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Fasting on Health-related Factors in Overweight
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A R T I C L E I N F O A B S T R A C T

Article type:Original article Introduction: Obesity is a complex health problem. The aim of this study was to determine the effects ofregular walking with alternate day fasting (ADF) on health-related factors of overweight and obese females.
Methods: 30 healthy inactive, overweight and obese women were divided randomly into three equalgroups. The groups were: control group (BMI: 30.72±4.40 kg/m2); the experimental group I: ADFalong with regular walking with 50% to 65% maximal heart rate (BMI: 28.69 ±2.81 kg/m2) and theexperimental group II: ADF (BMI: 30.56 ±3.66 kg/m2). Participants were under the diet for six weeks.The diet ADF means that, they had days of fasting and free day (with regular walking), alternately.Two days before and two days after the end of the study, the participants’ fasting blood sugar weremeasured after 12 hours. Resting heart rate, blood pressure and body composition were assessed inthe same day. The collected data were analyzed using paired t-test and ANOVA test.
Results: Body mass index in both experimental groups had significant decrease (P<0.05). Decreasingbody fat percent, from pre-test to post test was significant only in the experimental group I (P=0.006).The significant difference was found between groups in this reduction (P<0.05). In the experimentalgroup II, lean body mass showed significant increase and blood glucose showed significant decrease(P<0.05). No significant changes were found in other variables (P>0.05).
Conclusion: The regular walking program and ADF diet is an effective method for improving bodymass index, body fat percentage and blood sugar.
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IntroductionToday, lifestyle patterns have changed andobesity rate has experienced an increasing growth.Thus, subsequent changes in diet and physicalactivity have an effective role in either preventionor control of metabolic diseases related to obesityor reversing its process perhaps. The aim of thisstudy is to evaluate the effect of regular walkingalong with alternate day fasting (ADF) on healthrelated factors of inactive overweight and obesefemale. Given the fact that body mass index (BMI)and waist to hip ratio (WHR) provide us withappropriate measures of health status to us, thesetwo indicators should be considered further, sincethe risk of diabetes is at the lowest level for thosewith a BMI less than 24. As BMI increases, therelative risk also rises, so that the risk of diabetes

is about 40 times for a BMI of about 35 (1, 2, 3, 4).Adding BMI index to blood pressure indicates thesigns of health well. In some references, increase inblood pressure due to increase in BMI has beenpointed out (3, 5, 6). Studying WHR index shouldalso be taken into account to estimate the amountof visceral fat because with the obesity of theupper body, health risks increase. Control andtreatment of obesity and its consequences dependon two indicators (1).Numerous studies have been conducted onthe quality of exercise and diet for people withdiabetes and high blood pressure, but few studieshave examined blood sugar and blood pressure ofobese and healthy people (6, 7). ADF diet includesfree days and fasting days. On free days, calorie
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intake is free, but on fasting days, 25-30% of thecalories of the free days are consumed by theparticipants (2, 8).In the last decade, it became clear that calorierestriction (CR) diet reduces weight (9, 10).However, in recent years, in addition to weightloss, ADF proved to be able to reduce the risk ofdiseases associated with obesity (2, 11, 12, 13).This diet has been known as a new approach toweight loss and heart protection (12). Concerningthe type of diet, the studies by Sawashita et al.(2009) and Pasdar et al. (2012) can be mentionedthat are inconsistent with the current study (7,9).Moreover, the studies by Varady et al. (2009 and2011), Klempel et al. (2013), Eshginia andMohammadzadeh (2013) can be referred to assimilar to the present study (2, 11, 13). In thepast, before this study, ADF diet and regularwalking were evaluated separately, but therewere no studies to examine both of them togetherand in combination; a purpose fulfilled in thisstudy. Examining regular walking along ADF dietand their effect on improving the BMI, WHR, bodyfat, blood sugar, blood pressure, and resting heartrate, which are among the variables measured inthis study, are of the primary objectives of thisstudy. For this purpose, the present study hasbeen conducted in order to increase awareness interms of maintaining weight loss and healththrough its results.
Material and methodsThis study is quasi-experimental. Thepopulation of this study was healthy inactivewomen of Rasht who responded to advertise-ments in the city, 50 people volunteered toparticipate in the study. The inclusion criteriawere being overweight or obese, having a BMIbetween 25 and 35 kilograms per square meter(1), physical inactivity (less than 150 minutes ofphysical activity per week) (13), the absence ofmenopause and diseases, and not taking medicine.Exclusion criteria were having a normal BMI,having a disease, and taking medication. Afterreviewing the standards, 30 volunteers aged 30 to45 years old were selected to participate in thestudy for six weeks. Selection of samples wastargeted, non-randomized and convenient.Subjects were divided into three groups of ten, fiveobese and five overweight people, in a simplerandom method. The control group has an averageage of 40.60±65.15, experimental group one had

an average age of 38.00±6.82, ADF along withregular walking and second experimental groupshad an average age of 38.60±44.22 with ADF. Aweek before the implementation of exerciseprogram and diet, after learning the purpose of thestudy, the participants completed consent form toparticipate in the study. Before the launching ofthe walking program and diet and two days afterfinishing them, blood glucose test was taken fromboth groups after 12 hours of fasting. Their restingheart rate and blood pressure, the thickness ofsubcutaneous fat (14), and height and weight weremeasured and recorded in two stages, at thebeginning and the end of six weeks period (4, 11)(two days after the last exercise and withoutfasting). Pre-test and post-test measurementswere completed after menstruation and beforestarting the next cycle. Based on the informationobtained, participants had normal menstruationfrom three previous cycles.At the beginning of the week balance, theexperimental group participated in aerobicexercise; they walked in the park in Rasht threetimes a week. For each participant in twoexperimental groups, calorie intake andconsumption were measured and recorded fortwo working days and one day of rest (1, 15). Thefirst phase (balance week): In this week, calorieintake and use were considered the same andcontrolled for both groups in order to maintainweight as fix. Second phase: For two weeks, onfasting days, they received 30% of calories and onnon-fasting days, they received calories freely.They were strictly controlled on fasting days. Thethird phase (self-control): for three weeks,recommendations were implemented formaintaining the diet in general, similar to thesecond phase (2, 11, 12, 13). For bothexperimental groups, nutrition programs andrecommendations were considered the same, butthe experimental group who participated inaerobic exercise had regular walking on non-fasting days (three sessions per week lastingfrom 20 minutes at the start to 60 minutes at theend of sixth weeks, with 50% to 65% ofmaximum heart rate) (3). The control groupcontinued their normal life style without anyintervention, and at the end of the study werecompared with the other two groups.
ADF dietIn this study, the diet was based on 60%
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carbohydrate, 30% fat, and 10 to 15% protein.(4). It was implemented every other day. Onfasting days, 30% of the total calorie intake wasintended for participants, and 70% of totalcalorie intake was cut (11, 12, 13). First, for eachof the participants, the daily calorie intake andconsumption were recorded by recalling foodintake and physical activity in two working andone resting days, which usually included recallingthe diet and physical activity during 24 hours.Often dietary patterns was used by means ofmeasurements (cups and spoons, and sometimesby weighing the food) and patterns of physicalactivity (10 hours of sleep and rest, 2 hoursworking at home or 8 hours of light office work)to meet this goal (1). To estimate the total dailycaloric intake of participants, basal metabolic ratewas calculated using Harris-Benedict formula forwomen and was multiplied into thermogenesis ofthe food. Based on this formula, in women aged30 to 59, using weight in kilograms, basalmetabolism was estimated (11, 15).Formula 1Basal Metabolism= 829+ weigh (kg) × 8.7: Harris-Benedict formula for women of 30 to 59 years ofage.For example, consumed calories of a 35 yearold woman who is 85 kilograms- with sevenhours of sleep a day, eight hours of office work,one hour walking (light), an hour of study, anhour of driving, three hours of watching TV, twohours of cooking, and an hour of householdchores- will be equal to 2585 kcal. To estimatethe daily calorie intake of the participants, thetable of calories in 100 grams of food wasresorted to. For example, total calories in onesample of Iranian food are about 907 calories (1).After obtaining average received and consumedcalories in these three days (two working daysand one day of rest), energy balance for the firstphase was considered as a week each for theparticipants. Due to the fact that the participantswere overweight or obese and their calorie intake

was greater than the calories consumed, thedifference between calorie intake and use wasthe calories that had to be reduced fromparticipants’ daily food in balance week not to beoverweight. In the second and third phase for aperiod of five weeks, 30% of daily calorie intakeof the balance week was considered for eachparticipant on the days of fasting and on non-fasting days, they received free and favorite food.
Regular walkingThe walking program was conducted in “RashtWomen Park” three days per week (Saturday,Monday, and Wednesday) for six weeks. Beforeand after main training, warm up and cool downexercises were performed respectively for 5 to 10minutes. Walking intensity was 50% to 65% targetheart rate from first to last sessions. Table 1 showsthe summary of exercise training (7, 13).In the first session, walking rhythm andheart rate was explained to each participant,so that they knew how their heart shouldbeat at any rate using radial pulse measu-rement device and then gradually increasethe intensity and duration of their walking.Target heart rate for each individual wasexclusively calculated by Karvonen formula atthe intended intensities (16). During thewalking program at every turn, one of theparticipants was taken out of the group inorder to control target heart rate. Moreover,the breathing status of participants wasmonitored, so that they be excluded from thewalking exercise, if necessary.For instance, target heart rate of a 45-year-old participant whose resting heartrate was 75 beats per minute was calculatedas follows.Formula 2Maximum heart rate = 220- age = 220-45=175Target heart rate = maximum heart rate – restheart rate= 175-75=10050% target heart rate: (50% × 100) +75=12565% target heart rate: (65% × 100) +75= 140

Table 1. Walking exercise programWeek Frequency of turns Duration(min) Target heart rate percent Approximate length of session (min)First 4 2-3 50- 55% 20Second 4 2-4 50-55% 24Third 4 4-5 55-60% 36Fourth 5 4-5 55-60% 45Fifth 5 5-6 60-65% 55Sixth 5 5-7 60-65% 60
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Participants' height were measured withtape meter, and their weight were measuredwith Clatronic scales model 2622, with 0.01accuracy rate, made in Germany. BMI wasmeasured by dividing weight (kg) to thesquare of height (m2). Waist circumference(approximately 2 to 2.5 cm above theumbilical region) and hip circumference (thelargest cross-sectional area of the pelvis).WHR was calculated by dividing waist to hipcircumference (1). Percentage of body fat wasmeasured by three points skinfold method(triceps, suprailiac and hip) with Seahan fatcaliper (SH5020 Korea) sum of skin folds ofthe three points was placed in body densityformula by Jackson-Pollock (J-P) (14).Formula 3(age×0.0001392) – [(sum of skin folds)2×0.0000023] + (sum of skin folds × 0.0009929)– 1.0994921 = body mass density (Forfemales).Body density was placed in Siri equationto get percent of body fat. Resting systolicand diastolic blood pressure were measuredby ALP K2, models K2-1702, digital bloodpressure gauge made in Japan. Resting heartrate was measured early in the morning andin fasting state when the bladder wasdrained and after five minutes of sitting.Blood sugar was measured using “On CallPlus” glucometer made in America after 12 hoursof fasting two days before the start and two daysafter the end of the study.

Statistical methodsDescriptive statistics were used in thereport of central tendency, mean, andstandard deviation. Kolmogorov - Smirnovtest was used to ensure the data’s normality.The significant differences of the means ofthe variables in pre-test and post-test weremeasured by paired t test, if the distributionwere normal. If the distribution was notnormal, Wilcoxon test was used. One-wayANOVA was used to calculate the signi-ficance of differences between the threegroups. If significant differences were obse-rved between the three groups, Tukey's post
hoc test was used to determine the exactdifferences.The significance level was determinedP<0.05, SPSS software was used for statisticalanalysis, and Excel software was used fordiagramming.

ResultsAs illustrated in Table 2, in each of the twoexperimental groups, BMI had a significantreduction in the pre-test and post-test (P= 0.001).Moreover, the percentage of body fat, as canbe seen in Figure 1, showed a significantreduction (P = 0.006) in the experimental group Iafter six weeks of walking and diet, and fastingblood sugar levels had a significant reduction(P=0.001) after six weeks of diet in theexperimental group II. Other results are shown inTables 2 and 3.Based on one-way ANOVA, body mass index(Table 4) and body fat percent (Figure 1) were
Table 2. Results of paired t test in the three groupsvariable Group Mean ± SD (P)pre-test Post-testBMI(kg/m2) Ex I 28.69±2.81 28.26±2.73 0.001*Ex II 30.56±3.66 29.99±3.45 0.001*Control 30.72±4.40 30.74±4.30 0.499WHR Ex II 0.80±0.05 0.81±0.05 0.260Control 0.81±0.04 0.80±0.04 0.743BF% Ex I 40.50±02.68 38.60±2.01 0.006*Ex II 40.30±1.77 39.20±2.53 0.200Control 42.10±2.85 42.10±2.96 1.000LBM(Kg) Ex I 42.43±3.40 44.19±3.79 0.105Ex II 44.34±5.36 44.86±5.53 0.023*Control 44.86±5.46 44.80±5.80 0.593FBS (mg/dl) Ex I 95.40±5.50 90.70±5.62 0.221Ex II 93.50±40.90 90.80±5.39 0.001** Significant change within group (P <0.05). Ex (experimental group), BMI (body mass index), WHR (waist to hip ratio), BF% (body fatpercent), LBM (lean body mass). FBS (fasting blood sugar)
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Figure 1. Body fat percent in three groups at pre-test and post-test* Significant difference between the groups (P<0.05)
Table 3. Results of Wilcoxon test in the experimental group I and controlVariable0 Group Mean ± SD (P)pre-test Post-testWHR Ex I 0.80±0.05 0.81±0.05 0.260FBS (mg/dl) Control 95.80±6.63 93.10±7.11 0.286Ex (experimental group), WHR (waist to hip ratio), FBS (fasting blood sugar)
Table 4. Results of one-way ANOVA for comparison between groupsvariable Group Mean differences ± SD (P)BMI(kg/m2) Ex I -0.44±0.29 0.000*Ex II -0.62±0.39Control -0.01±0.16WHR Ex I -0.01±0.03 0.204Ex II 0.00±0.02Control 0.00±0.02LBM(Kg) Ex I 0.77±1.35 0.053Ex II 0.62±0.55Control -0.09±0.34BF%(%) Ex I -1.90±1.66 0.0007*Ex II -1.22±2.63Control 0.00±0.63SBP(mm Hg) Ex I -4.9±9.94 0.866Ex II -3.66±12.74Control -2.45±8.59DBP(mm Hg) Ex I 0.10±9.47 0.694Ex II -2.78±4.05Control -1.72±7.40MBP(mm Hg) Ex I -1.90±8.09 0.887Ex II -3.33±5.48Control -1.91±7.83HR(Beats per minute) Ex I -2.20±12.05 0.231Ex II 5.56±8.69Control 0.18±8.23FBS(mg/dl) Ex I -4.70±5.96 0.654Ex II -2.78±2.86Control -2.64±6.73* Significant differences between groups (P<0.05). Ex (experimental group), BMI (body mass index), WHR (waist to hip ratio), BF%(body fat percent), LBM (lean body mass). SBP (systolic blood pressure), DBP (diastolic blood pressure). MBP (mean blood pressure),FBS (fasting blood sugar)compared in the three groups and significantdifferences were observed (respectively P=0.000, and P=0.007). According to the testresults of Tuckey post hoc test, a significant
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decrease was seen in body mass indexbetween the experimental group I and thecontrol group and the experimental group IIand the control group (respectively, P=0.004and P=0.000). Moreover, according to the testresults of Tukey post hoc test, a significantdecrease was seen in fat percent betweenexperimental group one and the controlgroup (respectively, P=0.029 and P=0.011).However, no significant differences wereobserved in these two indices between theexperimental group I and the experimentalgroup II. Furthermore, in one-way ANOVAtest, no significant difference was seen inother variables (Table 4).
DiscussionBased on the results of the study, six weeks ofintervention cause a reduction in BMI in theexperimental group I 1.49% and in theexperimental group II 1.86%. Moreover, incomparison between groups, this index haddropped significantly in both experimental groupscompared to the control group. However, based onWilcoxon test, this intervention had no effect onWHR index.These results corresponds to the results byVarady et al. (13), Pasdar et al. (9); however, theywere inconsistent with the results of Zarneshan(17), and Moradi et al. (18). In the present study,participants underwent six weeks of ADF diet andregular walking program at 50% to 65% targetedheart rate. Aerobic exercise training, like briskwalking, may cause muscular adaptations. One ofthese adaptations is myoglobin increase thatleads to better activity of oxidative enzymes andmitochondrial function (19). Fat oxidationenzymes increase free fatty acid availability andforce the body to use fat storage to providemuscle glycogen (20).In some studies whose results were incontrast with the present findings, participantsonly used combined or resistance exercises foreight to 10 weeks without diet which can accountfor the existing inconsistency (17, 18).In the present study, ADF and regular walkingcaused significant reduction in BMI. But therewere no significant differences between 3groups in WHR while other studies had differentresults. For example, the study by Pasdar et al.(2012) can be noted in which physical activityalong with diet reduced WHR significantly.

Pasdar et al. study duration was six months (9).Perhaps, the significant reduction of WHRneeded a longer time period than what wasascribed in the present study.Within group results in BF% showed 1.9%reduction in the experimental group I. Inaddition, in between group results, there werereduction in Bf% between experimental (I andII) and the control groups. These results are inline with Eshginia and Mohammadzadeh (11),Vedadi et al. (2), Suri et al. (5) findings, but incontrast to Gayda et al. (21). In this study, in theexperimental group I, physical activity alongwith diet reduced body fat percentage. However,in the study by Gayda et al. (21), which isinconsistent with the present study, onlyphysical activity was applied and had less effecton decreasing body fat percentage. Fat storagein adipose tissue plays a major role in themetabolism of glucose, fatty acids, and cho-lesterol. Positive energy balance increases fatstores, and negative energy balance reduces it(1, 22). In this study, weight loss and reductionin body fat percentage have been created byusing body fat reserves, due to cell metabolismthrough ADF diet and with regular walking inorder to increase the basal metabolic andthrough negative energy balance.On the other hand, the results revealed thatsix weeks of diet increases 1.17% of lean bodymass in the experimental group II. These resultscorresponds to the results of Pasdar et al. (9)and inconsistent with the results of Gayda et al.(21). In the results of Gayda et al. (2009) despiteeight weeks of combined and aerobic training,there were no reports of any increases in leanbody mass (21). However, in the research byPasdar et al. (2011), where nutritional inter-ventions with physical activity were applied tothe participants, a significant increase in leanbody weight was observed (9). It is clear that anincrease in muscle mass without exercise and ahigh protein diet is impossible (1, 15). However,due to an increase in lean body mass and adecrease in BMI, the participants in theexperimental group II apparently had moreactivity compared to start of the research, andreduction of calorie intake on fasting days islikely to lead to consuming more calories,preferably proteins, on non-fasting days (23).One of the limitations in present study was thatthe participants were not fully monitored.
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Based on the results obtained from thisstudy, six weeks of diet and walking had nosignificant effect on mean, systolic, and diastolicblood pressure and resting heart rate. Therewere not any changes in blood pressure becausethe amounts were in normal range (2, 6). Itseems that the regular walking did not importenough intensity to decrease resting heart rate(3). Precise control of diet and physical activitywere from the most important study limitations.There was 2.89% decrease of fasting bloodglucose in the experimental group II. This findingis consistent with the research by Esfarjani et al.(24), Arazi et al. (25), Eshginia and Moham-madzadeh (11) and inconsistent with theresearch by Alizadeh et al. (26), and Naqii et al.(27). Some researchers believe that obesity is themost important factor in the development ofinsulin resistance. Consequently, weight loss canlead to an increase in insulin sensitivity which isimportant for prevention and treatment ofdiabetes (24). In this regard, in a study, Eshginiaand Mohammadzadeh (2013) reported similarresults in reducing blood glucose due to ADF dietwithout physical activity (11). On the other hand,in their study, which is corresponds to thecurrent study, Arazi et al. (2012) reported thatdue to combined and aerobic exercises, asignificant change in maximum oxygen consu-mption and blood glucose was observed. As in theexperimental group, after six weeks of ADF diet,significant increase was observed in muscle mass,it is likely that increase in muscle mass has led toan increase in the muscle usage of glucoseamount and a decrease in the blood sugar level.In conclusion the main finding of this study isthat ADF and regular walking may be effectivemethods for favorable changes in bodycomposition and blood sugar in overweight andobese women.
ConclusionAccording to the findings of this study, it issuggested that more attention be paid to theregular walking in daily program of the middle-aged women to improve their body composition.Moreover, to control and reduce blood sugar,using ADF diet for at least six weeks isrecommended.
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