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ABSTRACT

Serum levels of glucose, bilirubin, calcium, phosphorus, protein and
albumin were measured in a group of nine healthy men before, and on the
first, 10th, 20th and 29th day of Ramadan, and four weeks after Islamic
fasting was terminated. There was a significant reduction in body weight,
a significant increase in serum bilirubin and a slight decrease in calcium
during Ramadan. Serum glucose decreased on the first and 10th days of
Ramadan, but increased thereafter and reached pre-Ramadan values on
the 29th day. The lowest serum glucose recorded was 63 mg/dl. All
changes returned to basal values four weeks after Ramadan. There was no
significant change in the levels of serum phosphorus, protein or albumin.
Physicians caring for Muslims during this month should be aware of these
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changes.

INTRODUCTION

Fasting during Ramadan is a religious duty for all
adult and healthy Muslims. Ramadan is the ninth
month of the Islamic lunar calendar. Since the lunar
year contains 354 days, Ramadan begins 11 or occa-
sionally 12 days earlier eachsolar yearandissituated in
all of the four seasons, changing seasons every eight to
nine years. During Ramadan the majority of Muslims
havetwomainmeals, oneimmediately aftersunsetand
theotherjust before dawn. Theyareallowed to eat and
drink between sunset and dawn but they do not con-
sume any food or drink after dawn.'

Although millions of muslims fast in Ramadan,
physiological changes occurring during Islamic fasting
(dawn to sunset) have only recently received
attention.” As we were unable to find any data regard-
ing changesin serum glucose, bilirubin, calcium, phos-
phorus, protein and albumin during Ramadan, the
present study was undertaken to evaluate the effect of
Islamic fasting on these serum constituents.

MATERIALS AND METHODS

Nine healthy male volunteers, ages 23 to 54 years
(meanage35), were selected and studied in Ramadan,
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1403 (June 13toJuly11,1983) atthe Taleghani Medical
Center in Tehran. They fasted each day from dawn to
sunset for 29 days. The length of each day of fasting was
approximately 17 hours (3 a. m. to 8 p. m.). The
subjects of the study had two main meals, one after
sunset (Iftar) and the other just before dawn (Sahur or
Sahar), and they were allowed to eat and drink in the
interim. Like the majority of Muslims in Iran, their
Sahar meal was an ordinary meal consisting of meat,
vegetables, and rice or bread, and their Iftar meal was
variable, but was usually composed of the same subst-
ances as Sahar. There is however a tendency to con-
sume more sweetfood and drinks, particularlydates, at
and following Iftar.

Blood samples were taken immediately after sunset
for one week before Ramadan and on the first, 10th,
20thand 29th day of Ramadan, and four weeks after the
month of fasting was terminated. Pre-Ramadan sam-
plesweretakenafteraneighthourfast, from 12noonto
8 p. m. The following blood tests were performed by
routine laboratory methods: hematocrit, white blood
count, urinalysis, and serum concentrations of glucose,
bilirubin, calcium, phosphorus, protein and albumin.
Theresultswereevaluatedwith Student’stand paired t
tests.
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RESULTS

Bodyweightdecreasedineach subject during Rama-
dan. The mean = SD body weight was 65.4 = 9.1 kg
before Ramadan, and decreased to 63.3 +£9.2,62.9
8.9 and 61.6 £ 9.0 kg on the 10th. 20th and 29th day of
Ramadan respectively. Four weeks after Ramadan,
body weight had incrcased to pre-Ramadan values
(64.8 = 8.5 kg). On the days of the blood tests, the
subjects had no complaints and review of systems was
normal. Results of hematocrit and white blood cell
counts were normal throughout Ramadan. Urinalysis
was normal except for occasional trace ketonuria.

There were no significant changes in serum concen-
trations of protein, albumin and phosphorus through-
out Ramadan. There occurred a slight decrease in
serum calcium, a moderate fall in serum glucose and
moderate increase in serum bilirubin levels. Four
weeks after Ramadan, concentrations of all afore-
mentioned serum constituents were almost equal to
those of basal levels.

Serum Calcium Levels

By the 10th day of Ramadan, there was a slight but
significant decrease in serum calcium concentration,
such that the basal mean = SD of 9.6 + (.5 dropped to
8.7 = 0.6 mg/dl (p 0.05). In five of the nine subjects,
there was a decrease of more than 0.5 mg/dl in the
serum calcium level. On the 20th and 29th days of
Ramadan, mean serum calcium levels were 9.3 £ 0.6
and 9.1 = 0.3 mg/dl (NS when compared to basal
values). Compared to values taken onday 10, there was
a significant increase in serum calcium on the 20th (p
0.025) and 29th (p 0.025) days.

Table 1. Serum glucose levels (mg/dl) before and
during Ramadan.

. D f
Subject Basal ays of Ramadan

10 20 29
1 85 75 75 74 78
2 88 78 70 79 87
3 78 72 70 76 85
4 74 70 65 76 80
S 85 89 65 76 87
6 79 63 65 71 78
7 85 78 75 71 93
8 82 83 65 79 80
9 82 69 70 79 87
Mean 82 75 69 76 84
SD 4.4 7.9 4.2 3.2 Si2
P values
(Paired t test):
Basal v. <0.025 <0.001 <0.01 NS
Day 29. «0.01  «.001 <0.005
Day 20v. NS 0.01
Day 1v. NS
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Serum Glucose Levels

After the 17-hour fast of the first day of Ramadan,
serum glucose was significantly lower than the basal
value. By day 10, it had further decreased and reached
its lowest value. There was a significant increase in
serum glucose on the 20th day as compared to the 10th
day. By day 29, serum glucose had reached pre-
Ramadan levels and remained unchanged four weeks
after termination of the fasting month. The lowest
serum glucose recorded during the study was 63 mg/dl,
seen in subject No. 6 after 17 hours fasting on the first
day. (Table 1).

Serum Bilirubin Levels

After 17 hours of fasting on the first day, serum
bilirubinincreasedin every subject. The mean concen-
tration of serum bilirubin on the first and 10th days was
2.5 times the basal value. By the 20th and 29th days of
Ramadan, serum bilirubin had fallen significantly as
compared to the value on the 10th day;however, it was
still twice basal level. Four weeks after Ramadan,
serum bilirubin decreased in all subjects, but in sub-
jectsnos. 5, 7, and 8, stillremained above 0.97 mg/dl.
These subjects had the highest basal level before and
the largestincrease isserumbilirubinduringRamadan.
(Table 2).

DISCUSSION

One entire month of fasting every year is particular
to Islam and is observed strictly by millions of Muslims.
Children, menstruating women, and persons who are
ill or travelling are exempted, and pregnant and lactat-
ingwomen are allowed to postpone fastinguntilsuch a

Table 2. serum bilirubin levels (mg/dl) before, during
and after Ramadan.

Days of Ramadan
Subject Basal After*
10 20 29
1 43 1.43 1.30 .90 .90 .42
2 .40 .90 1.70 .60 .62 128
3 .40 1.00 32 .58 .67 .49
4 .50 1.00 2.15 1.37% .60 23
o5r 183 2.10 1.10 1.17. 1.47 1.30
6 .43 1.50 75 1.10 98 .42
7" a7 2.30 1.50 1.60 1.50 .98
8§ .70 1.70 1.75 1.60 1.50 1.10
9 .58 .95 2.10 1.16 1.42 .58
Mean 56 1.43 1.42 1.14 1.08 .66
SDh .17 52 .60 .39 .40 37
P Values (Paired t test):
Basal v. <0.001 <0.005 <0.001 <0.001 NS
Day29v. <0.025 NS NS <0.001
Day20v. NS NS

Day 10 v. NS

*Four weeks after Ramadan
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time as they have no reason for exemption. The
experience of Islamic fasting teaches Muslims self-
restraint and  self-discipline and enables them to
appreciate the hunger of the impoverished.

Islamic tasting is distinct from regular voluntary
experimental tasting by the fact that it is intermittent
tasting from dawn to sunsct everv day for one month.
and complete abstinence from both food and drink
duringtasting hoursis obscerved. Therefore. itprovides
a unique model of fasting where physiological changes
and homeostatic response require special and careful
studies.

Inthepresentstudy. slightdecrcaseinserum calcium
level occurred by the 10th day and serum phosphorus
levels didnot change signiticantly during Ramadan. In
studies of prolonged continuous fasting, scrum phos-
phorus is normal.” serum calcium may be normal®’ or
deceased.” and there occur a significant increase in
urinary excretion of both calcium and phosphorus.™
However. thereisadeclinerather thanarise in calcium
excretion on the first day of the fasting.*™ The cause of
the slightdecreascinserumcalcium during Ramadanis
not clear and requires studies of urinary excretion of
calcium. and measurement of serum parathormone
and vitamin D metabolites.

In the present study. intermittent 17-hour-a-day
abstinence from food and drinks resulted in significant
decline of serum glucose levels on the firstand 10th day
of Ramadan. In continuous starvation, serum glucose
levels after one day of fasting may be normal” or
slightly decreased." After three to five days of con-
tinuous fasting. serum glucose declines to a
minimum™"" and after seven days begins to rise
slightly" or significantly'- and may reach values higher
than bascline by the third week."

Elegant studies by Cahill and Felig and their co-
workers summarized in two review articles™" have
established the homeostatic response to continuous
starvation. The liver begins glycogenolysis four to five
hours after a meal. and perhaps longer if it was a very
large meal. This process mav maintain blood glucose
for 12 to 16 hours, along with gluconcogenesis which
accounts for 25% of glucose released in the
circulation.”  With  continuous  fasting.  glu-
concogenesis becomes the most important pathway of
producing glucose for two toten days, and mobilization
of fat stores plays a major role after this time. In the
metabolic responses to fasting, insulin and glucagon
play major roles. However. changes in scrum concen-
trations of growth hormone. cortisol, thyroid hor-
monesand catecholamines may have permissive roles.
Of these, only the hypothalamic-pituitary-thyroid axis
and peripheral metabolism of thyroid hormones were
¢valuated by us during Ramadan' and no significant
changes were found.

With consideration to the fact that in the present
study, subjects had a large meal just before dawn and
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went to sleep thereafter. it is safe to assume that
glycogen stores in the liver, along with some degree of
gluconeogenesis. were the main factors in maintaining
blood glucose until sunset. Itisnotclearif consumption
of two meals within an interval of seven hours could
restore glycogen stores completely. @finterest was the
increase inserum glucose on the 20th dav of Ramadan.
similar to changes observed previously during con-
tinuous fasting for four weeks.” It has been shown
during continuous fasting that decline in serum glucose
ismore markedin women thaninmen." Therefore. the
present results can not be applied to women during
Ramadan.

In regard to increase in serum bilirubin during
Ramadan, it is now well documented that continuous
fasting in normal subjects results in a rise in the
unconjugated fraction of serum bilirubin." The rise
becomes significant after 15 hours of fasting. Refeed-
ing with carbohydrates or a mixed diet. but not by
amino acids or fat.reverses fasting
hyperbilirubinemia." Itis of interest that the degree of
hyperbilirubinemia was significantly less on days 20
and 29 when compared with day 10 of Ramadan. The
fall in serum bilirubin coincided with a rise in serum
glucose levels during the latter days of Ramadan,
suggesting carbohydrate dependency of amelioration
of fasting hyperbilirubinemia.

We conclude that changes in serum concentrations
of glucose, bilirubin and calcuim occur during Rama-
dan in men, and physicians working in Muslim coun-
tries and those caring for Muslims in other regions
should be aware of these physiological alterations.
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