Nutrition and Food Science

S glm%::llatlg Nutrition and Food Science

%

Is Spatial Orientation Affected by Ramadan Fasting?

Journal: | Nutrition and Food Science

Manuscript ID | NFS-08-2018-0224.R4

Manuscript Type: | Original Article

Ramadan Fasting, Spatial orientation, Computerized Rod and Frame Test

Keywords: (CRFT)

SCHOLARONE™
Manuscripts

http://mc.manuscriptcentral.com/nfs




Page 1 of 23

oNOYTULT D WN =

Nutrition and Food Science

Abstract

Purpose- Ramadan intermittent fasting (RIF) has produced heterogeneous and domain-specific
effects on cognitive function. The present study investigates the effect of RIF on verticality
perception or estimation of subjective visual vertical (SVV) in young adults. The significance of

SVV is that it is essential for spatial orientation, upon which many daily activities depend.

Methodology - Verticality perception was assessed with a computerized version of the Rod and
Frame Test (CRFT) in two visual conditions: without a surrounding frame, and with a distracting
tilted frame. The tilted frame condition measures level of visual dependence, or reliance of visual
cues for posture and orientation. 39 young adult male males were recruited at different stages of
Ramadan fasting: 21 were tested at the end of the first week (Week 1) and 18 others at the end of
the third week (Week 3) of Ramadan. 39 participants were also recruited to serve as a non-fasting
control group. Factorial ANOVA analyses were conducted to identify the main effects of fasting
status, time-of-day and the interaction between them on blood glucose levels, nocturnal sleep

duration and vertical alignment errors.

Findings- The main effect of fasting status on glucose level was significant (P = 0.03). There was
a significant time-of-day main effect on glucose levels (P = 0.007) and sleep duration (P = 0.004)
only in fasting participants. Neither the main effects of fasting status nor time-of-day were
significant for rod alignment errors in both visual conditions. The interaction of fasting status and
time-of-day was not significant either. This may indicate that any negative effect of Ramadan
fasting on activities that are critically dependent on verticality perception and spatial orientation,

such as sports and driving, may not be due to verticality misperception.

Originality- The present study was the first to investigate the effect of Ramadan fasting on spatial
orientation. It demonstrated robustness of verticality perception to fasting status and the point of
fasting during Ramadan. Verticality perception was also unaffected by time of day effects in non-
fasting and fasting groups at two different points of Ramadan. This study corroborates others

reporting heterogeneous effects of Ramadan fasting on cognitive function.
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Introduction

Studying the effect of Ramadan intermittent fasting (RIF) on cognitive function is quite significant
considering that every year millions of Muslims around the world observe the ritual of fasting for
29 — 30 days during the month of Ramadan, the ninth month of the lunar calendar. Ramadan
fasting entails abstaining from eating, drinking, and smoking from dawn to dusk, with free
consumption of food and fluids at night (Chtouru et al., 2012; Souissi et al., 2014), leading to
changes in feeding habits, sleep cycle (Roky et al., 2003; Waterhouse 2010) and other circadian
rhythms (Reilly & Edwards, 2007; Roky et al., 2012). Previous studies investigating cognitive
function during Ramadan fasting have produced conflicting results. Adverse effects in perceptual
sensitivity, subjective alertness, continuous attention and memory functions (Ali & Amir, 1989;
Hakkou et al., 1988; Roky et al., 2000; Dolu et al., 2007) and reaction times (Farooq et al., 2015)
have been reported. However, evidence also exists regarding the relative robustness of reaction
time, visual information processing, arousal and short term memory (Chamari et al., 2016; Dolu et
al., 2007; Najafabadi et al., 2015) and non-speed dependent accuracy measures (Alsharidah et al.,
2016).

It is important to learn whether Ramadan fasting can affect spatial orientation abilities in humans
considering that spatial orientation is a fundamental component of many spatial cognitive
behaviors such as ambulatory navigation (Simmons, 2003), driving (Kemeny & Panerai, 2003) and
sports (Higazi, 2013; Romeas & Faubert, 2013). Spatial orientation relies on intact abilities such as
verticality perception or estimation of subjective visual vertical (SVV). The significance of SVV
lies in its ability to measure the accuracy by which individuals internally represent their position in
space relative to gravity. Such internal estimates of the direction of gravity are continuously
updated because of frequent changes in head and trunk positions, using visual input from the eyes,
proprioceptive input from skin and joints, and most importantly, input about linear acceleration
and the pull of gravity from the otolith organs (Vingerhoets et al., 2009). As such, SVV perception
is a very important factor for spatial orientation and the maintenance of posture and equilibrium

(Magzibrada et al., 2008).
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Verticality perception has been reported to fluctuate throughout the day, with gradual deterioration
over the day (Zouabi et al., 2016). This is in line with other studies that demonstrated the presence
of circadian rhythms in cognitive ability over the course of the day (Pollack et al., 1992; Monk,
1997; Monk, 2005). Such time-of day effects may be maintained during Ramadan fasting, but
potential confounders such as changes in sleep-wake cycle, food and fluid intakes, and natural
circadian rhythms may disrupt them. A published study on cognitive performance during Ramadan
fasting has considered this and reported surfacing of time-of-day effects that were nonexistent

during non-fasting state. The authors of that study concluded that the effects of Ramadan fasting
often reflected poorer afternoon performance (Tian et al., 2011) and attributed this effect to the

combination of lowered blood glucose levels in the afternoon and sleep restriction.

Our study was designed to examine the effect of fasting during Ramadan on verticality perception.
We aimed to identify whether verticality perception was governed by circadian rhythms in non-
fasting controls. We also tried to determine whether changes in blood glucose levels and circadian
rhythms arising from the alterations in feeding and sleep schedules during Ramadan would affect
verticality perception. Since some cognitive functions deteriorate significantly by the end of the
day with fasting (Tian et al., 2011), it might be expected that verticality perception would also be
compromised towards the end of the day, when blood glucose are lower (Bonakdaran, 2016). The
importance of this study lies in that any potential negative consequences of Ramadan fasting on
verticality perception may increase susceptibility to spatial disorientation and impact upon the

individual’s ability to successfully engage in activities critically dependent on spatial orientation.

Methodology
Participants

Participants did not receive any incentives for their participation, and they all gave written
informed consent. The study was approved by the Research and Ethics committee at the Arabian
Gulf University (AGU). Seventy eight healthy young active college male medical students (age
range from 18 — 23 years) were recruited for this study at the College of Medicine and Medical

Sciences at AGU in Bahrain. Thirty nine participants were fasting during Ramadan of the year
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2016 (June 6 - July 5). The minimum duration of daily fast from dawn (3:12 — 3:18 am) to dusk
(6:29 — 6:35 pm) was around 15 hours. Participants in the fasting group were asked verbally to
confirm their Ramadan fasting status up to the day of the test. They were recruited at different
stages of Ramadan fasting: twenty one participants were tested at the end of the first week of
Ramadan (Week 1) and eighteen others at the end of the third week of Ramadan (Week 3), in order
to reduce possible testing bias arising at the beginning of Ramadan when the body has not fully
adapted to changes in feeding habits, sleep cycles (Rocky et al., 2003; Waterhouse, 2010) and
other circadian rhythms (Rocky et al., 2012; Reilly & Edwards, 2007). Thirty nine participants
were also recruited a few months after Ramadan to serve as non-fasting control group. Information
on the number of hours of nocturnal sleep the night before the test trial as well as on the quantity

of sleep in general was obtained from all participants.

Blood glucose levels were measured at the beginning of the test using an ACCU-CHEK ACTIVE
(Roche, Germany) glucometer for non-fasting and fasting participants. Studies on the accuracy of
capillary glucose meter readings have demonstrated an appropriate accuracy and a plausible
correlation between Accu-Chek glucometer and the standard laboratory approach (Nooripoor et al,

2012; Kermani et al, 2017).

Assessment of Verticality Perception

In this study, verticality perception was assessed in a non-fasting group outside the month of
Ramadan and two other fasting groups at two points of Ramadan. This was carried out at two
times of day allowing characterization of the interaction between time-of-day and fasting effects.
For factoring in the time-of-day effects at testing, participants were grouped into Morning and
Afternoon groups, in which testing occurred between 9:00 and 10:00 am and 4:00 and 5:00 pm for

the morning and afternoon sessions respectively.
We have utilized a modified computerized version (Bagust, 2005; Docherty & Bagust, 2010) of

the Rod and Frame test (RFT) to assess verticality perception. Generally, the RFT is a clinical

exam that evaluates a subject’s ability to align a line to vertical position, with the recorded
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alignment errors providing information on the accuracy of spatial orientation (Bagust et al., 2013).
The test is carried out under two visual conditions: the first is without a vertical reference
(Subjective visual vertical or SVV) in which the rod is displayed on a blank background. This
measures the subject’s internal representation of vertical with most people normally deviating
within +£2° from gravitational vertical (Witkin et al., 1956). The second visual condition includes a
tilted frame in order to determine how a distracting background influences the perception of
vertical. This is a measure of visual dependence, or reliance on visual cues for posture and
orientation. Over-reliance on visual cues may cause some people to be more susceptible to spatial
disorientation that may be provoked or aggravated by specific disorienting visual contexts (Pavlou
et al, 2006, 2011, 2013). These include walking in supermarket aisles, driving, crowds, watching

repetitive moving scenes on television or travelling on an escalator.

In the current study, the rod display on the CRFT was not represented by a line, but consisted of
five white dots displayed in the center of the screen (Docherty & Bagust, 2010) with one of two
starting positions - tilted 20 degrees in either a clockwise or counter clockwise direction from
gravitational vertical. There were also three possible presentations of the surrounding white frame:
frame absent (SVV, No frame); frame tilted 18 degrees in a clockwise direction (frame™®); or
tilted 18 degrees in a counter-clockwise direction (frame'lgo). The CRF test comprised 12
presentations and consisted of four replicates of each frame presentation (Fig 1). The order of
presentation of these permutations of frame and dots was assigned by the computer from 4
randomized sequences. A round black paper ring was attached over the screen of laptop used to
display the test. This served to conceal the edges and reduce clues to verticality, while exposing
the rod and frame presentation in the center of the screen (Fig 1). The test was performed in a dark

room minimizing further any vertical cues within the room.

Procedure and Error Calculations

Prior to beginning the test, participants were shown two instructional presentations: one with the
frame absent (SVV) and one where the frame was tilted. This allowed them to familiarize
themselves with the process. The results from these two presentations were not included in the

analysis. During testing, participants were seated in front of the laptop screen and were asked to
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look straight at the screen keeping their head in a fixed position without tilting or turning. They
were instructed to rotate the dots using the right and left mouse buttons to a position perceived to
be vertical. The dots rotated around their virtual midpoint in 0.5 degree increments. When the
participant was satisfied with the alignment of the dots, the program was advanced using the space
bar of the computer keyboard. Positioning errors were recorded by the computer in degrees from
gravitational vertical (0°). The recorded errors were only accessible at the end of the recording

session.

Deviations from vertical were recorded in degrees. These values were imported into Excel 2003
and used to calculate the mean absolute (unsigned) errors for the three frame conditions (n = 4 in
each case) for each participant. A paired t-test comparing individual’s errors when the frame was
tilted clockwise to those produced when the frame was presented with a counter clockwise tilt
revealed no significant differences between the two measures for non-fasting, Week 1 and Week 3
fasting groups. As a result the mean errors for each tilted frame condition were combined to form a

mean tilted frame score denoted by Mean'®.

Statistical Analysis

All statistical analyses were carried out using SPSS Statistics 23 (IBM). Data were tested for
normality using the Kolmogorov-Smirnoff method. Two-way analyses of variance were conducted
on the influence of two independent variables (Fasting status, Time-of-day) on a) blood glucose
levels, b) sleep duration and c) alignment errors (SVV and Mean'®). F asting status included three
levels (Non-fasting, Weekl, and Week3) and time of day consisted of two levels (Morning,
Afternoon). Weekl and Week3 indicates testing at the end of Weekl and Week3 of Ramadan
fasting. Post hoc analyses were conducted using the Bonferroni test. Data were reported as mean +

SD, and level of significance was set at P < 0.05.

Results

http://mc.manuscriptcentral.com/nfs
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All blood glucose levels, sleep duration and SVV alignment error data passed the normality test.
The sample sizes, means and standard deviations for the 2 way factorial-design are presented in
Tablel. The effects of fasting status and time-of-day on verticality perception spatial errors,

glucose level, and sleep duration can be seen in the interaction plots in Figure 2.
Spatial Errors

There were no significant effects of fasting status on SVV error or Mean'® error. Similarly, the
main effect of time-of-day was not significant for SVV error or Mean'® error. The interaction of

both factors was not significant for SVV error nor for or Mean'® error.

Blood Glucose Levels

Blood glucose level ranged between 62 and 117 mg/dl in the non-fasting group and between 61
and 103 mg/dl in the fasting group. The main effect of fasting status on glucose level yielded a
significant (P = 0.03) difference in glucose levels between non-fasting, fasting Week 1 and fasting
Week 3 of Ramadan groups. Pairwise comparisons for the main effect of glucose level corrected
using a Bonferroni adjustment indicated that the mean glucose level in the non-fasting group was
significantly higher than Week 3 fasting group (P = 0.03). However, Week 1 fasting did not
significantly differ from Week3 and non-fasting status. Simple main effect analysis showed that
only for Afternoon sessions, the mean glucose level at Week3 was significantly lower than in the

non-fasting state (P < 0.001).

There was a significant (P = 0.007) main effect of time-of-day on blood glucose level. Post hoc
analysis revealed differences between the two sessions within the Week 1 (P = 0.005) and Week 3
(P = 0.009) of Ramadan, but not within the non-fasting sessions. However, the interaction of

fasting status and TOD was not significant.

Sleep Duration

In the fasting participants, sleep duration the night prior to the test ranged from no sleep (0 hours)
to 8 hours. The range was 2 to 12 hours for the non-fasting group. Most participants however

explained that these sleep durations were not consistent every night. Fasting status had no

7
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significant main effect on sleep duration, while time-of-day for testing did (P = 0.004).
Participants who were tested in the afternoon reported longer hours of nocturnal sleep, however
post-hoc analysis showed that the difference was significant only for the fasting participants (Week
I: P = 0.04; Week 3: P = 0.03). The interaction of fasting status and time-of-day was not
significant for sleep duration.

Discussion

The present study investigated the effect of Ramadan intermittent fasting on a cognitive task of
spatial perception, namely verticality perception in healthy young adults by using a computerized
version the Rod and Frame test. In both fasting and non-fasting groups, verticality perception
assessment was performed at either of two times of day, in the morning or late afternoon. To be
able to detect possible differences between the morning and late afternoon when comparing fasting
with non-fasting participants, the present study kept a common time of testing for absolute

comparison purposes.

The current study showed no impact of Ramadan fasting on verticality perception in healthy young
adults. There were no significant differences in rod alignment errors in any visual condition
according to fasting status, indicating that non-fasting and fasting individuals at early Ramadan
and later in Ramadan had comparable verticality perception. Our results of a lack of time-of-day
effect for testing in non-fasting participants indicate that verticality perception was not governed
by natural circadian rhythms and are contrary to Zouabi’s (2016) findings. We also did not find
any differences in verticality perception between morning and afternoon sessions in fasting
participants at both points of Ramadan. This may indicate that the change in circadian rhythms
during Ramadan fasting did not affect the robustness of verticality perception to time-and-day
effects. The current results are not in accord with other studies on the effect of religious fasts on
spatial abilities. According to Doniger et al. (2006), a 12-16 hour Jewish religious fast adversely
affects spatial perception in the afternoon. Another study on the effect of Ramadan fasting on
spatial skills in preteens and teenage boys showed improvement of spatial planning abilities in
these children (Farooq et al., 2015). However that study was deficient in that it only evaluated the

children’s spatial planning ability in the morning, excluding testing near the end of the day.
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Our results of a significant time-of-day effect on blood glucose, with a significant reduction in the
afternoon concur with recent Ramadan fasting study in which glucose level dropped slightly with
longer than 12 hour Ramadan fast and was maintained at 60 — 70 mg/dl (Bonakdaran, 2016). In the
current study, even though there was a significant time-of-day effect on blood glucose levels in
fasting participants at both 1 week and 3 weeks of Ramadan, fasting showed no effect on
verticality perception, not even in the afternoon when glucose levels were lower. It is intuitive to
think that brain areas involved in SVV processing could suffer from low glucose levels,
considering that there is increased neural activity during SVV judgment and alignment tasks in
brain areas representing the neural basis of spatial reference frames (Lopez et al., 2005). Such
increased neural activity is normally accompanied by increased energy expenditure, so glucose
limitation may adversely affect such a spatial task. However this may not be the case as profound
cognitive disturbances usually occur at blood glucose levels of 50 mg/dl (William & Hemmen,
2011), less than the levels reached in the current study. Therefore the preserved verticality
perception in the fasting condition may be partly related to tight endogenous regulation of blood
glucose levels through counter-regulatory hormones such as glucagon and epinephrine secreted in
response to a fall in blood glucose and mobilization of glycogen resources and compensatory

gluconeogenesis mechanisms (Azizi, 2010; Sprague & Arbelaez, 2011; Bonakdaran, 2016)

It is established that some cognitive functions such as psychomotor and cognitive speed, vigilance
and executive attention, working memory, and cognitive abilities can be affected by sleep loss
(Durmer & Dinges, 2005). However, there have been conflicting reports regarding the influence of
sleep alteration during Ramadan on cognitive function. Several studies assessing the sleep patterns
of Medical students and teenage boys during Ramadan fasting reported delayed bedtime, a
significant reduction in nocturnal sleep and alterations in the basic structural organization of
normal sleep (rapid eye movement (REM) sleep and non-REM (NREM) sleep stages), (Margolis
& Reed, 2004; Farooq et al, 2015). These findings also showed that sleep loss might be responsible
for excessive fatigue and reduced alertness in the daytime. On the other hand, others reported no

effect of Ramadan fasting on daytime sleepiness, the arousal index, drowsiness or vigilance,
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despite of the impacted sleep architecture/schedule during Ramadan, suggesting no potential major

effect of these variables on cognitive function (Bahammam et al., 2013a,; 2013b; 2014).

In the current study, we found no significant difference in nocturnal sleep duration between non-
fasting, and Weekl or Week 3 groups. However, fasting groups tested in the morning generally
obtained two less hours of sleep than the fasting participants tested in the afternoon. This may be
due to two reasons: first participants scheduled to attend the morning testing sessions had to wake
up earlier than those for the afternoon sessions, and more importantly, bedtime is delayed during
Ramadan. Despite of the fewer sleeping hours, there were no significant differences in any
verticality perception measures. These findings suggest that sleep restriction is not a confounding
factor associated to Ramadan fasting in this study. Additionally, the non-chronic sleep restriction
for our participants who slept for shorter hours the night before testing, and the individual
difference in the degree of cognitive vulnerability to sleep loss (Durmer & Dinges, 2005) may

explain the robustness of verticality perception to sleep loss in our fasting participants.

In reference to daily functional correlates, our findings are important and may indicate that the
negative effect of Ramadan fasting on activities that are critically dependent on verticality
perception and spatial orientation may not be due to verticality misperception. An example is the
reduction of static and dynamic postural control during Ramadan fasting in athletes (Souissi et al.,
2012 & 2014). This may also be applicable to the reported negative effects of Ramadan fasting on
vehicle driving, which critically depends on spatial orientation (Kemeny & Panerai, 2003;
Nakashima et al., 2015). Accordingly, the increase in the number of traffic accidents during
Ramadan compared to other months of the year (Kalafat et al., 2015), and increased incidence near
Iftar time (Mehmood et al., 2015; Tahir et al., 2013) may be attributed to factors other than spatial

disorientation.

Limitations and conclusions

10
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We did not use a within- subjects design where each participant could have been tested when not
fasting and at the different points of Ramadan fasting. It may have been preferable to include serial
Rod and Frame testing sessions in the same participants, however, this was not carried out due to
the vulnerability of the RFT to learning and practice effects, as alignment errors can be
significantly decreased by only one retest (Noriaki, 1965). Then again, the computerized RFT has
been used in many studies and shown to be sensitive enough to detect differences between control
groups and other groups with different conditions, such as chronic neck pain (Docherty et al,
2012), diabetes mellitus (Abdul Razzak et al, 2015), or even between genders (Abdul Razzak et al,
2014). So the failure to detect any fasting effects is most likely due to its nonexistence, rather than

the test’s failure to detect them.

The present study conducted on non-fasting and Ramadan fasting young adults showed robustness
of verticality perception to fasting status and point of fasting during Ramadan. Verticality
perception was also unaffected by time-of-day effects in non-fasting and fasting groups at two
different points of Ramadan. This study adds proof to other studies reporting heterogeneous effects

of Ramadan fasting on cognitive function.

The Authors declare that there is no conflict of interest.
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b) No Frame ¢) Frame 18 d) Frame 18

Figurel. a) Set up of the Computerized Rod and Frame Test (CRFT) showing the concealment of the
vertical edges of the laptop to obscure any cues of verticality from the subject. Presentations of rod and
frame during testing: there were 4 trials for each presentation. SVV was assessed in: b) the absence of any
frame surrounding the rod-as-points, and when there is a distracting frame tilted by 18 degrees in the
clockwise and counter-clockwise direction respectively ¢) Frame™™® and d) Frame™®’. The order of
presentation was randomly assigned by the computer.
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Tablel.

Descriptive statistics of blood glucose levels, sleep duration, SVV and Mean'®” alignment errors

. Sleep
Fasting Status Tllr)n; of Glu(cri)lse/e (1];; vel SVV (°) Mean'®’ Duration N
y g (Hours)
Non-fasting 87.6+13.4 0.86 +0.44 1.34 £ 0.64 6.16 £ 241 19
Weekl Fasting ~ Morning 88.8+10.1 0.64 +0.29 1.26 £0.53 432+237 11
Week3 Fasting 84.9+122 0.84 £0.52 1.41+0.55 425+231 8
p 0.88 0.35 0.86 0.07
Non-fasting 86.1+ 154 0.78 £0.46 1.28 £0.53 6.75+1.46 20
Weekl Fasting  Afternoon 76.3 £7.8 0.51 +£0.29 0.97 +0.37 6.25+1.40 10
Week3 Fasting 70.9+3.9 0.50 +£0.28 1.16 £0.61 6.50 £ 1.65 10
0.005 0.99 0.30 0.68

The glucose level was measured in all participants just before the beginning of the verticality perception
test. SVV refers to Subjective Visual Vertical which assesses the ability to perceive verticality and is an
indicator of spatial orientation without any vertical reference.

Mean'® assesses verticality perception with distracting (tilted by 18°) visual cues and is a measure of
visual dependence. It refers to the mean tilted frame score formed by calculating the mean of the absolute
errors produced for the tilted frame™®" and tilted frame™*".

Sleep duration refers to hours of nocturnal sleep the participants had the night before the test. Weekl and
Week 3 fasting status refer to testing carried out at the end of the first and third week of Ramadan fasting
respectively.

Testing in the morning sessions was between 9:00 and 10:00 am, and that for afternoon sessions was
between 4:00 and 5:00 pm. Values are Mean + SD. N is the number of participants in each group. P-value
is for comparison according to fasting status.
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Figure 2. Interaction plot of estimated marginal means of: a) glucose concentration b) Sleep duration c)
SVV(°) and d) Mean'*alignment errors (°), calculated for time-of-day at each level of fasting status.
Estimated marginal means is an indication of the mean response for each factor, adjusted for any other
variables in the model.

The graphs show that there are no significant interactions between fasting status and time-of-day for any
measured factor, since However, the main effect of fasting status was significant only for glucose level
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(F (2, 72) =3.81, P =0.03), but the main effect of time-of-day was significant for both glucose level (F (1, 72)
=7.60, P = 0.007) and sleep duration (F (1, 72) = 8.85, P = 0.004) only in the fasting participants. As for
the vertical alignment errors, SVV and Mean'®’, the main effects of both fating status and time-of-day were
not significant.
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