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The effect of Ramadan intermittent
fasting on lipid peroxidation in healthy
young men while controlling for diet
and sleep: A pilot study
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Mohammed A. Alzoghaibi'*

Abstract:

AIMS: We hypothesized that if we control for lifestyle changes during Ramadan, Ramadan Islamic intermittent
fasting (IF) reduces oxidative stress. This study was conducted to examine the effect of Islamic IF during and
outside of Ramadan on the circadian changes in lipid peroxidation marker malondialdehyde (MDA) during and
outside while controlling for potential confounders.

METHODS: Serum MDA concentration was measured in eight healthy male volunteers at baseline (BL), after
fasting for 1 week before Ramadan (BL fasting), and during Ramadan. Blood samples were drawn at 22:00,
02:00, 04:00, 06:00, and 11:00. The participants were admitted to the sleep laboratory and monitored for 24 h
on the day of the measurements. In the laboratory, each participant received meals of fixed compositions and
caloric contents based on their ideal body weights. Light exposure, physical activity, and total sleep duration
were uniformly maintained during the three study periods.

RESULTS: The participants had a mean age of 26.6 + 4.9 years and a mean body mass index of 23.7 + 3.5 kg/m?.
No significant changes were observed in MDA levels and blood glucose during BL, BL fasting, or Ramadan.

CONCLUSION: In this pilot study, under conditions of fixed sleep-wake schedules and caloric intake, Ramadan
IF does not alter serum MDA levels in healthy subjects. Larger studies are needed to confirm these findings.
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ipid peroxidation reflects to the oxidative

degradation of lipids, where free radicals
take electrons from the lipids, which results
in cell damage. Moreover, it is involved in the
underlying pathophysiological mechanisms
of several disorders and diseases such as
cardiovascular diseases and aging.!! Lipid
peroxidation forms reactive aldehydes such
as malondialdehyde (MDA). Assessing
the end products of lipid peroxidation is
considered as one of the best assays for
oxidative damage.!"! In animal models, caloric
restriction (CR) and experimental fasting have
been shown to increase life span and benefit
cardiovascular and cerebrovascular systems.!
Although the exact mechanisms underlying
these fasting-conferred health benefits are
unknown, reduced oxidative stress has been
proposed as a potential mechanism.” The few
studies that have assessed correlations between
oxidative stress and CR or experimental fasting
have reported inconsistent results.*! Ramadan
fasting is a distinctive model for long-term
intermittent fasting (IF) that is accompanied by
several lifestyle changes, including alterations
in meal times and frequency, caloric content and

composition, sleep/wake patterns, circadian
rhythm patterns, and physical activity.” Hence,
results from experimental fasting cannot be
generalized to Ramadan IF.P Studies that have
assessed oxidative stress during Ramadan are
limited and reported conflicting results.[]
Sleep duration, exercise, and meal composition
have been reported to influence reactive oxygen
species."12 Few studies have addressed the
effect of prolonged IF during Ramadan on
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oxidative stress. While some studies reported no change in
lipid peroxidation,”! others reported a significant reduction
in lipid peroxidation.*’® However, previous studies during
Ramadan did not control for the above confounders and
did not measure sleep duration objectively. In addition, all
previous studies collected a single blood sample to assess
oxidative stress. Because oxidant concentration levels can be
affected by the time of day that the samples are taken and by
the relationship between these times and meal times!*'* and
because meal times change during Ramadan, the timing of the
sample collection may have influenced oxidant measurements
in previous studies. We hypothesize that if we control for
lifestyle changes during Ramadan, IF reduces oxidative stress.
Therefore, we conducted this study to examine the effects of
intermittent Islamic IF on circadian alternations in the lipid
peroxidation marker MDA during and outside Ramadan while
controlling for several confounders. Fasting was conducted
outside Ramadan to simulate Ramadan Islamic IF in the absence
of the previously mentioned lifestyle modifications that occur
during Ramadan.

Methods

Subjects

The College of Medicine Institutional Review Board at our
institute approved the study protocol, and each participant
signed informed consent. Eight healthy, nonsmoking Muslim
male volunteers between 20 and 35 years of age participated
in the study. Participants were recruited at the university
using bulletin boards advertisements seeking research project
volunteers. The following inclusion criteria were applied: Males
who were not taking any prescription or over-the-counter
medications or supplements before or during the study, do
not drink alcohol, and did not perform shift work and were
not on vacation during the study period or for 2 weeks before
their enrollment. None of the participants had sleep disorders
or was on a special dietary regimen for medical or weight loss
purposes. Only males were included in this study because
females break the fast during menstruation, as per religion
regulations. In addition, gender-specific differences have been
reported in oxidative stress development,'*”l and greater
oxidative stress values have been reported in males.[*”] The
exclusion criteria included a history of diabetes mellitus,
hypertension, known sleep disorders or disturbances, body
mass index (BMI) >25 kg/m? chronic diseases, including
lung, cardiovascular or neurological disease, and a previous
history of supplement use, including antioxidant vitamins.
All participants used a wrist actigraph device to assess the
sleep/wake pattern and schedules prior to starting the study,
(Philips/Respironics, Inc., Murrysville, PA, USA) for 1 week
while living their normal routine. The working hours of the
participants were from 07:30 to 16:30 before Ramadan and from
10:00 to 15:00 during Ramadan.

Study protocol

The study protocol has been previously described.'® This
study was conducted during the last week of the month of
Rajab (month 7, Hijri), the first and last weeks of the month
of Shaban (month 8, Hijri), and the 2" week of the month of
Ramadan (month 9, Hijri) during the Hijri calendar year 1432,
which corresponded to the period between June 25 and August
15 2011 on the Gregorian calendar.
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Participants visited the sleep laboratory on four occasions.
During each visit, the subjects spent approximately 1 day and
night in the sleep laboratory [Figure 1].

Adaptation night (during the last week of Rajab)

The subjects were adapted to the laboratory and sleeping
setting to avoid the “first night effect,”" which may result
in altering the sleep patterns observed on the first night of
sleep evaluation in the laboratory. During the adaptation
visit, a medical checkup and basic blood tests (i.e., complete
blood count, fasting blood sugar, kidney and liver function,
and urine analysis) were performed to rule out comorbidities.
BMI and demographic data were also obtained. Participants
were instructed to maintain the same level of exercise and
physical activity during the study period. Physical activity
was assessed objectively using SenseWear Pro Armband™
(BodyMedia, Pittsburgh, PA, USA) as described below.
To objectively assess sleep/wake schedules at home, each
participant was asked to wear an actigraph monitor on
his nondominant wrist at home.”” A regular sleep/wake
schedule was defined as a daily variability in bedtime and
wake-up time of <1 h.'

Baseline fasting (during the 1 week of the month of Shaban [the
month preceding Ramadan])

The participants were asked to perform the Islamic IF from
dawn to sunset for 1 week only. We used this protocol to
mimic Ramadan Islamic IF out of the month of Ramadan to
control for the lifestyle, meal composition changes, and eating
habits that occur during Ramadan and that could influence
oxidant measurements. The participants presented to the
study site on the last day of the fasting week for blood sample
collection and sleep monitoring using polysomnography
(PSG).

Baseline (nonfasting) (baseline) (during the last week of the month
of Shaban)

The participants followed their normal living routines (at
baseline [BL], without fasting). They reported to the study
site on the last day of the week for PSG evaluation and blood
sample collection.

During Ramadan

The participants reported to the laboratory during the last
day of the 2™ week of Ramadan for PSG and blood samples
collection.

Week Last week of Rajab

1 Adaptation
Week 1t week of Shaban

2 Fasting: Non-Ramadan Fasting
Week Last week of Shaban

3 Normal routine: No fasting : Baseline (BL)
Week 2" week of Ramadan

4 Fasting: Ramadan

Figure 1: Study protocol
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The participants reported to the laboratory at approximately
18:00. The details of the study protocol have been previously
described.['®? In the sleep laboratory, the participants were
given meals of uniform composition (to control for the
anti-oxidant properties of food sources), with fixed caloric
intakes and fixed proportions of carbohydrates, fats, and
proteins based on their ideal body weights. During BL, 3 meals
were served; breakfast at 07:15, lunch at 12:00 (mid-day), and
dinner at 20:00.18 Three meals were served during BL fasting
and Ramadan; Suhur was served before dawn (between 03:00
and 03:15), breakfast at sunset, (between 18:30 and 18:55) (to
accommodate the changes in the time of dawn and sunset),
and dinner at 21:00.

Fasting protocol

During BL fasting, the participants were asked to abstain
from food and drinks for the 1* week of Shaban (7 days) from
dawn to sunset. During the following 3 weeks of Shaban,
the participants followed their normal activities and eating
routines. The participants performed fasting during the
whole month of Ramadan. During Ramadan, sunset (the end
of fasting) and dawn (the beginning of fasting) occurred
at approximately 18:34 and 04:00, respectively (fasting
duration 14 h and 34 min). During the BL fasting period,
dawn occurred at approximately 03:37, and sunset occurred
at approximately 18:47 (fasting duration 14 h and 54 min).
Blood glucose was measured at 15:30 during BL, BL fasting,
and Ramadan.

Sleep monitoring in the laboratory

The PSG results are described in previous studies.?! The
subjects were directed to avoid taking naps during the sleep
study day (monitored by actigraphy). Figure 2 demonstrates
sleep schedules in the sleep laboratory during the three study
visits. During BL, bedtime was at 23:00 and wake-up time was
at07:00. During BL fasting and Ramadan, bedtime was at 23:00.
During Ramadan, the participants got up at 03:00 for Suhur, and
sleep was allowed between 03:45 and 07:45. During BL fasting,
the participants got up at 03:15 for Suhur (to account for the
shift in dawn prayer time), and sleep was allowed between
04:00 and 07:45.

During the study, a standard polysomnographic montage
was used; four electroencephalography channels (C1-A4,

le ZIZ 2|3 qo (‘)1 (IJZ (|)3 q4 QS 0|6 0,7 0|8 0.9
T T LI T T TT T rrprr T TTTT 1 T
Baseline | | Lights
(BL) 08 hrs. o
Ramadan
faStmg K 04 hl’S.Lights on ’Lights off04 fifs:
45 min
wake
Baseline
fasting Ligh Ushts'off
— 0dhrs. 15 min | "E"* 85 hrs. 45 min—
. 45 min
Lights wale Lights
off o

Figure 2: Sleep schedules during the three study visits: BL, BL fasting and
Ramadan. BL: Baseline
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C2-A3, O1-A4, and O2-A3), chin electromyography, and
electrooculography (eye movement) were assessed. Arousal
index, a reflection of sleep fragmentation, was defined as the
number of arousals per 1 h of sleep. “Stage shift” was defined
as total number of shifts in the sleep state from lights out to
lights on.

Light exposure assessment

To control for the effect of circadian rhythm changes on
oxidative stress, light intensity in the sleep laboratory was
carefully controlled. The light level was kept at 50 lux from
18:00 until bedtime and during Suhur. During the specified
sleep period (PSG recording), all lights were turned off, and
the light level was maintained at <1 lux. Light intensity was
measured using a Spectral Star Light Meter LX-1 (Japan).

Physical activity assessment

Energy expenditure was measured to reflect physical activity
during the study period using the SenseWear Pro Armband™
(Body Media, Pittsburgh, PA, USA). Technical specifications
of the Armband have been described previously.?**! The
armband is a small, portable, convenient sensing device
measuring 8.8 cm x 5.6 cm x 2.1 cm in size and 82 g in weight
and is fixed around the triceps of the right arm. The armband
measures several signals including skin temperature, galvanic
skin response, heat flux from the body, and movement, which
allows an advanced built-in algorithm to calculate the total
energy expenditure.”™ This algorithm has been validated in
several studies and compared with findings obtained using
metabolic carts and doubly-labeled water.??

Lipid peroxide assay

Lipid peroxides were measured by analyzing thiobarbituric acid
(TBA) reactive substances, which reflect MDA concentrations
in human fluids, as previously described.? MDA is one of the
final products of polyunsaturated fatty acid peroxidation in
cells. An increase in free radicals stimulates MDA production.
MDA reacts with TBA in the presence of acid and heat to
form a red pigment that has a peak absorbance (A) of 530 nm.
Blood samples were collected via an intravenous cannula in
the antecubital vein at 22:00, 02:00, 04:00, 06:00, and 11:00.
Samples were immediately centrifuged at 4°C, and stored at
—70°C. Reagents were acquired from Sigma Chemical Company
(St. Louis, MO, USA). Tetramethoxypropane was used to
produce MDA to get a standard curve in the range of 0.1 uM to
5.0 uM. Blood serum (200 ul) was mixed with 5 mM butylated
hydroxytoluene (25 ul), 0.2 M phosphoric acid (200 ul, H,PO,)
and 0.11 M TBA (25 ul). The mixture was kept at 90°C for 45 min
and then briefly put in ice to stop the reaction. MDA extraction
was done by adding n-butanol (500 ul). Absorption was
then measured in a 96-well plate reader (Spectra Microplate
Autoreader, Tecan, Research Triangle Park, NC, USA) at
530 nm and 570 nm. The range of the standard curve was
0.1 uM to 5 uM/ml of blood serum.

Statistical analysis

Data are presented in the text and figures as the mean + standard
deviation. To assess the metabolic equivalents (METs), data
were analyzed, and means were calculated to get the overall
hourly average for each day. Comparisons between the BL,
BL fasting, and Ramadan fasting groups were performed using
one-way analysis of variance (ANOVA). Friedman’s ANOVA
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by the rank test was used if the normality test failed. Results
with a P value of <0.05 were considered to be statistically
significant. Standard statistical software (Sigma Stat, version
3; SPSS, Chicago, IL, USA) was used for the analyses.

Results

The mean age of the participants was 26.6 + 4.9 years, and
the mean BMI was 23.7 + 3.5 kg/m? No significant body
weight changes were observed between the three periods
(69.1 = 8.4 kg, 67.5 + 7.8 kg, and 66.3 + 12.3 kg during BL,
BL fasting, and Ramadan, respectively). Blood glucose
measurements was performed at 15:30 and showed no
significant differences between the three periods (6.1 = 0.5,
5.7 £ 0.4, and 5.8 +0.5 mmol/L, respectively). Table 1
demonstrates the sleep patterns generated at home using
actigraphy. There was a shift delay in bedtime and wake-up
time during Ramadan. However, there was no change in
total sleep time (TST) between the three periods. Table 2
demonstrates the sleep parameters measured in the sleep
laboratory using PSG monitoring. There were no significant
changes in TST, sleep efficiency, sleep onset latency, REM
onset latency, stage shifts, and arousal index between the
BL, BL fasting, and Ramadan periods. Table 3 presents energy
expenditure as a reflection of physical activity during the three
periods. Data are expressed as kilocalorie per minute and METs
during the entire day (24 h), during the daytime (from dawn
to sunset), or at night (from sunset to dawn). There were no
significant changes in energy expenditure during the three
monitoring periods. Table 4 shows the concentrations of MDA
during BL, BL fasting, and Ramadan. No significant changes in
MDA concentration were observed at any of the five monitoring
times (22:00, 02:00, 04:00, 06:00, and 11:00) during the three
monitoring periods.

Discussion

In the current study, the results do not support our hypothesis.
We found no significant changes in the MDA serum levels
measured at different times of the day during the three periods
(BL, BL fasting and Ramadan). We measured MDA after 1 week
of fasting during BL fasting and after 2 weeks of fasting during
Ramadan. Although the fasting period during Ramadan was
longer, there were no significant changes in the MDA levels.

Previous studies that aimed to assess oxidative stress during
Ramadan fasting reported conflicting results. Moreover,
those studies did not control for confounders that may affect
oxidative stress such as sleep duration, physical activity, and
meal composition. In a sample of healthy volunteers during
Ramadan fasting, Faris et al. assessed oxidative stress using
urinary 15-F12-Isoprostane.® This study showed that increased
body weight during Ramadan was associated with increased lipid
peroxidation and oxidative stress.”® Interestingly, the study also
showed that volunteers who lost weight had reduced levels of
15-F12-Isoprostane.® The above findings stress the importance of
controlling for weight changes in oxidative stress measurements
during IF. In another study, Ibrahim et al. observed no changes
in serum MDA levels during Ramadan fasting.”! However,
they observed a reduction in MDA concentration in red blood
cells (RBCs).”! The reason for this discrepancy between serum
MDA and RBCs MDA is unclear.”! The influence of the dietary
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Table 1: At-home sleep patterns observed using
actigraphy

Sleep parameters BL BL fasting Ramadan P

Mean bedtime 00:36 01:30 02:42* 0.004
Mean wake-up 05:30 06:12 08:48* 0.034
nTST (h) 5.3+1.2 5.3+1.2 5.1+1.3 0.134
nTST+nap (h) 5.9+1 6.2+2.9 7+2.9 0.539

*The difference between Ramadan and BL is significant (P < 0.05).
nTST = Nocturnal total sleep time, BL = Baseline, nap = Nap duration

Table 2: Sleep parameters in the sleep laboratory
monitored using polysomnography (PSG)

PSG parameters BL BL fasting Ramadan P
TST (min) 375.8+46.4 333.0+59.8 353.9+42.7 0.165
Sleep efficiency 79.3+9.6 70.7+11.1 74.2+7.3  0.336
(%)

Sleep latency 29.6+24.2  33.7+33.6 32.8x29.3 0.224
(min)

Arousal index 9.1+3.6 8.9+4.8 7.9+3.3 0.369
(arousal/h)

Stage shifts 66.3+13.9  74.9+20.5 64.1x16.7 0.327

TST = Total sleep time, BL = Baseline

Table 3: Energy expenditures during the three study
periods measured using a SenseWear Pro Armband™

Measured variables BL

BL fasting Ramadan P

Weight (kg) 69.1+8.4 67.5+7.8 66.3+x12.3 0.271
Energy expenditure 1.6+0.2 1.6+0.2 1.6+0.2 0.846
(24 h) (kcal/min)

Energy expenditure 1.7+0.3 1.6+0.2 1.5+0.2 0.069
(daytime) (kcal/min)

Energy expenditure 1.5+0.1 1.6+0.2 1.6+0.2 0.260
(night) (kcal/min)

METs 1.420.2 1.4+0.1 1.3+0.2 0.738
METs (day) 1.4+0.2 1.3+0.1 1.3+0.1 0.069
METs (night) 1.3+0.2 1.4+0.1 1.4+0.2 0.311

METs = Metabolic equivalents, BL = Baseline

Table 4: Measured MDA values during BL, BL fasting
and Ramadan

Time of measurement

MDA levels (umol/L)
BL BL fasting Ramadan P

22:00 63+26.4 84.9+37.9 48.4+29.0 0.135
02:00 75.4+32.5 81.9+28.2 76.6+30.6 0.687
04:00 81.6+27.0 78.2+26.2 70.6+31.7 0.417
06:00 67.7+33.9 66.1+25.7 75.5+31.7 0.687
11:00 82.1+29.2 75.5+28.3 70.1+32.9 0.607

MDA = Malondialdehyde, BL = Baseline

fat changes on the fatty acid composition of plasma lipids and
RBCs fatty acids is well documented.” However, the fatty acid
composition of plasma may not reflect the long-term nutritional
status of dietary fats because of fast turnover and directional flux
of various lipoproteins.* Therefore, RBCs fatty acid composition
mightbe a better indicator of long-term dietary fatty acid intake
than plasma lipid fatty acid composition, as RBC fatty acids do
not change rapidly after dietary manipulations.””?*! This may
explain the differences between lipid peroxidation between
plasma and RCBs lipids. In a third study, Ozturk et al. assessed
oxidative stress among pregnant women and demonstrated

Annals of Thoracic Medicine - Vol 11, Issue 1, January-March 2016
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that Ramadan fasting has no effect on oxidative stress.’! The
above studies contradict Al-Shafei, who reported a significant
reduction in serum MDA among healthy volunteers and diabetic
and hypertensive patients during Ramadan.*'*! However,
Al-Shafie did not report the participants” weights before and
during Ramadan. Weight reduction during fasting has been
shown to reduce oxidative stress.!® In addition, the investigators
collected only a single early morning blood sample;® the timing
of blood collection may have confounded the reported results.
Comparing an early morning, overnight-fasted pre-Ramadan
sample to blood collected after Suhur meal during Ramadan may
have impacted the MDA measurements. During fasting, there is
a greater tendency to utilize fat rather than glucose as a source
of energy,® which results in higher fat oxidation.

Failure to control for potential confounders that may affect
MDA levels, including meal composition, physical activity,
sleep duration, fasting duration, smoking status, and
medication use, may account for the inconsistencies between
the different studies. Further research will be necessary to
control for all potential confounders.

The current study has some limitations. The number of
recruited volunteers is relatively low. Note that this limitation is
inherent to experimental studies that use objective assessments
in the laboratory under controlled conditions within a short
specified period.['®*! In addition, this type of studies is costly
and a pilot study such as this is needed to convince funding
agencies to fund a larger study. Moreover, the reported results
cannot be applied to women, as gender-specific differences
in the formation of oxidative stress have been reported.!'®!”]
Similarly, the current results cannot be applied to elderly
as decreased antioxidant capacity and altered signaling
mechanisms have been reported in elderly subjects.*!

Conclusion

Our investigation of lipid peroxidation in eight fasting young
men under controlled conditions revealed that Islamic IF does
not alter serum MDA levels in healthy subjects during or
before Ramadan. Larger studies are needed to assess oxidative
stress during intermittent diurnal fasting while controlling for
potential confounders.
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