:1.38-2.22) p-value:0.02, with a median evolution
of +0.08 (IQR: —0.1-+0.3). There was no significant difference between levels of HDL-C, Triglycerides, and LDL-C
before and after Ramadan (p-values were respectively 0.27, 0.45, and 0.07). However, we noticed that LDL-C level
increased above the target in 48.4% of patients, hypercholesterolemia and hypertriglyceridemia were found in 28.4% and
60.6% of patients respectively after Ramadan (Figure 1).
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Table 3 Comparison of Caloric Intake, Physical Activity Level, Anthropometric and Metabolic Parameters Before and After Ramadan
in All Non-Fasting Patients with Diabetes

Variable Before Ramadan - Median (IQR) or N (%) | During/ After Ramadan - Median (IQR) or N (%) | p-value
Weight (kg) 77 (69-88) 78 (70-89.8) < 0.001
BMI* (kg/m2) 28 (24.9-31.9) 28 (24.9-32.6) < 0.001
Waist circumference (cm) 99 (91-105) 98 (92-107) < 0.001
HbAIlc (%) 8.45 (7.7-10) 8.55 (7.5-10) < 0.001
LDL-C** (g/l) 1.1 (0.74-1.32) 1.01 (1.38-2.22) 0.061
TGH¥(g/l) 1.31 (0.95-1.6) 1.39 (0.95-1.6) < 0.001
Caloric intake (kcal) 1659.48 (340.631) 1861.78 (497.238) < 0.001
Number of meals 4 (34) 4 (34) 0.75
GPAQ score

| 83.9 834 0.791
2 1.6 12.6

3 4.5 4

Notes: *Body mass index, **Low-density lipoprotein cholesterol, **Triglycerides.

As represented in Table 4, in patients on insulin therapy, we found that weight, BMI and waist circumference
increased significantly after Ramadan (p values were p=0.001, p=0.008 and p=0.003 respectively). LDL-C serum level
and caloric intake increased significantly after Ramadan (p-values were 0.008 and <0.0001 respectively). However, there
was no statistically significant difference between levels of HBA1C and Triglycerides before and after Ramadan
(p-values were respectively 0.67 and 0.57). In patients on oral antidiabetic agents, caloric intake increased significantly
during Ramadan (p=0.004). However, there was no significant difference in terms of anthropometric and metabolic
parameters before and after Ramadan in this group of patients (Table 4).

71,60%
60,60% 61,30%
550/0 560/0
53% 51,20%
48,40% 48,70%
479 :
. 45% 44%
39,40%
28,40%
glycated hemoglobin Low-density-lipoprotein Triglycerides Total cholesterol Weight Waist circumference Caloric intake

= GOOD EVOLUTION BAD EVOLUTION

Figure | Evolution of anthropometric and metabolic parameters among non-fasting patients during Ramadan.
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Table 4 Comparison of Caloric Intake, Anthropometric and Metabolic Parameters Before and After Ramadan in Patients’ Insulin

Therapy and in Patients in Oral Antidiabetic Drugs

Patients in Insulin Therapy Patients in Oral Anti-Diabetic Agents
Variable Before Ramadan - During/ after Ramadan - p-value | Before Ramadan - During/ after Ramadan - p-value

median (IQR) or median (IQR) or N (%) median (IQR) or median (IQR) or N (%)

N (%) N (%)
Weight (kg) 79.30 (68.5-88.0) 80.78 (70.1-90.0) 0.001 78.56 (69.9-87.2) 78.35 (69.7-87.2) 0.72
BMI* (kg/m2) 28.43 (24.0-32.0) 28.65 (24.6-33.0) 0.008 28.76 (26.0-32.0) 28.62 (25.8-31.2) 0.8l
Waist 98.46 (89-106) 99.4 (91.5-108) 0.003 98.74 (91.00-101.5) 98.88 (91.75-106.00) 0.76
circumference (cm)
HbAlc (%) 9.23 (8.0-10.0) 9.08 (8.0-10.0) 0.67 8.15 (7.0-8.55) 8.03 (7.00-9.00) 0.90
LDL-C** (g/l) 1.04 (1.0-1.0) 1.18 (1.0-1.0) 0.008 0.95 (0.95-1.0) 0.96 (0.88-1.00) 0.90
TG” (gl) 1.34 (1.0-2.0) 1.41 (1.0-2.0) 0.57 1.35 (1.0-2.0) 1.34 (1.00-2.00) 0.90
Caloric intake (kcal) | 1666.29 (1453.2-1915) 1881.66 (1560.0-2288.0) <0.0001 1635.3 (1474.7-1801.4) 1791.9 (1452.0-2232.0) 0.004

Notes: *Body mass index, **Low-density lipoprotein cholesterol, “Triglycerides.

Discussion
Management of diabetes during Ramadan is a challenging situation for professional healthcare, due to drastic changes in
terms of diet, physical activity, and modification of the circadian rhythm. Indeed the EPIDIAR study showed that among
patients with type 2 diabetes 36.8% have decreased their physical activity, 38.2% decreased sleeping duration, 18.6%
increased their food intake and 19.1% had gained weight.> Moreover, during this month there is a modification of the
working hours, with greater involvement of the religious activity that leads to a decrease of the sleeping hours."” In
addition, it has been proven that sleep during the night-time is important for the metabolic process, which has been
shown to facilitate blood glucose regulation that is essential for diabetes outcomes.'® Besides this, numerous studies have
shown that the disturbance of the circadian rhythm can affect glucose homeostasis, insulin secretion, and insulin
sensitivity and disturb glucose homeostasis, insulin secretion, and insulin sensitivity.'>'” Other studies showed that
poor quality of sleep may increase glycated hemoglobin level.'® In addition, in non-diabetic people, drastic changes
occur in terms of energy and water intake and glucose homeostasis. The time between meals is longer than outside
Ramadan, meals are more consistent and are taken exclusively during the night.'’

All these changes suggest that the risk of complications is not only related to fasting but also to these lifestyle
changes. This puts patients with diabetes at risk of metabolic complications even if they do not fast.

Several studies have investigated the metabolic impact of Ramadan among fasting patients with diabetes. Indeed,
D. Tahapary et al showed in a recent meta-analysis that fasting blood glucose decreased by 15.28 (95% CI —17.22,
13.34) mg/dL and glycated hemoglobin decreased by 0.27% (95% CI —0.32, 0.22) after Ramadan fasting. In terms of
lipid profile, this meta-analysis showed that levels of total cholesterol, LDL-C, HDL-C and triglyceride decreased
significantly (—12.88 (95% CI:-14.68, —11.09) mg/dL, —4.42 (95% CI:-6.17,-2.66) mg/dl, —1.09 (95% CI —1.71,
—0.47) mg/dL and —2.47 (95% CI: —3.69,-1.24) mg/dL.*°

The aim of our study was to investigate the impact of Ramadan on patients with diabetes who do not fast during this
month. To the best of our knowledge very few studies investigated this question. We found that, in terms of anthropo-
metric parameters, BMI, weight, and waist circumference increased significantly after Ramadan (p-values <0.001). Our
study showed that 20.9% of patients had hypoglycemia which is probably due to the social pressure to skip lunch,
especially in the workplace. We also found that 52.6% of our patients have unbalanced their diabetes and 37.3% of
patients experimented hyperglycemia. This can be explained by the significant increase in caloric intake during the month
of Ramadan with a p-value <0.001, because of the social and convivial aspect of meals, which leads patients to take part
in the meals. This is consistent with the results of Sebbani et al,” that compared dietary habits in fasting and non-fasting
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patients with type 2 diabetes, and found that caloric intake in non-fasting patients was significantly higher than the one in
fasting patients (p-value 0.016) with a mean of 19,919.0 kcal (SD: 823.4). Moreover, it has been demonstrated that
lifestyle habits including dietary intake contribute significantly to metabolic dysregulation through induction of adipo-
genesis and increased BMI. This leads to insulin resistance, impaired glucose metabolism, and dyslipidemia.>' This goes
hand in hand with the results of our study that showed that 48.4% increased their LDL-C above the targets defined by the
American diabetes association,'? 60.6% increased their Triglycerides (TG) during the month of Ramadan. Furthermore,
Sebbani et al® found that the composition of total lipids of meals of non-fasting patients with diabetes were significantly
higher in lipids than those of fasting patients with diabetes (p-value: 0.016).

The limitations of our study are the small sample of patients, monocentric study, and selection bias (hospital center of
third grade). Additionally, we did not collect some variables that may influence anthropometric parameters, for example
uncontrolled diabetes.

The strength of this study is its originality, as to the best of our knowledge there is no actual study that investigated
the impact of Ramadan on non-fasting patients with diabetes during the month of Ramadan.

Conclusion

Our study showed that during Ramadan risk of complications in patients with diabetes is not only related to fasting. This
highlights the importance of including all patients with diabetes even if they do not fast in specific therapeutic education
programs. In non-fasting patients, these programs should be focused on lifestyle habits and nutritional plans during
Ramadan. Moreover, these patients should not be excluded from the pre-Ramadan assessment and the follow-up during
the month of Ramadan.
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