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ABSTRACT
Objectives: To determine the proportion of diabetic
patients who develop adverse glycaemic events when
fasting regularly.
Design: Prospective observational study conducted at
a tertiary care hospital in South Asia. Five hundred and
twenty-three patients were assessed for eligibility, and
150 were included in the final analysis. Diabetic
patients over 18 years of age who were willing to fast
regularly and make a chart of their daily blood sugar
levels were included in the study. The main outcome
measures were hypoglycaemic and hyperglycaemic
events. Frequencies and percentages were calculated
for quantitative variables, while mean±SD were
documented for qualitative variables. Relative risk was
calculated as a measure of association.
Results: Of a total of 150 individuals, 10% experienced
hypoglycaemia, while 3.3% reported hyperglycaemic
episodes. Only 8.7% of the participants discontinued
one or more fasts; however, none of them required
hospitalisation. There is a negative association between
a visit to a physician by diabetic patients before they
begin to fast regularly and the risk of developing
hypoglycaemia (relative risk 0.73).
Conclusions: Many diabetic patients who fast regularly
are at high risk of adverse glycaemic events. Most
diabetics do not consult their physicians before fasting
to adjust medications and lifestyle. Various strategies
should be planned and implemented for the awareness
and education of such patients to avoid adverse
glycaemic events and subsequent complications.

INTRODUCTION
It is estimated that 50 million people with dia-
betes fast each year.1 It is obligatory on all
healthy Muslim adults to fast in Ramadan, the
9th month of the lunar calendar. Ramadan can
last for either 29 or 30 days a year and involves
abstinence from food, water, beverages, oral
medications, smoking and coitus from sunrise
till sunset. Generally, two major meals accom-
pany Ramadan, one is consumed before dawn,
called ‘Suhur’, and the other, at sunset, known
as ‘Iftar’. The length of the fast varies from ∼11
to 20 hours, depending on the season and the
geographical location. Sick people, especially

those who can be adversely affected by fasting,
are exempted from this duty by the Qur’an.2

Although diabetic patients are prone to hyper-
glycaemia and hypoglycaemia (hyper/hypogly-
caemia), many still insist on fasting. A large,
multicentred, retrospective study, the EPIDIAR
study, has shown that 43% of people with type

Key questions

What is already known about this topic?
▸ Retrospective studies show that there is an

increase in symptomatic hyperglycaemia and
hypoglycaemia in diabetic patients while fasting
regularly.

What are the new findings?
▸ This prospective study showed that 1 in 10 dia-

betic patients experienced hypoglycaemia while
fasting regularly and 1 in 3 such patients did not
discontinue fasting. About 1 in 30 diabetic
patients who fasted developed hyperglycaemia.
A pre-Ramadan visit to a physician by diabetic
patients who intended to fast decreased the risk
of developing hypoglycaemia compared with
those who did not have a medical consultation.

▸ Blood sugar levels determined using a glucometer,
rather than symptoms, were used to define hyper-
glycaemia and hypoglycaemia in this study.

Recommendations for policy
▸ A variety of awareness strategies should be

planned to educate diabetic patients about
glucose monitoring, diet, lifestyle and medica-
tion during the month of fasting. Diabetic
patients should undergo pre-Ramadan assess-
ment and be counselled by healthcare providers.
It is also necessary to educate the family or
caregivers of diabetic patients who wish to fast.

▸ There is a need to conduct more research in this
area, especially prospective large-scale multi-
centred studies, and efforts should be made to
formulate formal guidelines to manage such
patients. Moreover, interventional studies are
required to discover more about the optimum
dosage of medications during fasting. Non-
pharmacological aspects such as diet and exer-
cise should also be studied.
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1 diabetes and 79% of people with type 2 diabetes fast
during the month of Ramadan.3 Findings from the same
study revealed that, during Ramadan, the frequency of
severe hypoglycaemic events increases up to 7.5-fold, and
the frequency of severe hyperglycaemic events increases
up to fivefold, in patients with diabetes. Uysal et al4 also
found an increase in symptomatic hypoglycaemia in dia-
betic patients during Ramadan. Diabetic patients who fast
tend to make the decision of whether to fast or not without
discussing it with their physician.5 The EPIDIAR study also
found that only 62% of the patients had received advice
from their physicians regarding fasting during Ramadan.
These figures show that a large percentage of diabetic
Muslims fast during Ramadan and they do not receive
adequate guidance from their physician, which may be
due to either a lack of discussion between the patient and
the physician on the topic or the lack of research evidence
on the subject.
There is sufficient, but contradictory, evidence on the

effect of fasting on the biochemical variables of diabetics.6

However, pragmatic prospective studies evaluating clinically
relevant events in diabetic patients who fast are relatively
scarce. Most of the studies are either small scale, recruiting
even fewer than 60 subjects,4 7 8 or retrospective,3 9 10 and
thus formal guidelines on this subject are absent. Clinically
relevant events, including hyper/hypoglycaemic events
and hospitalisation, should ultimately guide clinical prac-
tice, rather than changes in biochemical variables. This
study was designed to fill this gap in the literature. It is a
prospective study aimed to determine the proportion of
diabetic patients who develop hyper/hypoglycaemic epi-
sodes, discontinue fasting, or need hospitalisation or an
emergency room visit due to adverse glycaemic events
while fasting regularly during the month of Ramadan.

METHODS
Study setting and design
This prospective observational study was conducted at
the endocrinology clinic of a tertiary care hospital in
Islamabad (Pakistan). We used the patient database at
our endocrinology clinic to contact patients by tele-
phone. Five hundred and twenty-three patients were
assessed for inclusion in the study. Finally, 150 were
included in the analysis. Figure 1 shows the flow diagram
of the study participants.
The sample size was calculated using the sample size

calculator for a proportion or descriptive study at
http://www.openepi.com (OpenEpi V.3),11 keeping 90%
CI. Population size was set as 1 million. Confidence limit
was set as 5%. The EPIDIAR study estimated that 86% of
patients with type 2 diabetes fast in Ramadan, so the
anticipated percentage frequency was set as 86%. The
sample size was calculated to be 131. The sample size
calculator used the following formula:

Sample size n ¼ DEFF�Np(1� p)
ðd2=Z2

1�a=2Þ � ðN� 1Þ þ p� ð1� pÞ

Inclusion and exclusion criteria
Patients over 18 years of age with type 2 diabetes mellitus
for more than a year, who had a functioning glucometer
at home, who could maintain a regular chart of their
blood sugar for the month of Ramadan, and who were
willing to give informed consent were included in the
study. The exclusion criteria were as follows:
1. could not monitor or chart their blood sugar
2. could not be reached by telephone
3. not willing to take part in the study
4. was an endocrinologist.

Ethics considerations
The study was carried out in accordance with the
Declaration of Helsinki and was approved by the institu-
tional review board and ethics committee of our hos-
pital. Fully informed verbal consent was obtained from
each participant and documented before the administra-
tion of the questionnaire. Before acceptance, the
research protocol was extensively reviewed for ethical
assurance and ‘oral consent’ was given by the ethics
committee, as the study did not pose serious harm to
the study population and there was no face-to-face inter-
action between the researchers and the respondents.

Data collection
Telephone interviews were conducted with the partici-
pants at the start and end of the month of Ramadan by
a group of medical students using a preformed standar-
dised questionnaire. Three medical students from the
same medical school in the clinical years conducted
the interviews. Before the study, the questionnaire and
the nature of the study were discussed thoroughly with
the medical students. These students were trained to
administer the questionnaire during two training ses-
sions. Each training session lasted about 40 min. The stu-
dents then conducted 10 interviews each as a pilot
survey. There was a follow-up session lasting about an
hour during which concerns of all three interviewers
were addressed and they were further trained to main-
tain uniformity while carrying out interviews. Only the
questions listed in the protocol were asked.
Data collected included demographic data, duration

of disease, type of medication, adjustments made to the
medication, hypoglycaemic events, hyperglycaemic
events, number of fasts broken, need for hospitalisation
or emergency room visit due to diabetes, and whether a
healthcare provider was consulted before fasting.
The participants were requested to measure their

blood glucose levels using a glucometer twice a day, with
one reading in the fasting state and one reading at a
random time, for at least 15 fasting days. The values were
charted by the patients and were later communicated to
the researchers at the end of the month. A chart to
record blood glucose levels was sent via email. The parti-
cipants were also requested to report any hypo/hypergly-
caemic events, the number of fasts broken, and whether
they had to visit an emergency room or required
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hospitalisation due to adverse glycaemic events. For the
purpose of this study, regular fasting was defined as
observing a fast for 15 or more days.
Hypoglycaemic events were defined as a blood glucose

level of <80 mg/dL or <4.4 mmol/L, and hypergly-
caemic events were defined as a blood glucose level of
>300 mg/dL or >16.7 mmol/L.12 In addition to these
primary outcomes, medical consultation at the begin-
ning of fasting was also noted as a secondary outcome.

Statistical analysis
Data were analysed using SPSS V.16. Frequencies and
percentages were calculated for quantitative variables,
while mean±SD were documented for qualitative vari-
ables. Relative risk was calculated as a measure of associ-
ation between pre-Ramadan medical consultation and
hypoglycaemia.

RESULTS
Of the 150 patients (ages 24–75 years), 95 (63.3%) were
male and 55 (36.7%) were female. The majority (58%)
had to adjust their dose of medication to help them cope
with the requirements of observing a fast. However, only
50 (33.3%) went for a review by their physician before
they began fasting despite being at a higher risk of
adverse glycaemic events. Most took oral antidiabetic

drugs (OADs) alone, followed by those who took a com-
bination of OADs and insulin. Six patients did not receive
any antidiabetic therapy. Table 1 gives the demographic
and medication details of the study participants.
A total of 15 (10%) patients had one or more hypogly-

caemic events, ranging from one to five episodes, during
the month. Of these 15 patients, seven had only one

Figure 1 Flow diagram of study

participants.

Table 1 Characteristics of study population (n=150)

Characteristic n (%) or mean±SD

Gender

Male 95 (63.3%)

Female 55 (36.7%)

Age (years) 50.8±10.2

Duration of diabetes (years) 7.8±5.8

Medication adjustment

Yes 87 (58%)

No 63 (42%)

Type of medication

Oral antidiabetic drugs only 93 (62%)

Insulin only 13 (8.7%)

Oral antidiabetic drugs+insulin 38 (25.3%)

No antidiabetic drugs 6 (4%)
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episode during the month, five had two episodes, and
three had more than two episodes. Only five (3.3%)
patients reported episodes of hyperglycaemia, with two
having one event and two having two events during the
month of Ramadan. Despite the number of hyper/hypo-
glycaemic events, the number of patients who broke one
or more fasts was 13 (8.7%), with the bulk of the patients,
seven and four, breaking only one and two fasts, respect-
ively. Furthermore, two of these 13 patients discontinued a
fast because of a feeling of weakness, although their blood
sugar levels were within the optimum range. Only 10
(6.7%) of the participants who experienced hypogly-
caemia discontinued a fast. None of the study participants
experienced severe hyper/hypoglycaemia requiring hospi-
talisation or an emergency room visit.
More women than men and more patients receiving

combination therapy (OAD+Insulin) than those receiving
single therapy (OAD or insulin alone) experienced hypo-
glycaemia. Table 2 shows the proportion of study partici-
pants in the respective subgroups based on gender and
type of antidiabetic medication who experienced hypo/
hyperglycaemia.
The strength of association between a pre-Ramadan visit

to a physician and the risk of developing hypoglycaemia
was measured by calculating the relative risk. Table 3 is the
2×2 table used to calculate the measure of association.

Relative risk ðRRÞ ¼
Incidence of hypoglycaemia

among patients who visited physician

Incidence of hypoglycaemia among patients

who did not visit the physician

RR ¼ 4
ð4þ 46Þ 4

11
ð11þ 89Þ ¼ 0:73

The relative risk was <1, which indicates a negative
association between a pre-Ramadan visit to a physician
and the risk of developing hypoglycaemia.

DISCUSSION
The results of this study show that 1 in 10 patients with
diabetes observing a fast experienced hypoglycaemic
events, and about 1 in 30 developed hyperglycaemia.
Only 1 in 3 diabetic patients who wished to fast opted
for medical consultation before the month of fasting. It
is alarming that 1 in 3 patients with hypoglycaemia did
not discontinue fasting. A pre-Ramadan visit to the phys-
ician decreased the risk of developing hypoglycaemia in
diabetic patients who intended to fast compared with
those who did not go for a medical consultation. A small
difference was observed between men and women in
terms of hyperglycaemia, but more women than men
experienced hypoglycaemia. Recently, Kautzky-Willer
et al,13 in a patient-level pooled analysis of six rando-
mised controlled trials, found that women are more
likely to experience hypoglycaemia than men. However,
it is not always the case, as shown by a post hoc analysis
of six pooled clinical trials on postprandial glucose levels
in patients with type 2 diabetes mellitus treated with
insulin.14 The reason for the difference is not clear, but
it might be due to differences in gender-related body fat
distribution and hormones.15 Furthermore, a greater
proportion of patients taking a combination of OAD
and insulin experienced hypoglycaemia than those
receiving single therapy (OAD or insulin alone).
Patients on combination therapy might have poor gly-
caemic control and thus were being treated more aggres-
sively. Our results differ from those of similar previous
studies. The differences may be due to variations in
study design, sample size, study population,
pre-Ramadan counselling/education or definition of
hyper/hypoglycaemia on the basis of symptoms rather
than blood sugar level.
In our prospective study, fewer diabetic patients

(33.3%) consulted a physician before the start of
Ramadan than has previously been reported (∼60%).3 8

In addition, a smaller proportion of our study subjects
had hypoglycaemic episodes than found in other
research,4 9 16–18 with exception of the latest retrospective
study conducted by Babineaux et al.10 They found that
8.8% of their study population experienced hypogly-
caemia, compared with 10% in our study. Furthermore,
fewer of our study participants experienced hypergly-
caemic events. In terms of hospitalisation of patients due
to adverse glycaemic episodes, our results are in agree-
ment with those of Ahmedani et al.16 17 None of our

Table 2 Proportion of study participants who experienced

adverse glycaemic events in subgroups based on gender

and type of medication (Islamabad, Pakistan, 10 May 2016)

Subgroup

Hypoglycaemia

(%)

Hyperglycaemia

(%)

Gender

Male 7.4 3.2

Female 14.5 3.6

Type of medication

Oral antidiabetic

drugs only

5.4 3.2

Insulin only 15.8 5.3

Oral antidiabetic

drugs+insulin

23.1 0

Table 3 The 2×2 table used to calculate the relative risk to

measure the association between a pre-Ramadan visit to a

physician and the risk of developing hypoglycaemia in our

study population (Islamabad, Pakistan, 17 March 2016)

Pre-Ramadan

visit to

physician

Developed

hypoglycaemia

Did not

develop

hypoglycaemia Total

Yes 4 46 50

No 11 89 100
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study participants required hospitalisation, while
Babineaux et al reported a low hospitalisation rate of
0.23% among their study sample.
The EPIDIAR study, the largest study to date to investi-

gate diabetic patients during Ramadan, showed that
more patients discontinued fasting due to hypergly-
caemia than due to hypoglycaemia,3 but this is in contrast
with similar studies,16 17 including ours. It further
reported that 62% of patients with type 2 diabetes
obtained advice from their healthcare providers before
starting to fast, whereas only 33% of our study population
visited a physician before Ramadan. Moreover, in the
EPIDIAR study, 2% of the patients with type 2 diabetes
experienced severe hypoglycaemia and 4% experienced
severe hyperglycaemia, requiring hospitalisation. In con-
trast, none of our study participants required hospitalisa-
tion due to adverse glycaemic events. These differences
may be due to a number of factors. The EPIDIAR study
was a retrospective study, whereas ours was a prospective
study. Moreover, the EPIDIAR study took into account
symptomatic hyper/hypoglycaemia, whereas we used
glucometer readings to determine adverse glycaemic
events. Furthermore, the EPIDIAR study was published
over a decade ago when there were much fewer data on
management of diabetes during Ramadan. It is possible
that, over the years, healthcare providers and patients
have become more aware about managing diabetes
during Ramadan. Table 4 compares the results of our
study with those of similar previous studies.
There are a few confounders that might have affected

our study results. The medical centre where this
research was conducted is located in an urban area, so
the majority of our study population was urban and
might have more sedentary lifestyles than the rural
population. Although we encourage all our patients to
have a glucometer at home, there is a possibility that our
study participants belong to monetarily stable strata of
society, and therefore might have a more luxurious life-
style. Similarly, those patients who possess a glucometer
may be more educated and literate and are thus more
aware of strategies to prevent adverse glycaemic events
during Ramadan. However, many of our patients did not

know how to use a glucometer, and their caregivers or
family members helped them to check their blood
glucose levels with this instrument.
Throughout the study, we strived to maintain accuracy

at every step. Measures were taken to minimise several
forms of bias. In a series of meetings before the study,
researchers were taught to uniformly administer the
questionnaire and ask only those questions mentioned
in the protocol. One of the senior researchers periodic-
ally checked the data. Data were entered and analysed,
and the accuracy was ensured. It should be understood
that several forms of bias can be minimised but not
eliminated and the possibility of false reporting cannot
be neglected. Our study has several limitations. We had
no control group. Variables such as physical activity,
occupation, education and socioeconomic status that
can potentially affect results were not recorded. In add-
ition, only patients with type 2 diabetes were included in
the study. Furthermore, study participants were asked to
monitor their blood glucose at a random time after Iftar,
as it was not feasible for many patients to do this at a
designated time each day, for various reasons such as
non-availability of their caregiver and post-Iftar commit-
ments. Another limitation of our study is that 44 patients
were lost to follow-up. We enrolled 194 patients in our
study and 150 were included in the analysis. However,
the sample size of the study is still adequate. Moreover,
glucometer readings were used for recording of adverse
glycaemic events, as the study was conducted in a
resource-limited setting. This is not the gold standard
method, but several studies have advocated the accuracy
of glucometers.19–21

CONCLUSIONS
We conclude that patients with diabetes who fast regu-
larly are at risk of adverse glycaemic events. Most of
these patients do not consult their physician for reassess-
ment before fasting. Medical consultation before starting
to fast has a protective effect against hypoglycaemia, so
it is necessary to spread awareness regarding the import-
ance of medical consultation. Every patient should visit

Table 4 Comparison of the present study with previous studies that investigated diabetic patients during Ramadan

(Islamabad, Pakistan, 17 March 2016)

Research study

Pre-Ramadan visit

to physician (%) Hypoglycaemia (%) Hyperglycaemia (%)

Hospitalisation due

to diabetes (%)

Present study 33.3 10 3.3 0

Babineaux et al10 – 8.8 – 0.23

Siaw et al18 – 25.5 – –

Ahmedani et al17 – 23.7 16.3 0

Peeters et al8 56 – – –

Ahmedani et al16 – 24.5 – 0

Ahmedani et al9 – 21.7 19.8 –

Uysal et al4 – 19.5 – 0
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their physician to modify the doses of medication and
be counselled about lifestyle changes. Blood sugar levels
should be closely monitored while fasting. Even though
severe hyper/hypoglycaemia that would require hospital-
isation or an emergency room visit was not observed, it
remains a possibility. Not all patients with adverse gly-
caemic episodes discontinued fasting, although it should
be considered because of the increased risk of complica-
tions. Prospective large-scale multicentred studies would
confirm these findings. Moreover, there is a need to
conduct interventional studies to discover more about
optimum dosages of medication during fasting. Formal
guidelines that would address the clinical challenge
of managing diabetic patients who fast are yet to be
published.

Handling editor Seye Abimbola
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