Evaluation of the effect of islamic fasting on lung volumes
and capacities in the healthy persons
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ABSTRACT

Objectives: To evaluate the changes in pulmonary volumes
during and after Islamic fasting.

Methods: It is a cohort study conducted on 117 healthy
subjects selected on a random basis from employees, professors
and students of Iran University of Medical Sciences, Tehran,
Iran, between December 1999 and January 2000. All of them
underwent spirometry 10 days prior to Ramadan, 2 times
during Ramadan, and one time 10 days post-Ramadan. In
first visit, in addition to spirometry they underwent medical
examination to make sure they are healthy. All of their
spirometries and background information were collected.
Repeated measurements analysis of varience method was used
to compare the measurements.

Results: Approximately 69% of subjects were male and the
mean age was 23.9 years. Mean fasting time was 27.8 days.
The mean difference in forced expiratory volume in 1 second
(FEV1%) was significant between the 4 visits (p=0.01). The
mean FEV1% increased both during fastingand after Ramadan
(p=0.017). The mean vital capacity and peak expiratory flow
rate values increased during Ramadan significantly (p=0.043,
£<0.001). Although the mean maximum mid-expiratory flow
decreased in the beginning of Ramadan and significantly
increased subsequently (p=0.02), MEF50% (p=0.004) and
MEF75% (p=0.047) increased in the beginning of Ramadan

and decreased subsequently.

Conclusion: As a whole, fasting increases lung volumes and
might improve pulmonary function. This finding seems to be
relevant to the changes in weight during Ramadan.
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Rimadan fasting is one of the most important
eligious duties in Islam. During this month,
Moslems avoid eating and drinking from sunrise
up to sunset. There are many Islamic discourses
and narratives in psychosomatic effects of fasting,
whichduringpast2decadeshavecaughttheinterest
of researchers in different ways. Refrainment from
eating and drinking could be stressful or at least
different from usual daily routine, which makes
physiologic and functional changes in the organs.
If these changes are desirable, fasting could be
used to improve organ function and applied as
a tool in the treatment or control of diseases.
Many studies have been conducted to study
fasting relationship with many diseases such as
diabetes, thyroid disorders,'? Gilbert syndrome,*
peptic ulcer,” and evaluate the effect of fasting on
weight or serum uric acid level® and pregnancy.”
Despite the fact that people fasting generally
experience significant improvement in their
respiratory function, but only few people observe
closely in this study. Few researches performed on
animal models to evaluate the effect of long time
starvation on pulmonary function and it shows
emphysematous changes in animals. The possible
mechanism could be decreased in surfactant level.
Therefore, the purpose of this study is to evaluate
the changes of lung volumes and capacities,
according to conventional spirometry, in normal
subjects fasting in Ramadan.

Methods. This cohort study was performed
between December 1999 and January 2000
(Ramadan 1420 hijra) in Medical Faculty,
University of Medical Sciences, Tehran, Iran, on
students, professors and employees of faculty (as
healthy persons). Sampling was carried out by
a simple randomization method. All included
subjects were healthy non-smoker according to
their history and physical examination, with ideal
condition for fasting, and were able to carry out
their cooperation in whole period of study. We
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excluded the following cases: smoker (7.9%), asthmatic
(2.1%), chronic bronchitis (1.4%), and developed
pneumonia (1.4%).

In the beginning of the study, a calendar was given
to the subjects containing visit dates. In female subjects,
the criteria for admission to the study were appropriate
health condition, and the lack of presence of menstrual
period bringing on religious prohibitions (Muslims are
not permitted fast during menstruation period). The
inclusion criteria included presence at all visits, not
being fast in the first and fourth visits and being fast at
least 3 days before the second and third visits.

The first visit was carried out 10 days prior
to Ramadan. At first visit in addition to the full
examination regarding respiratory tract, the subjects
were addressed with relevant questions and medically
examined so that the data on height, weight, gender,
age, smoking history, any record of possible pulmonary
disease, and presence of chest deformities such as
kyphoscoliosis were collected. The second, third and
fourth visits were carried out respectively at first half
of Ramadan, the second half of Ramadan, and 10
days after Ramadan. All spirometries were carried out
by 2 mobile Fukuda spirometers. In each visit, forced
expiratory volume in one second (FEV1), forced vital
capacity (FVC), peak expiratory flow rate (PEFR), vital
capacity (VC), proportion of FEV1 to VC (FEV1/VC),
maximum mid-expiratory flow (MMEF), MEF25%,
MEF50% and MEF75% were measured. According
to predicted values for their age, gender, height and
weight, the percentage of obtained values were recorded
and expressed as percentage of parameter. Subjects did
not have to fast for at least 3 days in first and last visit
and it was necessary to fast for at least 3 days in second
and third visits. Study subjects were reminded by phone
before the second, third and fourth sessions to make

Table 1 - Comparison of volumes and capacities in 4 different visits.

sure that they would attend the visit sessions. The time
of spirometry was from 12 mid-day up to 4 pm. The
sample size calculation came out to involve 118 healthy
individuals given alpha=0.05, power = 80%, and clinical
difference equal to 0.3 of standard deviation, using
comparing means formula, and with pre-assumption
of 20% loss. Firstly, 145 subjects were entered into the
study. At last, 117 subjects met the eligibility criteria
and completed all 4 visits.

Informed consent was obtained from each cases
included in the study. The study protocol conforms
to the ethical guidelines of the 1975 Declaration of
Helsinki. The safety procedures was explained to the
patients.

Statistical analysis. Quantitative variables were
described as mean (95% confidence interval) and
qualitative ones by relative frequency. We used paired
sample t-test and chi-square test to compare the means
and ratios. Pearson correlation coefficient was used to
evaluate correlation between quantitative parameters.
To compare the mean values of variables concerning
lung volumes in 4 different visits, repeated measures
analysis of variance method was used. Linear mixed
model analysis was used to determine the effect of
repeated covariates such as weight and fasting days. We
considered the probability values <0.05 as statistically
significant.

Results. Of the 117 cases, 77 (65.8%) were males
and 40 (34.2%) were females. The mean age was 27.9
years (ranged, 26.2-29.6 years). The mean weight value
before Remadan was 67.6 kg (range, 65.7-69.5 kg) and
after Ramadan 67.1 kg (range, 65.2-69 kg). There was a
significant difference (p<0.001) between pre- and post-
Ramadan mean weights. The mean height was 167.1

Volumes and capacities Before ramadan First half of ramadan Second half of ramadan After ramadan Sig.

FEV1 87.5 (84.4-90.6) 90.7 (87.7-93.6) 91.4 (88.6-94.2) 92 (88.9-95.1) 0.017
FvC 85.4 (82.2-88.6) 86.2 (82.8-89.5) 88.3 (85.2-91.3) 88.6 (85.4-91.8) NS

vC 85.8 (82.8-88.9) 84.5 (80.5-88.6) 88.7 (85.7-91.7) 88.7 (85.6-91.7) 0.043
FEV1/FVC 81.4 (78.6-84.2) 87 (84.6-89.4) 84.4 (82.3-86.5) 83.8 (81.8-85.7) 0.002
PEFR 71.1 (66.5-75.8) 83.4 (79.3-87.5) 88.8 (84.8-92.8) 89.4 (85.8-93.1) <0.001
MEF 93.1 (86.9-99.2) 101.3 (94.8-107.8) 98.3 (92.2-104.4) 95.2 (90-100.4) 0.047
MEF,, 88.8 (83.2-94.4) 96.4 (91.5-101.4) 94.6 (89.1-100.2) 94.7 (89.5-99.9) 0.004
MEF,, 89.3 (82-96.5) 100.3 (93.3-107.3) 102.1 (94.8-109.4) 125.9 (72.6-179.3) NS

MMEF 88.3 (83-93.7) 95.7 (90.7-100.6) 94.6 (89.2-100.1) 93.2 (88-98.4) 0.007

FEV1 - forced expiratory volume in one second, FVC - forced vital capacity. VC - vital capacity. PEFR - peak expiratory flow rate,

MEF,,,, - mid-expiratory flow during 25% of emitted volume, MEF,

40, - Mid-expiratory flow during 50% of emitted volume,

MEF__, - mid-expiratory flow during 75% of emitted volume, MMEF - maximum mid-expiratory flow, NS - not significant

75%
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Table 2 - Significant correlation between height, weight, and lung
volumes and number of fasting days.

Table 3 - Gender differences in participant sociodemographic and
spirometry findings.’

Parameters Fasting days

Significant Correlation

correlation coeflicient
Weight 1 0.001 0.365
Weight 2 0001 0.352
Weight 3 <0.001 0.399
Weight 4 <0.001 0.409
Height <0.001 0.398
MEE, 0.02 -0.249
MMEF 0.032 -0.231

*at the third visit (Second half of Ramadan),

MEF,, - mid-expiratory flow during 50% of emitted volume

cm (range, 164.9-169.2 cm). The mean fasting days
were 26.2 days (range, 25.1-27.3 days). There was a
significant difference between the mean of FEV1% and
VC% in 4 different visits (p=0.017, p=0.043), which
during fasting and after Ramadan showed increment.
There was no significant difference in mean FVC%
among visits. The mean FEV1/FVC% in different visits
showed significant difference as well (p=0.002). The
mean PEFR% increased during fasting especially after
Ramadan (p<0.001). There was a significant difference
in the mean MMEF% between different visits,
(p=0.007). Although the mean MMEF% decreased
in early Ramadan and increased thereafter; there was
no significant difference in the mean MEF25% in
4 different visits. The mean MEF50% also changed
significantly during the study period (p=0.004). The
mean MEF50% decreased in early Ramadan and
increased in the third and fourth visits. Similarly, the
mean MEF75%  differed significantly (p=0.047).
During Ramadan, the mean MEF75% increased but
after Ramadan period it decreased; however, it did
not reach its level of pre-Ramadan. Fasting days was
correlated with VC% at the first half of Ramadan
(r=0.240, p=0.025), with FEV1/FVC% at the first (r=-
0.225, p=0.036) and second (r=-0.270, p=0.011) half
of Ramadan, with height, MMEF and MEF50% at
the second half of Ramadan and with weight in 4 visits
significantly (Table 2). Weight loss had only a significant
effect on increase in MMEF (p=0.017), MEF50%
(p=0.011), and FEV1/FVC9% (p=0.002). The significant
effect of fasting days on different volumes and capacities
are summarized in Table 2. Considering the effect of
both weight and fasting days, these 2 factors came out to
have a significant effect on MMEF (p=0.04), MEF50%
(p=0.023), PEF (p=0.014), VC (p<0.001), FVC
(p=0.04), and FEV1 (p=0.037). Gender differences
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Parameters Men Women P-value
Weight 70.4 +1.17 62.2 + 1.36 <0.001
Height' 172.2 £ 0.95 157.2 + 1.68 <0.001
PEF' 75.2 £2.96 63.2+3.53 0.014
MMEF? 92.6 +3.39 80.2 +4.19 0.028
Weightt 69.9 £+ 1.19 61.6 + 1.35 <0.001
FEV1* 93.6 £ 1.76 85+2.53 0.006
FVC* 89.8 £ 2.11 79.2 +2.42 0.002
PEF* 88.7 + 2.64 73.2+2.77 <0.001
Weight® 69.5 £ 1.19 61.1 + 1.37 <0.001
FVCs 90.6 + 1.84 83.8+2.72 0.039
PEF® 92.9 +2.52 80.9 + 3.02 0.004
Weight™ 69.8 +1.2 61.8 +1.35 <0.001
FEV1/FVC” 82.3+1.23 86.6 + 1.46 0.035
PEF” 92.6 +2.39 83.4+2.65 0.017
Fasting days 27.1+0.7 23.9+0.7 0.01

*mean+SE, fat the first visit (before Ramadan), *at the second visit (first
half of Ramadan), Sat the third visit (second half of Ramadan), **at the
fourth visit (After Ramadan), FEV1 - forced expiratory volume in one
second, FVC - forced vital capacity. VC - vital capacity. PEFR - peak
expiratory flow rate, MEF - maximum mid-expiratory flow,
MMEF - maximum mid-expiratory flow, NS - not significant

in male and female socio-demograhic and spirometry
findings are summarized in Table 3.

Discussion. Our results show that fasting increases
the lung volumes and capacities in healthy persons.
Measurements showed an increasing trend in the
means of FEV1%, PEFR%, VC%, FEV1/FVC% and
MMEF% during fasting as compared to pre-Ramadan
values. Further, several animal models have been
designed for evaluation of long-time starvation effect
on respiratory tract function, but few human model
studies has been conducted. Siddiqui et al® studied
46 healthy non-smoker males to evaluate the effect of
fasting on lung function values. Their results indicated
that no significant change was seen in lung function
during Ramadan as compared to the pre-Ramadan
period. Forced vital capacity was decreased significantly
in the post-Ramadan period compared to Ramadan and
this period was associated with a significant increase in
body mass. In addition, they concluded in comparison
with the pre-Ramadan baseline values, that there was
no changes in spirometry during Ramadan fasting in
their subjects. In another study conducted by Wheatly
and Shelly’ on Malian Moslems, discontinuation of
bronchodilators in Ramadan resulted in exacerbation of
their disease. Subhan et al'® carried out a similar study
with lower sample size on women.'® They believe that
fasting has no effect on expiratory flow rates. Our study
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is one of the largest that focused on both males and
females; it is also a unique study considering the use of a
mix model analysis in determining the effect of weight,
as a covariate in each visit, on lung volumes. It has
been suggested that body weight affects the pulmonary
function values. Hakala et al'' showed that weight loss
reduces airway obstruction as well as PEFR variability
in obese patients with asthma. Another study revealed
similar result.'” To explain the mechanisms resulting
in changes in pulmonary volumes factor, which first
comes to the mind, is the changes in the body weight.
Nutritional intake and frequency of meals usually change
during fasting. Although the total food consumption
is limited during the month of Ramadan, more main
dishes are prepared athome and more desserts are usually
consumed. Furthermore, many individuals reduce their
physical activity during the month of Ramadan. As a
result, the total body metabolism is affected and lipid
metabolism and blood lipid levels change during this
month."” Yet, there are controversial data on the effect
of Ramadan on body weight. The study of Harkema
et al" on 38 healthy volunteers revealed that there is
no significant change in weight, body mass index and
abdominal fat distribution. However, in young and
female individuals there was a reduction in visceral fat
compartment. In our study, the mean weight of subjects
was significantly higher after Ramadan. In spite of this
event, all pulmonary volumes even VC increased while
fasting. Siddiqui et al® seem that loosing body weight
is not the major mechanism in explaining volume
changes.

In animal models, feeding with one third to one
fifth of daily food with enough water for 10 days, is
being considered as food deprivation.'*"” Change in
recoil elasticity of lung in these models happens due to
tissue damage and this results in a rise in compliance
capacity-the reason for volume increasing.''”** Other
explanations for these changes are decrease in elastin and
collagenous level due to loss of primary substrate."*"” In
addition, increase in function of destructive and anti-
proteolytic enzymes are mentioned as probable causes."
These changes lead to an increasing pulmonary
function, which cannot be improved by refeeding due
to irreversible nature of changes.”" There are different
explanations for the mechanisms of these changes in
various studies; such as increase in surface elasticity
force,"”'7% increase in DNA contents'® and depletion of
whole lung protein RNA contents'” and surfactant due to
decrease in phospholipids, mitochondrial disturbances
and loss of necessary substrates. These courses may be,
for a long time starvation, not for the short course.?'*
Other probable mechanisms to explain changes in lung
volumes during month of Ramadan includes decrease
in contact with food allergens, flattening of diaphragm
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due to stomach emptiness, decrease smoking, and
decrease gastroesophageal reflux. In addition, starvation
as a stress cause increase in catecholamine and this by
itself has bronchodilator role. These points should be
considered in further investigations. There are some
confounding factors affecting our results. In our study,
all subjects were aware of study goals. This might raise
concern for religious prejudice, which might inspire
subjects to carry more efforts in spirometry testing,
during Ramadan. Nevertheless, randomized selection
makes this factor less effective. In addition, spirometries
were carried out by 2 spirometers, which could bring
some errors and biases. Calibration of instruments
made the errors minimum. To counterbalance the
possible biases, we used the same spirometer for each
subject in different visits. In the pilot study, there was
no significant difference between the 2 spirometers
while measuring each person’s parameters.

We conclude that fasting does not aggravate
bronchospasm in healthy subjects. Moreover, it might
improve the pulmonary function values. According
to the result of this study and similar animal models,
we suggest to focus on histological changes and
biochemical alterations in future studies in order to find
the mechanisms process. In addition, it should be noted
that this study must be performed on healthy subjects.
In spite of the positive effect of fasting on lung volumes,
our results cannot generalized patients with pulmonary
disease. These result will be used in future studies to
evaluate the effect of fasting.

Acknowledgement. 7he authors wish to acknowledge the full
cooperation in the first step of the study of Dr. Farnoosh Davoodi, Dr.
Samira Aryasepehr, Dr. Zahra Khademi-Nejad, Dr. Sara Akbavan-
Fard, Dr. Seddigheh Rafiee, Dr. Leila Zahedi, Dr. Masoomeh Soheili
and Dr. Mahboobeh Saberifard. We would like ro thanks the employees,
students and professors of Iran University of Medical Sciences and
Health Services for their cooperation in all stages of this study. Our
special thanks also goes to Dr. Mahmood Abbas for Arabic translation
of the abstract.

References

1. Omar MA, Motala AA. Fasting in Ramadan and the diabetic
patient. Diabetes Care 1997; 20: 1925-1926.

2. Laajam MA. Ramadan fasting and NIDDM: effect on metabolic
control. Fast Art Med J 1990; 67: 732-736.

3. Sajid KM, Akhtar M. Ramadan fasting and thyroid hormane
profile. JAMA J Pack Med Assoc 1991; 41: 213-216.

4. Ashraf W, Van someren N. Gilbert’s syndrome and Romadan:
Exacerbation of unconjugated hyperbilirubinemia by religious
fasting. J Clin Gastroenterol 1994; 19: 122-124.

5. Donderici O, Temizhan A. Effect of Ramadan on peptic ulcer
complications. Scond ] Gastroenterol 1994; 29: 603-606.

6. Nomani Mz, Hallak MH. Effects of Ramadan fasting on plasma
uric Acid and body weight healthy men. J Am Diet Assoc 1990;
90: 1435-1436.

Saudi Med J 2007; Vol. 28 (11) 1669

WWW. smj.org.sa

10/20/07 12:45:10 PM



10.

11.

12.

13.

1670 Saudi Med J 2007; Vol. 28 (11)

Islamic fasting and lung volumes ... Moosavi et al

. Kiziltan G, Karabudak E, Tuncay G, Avsar E Tuncay B, Mungan

O, et al. Dietary intake and nutritional status of Turkish
pregnant women during Ramadan. Saudi Med J 2005; 26:
1782-1787.

. Siddiqui QA, Sabir S, Subhan MM. The effect of Ramadan

fasting on spirometry in healthy subjects. Respirology 2005; 10:
525-528.

. Wheatly RS, Shelly MP. Drug treatment during Ramadan.

Stopping bronchodilator treatment is dangerous. BMJ 1993;
307: 801-806.

Subhan MME, Siddiqui QA, Khan MN, Sabir S. Does Ramadan
fasting affect expiratory flow rates in healthy subjects? Saudi
Med ] 2006; 27: 1656-1660.

Hakala K, Stenius- Aarniala B, Sovijirvi A. Effects of weight loss
on peak flow variability, airway obstruction and lung volumes
in obese patients with asthma. Chest 2000; 118: 1315-1321.
Gudmundssun G, Cerveny M, Shasby DM. Spirometeric values
in obese individuals. Am J Resp Crit Care Med 1997; 156:
998-999.

Yucel A, Degirmenci B, Acar M, Albayrak R, Haktanir A. The
effect of fasting month of Ramadan on the abdominal fat
distribution: assemssment by computed tomography. Tohoku J

Exp Med 2004; 204: 179-187.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Harkema JR, Mauderly JL, Gregory RE, Pickrell JA. A
comparison of starvation and elastase models of emphysema in
the rat. Am Rev Respir Dis 1984; 129: 584-591.

Sahebjami H, Vassallo CL. Effects of starvation and refeeding
on lung mechanics and morphometry. Am Rev Respir Dis 1979;
119: 442-451.

Sahebjami H, Wirman JA. Emphysema-like changes in the
lungs of starved rats. Am Rev Respir Dis 1981; 124: 619-24.
Sahebjami H, McGee J. Effects of starvation on lung mechanics
and biochemistry in young and old rats. J Appl Physiol 1985;
58:778-784.

Sahebjami H, McGee ]. Effects of starvation and refeeding
on lung biochemistry in rats. Am Rev Respir Dis 1982; 126:
483-487.

Kerr JS, Riley DJ, Lanza-Jacoby S. Nutritional emphysema in
the rat. Am Rev Respir Dis 1985; 131: 644-650.

Sahebjami H, Vassalo CL, Wirman JA. Lung mechanics &
ultrastructure in prolonged starvation. Am Rev Respir Dis 1978;
117:77-83.

Fariday EE. Effect of food and water deprivation on surface
activity of lungs of rats. J Appl Physiol 1970; 29: 493.

Weiss HS, Jurus E. Starvation on compliance and surfactant of
rat lung. Respir Physiol 1971;12: 123.

Corrections, retractions and “Expressions of Concern”

Excerpts from the Uniform Requirements for Manuscripts Submitted to Biomedical Journals
updated November 2003. Available from www.icmje.org

The corrections should appear on a numbered page, be listed in the contents page, include the
complete original citation and link to the original article and vice versa if online.

The retraction and expression of concern, appear on a numbered page in a prominent section of the
print journal as well as in the online version, be listed in the contents page, and include in its heading
the title of the original article. The text of the retraction should explain why the article is being
retracted and include a full original citation reference to it.

Editors may ask the author’s institution to assure them of the validity of earlier work published in
their journals or to retract it. If this is not done editors may choose to publish an announcement
expressing concern that the validity of previously published work is uncertain.

WWW.Smj.org.sa

06Evaluation20070254.indd 1670

10/20/07 12:45:11 PM



