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A B S T R A C T

Aim: Most of Muslims patients with diabetes and Coronary Heart Disease (CHD) elect to

fast in Ramadan, but the actual risk in this subset of patients with diabetes is largely

unknown.

We aimed to understand the safety of fasting in CHD patients with diabetes insisting on

fasting Ramadan under optimal care. We also monitored the change in biophysical and bio-

chemical parameters of these patients before and after Ramadan.

We conducted this prospective study in a tertiary care hospital in Dubai during Ramadan

2016, (June 6th till July 5th).

Patients and methods: 21 Patients with T2DM with stable known CHD during the three

months prior to study and insisted on fasting despite advice against it were recruited for

the study. All patients received continuous glucose monitoring with free style libre moni-

toring device (FSL-CGM) during and outside Ramadan period.

We recorded DM or CVD-related emergency visit or hospitalisation, change in BMI, sys-

tolic and diastolic BP, lipids profile, e-GFR, HBA1c, and frequency of hypoglycemia during

Ramadan fasting and not -fasting period.

Results: This is first study using CGM in CHD patients with diabetes who observe fast in

Ramadan. Patients had a significantly higher incidence (3.2 ± 2.8 vs 1.1 ± 1.6 episodes,

p = 0.033) and prolonged duration of hypoglycemia (117.8 ± 87.2, 49.1 ± 59.1 min p 0.022)
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; BP, blood
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during fasting compared to non-fasting respectively. No significant alteration was seen in

BMI, SBP and DBP, lipid profile and renal function. There is a significant improvement in

HBA1c during Ramadan.

Conclusion: We could not associate any adverse cardiovascular effects with fasting Rama-

dan in patients with stable CHD under optimal diabetes care. FSL-CGMS data showed

higher frequency of hypoglycemia during Ramadan fasting. Studies with larger sample size

are needed for further validation of these findings.
� 2019 Elsevier B.V. All rights reserved.
1. Introduction

Patients with cardiovascular disease are categorized as high

risk for Ramadan fasting [1]. This risk stratification is based

onmultiple guidelines. Considering all the available scientific,

clinical and practical evidences, the IDF-DAR categorizes dif-

ferent group of patients e.g. multiple co morbidities or

advanced microvascular complications, or type of therapy,

into very high risk, high risk and moderate/low risk level for

fasting. Patients under category of very high and high risk

are advised against fasting. This classification and medical

advice received a thorough review and agreement from Mufti

of Egypt [2]. However, it is repeatedly observed that despite

advice of health care providers, majority of patients in all risk

categories preferred to fast in Ramadan [3]. Nevertheless it is

also seen that Ramadan focused education play a significant

role in reducing the frequency of hospitalization due to DKA

and hypoglycemia [4–7].

All theguidelines emphasizeon frequent self-monitoringof

blood glucose and focused education about change in timings

and dose of antidiabetic medications and awareness when to

break the fast as part of optimum care for these patients [8].

Based on the observation that prolonged period of fasting,

possible missed doses of essential medications, consumption

of sweets drinks and diet consisting of refined carbohydrate

and fat content may induce unfavorable plasma coagulation

and hemostatic factors. This may result in increased risk of

vascular thrombosis, instability of coronary plaque and wors-

ening of underlying CHD [9]. Numerous previous studies in

patients with underlying Coronary Heart Disease (CHD), only

measured the cardiovascular outcome with Ramadan fasting

[10]. Many studies assessed the cardiovascular risk factors in

patients and showed a beneficial or neutral effect of fasting in

Ramadan on the weight, lipid profile and metabolic control

[11,12]. However, no study observed these factors in the

patients with established CAD. Also, there is no published

data that has assessed the glycemic profile in such high-risk

patients for Ramadan fasting and to correlate any following

adverse or beneficial coronary outcome with the incidence

of hypoglycemia and glycemic change.

Our study is a first trial done in these high-risk patients

with coronary artery disease and type 2 diabetes that mea-

sured the frequency of hypoglycemia and pattern of plasma

glucose by the use of FSL- CGMS, during Ramadan and non-

Ramadan period under optimal diabetes care.

The outcome of our study objective can be classified into

the result of glucose profile by detection of hypoglycemia,
peak blood glucose, the pattern of hypoglycemia over 24 h,

overall glycemic control by the use of CGMS. Along with the

measurement of cardiovascular risk markers like BMI, BP

changes, renal and Lipid profile, as well as hospitalisation

for any cause during the study period.

Our trial is a unique trial since very few prospective stud-

ies had focused on the high-risk patients in Ramadan, and

even fewer have used a CGMS [13,14].

2. Methodology

2.1. Ethical approval and funding

The study was funded by a grant from Al-Jalila Foundation,

Dubai, UAE of Dubai after competing for research grants by

the foundation. Ethical approval was obtained from Ethics

and Research Committee of Dubai health authority. Informed

consent was obtained from all the patients who participated

in the study.

2.2. Aim of the study

2.2.1. Primary objectives
To understand the glycemic changes through flash glucose

monitoring data during Ramadan fasting in high- risk group

of the patients with diabetes and stable cardiovascular dis-

ease and compare it with non-Ramadan. Glycemic changes

including hypoglycemia (glucose level < 70 mg/dl with or

without symptoms), hyperglycemia, the pattern of hypo-

glycemia over 24 h, and severity of hypoglycemia.

2.2.2. Secondary objectives

� To evaluate the safety of fasting Ramadan for patients

with type 2 diabetes and cardiovascular disease

through assessment of the cardiovascular risk factors

including BP, weight, BMI, lipids, and renal parameters.

� To record admission to hospital with diabetes or car-

diovascular related conditions.

� Breaking fast when hypoglycemic or not.

� Number of days fasted.

2.3. Study subjects

Patients were attending diabetes and cardiology clinics of

Dubai hospital, aged between 18 and 75 years with type 2



Table 1 – Detail of anti-hyperglycemic treatment.

Type of Treatment Number of
patients (Total 21)

Intensive insulin therapy 6
Basal insulin + oral 4
Sulfonylurea 7
DPP4i 11
SGLT 2I 7
GLP-1antagonist 6
Metformin 18
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diabetes (T2DM) and stable Coronary Heart Disease (CHD)

who insisted on fasting despite advice against, were invited

to join the study. Recruitment started 1 to 2 months before

Ramadan 2016. Patients with any recent hospitalisation or

with known chronic kidney disease or pregnancy or hypo-

glycemia unawareness were excluded.

2.4. Method

Those who decided to fast attended a 60 min pre-Ramadan

focused educational session (DAR SAFA program that

included information on safe fasting, when to breakfasting

during Ramadan, education on SMBG and use of glucometer

and advice on dose adjustment as well as advise on dietary

changes during Ramadan). Following the session, patients

were asked to sign a consent form. We also took detailed

treatment record as well as the history of hospital admission

during the previous three months before the study start.

Before the educational session, all patients answered a

simple questionnaire to assess their knowledge of safe fasting

during Ramadan and their usual behaviour during previous

Ramadan. After the session, they answered two questions to

assess their benefit from the educational session. Post Rama-

dan they also answered a questionnaire to assess their beha-

viour during the corresponding Ramadan. All patients had

training on FreeStyle Libre flash continuous glucose monitor

(FSL-CGM) insertion and understanding its functions. This

glucose monitoring system works through a sensor, which

is inserted under the skin of upper arm through an applicator,

and it stays in place via an adhering tape. The sensor moni-

tored the interstitial glucose level every minute for two

weeks. After two weeks, it is required to reinsert another sen-

sor This subcutaneous sensor needed to be scanned by a sep-

arate reader to keep a record of glucose measurement and

pattern of glucose at the time of scan and up to 8 h before

it. All subjects were instructed to check capillary blood glu-

cose on symptoms of hypoglycemia or hyperglycemia. As this

was a newer technology, so they were also advised to counter

check the reading by capillary blood glucose, if flash glucose

sensor showed reading less than 60 mg% or more than

250 mg% [15]. Diabetic educators downloaded data from the

sensor on patients’ visit and the doctors suggested the mod-

ification in the doses of their medicines according to their glu-

cose profile in each visit. Patients were provided with

questionnaires on their visits to fill about their experience

of fasting and the use of the libre flash sensor.

All patients had their biophysical and biochemical profile

recorded 2–4 weeks before and after Ramadan. We recorded

the change in weight, Body mass index, systolic and diastolic

blood pressure, HBA1c, lipids profile, renal functions, and fre-

quency and pattern of hypoglycemia during Ramadan fasting

and non-fasting period. Any third-party assistance for hypo-

glycemia or hospitalisation was also recorded.

3. Data collection and analysis

All data was then entered into an excel sheet and was pre-

pared for analysis. Paired Student’s t-tests were used to test

the significance of differences between values for continuous
variables measured at baseline and at various time points.

Independent t-test, one-way analysis of variance (ANOVA)

and Chi-square (x2) test were used to assess the significance

of differences between the groups. Continuous data are pre-

sented as the mean ± standard deviation (SD), and categorical

data are presented as frequencies and percentages. Differ-

ences with P-values � 0.05 were considered to be statistically

significant. Analyses were performed using Statistical Pack-

age for the Social Sciences (SPSS) version 23 (IBM Corp, New

York, USA).

4. Results

We recruited 26 patients, two patients did not fast in Rama-

dan after signing consent as one of them scheduled for sur-

gery, and another one decided later against fasting. Four

patients could not complete the protocol as one patient had

pacemaker and sensor did not work for him, one patient

had local pain, and one another developed hematoma on sen-

sor insertion site and one patient defaulted.

There were 21 final participants, 15 males and six females

with mean age of 59.1 ± 8.7 (range 34–71). Out of 21 patients,

six were on the intensive insulin-based regimen (basal-

bolus or premixed), and four were on basal insulin with oral

hypoglycemic agents. Total 11 patients were on multiple com-

bined non-insulin-based antidiabetic agents, out of them 7

patients were having SU in their regimen and four patients

without SU. Consequently, 17 patients (80.9%) were either

on insulin and/or SU (Table 1).

4.1. Patients’ behavior during Ramadan fasting

An average number of days fasting were 28. 90% patients

(n = 18) completed >20 days fasting.

Although 47% patients (n = 10) experienced symptomatic

hypoglycemia only 19% patients (n = 4) broke their fast.

4.2. Glycemic changes through the data from FSL-CGMS

Most patients had three sensors attached to them with aver-

age three weeks during Ramadan and three weeks outside

Ramadan. Some sensors had an overlap of Ramadan and

non-Ramadan period and hence for accuracy the compared

data relates to one sensor of (maximum 14 days) in Ramadan

vs one sensor in non-Ramadan days. The target for glycemic

control was set between 70 and 130 mg/dl, and the values
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Fig. 1 – Comparison of the frequency of hypoglycemia

between Ramadan and non-Ramadan.
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are recorded as above or below the targets if beyond these val-

ues. The comparison was made between Ramadan and non -

Ramadan period. We got the huge amount of data generated

from the FSL-CGM and it was around hundred thousand of

the glucose readings. The results arementioned asmean ± SD.

There are significantly more hypoglycemic events

recorded in the Ramadan monitored period compared to

non-Ramadan (3.2 ± 2.8 vs 1.1 ± 1.6 episodes, p = 0.033)

(Table 2). The lowest mean glucose of 74.1 ± 28.36 mg/dl

recorded during non-Ramadan. While during Ramadan per-

iod the lowest mean glucose value was 62.7 ± 23.3 mg/dl,

p = 0.243. The mean glucose value below 60 mg/dl recorded

in 78% of patients in Ramadan and 40% of patients during

non -Ramadan. The average duration for hypoglycemia was

49.1 ± 59.1 min in non-Ramadan, and it became significantly

more prolonged during Ramadan with 117.8 ± 87.2 min

(p 0.022) (Table 2).

The FSL-CGM data showed 5 to 10 episodes of hypo-

glycemia in 2% of the patients outside Ramadan. This per-

centage of patients experienced that many hypoglycemic

episodes markedly increased to 14% during Ramadan. 5% of

the patients had more than ten episodes of hypoglycemia in

Ramadan that never happened in non-Ramadan period.

(Fig. 1). During non –Ramadan period, most of these hypo-

glycemic events were either nocturnal or early hours of the

day between 1200 midnight to 06:00 am, compared to Rama-

dan (0.3 ± 0.6 vs. 0.1 ± 0.3, p = 0.20). However, this pattern

was reversed during Ramadan, and significant numbers of

hypoglycemic episodes were recorded before breaking fast

between 1200 and 1800 pm compared to non-Ramadan (2.0

± 2.2 vs 0.3 ± 0.6, p = 0.005) (Table 2). None of the patients

reported severe hypoglycemia.

The sensor data showed peak glucose of 271.6 ± 78.9 mean

± SD during Ramadan and non-Ramadan 270.3 ± 85.8 mg/dl,

p = 0.702. (Table 2)

HBA1c showed significant improvement during Ramadan

compared to non -Ramadan (7.3 ± 0.9 vs 7.8 ± 1.1, p = 0.007).

(Table 3).

4.3. Cardiovascular safety of fasting Ramadan

None of the patient reported aggravation of their underlying

coronary heart disease or chest pain during the Ramadan

fasting, only one patient, visited emergency department with
Table 2 – The CGMS readings non-Ramadan and during Ramad

CGM data Non-Ramadan m

Average glucose 168.2 ± 50.3
% above target 65.4 ± 15.8
% in target 32.8 ± 14.7
% below target 1.8 ± 2.8
Peak glucose 270.3 ± 85.8
Number of HE 1.1 ± 1.6
Average hypo duration minutes 49.1 ± 59.1
Lowest glucose value 74.1 ± 28.3
Number of HE between 00:00 and 06:00 h 0.5 ± 0.5
Number of HE between 06:00 and 12:00 h 0.3 ± 0.6
Number of HE between 12:00 and 18:00 h 0.3 ± 0.6
Number of HE between 18:00 and 00:00 h 0.1 ± 0.3
dyspnea after Ramadan. Most importantly there was no sig-

nificant change seen in blood pressure and BMI. Biochemical

cardiovascular risk parameters like LDL, HDL and Renal pro-

file remained unchanged.

4.4. Hospitalization

No hospitalization secondary to hypoglycemia, hyper-

glycemia or any coronary events was reported during study

period.

5. Discussion

There is no previous study published so far to assess the gly-

cemic changes by the use FSL- CGM in patients with coronary

heart disease and diabetes. Though few studies with CGMS

done in low-risk type diabetes [16]. and high-risk group of

type 1 diabetes [13] and GDM [17].

Our results showed that most of the patients were able to

observe fast more than 20 days of Ramadan despite their risk

of fasting was really high as many of them were on insulin

therapy with the coexisting CHD.
an.

ean ± SD During Ramadan mean ± SD P-value

168.4 ± 49.0 0.33
63.3 ± 18.8 0.86
34.0 ± 18.1 0.87
2.6 ± 5.0 0.634
271.6 ± 78.9 0.702
3.2 ± 2.8 0.033
117.8 ± 87.2 0.022
62.7 ± 23.3 0.243
1.0 ± 1.2 0.162
0.1 ± 0.3 0.206
2.0 ± 2.2 0.005
0.1 ± 0.4 1.00



Table 3 – The biometric and biochemical changes before and after Ramadan.

Variables Mean ± SD Non-Ramadan Mean ± SD Ramadan P value

Weight (kg) 83.7 ± 12.1 83.8 ± 12.6 0.495
Systolic BP (mmHg) 118.9 ± 18.2 121.6 ± 17.1 0.501
Diastolic BP (mmHg) 69.5 ± 9.3 68.2 ± 11.2 0.403
HbA1c (%) 7.8 ± 1.1 7.3 ± 0.9 0.007
Total Cholesterol (mg/dl) 142.2 ± 33.9 150.7 ± 48.9 0.629
Triglycerides (mg/dl) 134.5 ± 46.6 137.7 ± 57.6 0.952
HDL (mg/dl) 41.9 ± 10 44.1 ± 9.4 0.055
LDL (mg/dl) 44.1 ± 9.4 76.6 ± 41.1 0.872
Creatinine (mg/dl) 0.86 ± 0.26 0.87 ± 0.26 0.366
Estimated GFR (ml/min/m2) 90.1 ± 18.9 89.1 ± 18.8 0.277
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Data from FSL-CGMS showed significantly higher fre-

quency and duration of hypoglycemia in our patients during

Ramadan compared to non-Ramadan (Fig. 1). Although hypo-

glycemic events increased significantly both in frequency and

duration (Table 2), many patients did not break their fast. This

can be explained that these events might have been mild and

asymptomatic, occurring at times when the reader was not

accessible to patients or potentially the data could have been

ignored by the patients. There is a possibility of low glucose

levels being over-reported by the flash glucose monitor, as

seen in a study out of Ramadan by M J Fokkert et al. who

reported that use of Flash glucose monitor in both type1

and type2 diabetes patients, is associated with over estima-

tion of low glucose values and underestimation of post-

prandial peaks [15]. Indeed, it is not clear if the state of fasting

with the possible mild dehydration affects the accuracy of

FGM results, as it is dependent on glucose levels in the inter-

stitial fluid. Although we recommended to our patients, to

countercheck the reading below 60 mg% and above 250 mg

in glucometer, but those readings were not available to us

as the majority simply relied on FSL-CGM. Many patients

claimed that they didn’t counter check as they were not

severely symptomatic. We cannot say with certainty as if hav-

ing FSL-CGM played a protective role against progression to

severe hypoglycemia as patients through continuous check

might have titrated the doses of their antidiabetic medica-

tions as per the ongoing readings. This could be the reason

that though 10 patients reported symptomatic hypoglycemia

in their survey questionnaire provided at the end of the study,

but only 4 of them broke the fast and none felt the worsening

of cardiovascular related symptoms.

FSL- CGM data did not show any significant change in peak

glucose level during Ramadan and non-Ramadan. It also

showed no major change for target glycaemia range (Fig. 1).

Our second aim for this trial was to assess any change in

cardiovascular status and risk factors with fasting. The ques-

tion about the safety of Ramadan fasting in patients with car-

diovascular disease have been addressed in different previous

reports, and most of these investigators showed that patients

with various cardiovascular diseases including coronary heart

disease were able to fast safely without any significant wors-

ening of underlying heart conditions [18].

The adverse cardiac effect of hypoglycemia is well docu-

mented by Desouza et al. (2003) in their study using CGM,

hypoglycemic episodes were associated with symptom of

chest pain and ECG changes [19]. But our study subjects did
not mention any adverse cardiac event despite frequent and

pronounced hypoglycemic events in Ramadan. We cannot

relate it objectively as no ECG recording was done during

hypoglycemic events and no patient complained of chest pain

or hospitalization with worsening of underlying CHD during

study period though some of them had reported hypo-

glycemic symptoms.

Effect of Ramadan fasting on cardiovascular status have

been studied in multiple studies.

A prospective observational study is recently published

from the Saudi Arabia [20]. This study was done in 249

patients with heart failure and ejection fraction below 40%

as inclusion criteria. 227 patients were able to fast whole

month of the Ramadan while 22 patients could not fast. The

results showed that patients who did not fast had significant

NYHA function classification (p < 0.0001). In our study, we did

not monitor the patients who did not fast as a control, and

also, we did not monitor NYHA functional classification, but

our cohort with stable coronary heart disease did not show

any worsening of their anginal or heart failure symptom dur-

ing fasting. Mossavi at al. (2014) also showed that patients

with underlying stable coronary heart disease can safely

observe fasting in Ramadan [21]. Similar to our result, Tem-

izhan and colleagues (2009) showed that there is no increased

incidence of acute coronary syndrome in patients who

observed fasting Ramadan [22]. One retrospective observation

study from Qatar done in 20,856 patients treated during the

10-year period, did not show any difference in hospitalisation

with worsening of congestive heart failure in patients with

heart failure who observed this religious duty [23]. None of

these studies reported outcomes based on people with DM

versus non-diabetics, however, all our patients are with type

2 diabetes.

Results from our study did not show any significant change

in biochemical or biophysical cardiovascular risk factors

among the patients during and outside Ramadan. Contrary

to our findings, Nematy et al. (2012) observed a significantly

lower LDL, Cholesterol, triglycerides, systolic blood pressure,

body mass index and higher HDL after Ramadan. This

prospective study was done in 82 patients with previous car-

diovascular disease including CAD, metabolic syndrome or

cerebrovascular disease rather than with type 2 diabetes [24].

Their results showed improvement in 10 years coronary heart

disease risk based on Framingham risk scoring (13.0 ± 8 before

Ramadan and 10.8 ± 7 after Ramadan, p < 0.001). The fasting

glucose and diastolic BP was not changed significantly.
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Another recently published study (2018), derived from the

data of a large multi-centre heart failure registry of seven gulf

countries. They prospectively observed the 4157 patients hos-

pitalized with acute heart failure during February to Novem-

ber 2012. 3851 patients were hospitalized in non -Ramadan

days and 306 (7.4%) were hospitalized during Ramadan days

[25]. Regarding biochemical parameters, unlike to our results,

patients admitted in Ramadan had significantly lower total

cholesterol and comparable serum creatinine, HBA1c levels

than another group.

Hypertension is an important cardiovascular risk factor for

patients with an underlying CAD, and there is sparsity of data

to see the effect of Ramadan fasting on blood pressure and

other cardiovascular risk factors like weight and HDL in

patients with cardiovascular disease. However, one previous

study (2001) done in seventeen hypertensive patients showed

no significant improvement or worsening of the blood pres-

sure reading in those who observed Ramadan fast. (138.5

± 18.5/77.2 ± 8.1 mm Hg vs 136.4 ± 20.4/75.7 ± 5.9 mm Hg)

[26]. This finding is similar to our findings, with no significant

difference in mean blood pressure, weight and lipids during

Ramadan fasting. Though Kul et al. (2014) in their metanalysis

of 30 studies done in healthy individuals found that there is a

positive effect of Ramadan fasting on cardiovascular risk fac-

tors [27].

6. Conclusion

To the best of our knowledge, this is first study done usingCGM

in patients with stable CHD and type 2 diabetes to objectively

assess the safety of fasting in this high-risk group. The use of

FSL-CGM in this study provides ample information about gly-

cemic changes, the frequency of hypoglycemia and its correla-

tionwith anyadverseCVDeffect duringRamadancompared to

non-Ramadan. In our studyunderoptimal care, themajority of

patients were able to fast Ramadan without any significant

change in CVD risk factors or hospitalization with CVD or dia-

betes related conditions. Glycemic control improved, however,

hypoglycaemia was significantly more frequent, more pro-

longed and profound compared to non-fasting state. We

observed that these hypoglycemic episodes were not severe

and did not cause any change or deterioration in their baseline

CHD status or cardiovascular disease risk factors. These

results should not be generalized to all patients with CHD

and T2DM as our patients were under optimum care.

6.1. The significance of this study

The use of FSL -continuous glucosemonitoring is a relatively a

newer technology, and it enabled the diabetes care provider

and the patients to understand this risk of fastingmore objec-

tively. The result of this study emphasised the importance of

Ramadan focus diabetes education along with close observa-

tion and continuous supervision for safer fasting in the high-

risk patients. Our data also left few questions to be answered

that why some patients were more prone to more hypo-

glycemic episodesdespite sharing the similarhigh -risk profile.

The study needs to replicate on a larger group of the

patients to further validate these results.
6.2. Limitation of the study

Our study was conducted in small numbers of the patients,

who were equipped FSL-CGM enabling them to anticipate

any untoward glycemic change. They also received very close

monitoring and supervision throughout the study period.

This factor limits the generalizability of its result in real world

setting. We suggest to further study these high-risk CHD

patients with a similar control group with-out optimum care,

to understand the difference in fasting risk between standard

care group versus optimal care.
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