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ABSTRACT

Aim(s): Ramadan fasting (RF) can represent various challenges to glycaemic control espe-
cially in insulin-treated patients with diabetes. We aimed to assess the effect of RF on sev-
eral glucose metrics using flash glucose monitoring (FGM).
Methods: Complete FGM data for 29-30 days before, during and after Ramadan were avail-
able for 40 patients with type 1 (n = 13) and type 2 diabetes (n = 27) on insulin (with or with-
out oral hypoglycaemic) treatment. Indicators of mean glucose, glucose variability (GV) and
time in different glycaemic ranges were analysed.
Results: RF was associated with increase in time in hyperglycaemia (38.5 + 18.2 vs 48.7 + 20.
7%; P < 0.001) and decrease in time in hypoglycaemia (3.2 + 2.8 vs 2.1 + 2.1%; P = 0.003), and
time in target range (56.3 + 17.2 vs 47.9 + 19.7%, P < 0.001). There were no significant differ-
ences in markers of GV with RF; however, RF was associated with a significant reduction in
GV during the day but not night time with an increase in the ensuing non-fasting period.
Conclusions: In insulin-treated patients, RF is associated with an increase in time in hyper-
glycaemia, a reduced time in target range and nocturnal increase in GV, indicating a need
for more refined management algorithms.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

influences on dietary habits at iftar (sunset meal) and suhoor
(pre-dawn meal), as well as the nocturnal feeding often

Insulin-treated Ramadan-fasting patients with diabetes pre-
sent a unique population. Ramadan invokes a state of altered
physiology, with daily fast from sunrise to sunset, primarily
due to combinatory changes in patterns of feeding, sleeping
and physical activity [1-3]. There is much inter-individual
variability in different biological parameters due to the
geographically-induced differences in fasting hours, cultural

involving high-calorie and high-fat consumption [4,5]. In
patients with chronic conditions such as diabetes this is fur-
ther complicated by pharmacokinetics and pharmacodynam-
ics of treatment which may include insulin. The Ramadan
fast (RF) has been shown to be associated with a higher risk
of complications such as hypoglycaemia and sustained
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hyperglycaemia [6]. Previous CGM studies, including those
from our group [7,8] have also shown increased glycaemic
variability (GV) with RF. These can potentially lead to a multi-
tude of both acute and chronic complications. Although some
of the short-term complications, particularly in high risk
groups have been demonstrated over the last few years, the
extent, if any, of long-term complications remains unknown
[6,7]. Therefore, assessment of glycaemic control parameters
in high-risk patient cohorts plays a crucial role in clinical
management, primarily aiming at minimizing potential nega-
tive health outcomes related to fasting.

Supported by the landmark Diabetes Control and Compli-
cations Trial (DCCT) [9] and the UK prospective diabetes study
(UKPDS) [10], HbA1c has been routinely used as a treatment
target, to monitor glucose control and to assess clinical
response to therapeutic interventions. However, many stud-
ies suggest that HbAlc does not provide complete and com-
prehensive information on short-term glycaemic excursions
and fluctuations, and is therefore a poor predictor for immi-
nent risks of severe hypoglycaemia [11].

Glycaemic variability, characterized by the amplitude, fre-
quency and duration of glycaemic fluctuations [11,12], plays a
central role in diabetes-associated complications such as
hyperglycaemia, hypoglycaemia and cardiovascular risk [13-
15]. Furthermore, there is now a consensus that GV is a valu-
able clinical marker of glycaemic control [16,17].

Continuous glucose monitoring (CGM) technologies, such
as real-time CGM (rtCGM) and intermittently scanned Contin-
uous Glucose Monitoring (isCGM), also known as Flash Glu-
cose Monitoring (FGM), have facilitated the capability to
digitally trace GV and produce continuous patient glucose
profiles. This has therefore complemented HbAlc-centred
approaches by providing several key glycaemic parameters
such as mean glucose (mG), estimated Alc (eAlc), time in tar-
get range and in different range of hypo- and hyperglycaemia,
to assess glycaemic control [12]. CGM technologies are thus
able to provide patients and healthcare professionals with
valuable and tangible information in real-time, making it a
powerful tool in the management of diabetes.

FGM is a more recent glucose monitoring system which
has been gaining popularity among patients. FGM differs
from rtCGM [18] in several aspects. In particular, it requires
active scanning of the sensor to access glucose data rather
than passive display of glucose continuously (updated at 5-
minute intervals [19]). FGM is factory-calibrated and the cur-
rently used generation does not have an alarm function [20].
Because of its ease of use, it has good patient satisfaction
scores [21]. Additionally, FGM has the advantage of extended
sensor wear time of 14 days when compared to 7-10 days for
rtCGM and data can be stored for up to 90 days [12].

As stated above, patients on insulin therapy are at a partic-
ularly high risk of complications with the Ramadan fast. We
have therefore adopted FGM technology to compare glucose
profiles of patients with diabetes on insulin therapy before,
during and after Ramadan fasting periods. We have used dif-
ferent metrics for a detailed assessment of the Ramadan fast
in these patients to provide further insight into these poten-
tial risks.

2, Research design and methods

2.1. Subjects

Adult (age >18 years) patients with type 1 or type 2 diabetes
and on insulin therapy using flash glucose monitoring
(FGM-FreeStyle Libre, Abbotts Diagnostics, Illinois, USA) were
recruited based on the patient’s ability, willingness and inten-
tion to fast during the month of Ramadan in 2018 (17 May to
14 June). Exclusion criteria included pregnancy, mental disor-
ders and moderate to severe renal impairment. Patients were
recruited from the Imperial College London Diabetes Centre
(ICLDC) in Abu Dhabi and ethics approval was obtained from
the ICLDC Research Ethics Committee (IREC ref no. 042).

3. Materials and methods
3.1.  FGM procedure and glycaemic parameters
3.1.1. Data acquisition

FGM (FreeStyle Libre, Abotts Diagnostics) was used for subcu-
taneous interstitial glucose monitoring for >14 days during
each study period: a. 30 days Pre-Ramadan (PR); b. 29 days
Ramadan (R) and c. 30 days Post-Ramadan (PoR). Each sensor
was inserted at day O on the lateral aspect of the left upper
arm and removed after 14 days. Two sensors were used per
study period. With a sensor value being recorded every
15 min, a total of 96 sensor values were generated per day.
Informed consent was obtained and all patients were
instructed on the insertion of the FreeStyle Libre sensor and
the use of FGM. They were asked to scan the sensor using
the reader, at least every 8 h, to guarantee complete data
acquisition.

3.1.2. Data processing

Data were pre-processed and analysed following the interna-
tional consensus recommendations on the use of continuous
glucose monitoring [12]. To be included in this study, data
points from >14 consecutive days during each of the study
periods were required with ~70% of FGM data capture. Per
patient, one continuous FGM curve containing all daily
records was constructed for each of the study periods.

The following parameters were calculated from each FGM
curve to asses glycaemic control during (R) and outside Rama-
dan (PR and PoR) fasting periods using methods previously
described [12]: 1. mean glucose, 2. glucose management indi-
cator (GMI), 3. percentage of time in level 1 (<3.9 mmol/L) and
level 2 (<3.0 mmol/L) hypoglycaemic range, 4. percentage of
time in target range (3.9-10.0 mmol/L), 5. percentage of time
in level 1 (>10.0 mmol/L) and level 2 (>13.9 mmol/L) hypergly-
caemic range, 6. coefficient of variance (CV), 7. standard devi-
ation (SD), 8. low blood glucose index (LBGI), 9. high blood
glucose index (HBGI) and 10. area under the curve (AUC).

The GMI, previously termed estimated Alc (eAlc), is calcu-
lated by converting the mean glucose from glucose readings,
using the following formula: GMI (mmol/mol) = 12.71 + 4.705
87 x [mean glucose in mmol/L] or GMI (%) = 3.31 + 0.02392 x [
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mean glucose in mg/dl] [22]. The coefficient of variance is the
SD (standard deviation) divided by the mean. HBGI and LBGI
are calculated to measure the frequency and extent of high
and low blood glucose readings. The higher the LBGI or HBGI
index, the higher the risk of hypoglycaemia or hypergly-
caemia respectively.

In order to quantify nocturnal (5 PM to 5 AM) and diurnal (5
AM to 5 PM) GV, the following metrics were calculated: CV, SD,
and mean absolute glucose (MAG) [23]. For every patient, the
mean of each parameter was calculated for all days included.
The results of these time frames were compared to 24 h values.

3.2 Flash glucose monitoring profiles

We constructed an average glucose trace for non-Ramadan
and Ramadan periods by including all collected days for all
patients. By calculating the 50th (median), 25th and 75th
(IQR) frequency percentiles of all collected data over multiple
days and plotting them according to time (without regard to
date - starting and ending at midnight), the 24 h average glu-
cose trace was created.

Data pre-processing, parameters extraction and average
glucose trace construction was done in MATLAB (The Math-
Works, Inc., Natick, Massachusetts, United States).

3.3.  Statistical analysis

SPSS 25 software was used for the statistical analysis. Nor-
mality of the data was analysed using the Shapiro-Wilk test.
As the data were not normally distributed, non-parametric
statistics (Mann-Whitney test) were performed to compare
Ramadan and non-Ramadan parameters. Statistical signifi-
cance were considered when P values were <0.05. Data will
be described as mean + SD unless otherwise stated.

4, Results

Full FGM data was available on 40 patients (mean age = 47.4
+ 11.5 years; BMI = 30.3 + 5.5 kg/m?, baseline HbAlc =7.9 + 1
.2% (63 = 13.1 mmol/mol). Thirteen (all male) had type 1 dia-
betes; twenty-seven (21 male) patients had type 2 diabetes
and were on a combination of insulin plus oral hypogly-
caemic agents. Baseline characteristics of the study group
are listed in Table 1. FGM records interstitial, rather than
blood glucose, but for simplicity, the terms “blood glucose”
and “interstitial glucose” are used interchangeably when
describing FGM-derived data. Fig. 1 shows the median glucose

trace for non-Ramadan and Ramadan periods derived from
all patients (~3136 days of FGM readings) along with the
inter-quartile range-IQR (25%-75%) for: (1) Pre-Ramadan (2)
Ramadan fasting and (3) Post-Ramadan. During Ramadan
fasting, the FGM curve showed, a small peak (~11 mmol/L)
at suhoor time (4 AM), stabilization (~10 mmol/L) of BG (9 AM
to 1 PM) before a gradual decline (from 10 mmol/L to
7 mmol/L) during the last four hours of fasting (3 PM to 7
PM) which then increased rapidly after iftar (~7:15 PM) to
13 mmol/L. During non-fasting periods, the blood glucose
dropped overnight to 7 mmol/L at 4 AM before Ramadan,
showed a slow rise between breakfast and lunch time fol-
lowed by a small peak (~10 mmol/L) at dinner time.

4.1.  Changes in glycaemic parameters

For Ramadan fasting and non-fasting periods, four groups of
glucose metrics were calculated and compared (Table 2); 1.
Markers of overall glucose control (mean glucose, GMI and
AUC), 2. Markers of GV (CV, SD and MAG), 3. Percentage time
in different ranges (target, level 1 and level 2 hyper- and hypo-
glycaemia) and 4. Hyperglycaemia and hypoglycaemia risk
HBGI and LBGI). Comparison of various parameters for differ-
ent periods in type 1 and type 2 diabetes was also made sep-
arately (Supplementary Table 1).

4.1.1.  Markers of overall glucose control

Significant increases were seen in mean glucose (9.5 + 1.9 vs
10.6 + 2.2 mmol/L; P < 0.001, Fig. 2A) , GMI (7.4 = 0.8 vs
7.9 £ 0.9% (57.2 £ 8.9 vs 62.6 + 10.3 mmol/mol); P < 0.001)
and AUC (36.6 + 7.3 vs 41.2 + 8.6 mmol*h/L; P < 0.001) during
Ramadan with a significant decrease in these parameters
one month post-Ramadan without returning to baseline
pre-Ramadan values (Table 2).

4.1.2.  Glucose variability (GV)
Analysis of GV measures over the 24 h periods showed small
changes that were only statistically significant for SD and
MAG (Table 2). Mean CV pre-Ramadan was 0.37 + 0.08 with
no statistically significant difference during or after Ramadan.
There was a statistically significant increase in SD from 3.6 +
1.1 mmol/L pre-Ramadan to 3.8 + 1.1 mmol/L in Ramadan
(P = 0.004). MAG decreased significantly from 2.1 + 0.5 mmol/
L before Ramadan to 1.9 + 0.4 mmol/L in Ramadan (P = 0.002);
(Fig. 2C, Table 2).

Further analysis with quantification of nocturnal and diur-
nal glucose variance or SD, MAG and CV revealed a reduction

Table 1 - Study population characteristics.

N Male Age [year] Weight [Kg] BMI [Kg/m?| HbA1lc [%] (mmol/mol)
All 40 34 494 + 11.5 87.5+17.0 30.3 5.5 7912
(63 = 13.1)
Type 1 diabetes (T'1D) 13 13 37.2+£9.8 82.2 +16.0 27.0 + 4.9 7.6 +0.7
(60 + 7.7)
Type 2 diabetes (T2D) 27 21 55.2 £ 6.7 90.0 + 17.2 319 +5.1 81+13
(65 = 14.2)

Full FGM data was available on 40 patients; thirteen (all male) had type 1 diabetes; twenty-seven (21 male) patients had type 2 diabetes.
Baseline characteristics included mean age, weight, BMI and HbAlc. Data tabulated via SPSS v25.
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Fig. 1 - Median FGM profiles along with the interquartile range (25-75%) from all participants (~3136 days of FGM readings)
during Ramadan and non-Ramadan periods: Pre-Ramadan: red curve and light red shaded area; Ramadan fasting: green
curve and light green shaded area; Post-Ramadan: blue curve and light blue shaded area. (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

Table 2 - Glycaemic parameters during and outside Ramadan in the study population.

Pre-Ramadan (PR) Ramadan (R) Post-Ramadan (PoR) P-value P-value P-value
PRvs R R vs PoR PR vs PoR
MG [mmol/]] 9.5+ 1.9 10.6 + 2.2 10.0 + 1.8 <0.001 0.006 0.008
GMI (%) 74 +0.8 7.9+0.9 7.6 +0.8 <0.001 0.006 0.008
GMI [mmol/mol] 57.2 + 89 62.6 + 10.3 59.8 + 8.4 <0.001 0.006 0.008
AUC [mmol*h/L] 36.6 +7.3 41.2 + 8.6 38.8+7.4 <0.001 0.007 0.007
Ccv 0.37 + 0.08 0.36 + 0.08 0.36 + 0.07 0.205 0.908 0.066
SD [mmol/]] 36+1.1 38+1.1 3.7+1.0 0.004 0.027 0.184
MAG [mmol/]] 21+0.5 1.9+04 2.0+0.5 0.002 0.250 0.034
TILO1 [%] 3.2+28 21+21 24+20 0.003 0.230 0.042
TILO2 [%] 1.9+ 25 13+2 1.1+15 0.094 0.632 0.014
TIR [%] 56.3 £ 17.2 47.9 = 19.7 519 £ 17.9 <0.001 0.033 0.006
TIHI1 [%] 38.5 + 18.2 48.7 + 20.7 44.6 + 18.3 <0.001 0.042 0.002
TIHI2 [%)] 13.7 + 12.9 210+ 164 171+ 13.1 <0.001 0.009 <0.001
LBGI 13+1.2 0.8 +0.9 0.9+0.8 0.012 0.656 0.018
HBGI 9.4 +6.0 128+ 7.3 10.9 + 5.7 <0.001 0.005 0.011

Data are means + SD. MG: mean glucose; GMI: glucose management index; AUC: area under the curve; CV: coefficient of variance; TILO1:
Percentage of time in hypoglycaemia [3.0-3.9 mmol/L]; TILO2: Percentage of time in hypoglycaemia [<3 mmol/L]; TIR: Percentage of time in
range [3.9-10.0 mmol/L]; TIHI1: Percentage of time in hyperglycaemia [>10 mmol/L]; TIHI2: Percentage of time in hyperglycaemia [>13.9 mmol/

L]; LBGI: low blood glucose index; HBGI: high blood glucose index.

in the assessed GV markers during the day (5 AM-5 PM;
2.7 £ 0.9 vs 2.1 + 0.7 mmol/L; 2.1 + 0.6 vs 1.4 + 0.4 mmol/L;
0.29 + 0.07 vs 0.21 + 0.07 respectively) and increase during
the night (5 PM-5 AM; 2.7 + 0.7 vs 3.4 = 0.9 mmol/L; 1.7 + 0.6
vs 2.3 + 0.6 mmol/L; 0.29 + 0.06 vs 0.31 + 0.07 respectively)
(Fig. 2B and 2C).

4.1.3. Time in different ranges

Percentage of time in target range (3.9-10.0 mmol/L)
decreased significantly (P < 0.001) from 56.3 + 17.2% Pre-
Ramadan to 47.9 + 19.7% during Ramadan in all participants
and increased significantly (P = 0.033) to 51.9 + 17.9% one
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Fig. 2 - Glycaemic parameters extracted from FGM data before (Pre-Ramadan: PR), during (Ramadan: R) and after Ramadan
(Post-Ramadan: PostR): A. Mean glucose; B. Coefficient of variance (CV); C. Mean absolute glucose (MAG); D. Percentage of time
in different ranges (Time in range). PR24h: Pre-Ramadan 24 h; PRD: Pre-Ramadan day; PRN: Pre-Ramadan night; R24h:
Ramadan 24 h; RD: Ramadan day; RN: Ramadan night; PostR24h: Post-Ramadan 24 h; PostRD: Post-Ramadan day; PostRN:

Post-Ramadan night.

month after Ramadan but did not return to pre-Ramadan
baselines (Table 2, Fig. 2D).

Percentage of time spent in level 1 hypoglycaemia (3.0-
3.9 mmol/L) decreased significantly (P = 0.003) during Rama-
dan from 3.2 + 2.8% to 2.1 + 2.1% and increased slightly to
2.4 + 2.0% but did not return to pre-Ramadan value. No signif-
icant changes for level 2 hypoglycaemic range (<3.0 mmol/l)
during Ramadan were observed (1.9 + 2.5 vs 1.3 + 2.0%).

Percentage of time spent in hyperglycaemia increased sig-
nificantly during Ramadan from 38.5 + 18.2% to 48.7 + 20.7%
(P < 0.001) in level 1 hyperglycaemia (>10 mmol/L) and from
13.7 £12.9% t021.0 + 16.4% (P < 0.001) in level 2 hyperglycaemia
(>13.9 mmol/L) but did not return to pre-Ramadan values.

4.1.4. Hyperglycaemia and hypoglycaemia risk (high- and
low- blood glucose index (HBGI and LBGI))

The risk of hypoglycaemia (LBGI) decreased significantly dur-
ingRamadan from 1.3+ 1.2t0 0.8 + 0.9 (P = 0.012) with no signif-
icant change post-Ramadan. A reverse trend was seen for the
risk of hyperglycaemia (HBGI) whereby the value of 9.4 + 6.0
increased to 12.8 + 7.3 (P = 0.005) during Ramadan and
decreased significantly to 10.9 + 5.7 (P < 0.001) post-Ramadan.

4.1.5. Type 1 vs type 2 diabetes
Trends in markers of overall glucose control were similar in
type 1 and type 2 diabetes with increases in mean glucose,

GMIand AUC inboth groups. However, the values for all param-
eter for the type 1 diabetes patients did return to pre-Ramadan
baselines. Differences were observed between the two groups
in some of the other indicators in the context of the Ramadan
fast (Supplementary Table 1). Patients with type 1 diabetes
showed no significant changes in time in target during the peri-
ods studies whereas type 2 diabetes patients show a significant
decrease only during Ramadan (59.5 + 18.5% vs 49.0 + 22.0%;
P < 0.001). In addition, between type 1 and type 2 diabetes
patients, there was a significant difference in level 1
(P = 0.005) and level 2 hypoglycaemia (P = 0.031) post-
Ramadan. However, no significant difference in hypergly-
caemia trends, LBGI and HBGI between type 1 and type 2 dia-
betes patients were observed during the periods assessed.

5. Discussion

In the current study, we have used large FGM data to generate
important parameters indicative of glucose variability as well
as hypo- and hyperglycaemia risk during the Ramadan fast.
We have also derived robust indicators of overall glucose con-
trol including GMI, MAG and AUC for the continuous FGM
curve. Importantly, the population studied was of insulin-
treated diabetes patients who have been shown to be a higher
risk group; more so should they choose to fast against medi-
cal and religious advice.
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The Holy Quran exempts the sick from fasting Ramadan.
Many patients with diabetes, including those on insulin,
make a personal decision guided by social, cultural and reli-
gious norms, to proceed with the Ramadan fast in spite of this
exemption. We have shown that Ramadan fasting, in insulin-
treated patients with diabetes, even in a setting guided by
best practice guidelines, can lead to adverse changes in mark-
ers of glucose variability, overall glucose control and time
spent in hyperglycaemia.

Our study showed that Ramadan fasting was associated
with statistically significant increases in markers of hypergly-
caemia risk, mean glucose and time spent in hyperglycaemic
range. There were observed increases in hyperglycaemia risk
overall which occurs mostly, but not exclusively, after iftar but
the risk of hypoglycaemia which is traditionally more of a
clinical concern, was notably small even in insulin-treated
patients. There was an observed reduction in time spent in
target range, time spent in hypoglycaemia and in hypogly-
caemia risk. Significant increases were also seen in markers
of overall glycaemic control during Ramadan with a signifi-
cant decrease one month post-Ramadan (Table 2). Both type
1 and type 2 diabetes patients followed the same trend, how-
ever the values for all parameters for the type 1 diabetes
patients did return to pre-Ramadan baselines.

Previous studies of Ramadan fasting including large
questionnaire-based studies have reported increased risk of
hypo- and hyperglycaemia in patients with type 1 diabetes
compared with type 2 diabetes [6]. Our group has previously
reported real world quantitative data demonstrating impor-
tant differences in glucose profiles [8], excursions [7] and vari-
ability during Ramadan fasting and through CGM work
established that insulin-treated patients are at a particularly
high risk. This is exacerbated in patients with unsatisfactory
diabetes control during pre-Ramadan periods, and/or patients
poorly compliant with lifestyle recommendations [24].

In recent years, CGM technology has allowed for more
objective measurements of glucose fluctuations. However,
patient numbers in Ramadan CGM studies have been typi-
cally small since the technique is relatively invasive and
unwelcome by patients focusing on other aspects of the
Ramadan fast. FGM is a more recent, more patient-friendly
and less cumbersome technology [25]. It has an extended sen-
sor use of 14 days and can store glucose data for several
months, making it better suited for studying Ramadan glu-
cose changes. It is important to note for all studies utilizing
this technology that both CGM and FGM measure tissue (in-
terstitial), rather than blood glucose, and that there is a signif-
icant lag phase of several minutes between these two.
Furthermore, for any time point, there may be a difference
between interstitial and blood glucose the magnitude of
which depends on blood glucose stability.

Mitigating the risk of hypoglycaemia is one of the priorities
for insulin-treated patients with diabetes, who decide to fast,
and their treating healthcare professionals. Typical changes
in therapy in the context of the Ramadan fast range from
judicious use of intermediate or long-acting insulin prepara-
tions plus a short-acting insulin administered before meals
[26,27] or use of a rapid-acting insulin analogue instead of reg-
ular human insulin before meals to reduce hypoglycemia and
postprandial glucose excursions [28,29]. Guidelines also sug-

gest daily doses of short-acting insulin secretagogues may
be reduced or redistributed to two doses during Ramadan
according to meal size [30]. Our data suggest that the magni-
tude of reduction in insulin dose in anticipation of hypogly-
caemia during the fast may be inappropriate. This
emphasizes the need for focused pre-Ramadan patient edu-
cation including advice on dietary and medication issues.
Moreover, the findings indicate that current practice in insu-
lin dose adjustments may require further optimization and
suggest the need for modified treatment algorithms for this
high risk group of patients during the Ramadan fast.

Further detailed analysis of our data highlighted that
markers of glucose variability over a 24 h span are little differ-
ent between Ramadan and non-Ramadan periods. Indeed, the
major differences in glucose variability patterns actually
occur at different time intervals of the day and night. Glucose
variability patterns during daylight hours (5 AM — 5 PM) are
different from evening and night-time (5 PM - 5 AM). In part,
this is due to falling glucose levels in the last few hours of
fasting followed by a carbohydrate-consumption induced glu-
cose rise at iftar (Fig. 2). Our current data show this was paral-
leled by statistically significant changes in markers of glucose
variability; reduction during the day and increase during the
night. In terms of the consequences of these observations,
our study indicated that during Ramadan, time spent in level
1 hypoglycaemia was decreased significantly in all partici-
pants and that this increased significantly one month after
Ramadan but did not return to pre-Ramadan baselines while
level 2 hypoglycaemic ranges showed no significant changes.
We also observed that between type 1 and type 2 diabetes
patients, there was a significant difference in level 1 and level
2 hypoglycaemia but only during the post-Ramadan period.
Patients with type 1 diabetes showed no significant changes
in time in target during the periods studied whereas type 2
diabetes patients show a significant decrease only during
Ramadan (Table 2). We observed a similar trend in indicators
of overall glucose control which were shown to deteriorate
during Ramadan; an increase in calculated HbAlc (Glucose
Management Indicator - GMI) was noted; although there
was a decrease after Ramadan without returning to pre-
Ramadan values for the type 2 diabetes patients only. Such
detailed observations and differences in glycaemic patterns
have significant clinical implications for diabetes patients.

As per consensus guidelines [12], for the analyses, we have
included complete data (>=14 consecutive days of data points,
>70% of data captured). Thus, our stringent inclusion criteria
excluded many women not fasting during menstruation days.
It is generally assumed that there is no difference between
men and women in physiological aspects of fasting. This
assumption may not be strictly valid. Studies on changes in
appetite and hunger scores indicate women tend to adapt
better as Ramadan progresses with less pronounced hunger
by the end of the fasting day and as iftar time gets closer. This
adaptation does not seem to happen in men to the same
extent. As such, caution should be applied when generalizing
findings. Nonetheless, whilst the final data analysed came
from a relatively small patient number (40 patients from 321
patients recruited) can be seen as a limitation, it is also a true
strength of the study due to the robust data collection and
analysis.
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The current study has generated a large volume of clini-
cally relevant glucose data in a high risk group. It is acknowl-
edged that CGM technology comes with limitations.
Nevertheless, our real world data adds to the past body of evi-
dence and can contribute to a positive review of current ther-
apy guidelines for the Ramadan fast. The current study
further emphasizes the importance of appropriate changes
to medication as well as dietary advice in well-timed pre-
Ramadan consultations with trained healthcare profession-
als. Our findings also indicate that current clinical practice
guidelines can incorporate improved insulin schedules, and
perhaps more novel therapeutic and technological
approaches, to allow more stable glycaemic control during
the Ramadan fast.
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