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ABSTRACT

Background: So far, there have been a few and incoherent results about the effects of physical activities. Fasting in Ramadan has an effect on
the level of osmolarity and the concentration of serum electrolytes both in active and inactive females.

Objectives: The aim of this study was to observe the changes of serum electrolytes and osmolarity levels according to regular exercise during
fasting.

Patients and Methods: Twenty two healthy females who were elected by convenience sampling method were divided into two groups: 1)
fasting + exercise (FE; n =11) and 2) fasting + non exercise (FNE; n =15). The FE group participated in aerobic training for four sessions per week
during the fasting. All measurements were done once before the first day, on the second week, on the fourth week and two weeks after fasting
month and these measures were used to analyze test results.

Results: The mean differences were as follows: significant weight loss, BMI, WHR, in two groups at the end of Ramadan (P < 0.05). The mean
of weight, BMI, WHR, body fat, protein, mineral and total water showed no difference between groups (P > 0.05). Potassium, creatinine,
urea and uric acid had been decreased significantly in both groups (P < 0.05). Variance between groups was significant only in variable urea
(P<0.05). Variations within group had been changed in FBS; sodium, phosphorus and osmolarity levels were not changed significantly.
Conclusions: According to this result, regular exercise in case of fasting in Ramadan led to some changes in serum osmolarity index,
electrolytes and water. Therefore, it is important for female athletes to consider applying a suitable nutritious diet and sufficient water

consumption during Ramadan
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1. Background

Ramadan is the most appreciated lunar month among
Muslims which restricts eating, drinking, and smoking
(1). There are some changes in eating habits, receiving
energy, sleeping and daily physical activities due to the
properties of this monthwhich may also lead to physi-
ological changes and hematological and biochemical
changes of blood (2, 3). Research indicated that fasting in
Ramadan can cause changes in body components, serum
electrolyte intensity, and osmolarity (4). Likewise, Salehi
et al. (5) noticed a significantdecrease in body weight,
body mass index, glucose, and serum cholesterol after a
complete period of fasting in Ramadan, while, Saada et al.
(6) proved that there is not a significant change in body
mass index between fasters and non-fasters in Ramadan
while glucose, HDL-C, urea, creatinine, and protein in-
creased significantly, and hemoglobin and total choles-
terol levels decreased within three weeks. There are vari-
ous results about the effects of fasting on electrolyte and
osmolarity. Indral et al. (7) found a significant reduction
in serum urea, triglycerides, total cholesterol, and LDL-
C amounts in 19 blood samples of fasting men during
the first to 23rd day of Ramadan. Azwany et al. (8) exam-
ined the effects of one month of fasting on 43 Muslims.
They reported a significant increase in urinary osmolar-
ity after four weeks of fasting regarding the fact that the
amount of water absorption was natural. After 4 weeks,
there was no significant change in blood urea. This hap-
pened while Nomani et al. (9), had reported a significant
increase in blood urea level by the end of Ramadan. In a
long study, Azizi (10) stated that during long-term hunger
pangs, uric acid of serum increases abnormally, which is
thought to be caused by Glomeruli filtration (GRF) and
uric acid release. However, In Islam the uric acid level in-
creases slightly which is caused by short-term, long-term,
and variable fasting. Moreover, Azizi (11) mentioned that
fasting in Ramadan does not bring about a considerable
change in sodium and potassium serums, After studying
the effects of fasting on potassium change in 10 young
and healthy men between 18 to 25. Morilla et al. (12) con-
cluded that potassium is reduced mainly in the morn-
ings and its amount increases in the afternoons; in addi-
tion, its discharge rate only increases within the fourth
week. Azizi (10) reported that long-term fasting will cause
an abnormal increase in uric acid amounts, stability in
osmolarity of urinary volume, Ph, nitrogen, discharged
electrolytes, and sodium. However, the evidence suggests
that doing physical activities, during Ramadan, will facil-
itate body metabolism, and will also prevent fat accumu-
lation in body; on the other hand, it has also been report-
ed that fasting athletes face fewer digestive and blood
sugar problems (13); but there are few studies about the ef-
fects of Ramadan Fasting along with regular exercises on
the level of serum osmolarity and electrolytes concentra-
tion. Ronald et al. (14) pointed out that fasting along with
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physical activity will lead to more energy consumption,
perspiration, and dehydration which can cause mild or
strong malnutrition and liquid and electrolyte imbal-
ance in the body. The controversial results about the ef-
fects of fasting on serum osmolarity level, parameters
of electrolytes, body composition in conducted studies
along with the lack of sufficient evidence in examining
the effects of physical activities in the holy month of Ra-
madan and the increase in fasting time in the hot season
of summer have validated the examination of fasting
with or without regular physical activities.

2. Objectives

The aim of the present study was to investigate the
changes in body composition, serum osmolarity levels
and some parameters of electrolytes responses to mod-
erately aerobic physical performance during Ramadan
fasting.

3. Patients and Methods

3.1. Subjects

Twenty six healthy overweight women aged 20-45 years
old (body mass index above 25 kg/m2), who were employ-
ees of the Ferdowsi University of Mashhad, volunteered
to participate in this study. During the first stage, all vol-
unteers were asked to complete a medical test as well as
a medical questionnaire to make certain that they were
not taking any regular medications, were free from car-
diac, renal, metabolic diseases, and respiratory (15). Also,
all volunteers were completely familiar with all of the ex-
perimental procedures and exercise protocol. The ethical
comitte of Mashhad University of Medical Sciences has
approved the studey. They were also made clear about
their right to withdraw anytime from the study if they
wished so. The volunteers were classified randomly into
two experimental groups: 1) Fasting + Exercise (FE; n =15)
and 2) Fasting + non-exercise (FNE; n = 11). The following
equation was used to determine sample size:

3.2. Study Design

This research was semi-experimental with two experi-
mental groups. The study was conducted in Mashhad
in 2012 when Ramadan fasting occurred between July 21
and August 18 (Hijri year 1433). The weather at the time
of training was warm: ambient temperature was ap-
proximately 30-40°C with a relative humidity of 25-30%.
Experiments were performed in four separate sessions: 1)
first week before Ramadan (Pre-R) which represented the
baseline session; 2) during the second week of Ramadan
(Med-R); 3) during the fourth week of Ramadan (End-R);
4) two weeks after the end of Ramadan month (After-R).
All tests were performed at 14.00-15.00 in the same order.
All subjects had almost the same life style, sleep habits
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and food intake schedule.

3.3. Anthropometric Measurements

The body mass index (BMI) was measured by height
and weight values as follows: weight (kg)/height (m?)
and waist-to-hip ratio (WHR). The body composition was
determined by bioelectric impedance using In Body-720
(Biospace, Dogok-dong, South Korea) to study the fat mass
(FM), muscle mass (MM) and total body water (TBW). The
analysis performed each time under standardized con-
ditions; 4 hour fasting and not having intense physical
exercise 12 hours before the test and in fourth week of Ra-
madan, before midday, any menstrual cycle and + 2 days.
The height of the same person was measured by using an
electronic balance with stadiometer (SECA-Germany) to
the nearest 0.1cm (16).

3.4. Exercise Programs

The women training program began the morning of
the first day of 30th of Ramadan (11 to 12). It included 4
sessions/week, 60 min/session. The exercise protocol
included: 10 min general warm up (walking, stretching
and movement exercise); 45 min aerobic training like
Jogging and aerobic exercise with intensity of 50-65 per-
cent of maximum heart rate reserve (MHRR. At the end of
each exercise session, activities like jogging, walking and
stretching were done for 5 minutes to return the body to
its normal condition (17). According to the MHRR, every
single athlete was respectively measured based on Kar-
vonen equation (1) and was also controlled during exer-
cise by a heart rate monitor (made in Finland-Polar)(18).

Equation (1):

Target heart rate= (%60 or %70+ (((220- age)- Resting
heartrate)) + Resting heart rate

Heart rate monitors (Polar Team Sports System, Polar Elec-
tro, Finland) were then fitted, before preparation and ap-
plication of the sweat patches. Volunteers then used their
training kit, switched on their heart rate monitors, and
stood quietly for approximately one minute for measure-
ment of resting heart rate before proceeding to the field
of training. Immediately after training, the volunteers
switched off and detached their heart rate monitor before
having their sweat patches removed and being re-weighed.

3.5. Biochemical Tests

For examining the parameters of this study, 5 ml of ve-
nous blood obtained at four occasions from each subject:
the first session took place one week before Ramadan; the
second session in the second week of Ramadan; the third
session in the fourth week of Ramadan, and the fourth ses-
sion two weeks after Ramadan. The time of blood sampling
in the study was 9-10 a.m., at which all volunteers were fast.
Participants were asked to avoid eating for 24 hours before
intense physical activities like cycling, running and walk-
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ing which last more than 15 minutes. Blood samples in all
related studies were collected by venepunction from fore-
arm vein after at least 15 minutes of resting or in the supine
position. Fast blood sugar was determined by flame pho-
tometry (glucose oxidase method; coefficient of variation
(CV), CV=1.97%) using auto analyzer unit (CRONIX 801). For
measurement of serum electrolytes, such as sodium, potas-
sium, calcium, phosphate, creatinine, urea and uric acid,
standard methods were used are as follow: Sodium and
potassium were determined by flame photometry method
using flame photometer unit (GDV; co-production in Italy
and the U.S.); also, calcium, phosphate, creatinine, urea and
uric acid were determined by flame photometry using auto
analyzer unit (CRONIX 801). Calcium was determined by Ar-
senazo method with coefficient of variation (CV), CV=1.03%;
Phosphorus was determined by the Ammonium molybdate
With CV = 114%; Creatinine was measured by Jaffe kinetic
method. With CV=0.98%; Urea was measured by the urease
method. With CV =1.21% and Uric acid was measured by the
uricase method with CV = 1.54%. The quality control tests
were done based on the laws of VSTGARD by drawing Levy
Jenning quality control and testing on control serum Trulab
N. Moreover, serum osmolarity index was calculated using a
linear equation 2 (19).
Linear equation (2):
Serum osmolarity = (Nax 2) + (Glucose[18) + (Urea/2.8)

3.6. Statistical Analysis

Descriptive statistics (Mean = SD) were calculated for all
variables. Statistical analyses of the data were carried out
using ANOVA for repeated measures of two groups (exer-
cise with fasting and non-exercise with fasting). Post-hoc
testing was accomplished using Bonferroni. Differences
were considered significant (P < 0.05). The data were an-
alyzed using SPSS (SPSS Inc., Chicago, IL) version 16.

4. Results

According to (Table 1), our results show a significant
weight loss, BMI, WHR in two groups by the end of Rama-
dan (P < 0.05). Results of the effect of Ramadan fasting on
serum osmolarity level and some parameters of electro-
lytes show an increase during Ramadan (Table 2). Potas-
sium, creatinine, urea, uric acid decreased significantly
in both groups (P < 0.05). Difference between groups
was significant only in urea level (P < 0.05). Differences
within group in FBS, sodium, phosphorus and osmolarity
levels did not change significantly (P >0.05). Variation in
variance between groups such as: FBS, sodium, phospho-
rus and osmolarity levels was not significant (P> 0.05).

5. Discussion

Fasting in the holy month of Ramadan is a popular prac-
tice amongst Muslims. It is the abstinence from eating,
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drinking and smoking from about an hour before the sun-
rise until sunset (20).

According to these results from weight, BMI and WHR
in two groups decreased significantly till the end of Ra-
madan. However, body fat percentage of two groups de-
creased slightly.

In other words, during Ramadan, active females under-
went a significant reduction in body mass index, waist to
hip ratio and body fat percentage compared to inactive
females. Generally, body weight is one of the items which
researchers anticipated to be changed in Ramadan;
however, based on the conducted research, body weight
change during Ramadan is variable. Studies show that
there are conflicting results on changes in body weight
during Ramadan (11, 21). Some studies show no change in
weight (22, 23), while others show an increase instead of
decrease (24). There is controversy in the results obtained
by Ziaee et al. (25); Fakhrzadeh et al. (25); Al-Hourani et
al. (26) and Trabelsi et al. (27) showed a decrease in body
mass and fat mass during Ramadan; while Yucel et al.
(28) showed no change; moreover Frost and Meckel et al.
(29); Gharbi et al. (30) reported an increase in weight, fat
gain and energy consumption. Hence, Fakhrzadeh et al.
(31) reported that fasting caused a significant reduction
in weight and BMI in men, and in waist circumference
in women. Al-Hourani et al. (26) reported that the body
weight and BMI decreased significantly during Ramadan
fasting. According to the results of numerous studies,
Loss of weight, body mass index, waist-to-hip circumfer-
ence ratio and body water was confirmed, While, the find-

ings of the present study are compatible the results of Yu-
cel etal. (28), Meckel etal.(29) and Gharbi et al. (30). It has
to be mentioned that other elements such as metabolic
changes resulted from different diets, consumed food
types, activity level, climate, and the reduction in partici-
pants’ metabolistic rest-time are all other elements of in-
fluence (32). In addition to that, Ramadan was in the sum-
mer; therefore, our research results might be different
compared to those gained in the autumn since fasting
periods are different. Many previous studies which have
been published about the effect of fasting on renal func-
tion tests-blood urea, serum createnine and albumin- in
healthy individuals reported small changes that were not
statistically significant (2, 33). In this study, potassium
levels decreased, while creatinine, urea and uric acid in-
creased significantly in both groups. Variance between
groups only in variable urea was significant. Studies re-
port that the effect of Ramadan fasting on osmolarity
levels has been conflicting and inconsistent. This finding
was supported by Mohammed (34), Miladipour et al. (35).
However, the findings of the present study were inconsis-
tent with Sadiya et al. (36), Boobes et al. (37), U” nalacak et
al. (38) and Bernieh et al. (39). Mohammed (34) reported
that no significant changes were observed in blood urea
and serum albumin levels. Whereas, serum uric acid and
total serum protein levels were statistically lower during
and after Ramadan. Miladipour et al. (35) reported that
total excretion of calcium, phosphate, and magnesium in
24-hour urine and also urine volume during fasting were
significantly lower than those in the non-fasting period.

Table 1. Changes in Body Size and Body Composition of the FE (n =15) and FNE (n =11) During Different Stages and Changes in Means

of Within and Between Groups

Variables Groups Stages Variations
Week Before Ramadan, Mean + SD Week After Ramadan P Value? P Value P
F P F P

Weight, Kg FEC 79.9 £13.2 78.41+13.2 25.358 0.001 2.899 0.105
FNE 711+9.6 69.9+9.0

BMI, Kg/m?>  FE 32.0 £4.4 31.4+4.7 25.041 0.001 3.786  0.067
FNE 28.6+3.2 28.1+2.9

WHR, Cm FE 0.94 +0.06 0.92+0.07 8.275 0.010 1.005 0.329
FNE 0.91+0.06 0.90+0.06

Body fat FE 44.4+57 43.9+52 0.526  0.477 1328 0.264

Percent,%  pNg 416+4.4 417445

Minerals, Kg FE 3.00+£0.48 2.99+0.47 1.412 0.249 0.676 0.421
FNE 2.8710.31 2.831£0.29

Protein, g/dL  FE 8.60 £1.2 8.53+1.2 2770 0112 0.418  0.248
FNE 8.09+0.93 7.95+0.83

Water, Kg FE 323145 32.0+4.4 3.509 0.077 0.544 0.229
FNE 303%3.4 29.7+3.0

4 pvalue within group

P Value between group
€ Abbreviations: FE, fasting + exercise; FNE, fasting + non-exercise
Int ] Endocrinol Metab. 2013;11(2) 91
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Table 2. Changes in Serum Electrolyte Values in the FE (n =15) and FNE (n =11) During Different Stages and Changes in Means of

Within and Between Groups

Variables Groups Stages Variations
Week Before Day15 of Day28of WeekAfter PValue? PValue P
Ramadan Ramadan Ramadan Ramadan, P F P
Mean + SD Mean+SD MeantSD Mean *SD
FBS, mg/dL FE 82.2%5.5 84.4+5.6 81.4+6.1 83.3+6.1 1.03 0.384 3.592 0.073
FNE 87.2%5.1 86.3+7.2 833+7.9 86.616.0
Sodium,Meq| liter ~ FE 139.7+1.9 140.4+12  140.0%£17 139.7%17 0.781 0.509 0.813 378
FNE 139.0 £1.6 139.6 £1.2 139.3+1.8 140.4t15
Potassium, (Meq/ FE 4.0+0.25 41+0.27 40+023 4.0+0.24 3.29 0.026 0.109 0.745
liter) FNE 424015 414025 394023 3.9+0.6
Calcium,Meq/ FEC 9.1+0.28 9.1+0.38 9.0+ 0.27 9.2+0.32 0.273 0.844 0.632 0.236
g FNE 9.1+0.38 9.1+ 0.41 91+0.45  91+0.20
Phosphorus, FE 3.6+0.35 3.5+0.37 3.6+0.19 3.6+0.45 1163 0332 0171 0.684
mg/dL FNE 37+0.92 344062 354052  3.5+0.47
Creatinine(mg/dL) FE 0.78 £ 0.05 0.83+0.07 0.82+0.05 0.82+0.07 3.618 0.038  0.622 0.440
FNE 0.77+0.06 0.81£0.10  0.76+0.07 0.83%0.05
Urea, mg/dL FE 273+6.6 27.0%£6.9 26.6+58  28.0+73 3.682 0.017  4.857 0.039
FNE 223+3.8 24.4+37 19.5+3.6 23.4+2.4
Uric acid, mg/dL FE 5.0 £ 0.86 4.6+0.97 52+0.88  4.8+0.74 5.027 0.004 0.001 0.979
FNE 5.2+ 0.91 4.6+ 0.61 50+£0.99  4.7+£0.32
Osmolarity, mg/dL FE 293.8+5.5 294.343.9 294.2+4.6  294.1%4.7 1.89 0.140 2.616 0.121
FNE 290.841.9 292.841.7 290.243.7  294.0%3.1

4 pvalue within group
P Value between group
€ Abbreviations: FE, fasting + exercise; FNE, fasting + non-exercise

Furthermore, urine concentration of calcium during
fasting was significantly lower than those of non-fasting
period. Sadiya et al. (36) found that kidney function, plas-
ma Creatinine, and urea concentrations remained un-
changed. Boobes et al. (37) showed that fasting caused no
significant change in urea acid, sodium, potassium, urea,
creatinine and albumin during the month of Ramadan.
Bernieh et al. (39) indicated that there was no significant
change in serum and urine. Biochemical analysis showed
no significant changes. Also, there was a significant el-
evation of serum potassium levels. The increase in blood
urea intensity might be due to an increase in protein
catabolism, doing physical activity, or the reduction of
blood circulation in kidneys. Some studies reported that
the increase of blood urea, which may be due to some
physical activities, in fact, stimulates energy consump-
tion and causes reduction in gained energy (40). Similar-
ly, when an individual is under physical stress, albumin
and urea discharge increases in the body. Physical exer-
cise is one of the elements which can change biochemical
factors. Protein increases in the daily diet. Intestine-stom-
ach bleeding, body dehydration, and inadequate liquid
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consumption are some of the other elements which can
increase blood urea level in fasting periods (40). In this
study, creatinine levels were increased significantly at
the end of the Ramadan. Creatinine, which is a discharge-
able substance, is mainly produced in the muscles and
is a good criterion to check kidneys’ health since if it is
not removed from blood by kidneys, its plasma intensity
increases. Sometimes, long-term fasting, thirst, and dehy-
dration will gradually increase the amount of creatinine
in the body, which its intensity decreases if dehydration
is over (41). During continual physical exercise, especially
in Ramadan, conserving body liquid resources and bal-
ancing outer-cell liquid with inter-tissue spaces is cru-
cial. Osmolarity, which is the sign of osmosis activity of
all plasma particles, is between 280-295 mili-osmol in one
kilogram in mature people. Despite the fact that in our
research, osmolarity changes, , in both active and inac-
tive fasting groups, were considered normal, the results
indicated that intra-group average changes of osmolar-
ity serum in the active fasting group increased but not
significantly. The sensitivity level of Osmosis receptors is
about one percent that is due to changes to Osmolarity
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which can cause the discharge of anti-diuretic hormones
and stimulating thirst. Therefore, body liquid change and
the amount of outer-cell sodium can make a lot of chang-
es in Osmolarity (42). Osmolarity increase might be due
to dehydration and not consuming enough liquids dur-
ing the day. In long-term fasting, kidneys re-absorb water.
With respect to the fact that sodium levels of both active
and inactive fasting groups were not changed, and also
the fact that osmolarity level is mainly affected by outer-
cell sodium, low amounts of osmolarity is justifiable. The
limitations of our study included variety of diets, differ-
ent adaptation responses to fasting and individual differ-
ences of female participants.
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