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ABSTRACT

األهداف: مالحظة وتقييم فوائد استخدام جهاز قياس السكر املنتظم 
فري ستايل لبري )FGMS( لألطفال واليافعني املصابني بالنوع األول 

من مرض السكري أثناء صيام شهر رمضان املبارك.

عيادة  يزورون  مشارك   51 تشمل  وصفية  دراسة  هذه  الطريقة: 
بجدة،  العزيز  عبد  امللك  جامعة  مستشفى  في  لألطفال  السكري 
اململكة العربية السعودية في الفترة املمتده من 5 يونيو وحتى 6 يوليو 
2016. مت تعريف نقص السكر في الدم كقيم اجللوكوز أقل من 70 
ملغ / ديسيلتر، بينما ارتفاع السكر في الدم كقيم اجللوكوز أكثر 

من 150 ملغ/دل جلميع املشاركني على أساس بروتوكول معهدنا.

 67.0% البحث من صيام مايقارب  املشاركون في  النتائج: متكن  
الدراسة   هذه  خالل  املسجلة  الصيام  أليام  االفتراضي  املجموع  من 
بسبب  إما  ذلك  وكان  االفطار  أيام  من   33% مايقارب  مقابل 
لها  اخرى ال عالقة  اسباب  أو  السكر )15.4%(  انخفاض مستوى 
مبرض السكري )17.6 %( . لم تتواجد اي حالة خطيرة تصاحب 
السكر )1.29( في  ارتفاع نسبة  شدة االنخفاض. متوسط حاالت 
االنخفاض  متوسط  مع  باملقارنة  حدوثًا  اكثر  يعتبر  الصيام  أوقات 
احلماض  ملرض  حاالت  أي  وجود  يالحظ  لم  كما   )0.7( أوقاته 
التحليل  الدراسة. في اخلتام متوسط  الكيتوني خالل فترة  السكري 
التراكمي للسكر قبيل حلول الشهر الكرمي باملقارنة مع متوسطه بعده 

)% 8.16 ± 1.64 إلى % 8.2 ± 1.63(.

اخلامتة: ساعد استخدام جهاز قياس السكر املنتظم لالطفال واليافعني 
الشهر  السكري في حتقيق رغبتهم لصيام  االول من  بالنوع  املصابني 
إلى  اضافة  تضر صحتهم   قد  مضاعفات  أي  دون حدوث  الفضيل 
جهاز  إلى  رمضان  قبيل  السكر  مستوى  وتنظيم  التوعوي  التعليم 

قياس السكر املنتظم يؤدي إلى نتائج افضل.

Objectives: To assess the benefit of using the flash glucose 
monitoring system )FGMS( in children and adolescents 
with type 1 diabetes mellitus )T1DM( during Ramadan 
fasting.

Methods: A prospective pilot study of 51 participants 
visited the pediatric diabetes clinic at King Abdulaziz 

University Hospital, Jeddah, Kingdom of Saudi Arabia 
from between June until and July 2016. The FreeStyle® 
Libre™ FGMS )Abbott Diabetes Care, Alameda, CA, USA( 
was used. Hypoglycemia was defined as glucose values 
of less than 70 mg/dL, while hyperglycemia as glucose 
values of more than 150 mg/dL for all participants based 
on our institute’s protocol.

Results: Participants were able to fast for 67.0% of the 
total days eligible for fasting, whereas they did not fast 
on 33% of the days due to either hypoglycemia )15.4%( 
or non-diabetes-related reasons )17.6 %(. None of the 
participants developed severe hypoglycemia. The mean 
number of hyperglycemic episodes during fasting 
hours was 1.29, per day, which was higher than that of 
hypoglycemic episodes )0.7(. None of the participants 
developed diabetic ketoacidosis )DKA(. Glycemic 
control with mean of estimated hemoglobin A1C 
reading during Ramadan )8.16 ± 1.64% [pre study]( to 
8.2 ± 1.63% [post study] p=0.932.

Conclusions: Children and adolescents with T1DM 
who use the FGMS could fast without the risk of 
life-threatening episodes of severe hypoglycemia 
)namely seizure, coma(, or DKA during Ramadan. 
Adequate education and good glycemic control prior to 
Ramadan are important strategies in combination with 
the use of an FGMS to achieve better outcome. 
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Fasting during the month of Ramadan is the fourth 
of Islam’s 5 pillars of faith; Ramadan is the ninth 

month of the Hijri calendar.1 Fasting is obligatory for 
all pubertal Muslims and consists of abstaining from 
eating and drinking from dawn to sunset.1,2 People 
with chronic diseases, such as type 1 diabetes mellitus 
)T1DM(, who are on insulin therapy by either multiple 
daily injections )MDIs( or continuous subcutaneous 
insulin infusion )CSII( regimens, need to monitor 
their glucose more frequently to fast safely and avoid 
the risk of developing episodes of symptomatic or 
asymptomatic hypoglycemia and/or hyperglycemia.1 
Self-monitoring of blood glucose with glucometers, 
which measure capillary blood glucose values, has 
been used worldwide for many years. This invasive 
method can cause pain to children and adolescents with 
diabetes,3 especially if they have to monitor their blood 
glucose several times a day during fasting hours, which 
was 15 hours per day in the year of 2016 at Jeddah 
city, to reduce the potential risk of hypoglycemia, 
hyperglycemia, dehydration, and ketoacidosis.2,4 Blood 
glucose level after Suhoor )last meal before dawn time( 
and Iftar )meal that breaks the fast( should be checked 
to avoid postprandial hyperglycemia or hypoglycemia.5 
The flash glucose monitoring system )FGMS(, by 
Abbott Diabetes Care, Alameda, CA, USA, is a system 
where patients can use a meter to non-invasively scan 
a subcutaneously inserted sensor, providing both a 
sensor glucose value, and a trend arrow. The FGMS, 
by virtue of the ease of frequent non-invasive testing, 
could guide patients and physicians to achieve better 
diabetes management by facilitating easier adjustment 
of insulin daily doses, changing dietary habits, and 
encouraging more physical activities, with consequence 
better glycemic control by continuous observation 
of glucose reading by participants and parents.6 This 
technology could also help diabetic patients to fast in 
a safer manner, as it has the capability to show changes 
in glucose levels at any time throughout the day and 
night.7 Moreover, the FGMS could guide patients and 
physicians to achieve better diabetes management by 
facilitating easier adjustment of insulin daily doses, 
changing dietary habits, and encouraging more physical 
activities.6 Limited studies are available on the use of 
different non-invasive glucose monitoring technologies 
by children and adolescents with T1DM who fast 

during Ramadan.8,10 In this study, we aimed to assess 
the beneficial effects of using the FreeStyle® Libre™ 
FGMS )Abbott Diabetes Care, Alameda, CA, USA( in 
children and adolescents with T1DM during Ramadan.

Methods. Study design. A prospective single-
armed pilot study included 51 pubertal children 
and adolescents aged 10-20 years )mean age, 14.2 
± 2.6 years; 43.1% male, 56.8% female(. Selected 
participants were religiously obliged to fast during 
Ramadan. All participants were on intensive insulin 
therapies by either MDI or insulin pump regimens. 
They were recruited to participate in the study from the 
pediatric diabetes outpatient clinic at King Abdulaziz 
University Hospital, Jeddah, Kingdom of Saudi Arabia.

Participants. Participants were under 1-month 
clinical follow-up )from 6 June to 5 July 2016(. 
All together with their parents had 3 )20 minutes( 
educational sessions prior to participation in the study, 
on how to use the FGMS FreeStyle® Libre™ )Abbott 
Diabetes Care( and how to interpret the information 
on the device screen prior to the start of the study. The 
parents of young children and adolescents with diabetes 
were taught to administer correction boluses of fast/
short acting insulin in hyperglycemic episodes of fasting 
or non-fasting hours. Participants were discouraged to 
do physical activities while fasting, and advised to do 
them in non-fasting hours of Ramadan month. The 
parents were provided with all contact details of the 
study team in case of any technical or medical concerns. 
Each participant received 2 sensors )additional one was 
given as an extra in case of sensors detachment(, as most 
of patches have been staying for period of 10-14 days 
unless participants were using frequent bathing, diary 
to be filled up and a flash reader device, all were free 
of charge. Participants were requested to visit the clinic 
twice a month, in order to change the sensor and to 
download the data stored in the reader into a FreeStyle® 
Libre™ application on a computer to assess ambulatory 
glucose profile, median glucose profile, hypoglycemic 
and hyperglycemic events. The estimated hemoglobin 
A1C )HbA1C( values of both pre and post month of 
Ramadan were calculated electronically by the device. 
Participants were asked to measure the glucose level with 
a glucometer whenever hypoglycemic or hyperglycemic 
episodes occurred to confirm the accuracy of the device. 

Glycemic data. All stored data were reviewed, 
including the mean blood glucose values, minimum 
and maximum glucose values, and area above and under 
the curve for glucose readings. For the purpose of the 
study, we selected glucose values of <70 mg/dL as the 
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lower target reading and >150 mg/dL as the higher 
target reading for all participants based on our institute 
protocol.11 Estimated HbA1C values calculated by the 
device software program were determined at 0, 2, and 4 
weeks of the study.

Flash glucose monitoring system. Freestyle® Libre™ 
sensor measures the interstitial fluid glucose values. The 
sensor is small, water-resistant and designed to be fixed 
on the lateral aspects of the upper arm for duration of 
14 days. Sensor’s users could perform their usual daily 
activities such as showering, swimming, and exercising. 
Frequent scanning of the sensor by a reader could help 
the participants to obtain their glucose data for the 
last 8 hours. The accuracy of FreeStyle® Libre™ sensor‘s 
numerical readings and clinical accuracy has been 
reported as 11.4% compared with glucometers.12

Sensor’s arrows system. Various directions of arrows 
system were provided with FGMS sensor to observe 
glucose changes. Straight upward direction indicates, if 
mean glucose value increased by more than 2 mg/dL 
per minute; oblique upward direction, if mean glucose 
value increased between 1 and 2 mg/dL per minute; 
flat arrow direction, if mean glucose value is less than 
1 mg/dL per minute; oblique downward direction, if 
mean glucose value decreased between 1 and 2 mg/dL 
per minute; and straight downward direction, if mean 
glucose value decreased by more than 2 mg/dL per 
minute. All participants were taught on how to manage 
glucose levels changes at home depending on various 
arrows’ directions. For example, if the arrow is straight 
upward, the participant has to do a physical activity 
or administer an extra correction dose of insulin. If 
the direction is flat, no action should be taken, and if 
the direction is downward, participants should break 
their fast by having an extra small snack to avoid 
hypoglycemia. 

Participants’ diary. A detailed diary was provided to 
be filled up by the participants during Ramadan. The 
diary contained a schedule of all the days of Ramadan. 
On each day, the participants had to indicate whether 
they fasted, and if not, the reason was to be provided. 
Every hypoglycemic or hyperglycemic event detected 
by both the glucometer and FreeStyle® Libre™ readings 
had to be reported and whether these episodes occurred 
during fasting or non-fasting hours. Participants were 
requested to test for the presence of ketones whenever 
they had high glucose readings.

Inclusion and exclusion criteria. Inclusion criteria 
were children and adolescents with T1DM who 
were all religiously eligible for Ramadan fasting and 
on intensive insulin therapy. Exclusion criteria were 

those with T2DM, or diabetes complications, namely; 
nephropathies, retinopathies, or other associations, 
such as malnutrition and celiac disease.

Statistical analysis. Data were entered, coded, 
and analyzed using Microsoft Office Excel )version 
2010; Microsoft, Redmond, Washington, USA( 
and the Statistical Package for Social Science )SPSS 
Inc., Chicago, IL, USA( version 16. Descriptive 
statistics were reported as proportions for qualitative 
variables and as maximum, minimum, mean, and 
standard deviation for quantitative variables. The 
mean of hyperglycemic versus hypoglycemic episode 
during fasting and non-fasting hours and their 
percentages among participants on MDI versus 
insulin pump therapy were determined. The frequency 
of hypoglycemic symptoms and the percentages of 
hypoglycemic awareness were also reported. Paired 
sample t-test used to test the mean difference of )high 
and low glucose level among before and after fasting(, 
after we have assumed that the data followed a normal 
distribution to examine the significant difference of 
mean estimated HbA1C values at the beginning and 
end of the study. A P value of < 0.05 was considered 
statistically significant.

Results. Clinical characteristics. Fifty-one 
participants )22 male [43.1%] and 29 female [56.9%]( 
were recruited. Their mean age was 14.2 ± 2.6 years. 
The participants comprised of 34 Saudis )66.7%( and 
17 )33.3%( non-Saudis. All of them were on intensive 
insulin therapies; 33 )65%( were on MDIs and 18 
)35%( were on insulin pump therapy.

Fasting days and related events. The total days 
eligible for fasting in the month of Ramadan for 51 
participants in 2016 were 1530. Complete participants 
data were available in 1123 days; 752 )67%( days 
during fasting for 1123 days, and the remaining 371 
)33.0%( days of not fasted. The causes of non-fasting 
were hypoglycemia, 173/1123 days )15.4%( and non-
diabetes-related reasons, 198/1123 days )17.6%( The 
hyper/hypoglycemic episodes were arranged according 
to fasting hours )5:00 a.m. to 7:00 p.m.( and non-fasting 
hours )7:01 p.m. to 4:59 a.m.(. 

The mean of hyperglycemic episodes was 1.24 ± 
0.8 )range, 0.07-3.6( in fasting hours and 0.7± 0.44 
)range, 0-2.69( in non-fasting hours )p=0.0001(. The 
mean of hypoglycemic episodes was 0.56 ± 0.35 )range, 
0-7( in fasting hours and 0.18 ± 0.16 )range, 0-0.85( 
in non-fasting hours )p=0.0001(. During hypoglycemic 
episodes, 90% of subjects developed symptomatic 
hypoglycemia, whereas 5 )10%( were asymptomatic. 
The participants listed a number of symptoms as shown 
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Table 1 - Fasting and non-fasting days according to type of treatment.

Data Pump Multiple daily injections p-value
Calculation Results Calculation Results

Days reported 271 + 136 407 481 + 235 716

Days fasted )reported( 271/407 × 100 66.6% 481/716 × 100 67.2% 0.774

Days not fasted )reported( 136/407 × 100 33.4% 235/716 × 100 32.8% 0.284
Causes of not fasting 

Hypoglycaemia 57/136 × 100 41.9% 143/235 × 100 60.9% 0.032

Non-diabetes related 59/136 × 100 43.4% 112/235 × 100 47.7% 1.000

Table 2 - Hypoglycemia and hyperglycemia during fasting and non-fasting hours with type of treatment.

Data During fasting hours % During non-fasting hours %
Type of treatment Pump MDI pump MDI Pump MDI Pump MDI
Hypoglycemic episodes 178 255     65.2% 72.03% 95       99     34.8%  27.96%
Hyperglycemic episodes 269 382     58.6% 56.01% 190 300    41.4%  43.98%

MDI - multiple daily injections

Table 3 - The mean blood glucose reading, minimum and maximum glucose values 
)mg/dl(, and area above and under the curve for glucose readings.

Glucose Readings max min mean
Mean glucose reading 290 106 193.1 ± 48.4
above the curve for glucose readings  
frequencies

165 17      75 ± 36.4

under the curve for glucose readings  
frequencies

43 0   13.3 ± 10.2

Glucose values mean
Maximum. reading 500 425.3 ± 70.8
Minimum. reading 20 41.5 ± 9.7

Figure 1 - Frequency of hypoglycemic symptoms
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in Figure 1. Fasting and non-fasting days according to the 
type of treatment )pump versus MDI( are represented 
in )Table 1(. In the month of Ramadan, hypoglycemic 
episodes with total of 273 episodes )pump( and 354 
)MDI( in addition to hyperglycemic episodes with 
total 459 )pump( and 682 )MDI(, which are shown 
in )Table 2(. The mean result of estimated HbA1C at 
the beginning of the study was 8.16 ± 1.6, whereas the 
estimated HbA1C at the end of the study was 8.20 ± 
1.6% )p=0.932(. A comparison between the mean of 
estimated HbA1C values calculated by the FreeStyle® 
Libre™ device at the beginning and end of the study 
with mean changes of )8.16 ± 1.64% to 8.2 ± 1.63%( 
p=0.932.The mean blood glucose reading, minimum 
and maximum glucose values, and area above and under 
the curve for glucose readings are shown in )Table 3(. 

Discussion. Fasting Ramadan is a religious activity. 
Many Muslim adolescents start their fasting upon 
completion of their pubertal development )namely, 
onset of menarche in girls and spermarche in boys(, 
which is usually a new challenge and interesting 
experience for them. However, the challenge is greater 
for adolescents with T1DM, as they do not want to feel 
different from the healthy adolescent peers while they 
need to maintain their blood glucose levels within a 
safe range as much as possible. The unwanted adverse 
effects of fasting in these patients are a huge concern, 
particularly for their parents, colleagues, and treating 
physicians. During fasting, these adolescents are at 
risk of having hypoglycemia, either symptomatic or 
asymptomatic, in addition to the risk of hyperglycemia 
with/without ketosis and acidosis.

Hyperglycemic episodes during fasting hours of the 
day could be due to the release of certain counterregulatory 
hormones )for example, catecholamine, growth 
hormone, and cortisone( to overcome the fasting process 
and overcompensation after treating hypoglycemia. 
In the current study, the frequency of these events 
was higher than that of hypoglycemic events. This 
result could indicate that adolescents with T1DM are 
at a higher risk of experiencing hyperglycemic events 
than hypoglycemic events during fasting hours and 
days.11 All participants have been taught in pre-fasting 
educational session to have correction polices in order 
to avoid risk of developing DKA. Hyperglycemic 
episodes that occur during non-fasting hours could be 
due to the large amount of consumed carbohydrates, 
which is a common non-healthy habit that is frequently 
observed in most community members, whether they 

have diabetes mellitus or not. No single episode of 
hyperglycemia was associated with ketoacidosis in the 
current study. 

Hypoglycemia could occur during fasting and 
non-fasting hours. During fasting hours, hypoglycemia 
could be attributed to abstaining any food for a long 
period of time )fasting was for 14 continuous hours 
a day(. Hypoglycemic episodes during non-fasting 
hours are often due to insulin overdose or physical 
activity. Symptomatic hypoglycemia was present in 
90% of hypoglycemic episodes, whereas asymptomatic 
hypoglycemia in 10%, which was detected by sensor 
readings and confirmed by glucometers. Therefore, the 
FGMS helped 10% of all participants in the current 
study to detect hypoglycemia and act earlier by breaking 
their fast immediately as indicated by the Islamic 
religion. This is one of the advantages of this device to 
prevent any further major acute comorbidity associated 
with hypoglycemia. Hypoglycemic symptoms were 
arranged according to their frequency )Figure 1(. 
Interestingly, no single report of serious consequences 
of sever hypoglycemia )seizure or coma( occurred 
during the study, which may indicate the importance 
of FGMS in preventing life-threatening conditions in 
diabetic patients.

All of the participants were on intensive insulin 
therapy )pump/MDI(. Children and adolescents on 
MDI fasted 481 days )67.2%( while on pump therapy 
271 days )66.6%(. The children and adolescents in 
the latter therapy broke their fast due to non-diabetes-
related causes )43.4%( more frequently than due to 
hypoglycemia )41.9%(. Moreover, those participants 
who were on MDI broke their fast due tohypoglycemia 
)60.9%( more frequently than because of non-diabetes-
related causes )47.7%(. Hyperglycemic episodes in 
participants on pump therapy were reported to be 
58.6% during fasting hours compared with those in 
participants on MDI 56%. In non-fasting hours, the 
occurrence of these episodes in children and adolescents 
on pump therapy were 41.4% and that in participants 
on MDI were 43.98%. The frequency of hypoglycemic 
episodes in participants on pump therapy )65.2%( 
during fasting hours was lower compared with that in 
participants on MDI )72.03%(.This finding indicates 
the advantages of using pump therapy instead of MDI, 
which is consistent with the results of previous studies. 

A similar study conducted in the United Arab of 
Emirates reported that diabetic patients can fast safely 
during Ramadan as no life-threatening events occur, 
such as severe hypoglycemia and diabetic ketoacidosis 
)DKA(.Participants who experienced hypoglycemia and 
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hyperglycemia not only broke their fasting for diabetes-
related issues, but also for other reasons such as menses, 
sickness, and traveling.8 In the current study, most of 
the participants with T1DM fasted more than half of 
the Ramadan period.13 Participants on insulin pump 
can easily adjust the basal rate during fasting hours 
compared to those on MDI. Participants on MDI broke 
their fast more frequently than those on insulin pump.14 
The mean result of estimated HbA1C at the beginning 
of the study was 8.16 ± 1.64%, whereas the estimated 
HbA1C at the end of the study was 8.2 ± 1.63% 
)p=0.932(.The diabetologist should adjust the basal 
rate of the insulin pump according to blood glucose 
variability, which is shown in the FreeStyle® Libre™ 
records.13 The FGMS as a non-invasive monitoring 
method during fasting and non-fasting hours may 
recognize hyperglycemic events, and even postprandial 
and asymptomatic hypoglycemia.15 The mean glucose 
reading was 193.1 ± 48.4 mg/dl. Regarding the 
area above and under the curve for glucose readings 
frequency, this shows a mean of 75 ± 36.4 mg/dl for 
above the curve and 13.3 ± 10.2 mg/dl for under the 
curve. The maximum glucose values were 500 mg 
represent a mean of 425.3 ± 70.8 mg/dl and minimum 
with 20 mg/dl represent a mean of 41.5 ± 9.7 mg/dl. No 
reported skin reactions of itchiness and skin sensitivity 
of the sensors, dislodgement problems, or catching the 
sensor on clothing.

Study limitations. The study design has no control 
group to compare with. Patient follow-up compliance 
was difficult to attain. The adhesive patches of the 
sensors were unstable with recurrent falls, and literature 
related to the current study with data for comparison 
is limited. Regarding data missing was 7.9 % per 
participants owing to either family travel or missing 
clinic appointment. 

In conclusion, new diabetes technology such as 
FGMS could lead to better diabetes care. The usage of 
the FGMS by frequent scanning of the sensor could lead 
to earlier detection of hypoglycemic and hyperglycemic 
episodes. No DKA episodes were reported.
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