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Fasting during Ramadan is one of the five pillars of Islam and is obligatory for all healthy Muslims from the age of
puberty. Though individuals with some illness and serious medical conditions, including some people with
diabetes, can be exempted from fasting, many will fast anyway. It is of paramount importance that people with
diabetes that fast are given the appropriate guidance and receive proper care. The International Diabetes
Federation (IDF) and Diabetes and Ramadan (DaR) International Alliance have come together to provide a
substantial update to the previous guidelines. This update includes key information on fasting during Ramadan
with type 1 diabetes, the management of diabetes in people of elderly ages and pregnant women, the effects of
Ramadan on one’s mental wellbeing, changes to the risk of macrovascular and microvascular complications, and
areas of future research. The IDF-DAR Diabetes and Ramadan Practical Guidelines 2021 seek to improve upon the

awareness, knowledge and management of diabetes during Ramadan, and to provide real-world recommenda-
tions to health professionals and the people with diabetes who choose to fast.

1. Introduction

In Islam, Ramadan is the holy month of fasting and falls on the ninth
month of the lunar calendar and varies in its timing from year to year. It
is one of the five main pillars of Islam and is obligatory for all healthy
adult Muslims. Fasting during Ramadan involves not eating or drinking
anything from dawn to sunset, and in some parts of the world this can
last up to 20 h. There are two main meals eaten on each day of Ramadan:
Suhoor is the meal eaten before dawn before fasting commences, and
Iftar is the meal served at the end of day to mark the end of the day’s fast.
However, not all Muslims can fast during Ramadan; people that are ill or
unwell can be exempted from fasting and can participate in Ramadan
through giving charity to those that are less fortunate. Nevertheless,
there is a strong desire to participate in fasting during Ramadan, even
amongst those that are deemed ill or unwell.

Muslims comprise almost a quarter of the world’s population and in
2010 there were nearly 1.6 billion followers of Islam worldwide [1]. The
geographic regions that contain the highest Muslim populations are
Middle East-North Africa (93% Muslim) [2], Central Asia (83% Muslim)
[3], Southeast Asia (42% Muslim) [4] and Sub-Saharan Africa (29-31%
Muslim) [5], other regions of Oceania, Europe and the Americas all have
estimated Muslim populations of 5% or under [6-8]. Crucially, we note
that the current and future prevalence of diabetes in these regions are
high [9]. Consequently, projections point towards a large number of
people with diabetes seeking to fast during Ramadan. Indeed, Hassanein
et al. highlighted the motivation among people with diabetes seeking to
fast during Ramadan in a recent review [10].

Fasting during Ramadan may provide enduring benefits. It can be an

opportunity for a better lifestyle, weight loss and the cessation of un-
healthy habits such as smoking [11]. For people with diabetes who
choose to fast, Ramadan may also help to strengthen the therapeutic
alliance with physicians and may help to improve general diabetes
management.

However, people with diabetes and Healthcare Professionals (HCPs)
face challenges during Ramadan. For those that fast, the onset of
Ramadan can lead to a sudden change to one’s usual lifestyle — this can
include a shift in mealtimes and diet, changes to usual sleeping sched-
ules and adjustments to physical activity patterns. For people with
diabetes further changes are also required, these may involve a need for
education, a knowledge of diabetes management plans and adaptations
to self-monitoring of blood glucose (SMBG) schedules and medication
regimens. Moreover, due to the varying and metabolic nature of dia-
betes, people living with it are also at greater risk of complications from
large changes in food and fluid intake. Potential health hazards include
hypoglycaemia, hyperglycaemia, dehydration and acute metabolic
complications such as diabetic ketoacidosis (DKA) [12].

For HCPs the challenges involve ensuring that individuals with dia-
betes that are seeking to fast can do so safely. In order for HCPs to help
provide safety, a greater evidence-based understanding of diabetes and
Ramadan is required and an established set of guidance to help inform
the best management strategies for during Ramadan are needed.

It is clear that with the increasing number of people participating in
Ramadan with diabetes, there is a greater need for effective guidance.
The International Diabetes Federation (IDF) and the Diabetes and
Ramadan (DAR) International Alliance have once again come together
to provide guidance on fasting during Ramadan with diabetes. The IDF-
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DAR Diabetes and Ramadan Practical Guidelines 2021 will help to provide
real-world recommendations to both individuals with diabetes that are
seeking to fast and to HCPs that provide care. This update includes the
addition of new guidance based on a greater and more recent body of
evidence and the introduction of a novel clinical risk calculator to assist
physicians in classifying risk. This new information comprises the
impact of fasting during Ramadan on both one’s physical and mental
wellbeing; the management of type 1 diabetes mellitus (T1DM) and type
2 diabetes mellitus (T2DM); the management of diabetes in special
populations such as in pregnant women and the elderly; fasting during
Ramadan and changes to the risk of comorbidities such as cardiovas-
cular disease, stroke and renal impairment. Key revisions include up-
dates to the risk stratification of individuals with diabetes that are
seeking to fast; further evidence on the changes that can occur to the
body with Ramadan fasting; new information on pre-Ramadan educa-
tion and Ramadan Nutrition Plans (RNP).

2. Methods

The IDF and DAR International Alliance approached experts in dia-
betes from across the world to jointly develop this update to the IDF-DAR
Practical guidelines. The IDF-DAR writing held several meetings to
discuss and identify the revisions to the previous guidelines. An exten-
sive literature review was performed for studies that were related to
people with diabetes and fasting during Ramadan. Relevant studies were
identified, and the key results and messages were extracted (further
details are available in the full version of the guidelines). Following this,
information was collated together and used to develop the recommen-
dations presented in this article.

The DAR writing group has critically appraised and given grades to
the recommendations and scored the level of evidence that were used in
each case, see Tables 1 and 2. These grades have been presented
throughout and will help to identify gaps within the literature and areas
for future research.

3. What happens to the body? Physiology of fasting during
Ramadan

Ramadan fasting (RF) represents a major shift from normal ways of
eating as well as in sleep and wakefulness patterns. Feeding Patterns

Table 1
Criteria for assigning levels to evidence used in developing guidance.
Level Criteria
Level Systematic review or meta-analysis of high quality Randomized
1A Controlled Trials (RCTs)

a) Comprehensive search of evidence.

b) Authors avoided bias in selecting articles for inclusion.

c) Authors assessed each article for validity.

d) Reports clear conclusions that are supported by the data and
appropriate analyses.

OR

Appropriately designed RCT with adequate power to answer the question

posed by the investigators.

a) Participants were randomly allocated to treatment groups.
b) Follow up at least 80% complete, (no>20% missing data).
¢) Participants and investigators were blinded to the treatment where

applicable.
d) Participants were analysed in the treatment groups to which they were
assigned.
e) The sample size was large enough to detect the outcome of interest.
Level Non-randomised clinical trial or cohort study with indisputable results.
1B
Level 2 RCT or systematic review that does not meet Level 1 criteria above.
Level 3 Non-randomised clinical trial or cohort study; systematic overview or

meta-analysis of Level 3 studies.
Level 4 Other
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Table 2
Criteria for assigning grades to recommendations.
Grade Criteria
Grade A The best evidence was at Level 1.
Grade B The best evidence was at Level 2.
Grade C The best evidence was at Level 3.
Grade D  The best evidence was at Level 4 or consensus by IDF-DAR writing group

The full version of the IDF-DAR Diabetes and Ramadan Practical Guidelines 2021 is
available to freely download from the IDF website (http://www.idf.
org/guidelines/diabetes-in-ramadan) and the DAR International Alliance web-
site (http://www.daralliance.org/daralliance).

[13] and the accompanying changes in glucose variability [14] in RF
differ significantly from non-fasting days and from other common forms
of fasting due to the absolute abstinence from food and drink. This has
important implications for physiology, with ensuing changes in fluid
and energy balance, and in the rhythm and magnitude of fluctuations in
several homeostatic and endocrine processes. In people with diabetes,
the effects on glucose homeostasis are particularly important and are
discussed separately. The duration of fasting impacts the physiological
changes and is of particular relevance when Ramadan falls during longer
summer days or in higher latitudes countries.

3.1. Changes to energy balance and weight

With major changes to meal times and content and sleeping times,
there are also changes in activity patterns during Ramadan. Daytime and
overall activity are reduced, although there does not appear to be sig-
nificant changes in resting metabolic rate [13,15]. As sleeping time also
decreases, there is no significant change in total (24 h) daily energy
expenditure [15]. There is, on average, a reduction in total daily energy
intake and a net weight loss of around 1 kg by the end of Ramadan
[16,17]. Though weight loss is not a universal outcome and weight
change with Ramadan shows a great deal of inter-individual variability.

3.2. Changes to circadian and hormonal rhythms

Changes during RF can impact circadian rhythm and epigenetic
studies have shown alterations occurring to CLOCK circadian rhythm-
controlling genes during Ramadan [18]. These can affect hormones
[19-23], including cortisol, which can in turn affect insulin sensitivity
and thus glucose levels. Generally, rises in cortisol are associated with
rises in blood glucose levels. It was also found that the typical high
morning to evening cortisol ratio reduced from 2.55 to 1.22 during
Ramadan fasting [21]. Other hormonal changes associated with RF
include much higher leptin in the morning, probably reflecting meal
time changes; evening levels are, however, similar to that of pre-
Ramadan [24]. Likewise RF can affect adiponectin; higher levels of
adiponectin are associated with increased insulin sensitivity [25]. Adi-
ponectin levels are reported to decrease in the morning days of Ramadan
[26], but there is conflicting information on how levels change after
fasting, during Ramadan with some proclaiming an increase [24] and
others a decrease [27]. Ghrelin is an important hormone involved in the
regulation of appetite, but no differences in Ghrelin levels among in-
dividuals of a healthy weight were observed during the RF [28]. In
contrast, overweight and obese individuals show a marked reduction in
ghrelin in the last week of Ramadan [19]. Growth hormone is also
important in regulating fat metabolism and can affect insulin sensitivity;
a study of 23 healthy individuals found that levels of both morning and
evening growth hormone may decrease during RF [24]. Other hormonal
changes reported in RF include a modest reduction in testosterone in
single men, towards the end of Ramadan period [29].
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3.3. Insulin sensitivity

As the Ramadan day time fasting hours progress, there is a gradual
shift from carbohydrates to lipids as the main source of fuel [30]. An
increase in insulin resistance in RF has been shown in several studies
[24]. This, together with insulin deficiencies can lead to excessive
glycogen breakdown and increased gluconeogenesis among people with
diabetes. Eating large quantities at and after Iftar can cause further rises
in blood glucose levels. As a result, the risks facing people with diabetes
are heightened during Ramadan. These include hypoglycaemia, hyper-
glycaemia, diabetic ketoacidosis (DKA), dehydration and thrombosis
[31,32].

3.4. Glucose variability and Ramadan fasting in diabetes

Data generated in continuous glucose monitoring (CGM) studies in
Ramadan report stable blood glucose levels in healthy individuals
(without diabetes) during fasting hours, with no significant differences
in glycaemic marker exposure and in average, highest or lowest glucose
sensor readings. At Iftar, a modest rise in interstitial glucose (and
therefore blood glucose) is observed, but this increase remains within
normal ranges (Fig. 1). The Iftar glucose peak is exaggerated in diabetes
and is thought to represent the response to a carbohydrate rich meal at
Iftar, possibly enhanced by the hormonal changes in Ramadan with
patients on insulin and sulphonylureas showing excursions of higher
magnitudes [14]. Although there is much intra- and inter-individual

Panel A
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variability in glycaemic profile changes with RF, there are no overall
significant differences in markers of glycaemic control between
Ramadan and non-Ramadan periods [14]. Likewise, no significant dif-
ferences in the number of high or low glucose excursions, time spent in
range, hypoglycaemia, and hyperglycaemia have been observed
[14,32]. In individuals on multiple antidiabetic medication, an increase
in the mean amplitude of glycaemic excursions (MAGE) has been
observed in the early stages of Ramadan compared to that of before
Ramadan (p = 0.006) but not in late-Ramadan and post-Ramadan pe-
riods [32]. An important concern among fasting individuals on insulin
or its secretogogues is hypoglycaemia during the daylight hours and this
is discussed in more detail in the full version of the IDF-DAR Diabetes and
Ramadan Practical Guidelines 2021.

3.5. Other medical considerations; relevance to Ramadan fasting and
diabetes

Several other common conditions can be affected by RF and many
can be present in people with diabetes. For instance, hypothyroidism
and its treatment can be affected by changes to meal times. Thyroxine
absorption can be affected and lead to suboptimal control of hypothy-
roidism [33]. It has been proposed that the best time to take thyroxine is
later at night provided that no additional heavy food is eaten between
Iftar and the late night hours [34]. These recommendations have used
Level 3 evidence and a Grade D by the IDF DAR writing group. As such,
specialised advice is required among individuals with diabetes and
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Fig. 1. Changes in glycaemic variability during Ramadan Fasting periods. Mean Continuous glucose monitoring (CGM) profiles before and during Ramadan
from healthy (n = 7) individuals (PANEL A) and individuals with diabetes (n = 56, PANEL B) (adapted from Lessan et al, Diabetes Metab,2015. 41(1): p. 28-36).
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hypothyroidism that seek to fast during Ramadan. Other conditions
affected by RF include hyperlipidaemias, hypertension, chronic kidney
disease (CKD), ischaemic heart disease (IHD) and vitamin D deficiency.
For some of these, only an adjustment of timing of medication during RF
is needed. For others, such as CKD and IHD, advice from a specialist and
if available multi-disciplinary management is recommended and is dis-
cussed in chapter 13 of the full version of the IDF-DAR Diabetes and
Ramadan Practical Guidelines 2021.

3.6. Effects of RF on mental wellbeing

There are many spiritual and mental benefits of Ramadan — an op-
portunity to self-reflect on aspects of life that need improving, the ability
to grow spiritually through prayers, a time where there is an emphasis
placed on good deeds and a chance to spend more time with loved ones
and people within the community. Actively participating in Ramadan
can lead to declining rates of depression, anxiety, stress and improve-
ments in memory [35,36] and overall mental wellbeing [37].

The act of fasting during Ramadan itself has also been associated
with alleviating feelings of anxiety and a reduction in stress among
healthy individuals [38,39] and people with diabetes [40]. A study
conducted in healthy Muslim graduate students showed fasting led to
improvements in self-acceptance, self-sufficiency, social relations and
personal growth [37]. Moreover, a longitudinal study conducted in
people with T2DM has shown that fasting during Ramadan could help
alleviate feelings of depression and that this could perhaps be linked to
the spiritual and emotional benefits of fasting during Ramadan [41].
These benefits play a huge role in the motivation to fast during Ramadan
and need to be understood by HCPs.

Other studies have found the opposite. A systematic review found RF
to be associated with a negative impact to mental wellbeing [42]. People
with pre-existing feelings of depression might also experience poorer
glycaemic control when fasting during Ramadan [43]. The changes that
occur to energy intake during RF has also been linked to fatigue, dete-
riorated mood and greater irritability [44]. A fear of complications,
particularly hypoglycaemia, is also an important issue among people
seeking to fast during Ramadan [45].

Altogether, the effects of fasting during Ramadan on one’s overall
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mental wellbeing can be varied. Both healthy individuals and people
with diabetes can experience opposing outcomes for different reasons
including the changes that accompany RF or due to pre-existing cir-
cumstances. HCPs should aim to understand these reasons in pre-
Ramadan assessments and ensure individuals are aware of both the
potential benefits and risks to their overall physical and mental well-
being, see Fig. 2.

4. Risk stratification of individuals with diabetes for fasting
during Ramadan

Risk stratification is an important step in the process of providing
guidance to individuals with diabetes seeking to fast during Ramadan. It
forms the basis of all subsequent guidance and decision making. The
Risk stratification process has gradually evolved from the 4 tier cate-
gories in the 2005 and 2010 American Diabetes Association (ADA)
recommendations to the three-tier traffic light system in the IDF-DAR
guidelines in 2016 [46]. However, in light of emerging evidence
showing people previously categorised as “high-risk” as being able to
safely conduct RF, and with a high proportion of individuals conducting
the fast despite these risk categorisations [47], many felt that the pre-
vious risk scoring systems were too rigid.

Therefore, the IDF-DAR writing group has investigated the different
components of risk stratification and has assigned a score for every risk
element in accordance with the available evidence in the literature and
best clinical judgement. Furthermore, these risk criteria were assessed
using multiple case scenarios and presented in a survey to 350 experi-
enced physicians within the regions of North Africa, Middle East, South
Africa, Gulf region, Indian sub-continent, South East Asia and UK. The
key benefit of this new risk criteria is that more people will receive
better, more applicable, guidance. This will help empower individuals
that were going to fast anyway, to do so safely. A greater depth of
thought and consideration has gone into the development of these risk
criteria compared to the previous IDF-DAR guidelines of 2016, and HCPs
will be able to account for the concerns of more individuals and provide
more well-founded advice.

LIFESTYLE CHANGES

OCCURRING WHEN FASTING
DURING RAMADAN

PHYSICAL AND MENTAL
BENEFITS OF FASTING
DURING RAMADAN

POTENTIAL ADVERSE PHYSICAL
AND MENTAL EFFECTS OF
FASTING DURING RAMADAN

1. Sleeping schedules
2. Meal plans and diet
3. Physical activity patterns

4. Reduction of vices
such as smoking

5. Medication adjustments

=

N

w

(4

. Sense of fulfilment

in participating in all
aspects of Ramadan

. Improvements in

weight or BMI

. Improvements in self-

control and ability to
resist temptations

. Greater sense of empathy

with those less fortunate

. Participation in Sunnah

practices for greater
spiritual benefits

. Greater sense of community

and an opportunity to
strengthen relationships

. Reducing potentially harmful

vices, such as smoking,
for greater physical and
mental wellbeing

1. Sleep deprivation and
disruption of circadian
rhythm leading to an
increase in fatigue and
reduction in cognition

2. Glucose excursions causing
feelings of being unwell

w

Greater feelings of lethargy,

IS

. Heightened feelings

of fear for diabetes

related complications
5. Temporary changes

in weight

6. Short term feelings of stress
anxiety, irritability
and agitation

Fig. 2. Lifestyle, physical and mental changes that can occur during Ramadan.
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4.1. The process of risk stratification

For a given individual with diabetes seeking to fast during Ramadan,
each risk element should be assessed, and the score should be totalled.
The resulting score will determine the overall risk level (Table 3). The
risk levels are high risk, moderate risk and low risk. Individuals who
insist on fasting, despite their risk category, must follow the relevant
guidance and recommendations throughout.

The scores that equate to these risk levels and recommendations are
shown in Figs. 3 and 4. It is important to highlight that risk stratification
is an ongoing process and circumstances can often change. It is, there-
fore, necessary that individuals have an assessment annually prior to
Ramadan.

Based on risk scoring, people with diabetes can be categorised as
(Fig. 3):

- High risk, where fasting is probably unsafe
- Moderate risk, where the fasting safety is uncertain
- Low risk, where fasting is probably safe

These new risk stratification criteria should be used during the pre-
Ramadan assessment. HCPs must ensure that people with diabetes that
want to fast understand all the risks associated with doing so. It is
important to note that these risk stratification criteria and the process of
categorising risk levels is a new development. Though there have been
case scenarios and survey studies used in its development, it is primarily
based on expert opinion and experience and a Grade D is the highest
level that can be given for this recommendation (see Tables 1 and 2).
Further research is yet needed for the validation of this risk stratification
tool.

An important aspect of these risk criteria is that they been approved
by the Mofty of Egypt, the highest religious regulatory authority in
Egypt. Further religious advice from the Mofty of Egypt is available in
the full version of the IDF-DAR Diabetes and Ramadan Practical Guidelines
2021. Fig. 4 has summarised the religious recommendations from the
Mofty of Egypt alongside the IDF-DAR risk categories. It should be noted
that this opinion may not reflect the religious rulings in all countries
and, therefore, further regional discussions are required when offering
guidance based on these recommendations.

5. Pre-Ramadan education and guidance for nutrition during
Ramadan

Structured diabetes education is about empowering individuals to
make informed decisions regarding their behaviour and enabling them
to effectively self-manage their condition [48]. Ramadan-focused dia-
betes education is an extension of this and provides additional knowl-
edge on the necessary adjustments needed during the month of
Ramadan [31,50-53].

The need for pre-Ramadan education remains high; it has been
shown that only 30-67% physicians used Ramadan-focused educational
programmes [49,53], and only 47.5% of individuals with diabetes
attended such programmes [54]. Ramadan-focused education aims to
raise awareness of the risks associated with diabetes and fasting and to
provide strategies to minimise them [54,55]. Education should be sim-
ple, engaging, and delivered in a culturally sensitive manner by well-
informed individuals [55,56]. The key components of any Ramadan
focused educational programme are Risk Quantification; SMBG; medical
management of diabetes; fluid, dietary and physical activity advice;
recognition of complications; and understanding when to break the fast,
(see Fig. 5). Importantly, Ramadan focused education should target
HCPs, the people with diabetes that are seeking to fast and the wider
public [57].
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Table 3
Elements for risk calculation and suggested risk score for people with diabetes
mellitus (DM) that seek to fast during Ramadan.

Risk Element Risk Score

1. Diabetes type and duration

Type 1 diabetes 1
Type 2 diabetes

2. Duration of Diabetes

A duration of > 10 1
A duration of < 10

3. Presence of hypoglycaemia

Hypoglycaemia unawareness 6.5
Recent Severe hypoglycaemia 5.5
Multiple weekly Hypoglycaemia 3.5
Hypoglycaemia <1 time per week 1
No hypoglycaemia 0
4. Level of glycaemic control

HbAIc levels > 9% (75 mmol/mol)’ 2
HbAIc levels 7.5-9% (58.5-75 mmol/mol)* 1

HbAIc levels < 7.5% (58.5 mmol/mol)®
5. Type of treatment

Multiple daily mixed insulin Injections 3
Basal Bolus/Insulin pump 2.5
Once daily Mixed insulin

Basal Insulin 1.5
Glibenclamide

Gliclazide/MR or Glimepride or Repeglanide 0.5
Other therapy not including SU or Insulin 0
6. Self-Monitoring of Blood Glucose (SMBG)

Indicated but not conducted 2
Indicated but conducted sub-optimally 1
Conducted as indicated 0
7. Acute complications

DKA/ HHS in the last 3 months 3
DKA/ HHS in the last 6 months 2
DKA/ HHS in the last 12 months 1
No DKA or HHS 0
Risk Element Risk Score
8 MVD Complications/Comorbidities

Unstable MVD 6.5
Stable MVD 2
No MVD 0
9. Renal Complications/Comorbidities

eGFR < 30 mL/min 6.5
eGFR 30-45 mL/min 4
eGFR 45-60 mL/min 2
eGFR >60 mL/min 0
10. Pregnancy*

Pregnant not within targets 6.5
Pregnant within targets 3.5
Not pregnant 0
11. Frailty and Cognitive function

Impaired cognitive function or Frail 6.5
> 70 years old with no home support 3.5
No frailty or loss in cognitive function 0
12. Physical Labour

Highly Intense physical labour 4
Moderate Intense Physical Labour 2
No physical labour 0
13. Previous Ramadan Experience

Overall negative experience 1
No negative or positive experience

14. Fasting hours (location)

>16h 1

<16h

DKA—Diabetic Ketoacidosis.

HHS— Hyperosmolar Hyperglycaemic Syndrome/.

Hyperglycaemic Hyperosmolar Nonketotic Coma (HONC).
MVD—Macrovascular disease (Cardiac-cerebral or peripheral).
eGFR—Estimated glomerular filtration rate.

IThis measure is equivalent to 11.7 mmol/L average blood glucose.
2This measure is equivalent to 9.4-11.7 mmol/L average blood glucose.
3 This measure is equivalent to 9.4 mmol/L average blood glucose.
*Pregnant and breastfeeding women have the right to not fast.
regardless of whether they have diabetes or not.
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LOW RISK

MODERATE RISK

HIGH RISK

Fig. 3. Risk score and associated categories.

Risk score/level Medical Recommendations

Low Risk Fasting is probably safe

1. Medical Evaluation

2. Medication adjustment
3. Strict monitoring

0-3 points

Moderate Risk Fasting safety is uncertain

1 Medical Evaluation

2. Medication adjustment
3. Strict monitoring

3.5-6 points

High Risk

>6 points Fasting is probably unsafe

Religious Recommendations

1. Fasting is obligatory

2. Advice not to fast is not allowed, unless patient
is unable to fast due to the physical burden of
fasting or needing to take medication or food or
drink during the fasting hours

1. Fasting is preferred but patients may choose not
to fast if they are concerned about their health

after consulting the doctor and taking into account
the full medical circumstances and patient’s own
previous experiences

2. If the patient does fast, they must follow medical
recommendations including regular blood glucose
monitoring

Advise against fasting

Fig. 4. Medical and religious risk score recommendations from the Mofty of Egypt.

Blood glucose monitoring

Fluids and dietary advice

When to break the fast

NN ENE N

Risk quantification and exemptions, and removing misconceptions

Physical activity and exercise advice

Medication adjustment and test fasting

Recognition of hypo and hyperglycaemia symptoms

Fig. 5. Key Components of a Ramadan-focused Educational Programme.

5.1. Evidence supporting the use of Ramadan focused education

Various studies from the last decade have demonstrated the benefits
of Ramadan focused education on outcomes during Ramadan, for people
with diabetes. Recently, El Toony et al. compared individuals attending
structured 30-minute education sessions 6-8 weeks prior to Ramadan to
controls. It was found that education sessions were associated with a
decrease in the incidence of hypoglycaemia and HbAlc levels when
compared to controls. Interestingly, education sessions prior to
Ramadan were also associated with improvements in HDL and LDL
profiles [58]. These benefits can also be effective in helping higher risk
individuals as shown by Hassanein et al. who investigated people with
diabetes that included individuals with chronic kidney disease (CKD),

ischaemic heart disease and pregnant women with gestational diabetes.
Education sessions were 90 min in duration and took place 4-6 weeks
prior to Ramadan. Overall, there were marked improvements in gly-
caemic control after Ramadan [59]. These results were also confirmed
by a recent meta-analysis [60].

The key components to any Ramadan focused education programme
are listed in Fig. 5. These should act as a guide in the development of
programmes and allow for appropriate individualisation for people with
diabetes that have other more important or applicable areas of concern.

5.2. Self-Monitoring of blood glucose (SMBG)

An extremely important aspect of fasting during Ramadan for people
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with diabetes is SMBG. There needs to be a greater rate of SMBG in order
to keep on top of any changes to glycaemia so that hyperglycaemia or
hypoglycaemia can be prevented. People with diabetes need to be given
education on when and how to monitor their blood glucose levels.

It is important to emphasise that pricking the skin to test blood
glucose levels DOES NOT break the fast.

A useful guide that can be used to monitor blood glucose during RF is
shown in Fig. 6. This example of a 7 point SMBG guide can be adapted
for individuals with better controlled diabetes or those using continuous
measurement methods (CGM/FGM). However, it is essential that some
similar form of strategy for SMBG is followed as it is vital in managing
the risk of complications of diabetes such as glucose excursions and also
in medical management.

Pre-Ramadan focused education plays a vital role in assuring safety
during Ramadan for people with diabetes. It is essential that HCPs are
trained adequately, and educational programmes are given to in-
dividuals well in advance of Ramadan; Level 3 evidence, Grade C (See
Tables 1 and 2).

5.3. Dietary changes and guidance during RF

Ramadan marks a dramatic change to one’s usual eating patterns.
Dietary recommendations to people with diabetes need to be individu-
alised, accounting for an individual’s personal preferences, lifestyle,
age, ability to manage their diabetes and other medical needs. Impor-
tantly dietary recommendations need to be culturally adapted to maxi-
mise access.

It is important that adequate nutrition is received during Ramadan so
that individuals that are fasting stay properly nourished. There should
be a pre-Ramadan assessment where individuals with diabetes can seek
individualised nutrition advice. This can help address any targets or
goals such as weight maintenance or weight loss.

To this end, the DAR International Alliance has developed the
Ramadan Nutrition Plan (RNP), a web and digital-based tool designed to
help HCPs in delivering patient-specific medical nutrition therapy
(MNT) during Ramadan fasting (www.daralliance.org or DAR SaFa
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application). This tool should be used by HCPs when providing nutrition
related guidance.

The recommended use of the RNP has been given a Grade D by the
IDF-DAR writing group (based on the criteria set out in Tables 1 and 2).
The development of the RNP is largely based on expert opinion and
further research assessing the efficacy of the RNP in studies of higher
levels is still needed (see Table 1). However, the RNP is an extremely
useful tool that can provide the basis for any nutrition advice for people
with diabetes seeking to participate in RF across the world. There are
several culturally adapted menus that have been reviewed for suitability
and are accessible to HCPs and individuals with diabetes (See supple-
mentary figures A-B). Moreover, the RNP includes an algorithm and a
toolkit to provide meal plans specific for one’s caloric targets. Further
details are provided in the full version of the IDF-DAR Diabetes and
Ramadan Practical Guidelines 2021.

6. Management of individuals with diabetes when fasting
during Ramadan

Guidance on the management of diabetes must be provided prior to
Ramadan. A pre-Ramadan assessment needs to take place, ideally, 6-8
weeks before the start of Ramadan. Here, HCPs will be able to obtain a
detailed medical history and perform a risk assessment. This risk
assessment will form the basis of all recommendations thereafter, these
include advice on whether fasting is safe, strategies for dose modifica-
tions and treatment regimen adjustments, the provision of Ramadan
focused education and nutrition advice. Following this, individuals that
decide to fast will need to adhere to guidance on the management of
their diabetes during RF including changes to glycaemia monitoring
schedules and dosing adjustments of medication. Finally, after Ramadan
ends it is advised that a post-Ramadan follow up is performed. A follow
up after Ramadan will help HCPs obtain crucial information about the
individual’s successes and challenges during Ramadan and will ensure
that RF the following year can be more successful. This process must be
undertaken each Ramadan as safely fasting one year does not guarantee
the same the next year. (See Fig. 7.)

Self-Monitoring of Blood Glucose (SMBG) - 7 point guide for Ramadan

Morning
Suhoor/Dawn

Morning

Midnight
00:00AM

When to test?

Number of blood glucose
monitoring differs according
to the case.

1. Pre-dawn meal (suhoor)
2.Morning

3. Midday

BV 4. Mid-afternoon
5.Pre-sunset meal (iftar)
6. 2 hours after iftar

7. At any time when
there are symptoms
of hypoglycaemia/
hyperglycaemia or feelings
of being unwell

Fig. 6. Self-monitoring of blood glucose (SMBG) guide for people with diabetes fasting during Ramadan.
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All individuals seeking to fast
- should attend a pre-Ramadan
visit 6-8 weeks before Ramadan

\J

v
PRE-RAMADAN

— Risk stratificatio

1. Detailed medical history

3. Presence of comorbidities
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Structured education for all individuals
to include:

1. Risk quantification

2. The role of SMBG

3. When to break the fast

4. When to exercise

5. Fluids and meal planning

6. Medication adjustments during fasting

To stratify risk and develop an individualised management plan

2. Aspects of diabetes and ability to self-manage

4. The individual’s prior experience in managing
diabetes during Ramadan fasting
5. The individual's ability to self-manage diabetes

6. Other aspects increasing the risk of fasting

(further information is provided in guidance on risk stratification)

, Moderate and High

Frequency of SMBG needs to be guided

by risk stratification and individualised

ALL INDIVIDUALS SHOULD BREAK THEIR FAST IF:

DURING RAMADAN

(3.9-5.0 mmol/L)

(16.6 mmol/L)

o Blood glucose <70 mg/dL (3.9 mmol/L)
* Re-check within 1 hour if blood glucose 70-90 mg/dL

o Blood glucose levels >300 mg/dL *

o Symptoms of hypoglycaemia or acute iliness occur

POST-RAMADAN

SMBG, self-monitoring blood glucose

v

POST-RAMADAN ASSESSMENT

*this applies for those with sudden rise in blood
glucose level, individualisation of care is advisable

Fig. 7. Assessment overview for people with diabetes fasting during Ramadan.

6.1. Type 1 diabetes mellitus

Fasting becomes obligatory for children or adolescents from the age
of puberty, however, much like in adults those with medical conditions
that can be compromised by fasting are exempt from this obligation.
Generally, all people with T1IDM have been discouraged from fasting
[47,61] but despite this many, even the younger individuals, insist on
fasting against HCP advice [31,62].

6.1.1. Safety of fasting among adolescents and adults with TIDM

Over the past decade, several studies have shown that with the right
support and management, many adolescents with TIDM can fast for at
least 15 days with some studies showing that 60% of study participants
fasting for the whole month of Ramadan [45,63]. Studies of CGM data

taken from adolescents during Ramadan did not show any differences in
interstitial glucose (IG), or in glucose fluctuation to periods before or
after Ramadan [64]. However, others have found the opposite, with
wide IG fluctuations and even periods of unrecognised hypoglycaemia
[63]. A recent cross-sectional global survey showed that 1 in 10 ado-
lescents did not change their behaviour after discovering hypoglycaemia
[47].

In general, the body of research that has been conducted on adults
with TIDM fasting during Ramadan is relatively small but in recent
times some new studies have showed that people with TIDM on multiple
insulin regimens could safely fast, with no differences in the frequency
of hypoglycaemia during Ramadan when compared to before Ramadan
[65]. However, there have been studies finding worse outcomes in
adults with T1DM. In a multi-centre study, Malek et al. found that people
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previously categorised as high or very high risk were likely to experience
hypoglycaemia and break their fast. It was also found that SMBG levels
were reduced during Ramadan among this cohort [66]. Though there is
limited research in older age groups, the risks and concerns are broadly
similar between adults and adolescents. Studies that solely investigated
adolescents can still be informative for adults with TIDM. The findings
from research studies that have been discussed thus far apply to in-
dividuals with access to advanced medical care, good education pro-
grammes and appropriate support. We believe that people with T1DM
who have these privileges and wish to fast during the month of Ramadan
can be allowed to do so, after proper risk scoring, a pre-Ramadan
assessment and individualisation of care as mentioned above.

The IDF-DAR guidelines experts feel that the allowance to fast cannot
be generalised across to all individuals with T1DM, especially those are
considered as high risk. We acknowledge that data on the safety of
fasting is incomplete and may be prone to selection-bias in that in-
dividuals that are not willing to fast or those that show poor glycaemic
control are not represented in these studies. It is therefore not possible to
quantify or be assured of the exact risk related to fasting, and an indi-
vidualised risk assessment remains the most appropriate method.

Though there are several longitudinal studies demonstrating safety
for fasting during Ramadan with TIDM but there needs to be larger,
randomised studies confirming these findings to achieve higher evi-
dence grades for these recommendations. For adults with TIDM there
are no real specific studies assessing this age group and, greater evidence
is needed. This recommendation has been given a level 3 for evidence
and Grade C (Table 1 and 2).

6.1.2. Insulin regimens in people with TIDM
Most studies that have looked into the efficacy and safety of insulin
regimens in adolescents and adults have been of an observational design
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and with relatively small sample sizes, making evidence-based guidance
on regimens more difficult. It is, therefore, recommended that an indi-
vidualised approach is taken and decided upon in the initial pre-
Ramadan assessment.

6.1.3. Insulin regimens and blood glucose monitoring among adolescents
with TIDM

The most widely used insulin regimens in adolescents are basal-bolus
regimens; continuous subcutaneous insulin infusion (CSII) with or
without sensors; conventional, twice daily NPH/Regular short acting
(human) insulin; and premixed insulins.

For adolescents using non CSII therapies for TIDM management the
following is recommended:

e Basal-bolus regimen is preferred over conventional twice daily reg-
imens in adolescents with T1DM, recommended changes are shown
in Fig. 8

e Premixed insulin regimens do not provide the necessary flexibility
for fasting due to the rigidity in nutrition that is often required with
these therapies.

e SMBG must be performed regularly throughout the fasting hours and
whenever there are feelings of being unwell. If accessible and
available, CGM or FGM are the preferred methods for monitoring
blood glucose levels.

Where circumstances provide, CSII/insulin pump therapies should
be used with adolescents with TIDM. Numerous studies have shown
promising results with insulin pimp usage when compared to other in-
sulin therapies [45,67,68]. The advent of the Low Glucose Suspend
(LGS) function, has allowed insulin to be automatically suspended for up
to 2 h when sensors detect a fall in glucose levels below a pre-set

BASAL INSULIN

y
GOOD GLYCAEMIC CONTROL
(HBA1C < 7.5%)

Reduce dose by 20 - 30%
Take at Iftar or midnight

POOR GLYCAEMIC CONTROL

( HBAIC > 7.5%)

Keep same dose and follow up
Take at Iftar or midnight

PRANDIAL INSULIN

A J
PATIENTS ON ICR/ISF CORRECTION

To continue the same for
Iftar and Suhoor

A J
PATIENTS ON FIXED DOSES

No change at Iftar but reduce
Suhoor dose by 20 - 30%

NOTES ON PRANDIAL INSULIN:

o For better post prandial control, it is advised to take the bolus 20 mins
prior to Iftar to account for high fat and/or high protein meals

o High blood glucose values may require extra correction doses
based on insulin sensitivity ratio and target blood glucose

o Correction doses must not be given more frequently than every

3 hours to avoid insulin stacking and hypoglycaemia

An Individualised
approach is
essential for
treatment
adjustment
according to
patients SMBG
or CGM data

Fig. 8. Recommended use of MDI therapy in adolescents with TIDM undergoing RF.
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threshold [69]. Elbarbary was able to show the effectiveness of LGS
among adolescents that fasted during Ramadan [70]. Moreover, the use
of Predictive Low Glucose Suspend (PLGS) pumps have also demon-
strated favourable outcomes [71,72]. These therapies have been shown
to reduce the risk of glucose excursions and, importantly, the risk of
hypoglycaemia when fasting. Further research is yet needed to fully
assess the effectiveness of these therapies during RF and to provide more
specific recommendations, currently the recommended use is shown in
Fig. 9.

It is important that access to such therapies is increased and educa-
tion programmes include guidance on the use of these newer more
complicated technologies to ensure maximum safety during RF.

6.1.4. Insulin regimens and blood glucose monitoring among adults with
T1DM

There have been relatively few studies conducted on the use of in-
sulin therapy among adults with TIDM that fast during Ramadan. Some
studies have included adults in their total sample, but direct research
into these individuals is scarce. Caution should be taken when fasting
and the recommended changes to insulin regimens are shown below in
Table 4.

6.2. Type 2 diabetes mellitus

RF among people with T2DM can present many challenges. The key
concerns relate to uncontrolled blood glucose levels that can lead to
hyperglycaemia and/or hypoglycaemia. Appropriate and effective blood
glucose monitoring and medical management of T2DM is crucial to
ensure safety during Ramadan. The overall guidance for people with
T2DM that want to fast during Ramadan can be summarised into a
number of steps including a pre-Ramadan assessment, medication ad-
justments during Ramadan and a post-Ramadan follow-up (see Fig. 7).

6.2.1. Medication adjustments

The type of medication the individual is taking for the management
of their diabetes influences the potential risks that fasting during
Ramadan may lead to and, therefore, requires careful attention when
formulating the treatment plan. The primary concern relating to these
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medications are their risk towards hypoglycaemia. Particular care must
be taken when individuals are on multiple antidiabetic therapies and
HCP advice need to account for this when making dose modifications
during the pre-Ramadan assessment.

Antidiabetic drugs such as metformin, acarbose, Thiazolidinediones
(TZDs), Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and
Dipeptidyl peptidase-4 (DPP-4) inhibitors work in a glucose dependent
manner and generally have a low risk of hypoglycaemia. These drugs
generally don’t require any dose modifications during Ramadan. Studies
have also shown Short-acting insulin secretagogues to be safe for use
during Ramadan [32]. It is recommended that the normal three meal
dosing is redistributed to accommodate the eating patterns of iftar and
Suhoor during Ramadan.

HCPs should also be aware that drugs such as modern Sulphony-
lureas (SUs) carry a slightly higher risk of hypoglycaemia and account
for this in the pre-Ramadan assessment. Studies have demonstrated the
efficacy of modern SUs (glimepiride, gliclazide and gliclazide modified
release) and the use of these are preferred [73-76].

Data regarding the safe use of Sodium-glucose co-transporter-2
(SGLT2) inhibitors were not well established in the previous guidelines
and indeed, there have been some safety concerns relating to dehydra-
tion and this can be particularly important among higher risk in-
dividuals [46]. However, recent data during RF are now available and
the results of these studies prompted [76-79] the following
recommendations:

o For stabilisation, SGLT2Is should be initiated at least two weeks to
one month prior to Ramadan. SGLT2Is are recommended to be
administered at the time of evening meal (Iftar). However, if the
indication for SGLT2I initiation is cardiovascular or renal protection,
then the pre-Ramadan initiation should be conducted with a lower
dose.

Increasing fluid intake during the non-fasting hours of Ramadan is
recommended.

SGLT2I do not require treatment modifications during Ramadan,
however if an individual is on multiple medications a review of the
doses should be made to avoid the risk of hypoglycaemia.

BASAL INSULIN BOLUS INSULIN

Reduce basal insulin by 20-35% in
the last 4-5 hours before Iftar

Increase dose by 10-30% after Iftar up to midnight

Prandial insulin bolus is
calculated based on usual ICR
and insulin sensitivity factor

NOTES ON BOLUS INSULIN:

o Bolus doses on insulin can be delivered in three different pattemns:
e Immediately, knows as standard or normal bolus
¢ Slowly over a certain period of time (extended or square bolus)
e A combination of the two, a combo or dual wave bolus

o Meals higher in fat content may need an extended or combo bolus as the rise in glucose following the meal

will be delayed by the fat content

o |t is recommended to use bolus calculators in determining carbohydrate and correction dosing to avoid

insulin stacking and hypoglycaemia

Fig. 9. Recommendations for insulin pump therapy usage among adolescents with T1DM that are fasting during Ramadan.
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Table 4

Recommendations for Insulin Dose Adjustments based on type of regimen.

Type of Insulin
Regimen

Adjustment for fasting
during Ramadan

Methods of monitoring
during Ramadan

CSII / Insulin Pump  Basal rate adjustment

- 20-40% decrease for the
last 3-4 h of fast

- 10-30% increase for the
first few hours after Iftar

Bolus doses

- Same principles as prior
to Ramadan

MDI (basal bolus)
with analogue
insulin

Basal insulin
- 30-40% reduction in dose
and to be taken at Iftar
Rapid Analogue Insulin
Dose at Suhoor to be
reduced by 30-50%
Pre-lunch dose to be
skipped
The dose around Iftar to
be adjusted based on the
2-hour post-Iftar glucose
reading

MDI (Basal bolus)
with
conventional
insulin

NPH insulin

The usual pre-Ramadan
morning dose to be taken
in the evening during
Ramadan

50% of the pre-Ramadan
dose to be taken at Suhoor
Regular insulin

Dose at evening meal
remains unchanged

- Suhoor dose to be 50% of
the pre-Ramadan evening
dose

Afternoon dose to be
skipped

Premixed (analogue - Shift the usual pre-
or conventional) Ramadan morning dose to
Iftar
- 50% of the pre-Ramadan

CGM

7-point glucose monitoring

7-point blood glucose
monitoring or 2-3 staggered
readings throughout the day

At least 2-3 daily readings
and whenever any
hypoglycaemic symptoms
develop

evening dose at Suhoor

e SGLT2I use when fasting during Ramadan should be in accordance
with the usual safety and prescribing measures as recommended by
each drug SMP.

Full guidance on individual antidiabetic drugs for people with T2DM
that fast during Ramadan is available in the full version of the IDF-DAR
Diabetes and Ramadan Practical Guidelines 2021. The recommended use
of antidiabetic drugs during Ramadan have been summarised in Table 5.

6.2.2. Insulin treatment for T2DM

Many individuals with T2DM are on insulin therapy to control their
diabetes and a variety of insulin regimens can be used [79]. Insulin use
during fasting carries a risk of hypoglycaemia, especially when more
complex insulin regimens are used and so extra care and caution must be
taken when developing Ramadan medication regimens.

It needs to be emphasised that the administration of insulin via
the subcutaneous, intramuscular or intravenous routes do not
cause a breaking of the Ramadan fast.

All recommended dose adjustments for people with T2DM should be
guided by SMBG. These aspects of management need to be integrated
into pre-Ramadan focused education programmes so that individuals
can self-titrate their doses. The usage of long long/intermediate or short-
acting insulins and premixed insulins have been demonstrated in
Figs. 10 and 11. These recommendations have largely been based on
expert opinion and have, therefore, been given a Grade D, consensus by
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Table 5

Recommended dose and regimen modifications for non-insulin based antidia-

betic medications during Ramadan fasting.

Antidiabetic
Medications

Regimen/Dose
modifications

Level of evidence supporting
recommendation and grading
from IDF-DAR writing group (
Table 1 and 2)

Metformin Once daily

No dose modifications
Take at Iftar

Twice daily

No dose modifications
Take at Iftar or Suhoor
Three times daily
Morning dose taken before
Suhoor

Combine afternoon dose
with Iftar dose

Prolonged release

No dose modifications
Take at Iftar

Acarbose No dose modifications

No dose modifications but
doses can be taken with
Iftar or Suhoor

TZDs

Short acting Three meal dosing can be

insulin redistributed to two doses
secretagogues according to meal sizes
GLP-1 RAs No dose modifications

after appropriate dose
titrations have been
achieved

DPP-4 inhibitors No dose modifications

SUs Use newer drugs e.g.
Glicazide, Glicazide MR,

Glimepiride

Level 4 and Grade D

Level 4 and Grade D

Pioglitazone - Level 2 Grade B
Other TZDs Grade D

Repaglinide - Level 2 Grade B

Gliclazide, Gliclazide MR. and
Glimepiride - level 3 Grade C

Exenatide, Liraglutide,
Lixisenatide

Level 2 Grade B

Other GLP-1 RAs Grade D

Vildagliptin, Sitagliptin - Level
1A/B Grade A

Other DPP-4 inhibitors Grade D
Level 3 and Grade C

Once daily:
Reduce dose in well

controlled individuals
Take at Iftar
Twice daily
Reductions of Suhoor dose
in well controlled
individuals
SGLT2 inhibitors No dose modifications
Extra fluids to maintain
hydration

Dapagliflozin, Canagliflozin -
level 3 Grade C
Other SGLT2 inhibitors Grade D

the IDF-DAR writing group (see Tables 1 and 2).

6.2.3. Multiple antidiabetic therapies

Due to the increasing availability of newer glucose lowering thera-
pies, it is common for individuals with T2DM to be prescribed multiple
drug regimens to manage their diabetes. Importantly, the risk of hypo-
glycaemia can be amplified in these circumstances and care must be
taken.

Generally, people on multiple antidiabetic therapies are more likely
to be of an older age and with multiple comorbidities to their diabetes
and this further heightens the risk of complications during RF [81] . This
can be particularly concerning among more active people [82]. Indeed,
those participating in Taraweeh prayers (additional ritual prayers per-
formed at night) need to be cautious and increase the frequency of blood
glucose monitoring.
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CHANGES TO LONG AND SHORT-ACTING INSULIN DOSING DURING RAMADAN

Long/intermediate-acting (basal) insulin

NPH/detemir/glargine/degludec
ONCE-DAILY
Reduce dose by 15-30%
Take at Iftar

NPH/detemir/glargine

TWICE-DAILY
Take usual morning dose at Iftar

Reduce evening dose by 50%
and take at Suhoor

Short-acting insulin

Normal dose at Iftar

Omit lunch-time dose

Reduce Suhoor dose
by 25-50%

*Reduce the insulin dose taken before Suhoor; **Reduce the insulin dose taken before iftar

CHANGES TO PREMIXED INSULIN DOSING DURING RAMADAN

Once daily dosing Twice daily dosing

Take normal
dose at Iftar

Take normal

dose at Iftar

Reduce Suhoor

dose by 20-50%

Three-times daily dosing

Omit afternoon dose

Adjust Iftar and
Suhoor doses

Carry out

dose-titration every
3 days (see below)

Information adapted from Hassanein et al. (2014) [84].

Fig. 10. Dose adjustments for long or short-acting insulins and pre-mixed insulins. *Reduce the insulin dose taken before Suhoor; **Reduce the insulin dose taken

before iftar. Information adapted from Hassanein et al. (2014) [80].

pre-Iftar

pre-Iftar*/post-Suhoor**

Fasting/pre-Iftar/pre-Suhoor blood glucose
Basal insulin/Pre-mixed Short-acting insulin

<70 mg/dL (3.9 mmol/L) or symptoms Reduce by 4 units Reduce by 4 units
<90 mg/dL (5.0 mmol/L) Reduce by 2 units Reduce by 2 units
90-126 mg/dL (5.0-7.0 mmol/L) No change required No change required
>126 mg/dL (7.0 mmol/L) Increase by 2 units Increase by 2 units
>200 mg/dL (16.7 mmol/L) Increase by 4 units Increase by 4 units

Fig. 11. Dose titrations for long and short acting insulins and pre-mixed insulins based on blood glucose levels. For those on a high dose of insulin, an adjustment of

10-20% is recommended.

e Individuals with T2DM on 3 or more antidiabetic agents who fast hypoglycaemia. An approximate 25-50% reduction in the dose of
during Ramadan, should receive counselling and comprehensive insulin is advised, depending on the subsequent risk score after risk
advice on diet, lifestyle and drug dose modifications prior to stratification. A reduction in the dose of SUs is also advocated in
Ramadan. these individuals.

e Individuals on 3 or more drug combinations, especially those on both

insulin and SU should be considered at an increased risk of These recommendations have been based on level 3 information and
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given a Grade C by the IDF-DAR writing group. This approach should
help to mitigate the risk of hypoglycaemia and is a better approach than
not making any dose adjustments at all.

6.3. Special populations

6.3.1. Pregnant women

All pregnant women have the right not to fast regardless of whether
they have diabetes or not. Nevertheless, many pregnant women still
participate in fasting against medical and religious advice [83,84]. In
some communities, the social pressure to fast during the Holy month of
Ramadan is so strong that medical advice against doing so might be
ignored. For those that do fast, expert support and guidance is needed in
order to improve safety for both the mother and foetus.

Studies among healthy pregnant women, without diabetes, indicate
that fasting during Ramadan might be safe [85-88] but others have
found increased risks to both the mother and the baby [88,89]. The long-
term effects of fasting to the new-born have not been assessed and
further research it still needed. In any case, the potential risks of fasting
among pregnant women with gestational diabetes mellitus (GDM) [90-
93], pre-existing TIDM or T2DM is high. Currently, there is lack of
research in the area of RF in pregnant women with pre-existing diabetes
(T1DM or T2DM). As such, it is recommended that pregnant women
with diabetes not to fast until further research is available to support
fasting, (see Section 4 for Risk stratification) [92].

As with all individuals with diabetes, there should be a pre-Ramadan
assessment alongside individualised Ramadan focused education. There
needs to be an increase in the rate of SMBG throughout the day —
including before Iftar, after meals, during fasting and anytime there are
feelings of being unwell (see Fig. 6).

Pregnant women that are fasting during Ramadan will need to follow
the RNP, as with all other individuals with diabetes, but also make
further changes. Each individual’s specific circumstances must be dis-
cussed at the pre-Ramadan assessment, but it is recommended that
caffeine, sugar and salt should be limited, and the eating of fibrous foods
should be encouraged. There needs to be a greater effort made to stay
hydrated and pregnant women should aim to drink 2-3 L of water a day.

Many pregnant women will be treated with insulin to manage their
condition, but currently research on the best dosing regimens is scarce.
The IDF-DAR guidelines have recommended insulin dose and blood
glucose monitoring regimen modifications to be aligned with that
mentioned above for those with type 1 or type 2 diabetes.

These recommendations have primarily been based on expert
opinion and, as such, have been given a Grade D (see Tables 1 and 2).
Further research studies are needed on pregnant women that fast during
Ramadan in order to understand the potential risks and assess different
dosing regimens.

6.3.2. Elderly individuals with diabetes

Previously, elderly individuals with diabetes have been placed
among the higher risk categories and advised against fasting. Indeed, the
DAR global survey showed that a greater proportion of those aged < 65
(87%) intended to fast than > 65 (71%) [93]. It is important to recognise
that age in and of itself is not a good reason to categorise individuals as
high risk for fasting during Ramadan, but rather it is the associated
implications of old age that need consideration. Many elderly in-
dividuals have enjoyed fasting during Ramadan for many years and
should be allowed to continue if their health is stable [46]. The new risk
stratification presented in these guidelines have accounted for these is-
sues and provide a better assessment of the health of elderly individuals
with respect to the safety of fasting (see Section 4).

Elderly individuals are at a higher risk of having comorbidities.
These comorbidities can include dementia, recurrent falls, hip fractures,
amputation and visual impairment [94] — these all have important
implications on the safety of fasting during Ramadan. Likewise, many
elderly individuals generally have a longer duration of diabetes and will
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also be more likely to suffer from diabetes related complications such as
hypertension, hyperlipidaemia, retinopathy and neuropathy, among
others. Fig. 12 compares the proportions of diabetes related complica-
tions among elderly and younger individuals with T2DM and highlights
the increased risk among elderly individuals [93].

The DAR Global survey found those aged > 65 were more likely not
to fast than those aged < 65 years; 28.8% compared to 12.7% respec-
tively (p < 0.001) [93].

It is vital that pre-existing comorbidities and any history of diabetes
related complications are identified by HCPs during the pre-Ramadan
assessment and risk stratification process. Understanding each in-
dividual’s circumstances will help provide the best, most appropriate
guidance. Importantly, HCPs must also consider an elderly individual’s
degree of independence as this is crucial in understanding what kind of
support may be needed during Ramadan such as with feeding, taking
medications and checking blood glucose levels.

The primary concern among elderly individuals is the risk of devel-
oping hypoglycaemia during Ramadan. It has been found that the risk of
hypoglycaemia [93,95] is increased among the elderly and may often
present with neuroglycopenic manifestations in the form of dizziness,
delirium and confusion. These can all lead to periods of unawareness in
hypoglycaemia which can be extremely dangerous. Hyperglycaemia is
also an important issue and has been seen to be higher among the elderly
than in younger individuals with T2DM [93]. It is recommended that
individuals with hypoglycaemia unawareness or a history of unaware-
ness do not fast.

A key component to avoiding hypoglycaemia is SMBG and it must be
conducted frequently. The seven-point guide for SMBG should be used as
a guide and can be adapted, see Fig. 7. Moreover, medication doses
should also be adjusted appropriately. As there are a limited number of
studies investigating elderly individuals with diabetes that fast during
Ramadan and the fact that elderly individuals often present with other
health problems, the development of specific dosing recommendations
are very difficult to make. Any dose adjustments that are made need to
be set prior to Ramadan, ideally during the pre-Ramadan assessment.
Ramadan focused education also needs to be adapted and individualised
to account for these issues.

The IDF-DAR guidelines have provided specific guidance that HCPs
and elderly individuals should aim to follow when providing advice for
fasting during Ramadan. Specific guidance for the elderly with diabetes
include the following:

Medications and regimens

@ Have an assessment and discussion prior to Ramadan.
o Choose medications that have a lower risk
hypoglycaemia.
o Make dose adjustments to lower the risk of hypoglycaemia.

towards

SMBG

e Increase the frequency of SMBG when fasting during Ramadan than
before Ramadan.

e Consider using a continuous means of monitoring blood glucose
levels if available.

Diet

There needs to be an emphasis on staying properly hydrated,
particularly in individuals prone to diabetes related comorbidities.
It is important to have an adequate intake of nutrients when breaking
the fast.

¢ An individualised nutrition plan should be made prior to Ramadan
and adhered to during the Ramadan fast.

Physical Activity
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Hypertension

Hyperlipidemia
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I 45.29%
I 6.69%

I 33.82%
I 4 3.23%

Retinopathy I 11.36%
I 23.23%
Neuropathy | S 19,57 %
I 3.7 7%
Nephropathy/ckD | I 7.93%
I 17.69%
CAD, Stroke/TIA; PvD | N 8.24%
20.23%
Diabetic foot problems | HM 2.78% M Less than 65
P I 4.85% W 65 and over
0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00%

Fig. 12. Reported complications among individuals with T2DM aged > 65 and < 65; data adapted from the DAR 2020 Global Survey [93].

Physical activity levels should be curtailed but not halted during
fasting hours.

Activities should be planned ahead of time and thought of holisti-
cally — i.e., in conjunction with nutrition plans and medication
regimens.

Social considerations and community support
e Adequate support mechanisms should be in place to ensure that
elderly individuals with diabetes wishing to fast receive support from
family members, friends, carers or community members. This should
provide greater levels of safety and confidence.

Risks of complications and awareness

There needs to be an active effort to increase the awareness of

symptoms of hypoglycaemia and hyperglycaemia

o Symptoms and events should be documented to help with
recognition.

The effects of fasting in people with comorbidities such as dementia,

impaired renal function, CVD and others should be seriously

considered and discussed prior to conducting Ramadan fasting.

The guidance provided for elderly individuals with diabetes have
primarily been based on expert opinion and experience. Future studies
assessing diabetes during Ramadan must consider this higher risk group
and understand what specific dosing strategies are required to ensure
safety. A Grade D has been assigned to this by the IDF-DAR writing
group.

Further guidance on the management of the elderly is available in
the full version of the IDF-DAR Diabetes and Ramadan Practical Guidelines
2021.

7. Complications of diabetes when fasting during Ramadan

People with diabetes that have unstable macro- or microvascular
complications, and choose to fast during Ramadan, could exacerbate
these complications, and therefore these individuals are classified as
high risk [96] (see Section 4).

7.1. Macrovascular disease (MVD)

Diabetes is frequently associated with an increased risk of cardio-
vascular disease [97,98] and a heightened risk of stroke [99]. Studies
have shown that the practice of unsafe fasting including a high intake of
carbohydrates, low levels of activity, poor sleeping patterns, inadequate
hydration, and missing doses of essential medicines could have an
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impact on the risk of CVD or stroke in people with diabetes [100,101].

7.1.1. Fasting during Ramadan and congestive heart failure (CHF)

Congestive heart failure (CHF) has been investigated by several
studies during Ramadan. A multi-centre study conducted in the Gulf
region found no difference in the proportion of patients that were hos-
pitalised for heart failure with diabetes during Ramadan and outside of
Ramadan, 52% and 48.4% respectively [102]. A retrospective review of
clinical data also found that there were no differences in the number of
hospitalisations when comparing the month prior to Ramadan, the
period of Ramadan and the month after Ramadan [101].

7.1.2. Fasting during Ramadan and acute coronary syndrome (ACS)

Evidence suggests that there is no clear association between fasting
during Ramadan and an increase in acute cardiac events [103,104].
Some have also identified improvements in the number of ACS events.
Temizhan et al. found a significant reduction in the number of ACS
events during Ramadan when compared to times outside of Ramadan
[105]. Likewise, Burazeri et al. found protective associations between a
composite measure of religiosity and ACS in a cross-sectional study
[106]. However, these studies need to be replicated through randomised
longitudinal studies and among individuals with diabetes.

7.1.3. Fasting during Ramadan and stroke

Diabetes is an independent risk factor for stroke and the effect of
fasting during Ramadan in people with diabetes needs to be established.
There have been several studies that have investigated this, and the
evidence is conflicting.

Assy et al. in a cross-sectional designed study found that people with
type 2 diabetes mellitus (T2DM) were no more likely to be hospitalised
for ischaemic or haemorrhagic stroke during Ramadan than in the
months before or after Ramadan [107]. Moreover, El-Mitwalli et al
confirmed these results in a longitudinal study in Egypt [108].
Conversely, others found the opposite, with Ramadan fasting being
associated with a significantly higher risk of stroke. Yazdeen et al. found,
in a cohort that were primarily middle aged, that there was evidence
showing that fasting was associated with a higher risk towards stroke (p
=0.03) [109].

Those that insist on fasting despite having macrovascular compli-
cations must adhere to the recommendations mentioned in Table 6.

The studies that have investigated the safety of fasting during
Ramadan among people with macrovascular health issues have limita-
tions. It is recommended that individuals with diabetes that have un-
stable macrovascular complications should remain classified as high
risk. Further research is still needed, and these individuals should be
discouraged from fasting, as such this recommendation has been given a
level 3 and a Grade D; consensus (see Tables 1 and 2).
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Table 6 Table 7
Macrovascular complications and safety of fasting during Ramadan. Microvascular complications and safety of fasting during Ramadan.
Macrovascular Recommendations Microvascular Recommendations
complication complication
Congestive heart failure e Receive a thorough risk assessment from their Renal impairment, @ All individuals with diabetes (both T1IDM and T2DM)
(CHPF), diabetes specialist, cardiologist and/or neurologist Dialysis, and chronic kidney disease (CKD) or with any other
Acute coronary well in advance of Ramadan Renal transplant renal issues should discuss their intentions to fast
syndrome (ACS), e Receive pre-Ramadan education and understand how during Ramadan with diabetes and renal specialists at
Stroke to properly conduct safe fasting with diabetes (See least three months prior to Ramadan and attend

Section 5).

Obtain individualised advice based on their current

health status and treatment regimes

Practice safe fasting as discussed in these guidelines

wherever applicable.

Make appropriate adjustments to therapies in

accordance with their symptoms. For example,

diuretics, antihypertensives, anti-diabetes medica-

tion and insulin regimens will need adjusting to give

the greatest chance of achieving safe fasting during

Ramadan.

e Make a concerted effort to stay hydrated and get an
adequate amount of sleep and nutrition prior to
conducting fasting.

7.2. Chronic kidney disease

An important microvascular complication that can arise as a result of
diabetes can be chronic kidney disease (CKD) [110]; CKD can be cat-
egorised into different stages reflecting the severity of the disease, this
classification has been described elsewhere [111]. The International
Diabetes Federation and Diabetes and Ramadan International Alliance
(IDF - DAR) guidelines stratify people with diabetes that have CKD by
risk. People with diabetes and CKD of stage 3 and above ought to adhere
to the advice provided in Table 4 [46].

7.2.1. Fasting during Ramadan and renal function

Some studies have shown that fasting during Ramadan can worsen
renal function. Mbarki et al. also showed that individuals with CKD that
fasted during Ramadan could experience deterioration in renal function,
particularly in those with an estimated glomerular filtration rate (eGFR)
of <60 mL/min/1.73 m2 [112]. Bakhit et al. also showed that the higher
the stage of CKD the worse the renal outcomes during Ramadan [113].
However, others have shown that fasting during Ramadan may not be
associated with any less bad outcomes or even finding improvements.
Bernieh et al showed an improvement in eGFR during and after
Ramadan with no significant changes to biochemical measures such as
urinary electrolytes, protein or osmolarity [114]. A meta-analysis con-
ducted on the mean difference of the eGFR before and after Ramadan
among several different studies; no clear or meaningful difference was
found (mean difference 0; 95% CI —0.19 — 0.19) [115].

7.2.2. Fasting during Ramadan after renal transplants

There have been several studies that have investigated the outcomes
of individuals that had previously a kidney transplant and fasting during
Ramadan. The overall outlook is that these circumstances do not make
fasting unsafe. Further research in the form of longitudinal and rando-
mised trials are still needed to support this recommendation. The IDF-
DAR guidelines have given recommendations related to renal trans-
plants a level 3 and a Grade D, (see Table 1 and Table 2).

Currently the risk for fasting remains high in cases of unstable renal
impairment and these individuals should not fast. This is also true of
individuals with poorly controlled diabetes where fasting could be un-
safe. Individuals with diabetes that have microvascular health issues or
those that insist on fasting against the advice of HCPs must consider the
recommendations listed in Table 7.

Further guidance on fasting and micro/macrovascular complications
are available in the full version of the IDF-DAR Diabetes and Ramadan
Practical Guidelines 2021.
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Ramadan focused education.

@ Individuals with diabetes (both TIDM and T2DM) and
CKD of stages 3-5, or on dialysis should be considered
high-risk, and fasting ought to be discouraged.

@ Those that are considered high risk and still choose to
fast must:

o be carefully monitored and have weekly reviews
during Ramadan
o make a concerted effort to stay hydrated outside of
fasting periods

monitor electrolyte and creatinine levels at various

points during Ramadan to ensure safe fasting is

being conducted and whether it should continue
avoid foods with high potassium or phosphorous
content.

=}

=}

8. Strengths and weaknesses of the guidelines

The current guidelines are the first diabetes and Ramadan guidelines
to combine the input of a large number of experts from 6 continents,
including 53 authors and the religious opinion represented by the Mufti
of Egypt. The quality of the evidence for all aspects of the guidelines is
graded throughout and clearly indicated.

The area of religious fasting and diabetes is under-served by the
diabetes research community. Consequently, many aspects of the
guidelines are not based on large randomised controlled trials. Indeed,
various sections are based wholly upon consensus opinion, which is level
4/Grade D evidence. A good example for this is the new risk scoring,
which represents a significant departure from the older three-tier table
that was considered too rigid by many and adjusted accordingly. This
section is considered by the authors to be Grade 4 evidence. Studies to
validate this new risk assessment method are eagerly awaited. Indeed,
since the publication of the full version of the guidelines, the new risk
score has led some to express a different opinion to the current meth-
od and has raised concerns[116]. Such scientific discussion is welcome.
Open debate and future clinical studies are needed to improve the level
of evidence underpinning practical guidance for those living with dia-
betes who wish to observe Ramadan. Sections with a low level of evi-
dence should be considered genuine opportunities for researchers with
an interest in diabetes and Ramadan fasting. This is a rich area for po-
tential research and any new research will provide welcome contribu-
tion to the evidence base and help DaR and IDF to deliver the best
possible guidance.

The authors are aware of the huge variations in opinion among many
regions and cultures in the field of Ramadan fasting and acknowledge
that strong evidence-based guidance will be at the heart of a robust
process to catalyse further scientific contribution and nourish the wide-
held interest of the global diabetes community in the topic of diabetes
and Ramadan fasting.

9. Conclusions and considerations

It is of the utmost importance that HCPs, and individuals with dia-
betes understand the risks of fasting during Ramadan so that more
informed decisions can be taken.

A pre-Ramadan assessment should be the initial step for every indi-
vidual seeking to fast during Ramadan. This allows HCPs to perform a
risk quantification and stratify individuals seeking to fast. At this stage,
Ramadan focused education can also be planned and given so that those
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that decide to fast understand the strategies to manage their diabetes
and any complications that may arise. Likewise, expert nutrition advice
can be provided so that individuals with diabetes stay properly nour-
ished and do not experience any diet related issues during or after
Ramadan. All individuals with diabetes may need to modify their
treatment regimens. Those who are considered at a heightened risk of
fasting during Ramadan ought to accept the medical and religious
advice.

It is necessary that religious leaders, such as Imams, and members of
the community assist in promoting awareness and in overcoming po-
tential hurdles such as previous belief systems and cultural practices that
can impede the implementation of these guidelines. Technology such as
mobile phones and social media can also play an important role in
guideline usage, particularly where access can be an issue. Taken
together, a collective approach is needed in order to ensure all, that
choose to do so, can safely fast during Ramadan.

Funding

No external sources of funding were received for the development of
this manuscript.

Author contributions

MH & BA were the lead for the writing, editing, review and approval
of this manuscript; all other authors were involved in the review and
approval of the manuscript.

Disclosures

All members of the IDF-DAR guidelines writing group have declared
dualities of interest in respect of commercial enterprises, governments
and non-governmental organisations. No fees were paid to the authors in
connection with the development of this document or the guidelines
described herein.

All authors have approved the final article.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors would like to thank Aman Malhi (Amrinder) for
providing medical writing and editorial services and in the production of
these guidelines and this manuscript.

The authors would also like to acknowledge the support from the
International Diabetes Federation (IDF) for oversight and coordination
of the production of these guidelines.

A special mention is given to Prof Andrew Boulton (President, IDF),
Prof Akhtar Hussain (Elect-President, IDF), Phil Riley (Director, IDF,
Brussels, Belgium) for their support in developing these guidelines and
Prof Antonio Ceriello for editorial advice.

This manuscript has been developed based upon the official IDF-DAR
Practical Guidelines 2021, which was made possible through an
educational grant from Sanofi and Servier.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diabres.2021.109185.

17

Diabetes Research and Clinical Practice 185 (2022) 109185

References

[1

—

Center PR. The Future of World Religions: Population Growth Projections, 2010-
2050. 2015; Available from: http://www.pewforum.org/2015/04/02/religiou
s-projections-2010-2050/.

Desilver D, Masci D. World’s Muslim population more widespread than you might
think. Pew Research Center 2017;31.

Rowland RH. CENTRAL ASIA ii. Demography. Encyclopaedia Iranica: p. 161-164.
Yusuf I. The Middle East and muslim southeast Asia: Implications of the arab spring.
2015, Oxford: Oxford Centre for Islamic Studies http://www.
oxfordislamicstudies ....

Center PR. Region: Sub-Saharan Africa. 2011; Available from: https://www.pewfo
rum.org/2011/01/27/future-of-the-global-muslim-population-regional-sub-saha
ran-africa/.

Center PR. Europe’s Growing Muslim Population. 2017; Available from: http
s://www.pewforum.org/2017/11/29/europes-growing-muslim-population/.
Hackett C, et al. The global religious landscape. Washington, DC: Pew Research
Center; 2012.

United Nation. World Population Prospects 2017 [Internet]. United Nations,
Department of Economics and Social Affairs, Population Division. 2017.
Available from: https://www.un.org/development/desa/pd/sites/www.un.org.
development.desa.pd/files/files/documents/2020/Jan/un_2017_world_populatio
n_prospects-2017_revision_databooklet.pdf.

Saeedi P, et al., IDF Diabetes Atlas Committee. Global and regional diabetes
prevalence estimates for 2019 and projections for 2030 and 2045: Results from
the International Diabetes Federation Diabetes Atlas. Diabetes Res Clin Pract
2019 Nov;157:107843. https://doi.org/10.1016/j.diabres.2019.107.

Hassanein MM, et al. Changes in fasting patterns during Ramadan, and associated
clinical outcomes in adults with type 2 diabetes: A narrative review of
epidemiological studies over the last 20 years. Diabetes Res Clin Pract 2020:
108584.

Hajek P, Myers K, Dhanji A-R, West O, McRobbie H. Weight change during and
after Ramadan fasting. Journal of Public Health 2012;34(3):377-81.

Al-Arouj M, Assaad-Khalil S, Buse J, Fahdil I, Fahmy M, Hafez S, et al.
Recommendations for Management of Diabetes During Ramadan. Update 2010;
33(8):1895-902.

Lessan N, Ali T. Energy Metabolism and Intermittent Fasting: The Ramadan
Perspective. Nutrients 2019;11(5):1192. https://doi.org/10.3390/nu11051192.
Lessan N, Hannoun Z, Hasan H, Barakat MT. Glucose excursions and glycaemic
control during Ramadan fasting in diabetic patients: Insights from continuous
glucose monitoring (CGM). Diabetes Metab 2015;41(1):28-36.

Lessan N, Saadane I, Alkaf B, Hambly C, Buckley AJ, Finer N, et al. The effects of
Ramadan fasting on activity and energy expenditure. Am J Clin Nutr 2018;107
(1):54-61.

Fernando H, Zibellini J, Harris R, Seimon R, Sainsbury A. Effect of Ramadan
Fasting on Weight and Body Composition in Healthy Non-Athlete Adults: A
Systematic Review and Meta-Analysis. Nutrients 2019;11(2):478. https://doi.
org/10.3390/nu11020478.

Jahrami HA, et al. A systematic review, meta-analysis, and meta-regression of the
impact of diurnal intermittent fasting during Ramadan on body weight in healthy
subjects aged 16 years and above. Eur J Nutr 2020;59(6):2291-316.

Ajabnoor GMA, Bahijri S, Shaik NA, Borai A, Alamoudi AA, Al-Aama JY, et al.
Ramadan fasting in Saudi Arabia is associated with altered expression of CLOCK,
DUSP and IL-1alpha genes, as well as changes in cardiometabolic risk factors.
PLoS ONE 2017;12(4):e0174342.

Al-Rawi N, Madkour M, Jahrami H, Salahat D, Alhasan F, BaHammam A, et al.
Effect of diurnal intermittent fasting during Ramadan on ghrelin, leptin,
melatonin, and cortisol levels among overweight and obese subjects: A
prospective observational study. PLoS ONE 2020;15(8):e0237922.

BaHammam A, Alrajeh M, Albabtain M, Bahammam S, Sharif M. Circadian
pattern of sleep, energy expenditure, and body temperature of young healthy men
during the intermittent fasting of Ramadan. Appetite 2010;54(2):426-9.

Bahijri S, Borai A, Ajabnoor G, Abdul Khaliq A, AlQassas I, Al-Shehri D, et al.
Relative Metabolic Stability, but Disrupted Circadian Cortisol Secretion during
the Fasting Month of Ramadan. PLoS ONE 2013;8(4):e60917.

Haouari M, Haouari-Oukerro F, Sfaxi A, Ben Rayana M, Kaabachi N, Mbazaa A.
How Ramadan fasting affects caloric consumption, body weight, and circadian
evolution of cortisol serum levels in young, healthy male volunteers. Horm Metab
Res 2008;40(08):575-7.

Roky R, Chapotot F, Hakkou F, Benchekroun MT, Buguet A. Sleep during
Ramadan intermittent fasting. J Sleep Res 2001;10(4):319-27.

Ajabnoor GM, Bahijri S, Borai A, Abdulkhaliq AA, Al-Aama JY, Chrousos GP, et al.
Health impact of fasting in Saudi Arabia during Ramadan: association with
disturbed circadian rhythm and metabolic and sleeping patterns. PLoS ONE 2014;
9(5):€96500.

Lihn AS, Pedersen SB, Richelsen B. Adiponectin: action, regulation and
association to insulin sensitivity. Obes Rev 2005;6(1):13-21.

Gnanou JV, et al. Effects of Ramadan fasting on glucose homeostasis and
adiponectin levels in healthy adult males. J Diabetes Metab Disord 2015;14:55.
Feizollahzadeh S, et al. Augmented plasma adiponectin after prolonged fasting
during ramadan in men. Health Promot Perspect 2014;4(1):77-81.

Alzoghaibi MA, Pandi-Perumal SR, Sharif MM, BaHammam AS, Andrews Z.
Diurnal intermittent fasting during Ramadan: the effects on leptin and ghrelin
levels. PLoS ONE 2014;9(3):€92214.

[2

=

[3]
[4]

[5

—

[6

=

[7

—

[8

—

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]

[28]


https://doi.org/10.1016/j.diabres.2021.109185
https://doi.org/10.1016/j.diabres.2021.109185
http://www.pewforum.org/2015/04/02/religious-projections-2010-2050/
http://www.pewforum.org/2015/04/02/religious-projections-2010-2050/
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0010
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0010
https://www.pewforum.org/2011/01/27/future-of-the-global-muslim-population-regional-sub-saharan-africa/
https://www.pewforum.org/2011/01/27/future-of-the-global-muslim-population-regional-sub-saharan-africa/
https://www.pewforum.org/2011/01/27/future-of-the-global-muslim-population-regional-sub-saharan-africa/
https://www.pewforum.org/2017/11/29/europes-growing-muslim-population/
https://www.pewforum.org/2017/11/29/europes-growing-muslim-population/
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0035
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0035
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_2017_world_population_prospects-2017_revision_databooklet.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_2017_world_population_prospects-2017_revision_databooklet.pdf
https://www.un.org/development/desa/pd/sites/www.un.org.development.desa.pd/files/files/documents/2020/Jan/un_2017_world_population_prospects-2017_revision_databooklet.pdf
https://doi.org/10.1016/j.diabres.2019.107
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0050
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0050
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0050
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0050
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0055
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0055
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0060
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0060
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0060
https://doi.org/10.3390/nu11051192
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0070
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0070
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0070
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0075
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0075
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0075
https://doi.org/10.3390/nu11020478
https://doi.org/10.3390/nu11020478
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0085
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0085
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0085
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0090
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0090
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0090
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0090
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0095
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0095
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0095
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0095
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0100
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0100
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0100
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0105
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0105
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0105
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0110
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0110
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0110
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0110
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0115
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0115
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0120
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0120
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0120
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0120
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0125
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0125
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0130
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0130
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0135
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0135
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0140
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0140
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0140

M. Hassanein et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Mesbahzadeh B, Ghiravani Z, Mehrjoofard H. Effect of Ramadan fasting on
secretion of sex hormones in healthy single males. East Mediterr Health J 2005;11
(5-6):1120-3.

Alsubheen SA, Ismail M, Baker A, Blair J, Adebayo A, Kelly L, et al. The effects of
diurnal Ramadan fasting on energy expenditure and substrate oxidation in
healthy men. Br J Nutr 2017;118(12):1023-30.

Salti I, Bénard E, Detournay B, Bianchi-Biscay M, Le Brigand C, Voinet Céline,
et al. A population-based study of diabetes and its characteristics during the
fasting month of Ramadan in 13 countries: results of the epidemiology of diabetes
and Ramadan 1422/2001 (EPIDIAR) study. Diabetes Care 2004;27(10):2306-11.
Aldawi N, Darwiche G, Abusnana S, Elbagir M, Elgzyri T. Initial increase in
glucose variability during Ramadan fasting in non-insulin-treated patients with
diabetes type 2 using continuous glucose monitoring. Libyan J Med 2019;14(1):
1535747.

Sheikh A, Mawani M, Mahar SA. Impact of ramadan fasting on thyroid status and
quality of life in patients with primary hypothyroidism: A prospective cohort
study from karachi. PAKISTAN. Endocr Pract 2018;24(10):882-8.

Or Koca A, Dagdeviren M, Altay M. Should the dose of levothyroxine be changed
in hypothyroidism patients fasting during Ramadan? Turk J Med Sci 2020.
Azizi F. Islamic fasting and health. Ann Nutr Metab 2010;56(4):273-82.

Rajaei AR. Religious cognitive-emotional therapy: A new form of psychotherapy.
Iranian journal of psychiatry 2010;5(3):81.

Hosseini Almosavi M. A Brief Look at the Role of Fasting in Mental Health and Its
Correspondence with Advances in Psychology. Journal of Nutrition, Fasting and
Health 2015;3(3):132-7.

Erdem O. The investigation of the effects of Ramadan fasting on the mood state of
healthy volunteer persons. Family Practice and Palliative Care 2018;3(1):1-6.
Nugraha B, Ghashang SK, Hamdan I, Gutenbrunner C. Effect of Ramadan fasting
on fatigue, mood, sleepiness, and health-related quality of life of healthy young
men in summer time in Germany: A prospective controlled study. Appetite 2017;
111:38-45.

Yousuf S, Syed A, Ahmedani MY. To explore the association of Ramadan fasting
with symptoms of depression, anxiety, and stress in people with diabetes.
Diabetes Res Clin Pract 2021;172:108545. https://doi.org/10.1016/j.
diabres.2020.108545.

Al-Ozairi E, AlAwadhi MM, Al-Ozairi A, Taghadom E, Ismail K. A prospective
study of the effect of fasting during the month of Ramadan on depression and
diabetes distress in people with type 2 diabetes. Diabetes Res Clin Pract 2019;
153:145-9.

Pourabbasi A, Shirvani MSE, Shams AH. Does Islamic fasting affect cognitive
functions in adolescents? A systematic review. JPMA. The. Journal of the Pakistan
Medical Association 2019;69(8):1164-9.

Al-Ozairi E, Al Ozairi A, Blythe C, Taghadom E, Ismail K. The Epidemiology of
Depression and Diabetes Distress in Type 2 Diabetes in Kuwait. Journal of
Diabetes Research 2020;2020:1-8.

Roky R, Chapotot F, Benchekroun MT, Benaji B, Hakkou F, Elkhalifi H, et al.
Daytime sleepiness during Ramadan intermittent fasting: polysomnographic and
quantitative waking EEG study. J Sleep Res 2003;12(2):95-101.

Deeb A, Al Qahtani N, Akle M, Singh H, Assadi R, Attia S, et al. Attitude,
complications, ability of fasting and glycemic control in fasting Ramadan by
children and adolescents with type 1 diabetes mellitus. Diabetes Res Clin Pract
2017;126:10-5.

Hassanein M, Al-Arouj M, Hamdy O, Bebakar WMW, Jabbar A, Al-Madani A,

et al. Diabetes and Ramadan: practical guidelines. Diabetes Res Clin Pract 2017;
126:303-16.

Hassanein M, Alamoudi RM, Kallash M-A, Aljohani NJ, Alfadhli EM, Tony LE,
et al. Ramadan fasting in people with type 1 diabetes during COVID-19 pandemic:
The DaR Global survey. Diabetes Res Clin Pract 2021;172:108626. https://doi.
org/10.1016/j.diabres.2020.108626.

Association AD. 4. Foundations of care: education, nutrition, physical activity,
smoking cessation, psychosocial care, and immunization. Diabetes Care 2015;38
(Supplement 1):520-30.

Alghamdi AS, et al. Impact of Ramadan on Physical Activity and Sleeping Patterns
in Individuals with Type 2 Diabetes: The First Study Using Fitbit Device. Diabetes
Therapy 2020:1-16.

Bener A, A. Al-Hamaq AA, Oztiirk M, Catan F, Haris Parvezl, Rajput KaleemU,
et al. Effect of ramadan fasting on glycemic control and other essential variables
in diabetic patients. Annals of African medicine 2018;17(4):196. https://doi.org/
10.4103/aam.aam_63_17.

Siaw MYL, Chew DEK, Dalan R, Abdul Shakoor SAKK, Othman N, Choo CH, et al.
Evaluating the effect of Ramadan fasting on muslim patients with diabetes in
relation to use of medication and lifestyle patterns: a prospective study.
International journal of endocrinology 2014;2014:1-6.

Yeoh E, et al. Fasting during Ramadan and associated changes in glycaemia,
caloric intake and body composition with gender differences in Singapore. Ann
Acad Med Singapore 2015;44(6):202-6.

Al-Musally RM, et al. Health education to diabetic patients before the start of
Ramadan: Experience from a teaching hospital in Dammam. Journal of family &
community medicine 2017;24(2):111.

Ahmedani MY, Alvi SFD. Characteristics and Ramadan-specific diabetes
education trends of patients with diabetes (CARE): a multinational survey (2014).
Int J Clin Pract 2016;70(8):668-75.

Zainudin SB, Abu Bakar KNB, Abdullah SB, Hussain AB. Diabetes education and
medication adjustment in Ramadan (DEAR) program prepares for self-
management during fasting with tele-health support from pre-Ramadan to post-

18

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]
[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

Diabetes Research and Clinical Practice 185 (2022) 109185

Ramadan. Therapeutic advances in endocrinology and metabolism 2018;9(8):
231-40.

Shaltout I, Zakaria A, Abdelwahab AM, Hamed AbdelKhalek, Elsaid NH,

Attia MA. Culturally based pre-Ramadan education increased benefits and
reduced hazards of Ramadan fasting for type 2 diabetic patients. Journal of
Diabetes & Metabolic Disorders 2020;19(1):179-86.

Daly H, Byrne J, Martin-Stacey L, Mandalia P, Carey ME, Hadjiconstantinou M,
et al. ‘A Safer Ramadan’: developing an integrated approach to support safer
fasting and feasting for people with type 2 diabetes. Practical Diabetes 2014;31
(7):292-7.

El Toony LF, Hamad DA, Omar OM. Outcome of focused pre-Ramadan education
on metabolic and glycaemic parameters in patients with type 2 diabetes mellitus.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews 2018;12(5):761-7.
Hassanein M, Abdelgadir E, Bashier A, Rashid F, Saeed MA, Khalifa A, et al. The
role of optimum diabetes care in form of Ramadan focused diabetes education,
flash glucose monitoring system and pre-Ramadan dose adjustments in the safety
of Ramadan fasting in high risk patients with diabetes. Diabetes Res Clin Pract
2019;150:288-95.

Gad H, Al-Muhannadi H, Purra H, Mussleman P, Malik RA. The effect of Ramadan
focused education on patients with Type 2 diabetes: a systematic review and
meta-analysis. Diabetes Res Clin Pract 2020;162:108122. https://doi.org/
10.1016/j.diabres.2020.108122.

Al-Arouj M, Bouguerra R, Buse J, Hafez S, Hassanein M, Ibrahim MA, et al.
Recommendations for management of diabetes during Ramadan. Diabetes Care
2005;28(9):2305-11.

Afandi B, et al. Ramadan Challenges: Fasting Against Medical Advice. Journal of
Nutrition, Fasting and Health 2017;5(3):133-7.

Kaplan W, Afandi B. Blood glucose fluctuation during Ramadan fasting in
adolescents with type 1 diabetes: findings of continuous glucose monitoring.
Diabetes Care 2015;38(10):e162-3.

Kaplan W, Afandi B, Al Hassani N, Hadi S, Zoubeidi T. Comparison of continuous
glucose monitoring in adolescents with type 1 diabetes: Ramadan versus non-
Ramadan. Diabetes Res Clin Pract 2017;134:178-82.

Al Awadi FF, Echtay A, Al Arouj M, Sabir Ali S, Shehadeh N, Al Shaikh A, et al.
Patterns of Diabetes Care Among People with Type 1 Diabetes During Ramadan:
An International Prospective Study (DAR-MENA T1DM). Advances in therapy
2020;37(4):1550-63.

Malek R, Hannat S, Nechadi A, Mekideche FZ, Kaabeche M. Diabetes and
Ramadan: a multicenter study in Algerian population. Diabetes Res Clin Pract
2019;150:322-30.

Al-Agha AE, Kafi SE, Aldeen AMZ, Khadwardi RH. Flash glucose monitoring
system may benefit children and adolescents with type 1 diabetes during fasting
at Ramadan. Saudi Med J 2017;38(4):366-71.

Bin-Abbas BS. Insulin pump therapy during Ramadan fasting in type 1 diabetic
adolescents. Annals of Saudi medicine 2008;28(4):305-6.

Ly TT, Nicholas JA, Retterath A, Davis EA, Jones TW. Analysis of glucose
responses to automated insulin suspension with sensor-augmented pump therapy.
Diabetes Care 2012;35(7):1462-5.

Elbarbary NS. Effectiveness of the low-glucose suspend feature of insulin pump
during fasting during Ramadan in type 1 diabetes mellitus. Diabetes Metab Res
Rev 2016;32(6):623-33.

Pickup JC. Insulin Pumps. Diabetes Technol Ther 2018;20(S1):S-30-40.
Elbarbary NS. Late breaking abstracts, Abstracts for the 45th Annual Meeting of
the International Society for Pediatric and Adolescent Diabetes (ISPAD) - poster
332. Pediatr Diabetes 2020;20(S28):159-60.

Anwar A, et al. An open label comparative study of glimepiride versus repaglinide
in type 2 diabetes mellitus Muslim subjects during the month of Ramadan. Med J
Malaysia 2006;61(1):28-35.

Hassanein M, Abdallah K, Schweizer A. A double-blind, randomized trial,
including frequent patient-physician contacts and Ramadan-focused advice,
assessing vildagliptin and gliclazide in patients with type 2 diabetes fasting
during Ramadan: The STEADFAST study. Vasc Health Risk Manag 2014;10:
319-25.

Hassanein M. et al., A real-world study in patients with type 2 diabetes mellitus treated
with gliclazide modified-release during fasting: DIA-RAMADAN. diabetes research
and clinical practice, 2020; 163: 108154.

Abdelgadir E, Rashid F, Bashier A, Al Saeed M, Khalifa A, Alawadi F, et al. Use of
flash glucose monitoring system in assessing safety of the SGLT2 inhibitors during
Ramadan fasting in high risk insulin treated patients with type 2 diabetes.
Diabetes & Metabolic Syndrome: Clinical Research & Reviews 2019;13(5):
2927-32.

Shao Y, Lim GJ, Chua CL, Wong YF, Yeoh ECK, Low SKM, et al. The effect of
Ramadan fasting and continuing sodium-glucose co-transporter-2 (SGLT2)
inhibitor use on ketonemia, blood pressure and renal function in Muslim patients
with type 2 diabetes. Diabetes Res Clin Pract 2018;142:85-91.

Hassanein M, Echtay A, Hassoun A, Alarouj M, Afandi B, Poladian R, et al.
Tolerability of canagliflozin in patients with type 2 diabetes mellitus fasting
during Ramadan: Results of the Canagliflozin in Ramadan Tolerance
Observational Study (CRATOS). Int J Clin Pract 2017;71(10):e12991.

Joshi S, Joshi P. A review of insulin and insulin regimens in type 2 diabetes. S Afr
Fam Pract 2009;51(2):97-102.

Hassanein M, et al. Management of Type 2 diabetes in Ramadan: Low-ratio
premix insulin working group practical advice. Indian J Endocrinol Metab 2014;
18(6):794. https://doi.org/10.4103/2230-8210.140242.

Elhadd T, Dabbous Z, Bashir M, Elzouki A, Ghadban W, Baagar K, et al. Incidence
of hypoglycaemia in patients with type-2 diabetes taking multiple glucose


http://refhub.elsevier.com/S0168-8227(21)00545-3/h0145
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0145
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0145
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0150
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0150
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0150
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0155
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0155
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0155
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0155
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0165
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0165
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0165
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0165
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0170
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0170
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0170
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0175
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0175
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0180
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0185
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0185
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0190
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0190
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0190
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0195
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0195
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0200
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0200
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0200
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0200
https://doi.org/10.1016/j.diabres.2020.108545
https://doi.org/10.1016/j.diabres.2020.108545
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0210
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0210
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0210
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0210
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0215
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0215
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0215
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0220
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0220
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0220
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0225
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0225
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0225
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0230
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0230
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0230
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0230
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0235
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0235
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0235
https://doi.org/10.1016/j.diabres.2020.108626
https://doi.org/10.1016/j.diabres.2020.108626
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0245
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0245
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0245
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0250
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0250
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0250
https://doi.org/10.4103/aam.aam_63_17
https://doi.org/10.4103/aam.aam_63_17
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0260
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0260
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0260
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0260
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0265
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0265
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0265
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0270
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0270
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0270
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0275
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0275
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0275
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0280
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0280
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0280
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0280
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0280
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0285
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0285
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0285
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0285
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0290
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0290
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0290
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0290
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0295
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0295
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0295
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0300
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0300
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0300
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0300
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0300
https://doi.org/10.1016/j.diabres.2020.108122
https://doi.org/10.1016/j.diabres.2020.108122
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0310
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0310
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0310
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0315
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0315
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0320
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0320
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0320
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0325
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0325
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0325
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0330
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0330
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0330
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0330
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0335
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0335
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0335
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0340
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0340
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0340
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0345
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0345
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0350
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0350
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0350
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0355
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0355
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0355
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0360
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0365
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0365
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0365
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0370
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0370
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0370
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0375
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0375
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0375
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0375
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0375
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0385
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0385
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0385
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0385
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0385
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0390
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0390
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0390
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0390
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0395
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0395
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0395
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0395
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0400
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0400
https://doi.org/10.4103/2230-8210.140242
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0410
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0410

M. Hassanein et al.

[82]

[83]

[84]

[85]

[86]

[871]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

lowering therapies during Ramadan: the PROFAST Ramadan Study. Journal of
diabetes and metabolic disorders 2018;17(2):309-14.

Bashir M, Elhadd T, Ali H, Baagar K, Abdel Hakam IA, Al-Mohanadi DHS, et al.
A pilot study using flash continuous glucose monitoring in patients with type-2
diabetes on multiple anti-diabetic agents during Ramadan. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews 2018;12(6):965-8.

Jamali B, Kazeminavaei F, Taghlilin F, Gorji AM, Firouzbakht M, Kiapour A.
Fasting in pregnancy: A survey of beliefs and manners of Muslim women about
Ramadan fasting. Annals of Tropical Medicine and Public Health 2013;6(5):536.
https://doi.org/10.4103/1755-6783.133710.

Robinson T, Raisler J. “Each one is a doctor for herself’: Ramadan fasting among
pregnant Muslim women in the United States. Ethn Dis 2005;15(1 Suppl 1). pp.
§1-99-103.

Dikensoy E, Balat O, Cebesoy B, Ozkur A, Cicek H, Can G. Effect of fasting during
Ramadan on fetal development and maternal health. The journal of obstetrics and
gynaecology research 2008;34(4):494-8.

Dikensoy E, Balat O, Cebesoy B, Ozkur A, Cicek H, Can G. The effect of Ramadan
fasting on maternal serum lipids, cortisol levels and fetal development. Arch
Gynecol Obstet 2009;279(2):119-23.

Kavehmanesh Z, Abolghasemi H. Maternal Ramadan Fasting and Neonatal
Health. J Perinatol 2004;24(12):748-50.

Bajaj S, et al. South Asian consensus statement on women’s health and Ramadan.
Indian journal of endocrinology and metabolism 2012;16(4):508. https://doi.
org/10.4103/2230-8210.97995.

Ziaee V, et al. The effect of ramadan fasting on outcome of pregnancy. Iranian
journal of pediatrics 2010;20(2):181-6.

Afandi BO, Hassanein MM, Majd LM, Nagelkerke NJD. Impact of Ramadan fasting
on glucose levels in women with gestational diabetes mellitus treated with diet
alone or diet plus metformin: a continuous glucose monitoring study. BMJ open
diabetes research & care 2017;5(1):e000470. https://doi.org/10.1136/bmjdre-
2017-000470.

Afandi B, Hassanein M, Roubi S, Nagelkerke N. The value of Continuous Glucose
Monitoring and Self-Monitoring of Blood Glucose in patients with Gestational
Diabetes Mellitus during Ramadan fasting. Diabetes Res Clin Pract 2019;151:
260-4.

Afandi B, et al. The individualization of care for people with diabetes during
ramadan fasting: A narrative review. Ibnosina Journal of Medicine and
Biomedical Sciences 2020;12(2):98-107.

Hassanein M, et al. The DAR 2020 Global survey: Ramadan fasting during COVID
19 pandemic and the impact of older age on fasting among adults with Type 2
diabetes. Diabetes Res Clin Pract 2021 Mar;173:108674. https://doi.org/
10.1016/j.diabres.2021.108674.

Laatar R, et al. Effects of Ramadan Gasting on Postural Balance and Attentional
Capacities in Elderly People. J Nutr Health Aging 2016;20(5):553-60.

Lee AK, Lee CJ, Huang ES, Sharrett AR, Coresh J, Selvin E. Risk Factors for Severe
Hypoglycemia in Black and White Adults With Diabetes: The Atherosclerosis Risk
in Communities (ARIC) Study. Diabetes Care 2017;40(12):1661-7.

Hassanein M, et al. International Diabetes Federation (IDF), in collaboration with
the Diabetes and Ramadan (DAR) International Alliance. Diabetes and Ramadan:
Practical guidelines. Diabetes Res Clin Pract 2017 Apr;126:303-16. https://doi.
org/10.1016/j.diabres.2017.03.003.

Aronson D, Edelman ER. Coronary artery disease and diabetes mellitus. Cardiol
Clin 2014;32(3):439-55.

Desouza C, Salazar H, Cheong B, Murgo J, Fonseca V. Association of
Hypoglycemia and Cardiac Ischemia. Diabetes Care 2003;26(5):1485-9.
Megherbi S-E, Milan C, Minier D, Couvreur Grégory, Osseby G-V, Tilling K, et al.
Association between diabetes and stroke subtype on survival and functional

19

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

Diabetes Research and Clinical Practice 185 (2022) 109185

outcome 3 months after stroke: data from the European BIOMED Stroke Project.
Stroke 2003;34(3):688-94.

Sassi M, et al. Does Lipid Profile Affect Thrombin Generation During Ramadan
Fasting in Patients With Cardiovascular Risks? Clin Appl Thromb Hemost 2017;23
(8):980-6.

Al Suwaidi J, et al. Does the circadian pattern for acute cardiac events
presentation vary with fasting? J Postgrad Med 2006;52(1). pp. 30-3; discussion
33-4.

Salam AM, Sulaiman K, Alsheikh-Ali AA, Singh R, Asaad N, Al-Qahtani A, et al.
Acute heart failure presentations and outcomes during the fasting month of
Ramadan: an observational report from seven Middle Eastern countries. Curr Med
Res Opin 2018;34(2):237-45.

Mousavi M, Mirkarimi SS, Rahmani G, Hosseinzadeh E, Salahi N. Ramadan fast in
patients with coronary artery disease. Iranian Red Crescent medical journal 2014;
16(12). https://doi.org/10.5812/ircmj10.5812/ircmj.7887.

Turker Y, Aydin M, Aslantas Y, Ozaydin M, Uysal BA, Bulur S, et al. The effect of
Ramadan fasting on circadian variation of Turkish patients with acute myocardial
infarction. Advances in Interventional Cardiology 2012;3:193-8.

Temizhan A, et al. Is there any effect of Ramadan fasting on acute coronary heart
disease events? Int J Cardiol 1999;70(2):149-53.

Burazeri G, Goda A, Kark JD. Religious Observance and Acute Coronary
Syndrome in Predominantly Muslim Albania: A Population-based Case-Control
Study in Tirana. Ann Epidemiol 2008;18(12):937-45.

Assy MH, Awd M, Elshabrawy AM, Gharieb M. Effect of Ramadan fasting on
incidence of cerebrovascular stroke in Egyptian patients with Type 2 Diabetes
Mellitus. Diabetes Res Clin Pract 2019;151:299-304.

El-Mitwalli A, Zaher AA, El-Salam Mohamed MA, Elmenshawi E. The effect of
Ramadan fasting on cerebral stroke: A prospective hospital-based study. Egyptian
Journal of Neurology, Psychiatry and Neurosurgery 2009;16(4):e80.

Yazdeen A, Hummadi M, Al-Tawil N, AlShimmery I, Jarjees S. Association
between Ramadan Fasting and cerebrovascular diseases. Zanco Journal of
Medical Sciences 2017;21(3):1853-8.

Hassanien AA, Al-Shaikh F, Vamos EP, Yadegarfar G, Majeed A. Epidemiology of
end-stage renal disease in the countries of the Gulf Cooperation Council: a
systematic review. JRSM Short Rep 2012;3(6):1-21.

Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, et al. National Kidney
Foundation Practice Guidelines for Chronic Kidney Disease: Evaluation,
Classification, and Stratification. Ann Intern Med 2003;139(2):137. https://doi.
org/10.7326,/0003-4819-139-2-200307150-00013.

Mbarki H, Tazi N, Najdi A, Tachfouti N, Arrayhani M, Sqalli T. Effects of fasting
during Ramadan on renal function of patients with chronic kidney disease. Saudi
Journal of Kidney Diseases and Transplantation 2015;26(2):320. https://doi.org/
10.4103/1319-2442.152494.

Bakhit AA, Kurdi AM, Wadera JJ, Alsuwaida AO. Effects of Ramadan fasting on
moderate to severe chronic kidney disease. A prospective observational study.
Saudi Med J 2017;38(1):48-52.

Bernieh B, et al. Fasting Ramadan in chronic kidney disease patients: Clinical and
biochemical effects. Saudi Journal of Kidney Diseases and Transplantation 2010;
21(5):898-902.

Bragazzi NL. Ramadan fasting and chronic kidney disease: does estimated
glomerular filtration rate change after and before Ramadan? Insights from a mini
meta-analysis. International journal of nephrology and renovascular disease
2015;8:53-7.

Ghouri N, Hussain S, Ahmed SH, Beshyah SA, Rashid R, Al-Ozairi E, et al.
Changing how we risk-categorise in Ramadan: Does the IDF-DAR scoring system
achieve the requirements for people with diabetes internationally? Diabetes Res
Clin Pract. 2021;175:108835. https://doi.org/10.1016/j.diabres.2021.108835.


http://refhub.elsevier.com/S0168-8227(21)00545-3/h0410
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0410
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0415
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0415
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0415
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0415
https://doi.org/10.4103/1755-6783.133710
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0425
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0425
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0425
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0430
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0430
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0430
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0435
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0435
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0435
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0440
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0440
https://doi.org/10.4103/2230-8210.97995
https://doi.org/10.4103/2230-8210.97995
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0450
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0450
https://doi.org/10.1136/bmjdrc-2017-000470
https://doi.org/10.1136/bmjdrc-2017-000470
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0460
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0460
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0460
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0460
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0465
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0465
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0465
https://doi.org/10.1016/j.diabres.2021.108674
https://doi.org/10.1016/j.diabres.2021.108674
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0475
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0475
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0480
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0480
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0480
https://doi.org/10.1016/j.diabres.2017.03.003
https://doi.org/10.1016/j.diabres.2017.03.003
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0490
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0490
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0495
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0495
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0500
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0500
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0500
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0500
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0505
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0505
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0505
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0510
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0510
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0510
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0515
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0515
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0515
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0515
https://doi.org/10.5812/ircmj10.5812/ircmj.7887
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0525
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0525
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0525
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0530
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0530
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0535
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0535
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0535
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0540
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0540
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0540
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0545
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0545
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0545
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0550
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0550
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0550
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0555
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0555
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0555
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.7326/0003-4819-139-2-200307150-00013
https://doi.org/10.4103/1319-2442.152494
https://doi.org/10.4103/1319-2442.152494
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0570
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0570
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0570
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0575
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0575
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0575
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0580
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0580
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0580
http://refhub.elsevier.com/S0168-8227(21)00545-3/h0580
https://doi.org/10.1016/j.diabres.2021.108835

	Diabetes and Ramadan: Practical guidelines 2021
	1 Introduction
	2 Methods
	3 What happens to the body? Physiology of fasting during Ramadan
	3.1 Changes to energy balance and weight
	3.2 Changes to circadian and hormonal rhythms
	3.3 Insulin sensitivity
	3.4 Glucose variability and Ramadan fasting in diabetes
	3.5 Other medical considerations; relevance to Ramadan fasting and diabetes
	3.6 Effects of RF on mental wellbeing

	4 Risk stratification of individuals with diabetes for fasting during Ramadan
	4.1 The process of risk stratification

	5 Pre-Ramadan education and guidance for nutrition during Ramadan
	5.1 Evidence supporting the use of Ramadan focused education
	5.2 Self-Monitoring of blood glucose (SMBG)
	5.3 Dietary changes and guidance during RF

	6 Management of individuals with diabetes when fasting during Ramadan
	6.1 Type 1 diabetes mellitus
	6.1.1 Safety of fasting among adolescents and adults with T1DM
	6.1.2 Insulin regimens in people with T1DM
	6.1.3 Insulin regimens and blood glucose monitoring among adolescents with T1DM
	6.1.4 Insulin regimens and blood glucose monitoring among adults with T1DM

	6.2 Type 2 diabetes mellitus
	6.2.1 Medication adjustments
	6.2.2 Insulin treatment for T2DM
	6.2.3 Multiple antidiabetic therapies

	6.3 Special populations
	6.3.1 Pregnant women
	6.3.2 Elderly individuals with diabetes


	7 Complications of diabetes when fasting during Ramadan
	7.1 Macrovascular disease (MVD)
	7.1.1 Fasting during Ramadan and congestive heart failure (CHF)
	7.1.2 Fasting during Ramadan and acute coronary syndrome (ACS)
	7.1.3 Fasting during Ramadan and stroke

	7.2 Chronic kidney disease
	7.2.1 Fasting during Ramadan and renal function
	7.2.2 Fasting during Ramadan after renal transplants


	8 Strengths and weaknesses of the guidelines
	9 Conclusions and considerations
	Funding
	Author contributions
	Disclosures
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary material
	References


