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Article type:Review article Ramadan is considered as holy month of Muslims worldwide. During this month, most able-bodiedMuslim adults refrain from foods, drinks, smoking, and medications from dawn until sunset. In Islamicrules, patients and those for whom fasting may have major health risks are exempted from fasting duringRamadan. There is still no consensus regarding the effects of Ramadan fasting, as a unique opportunityfor lifestyle modifications, on cardiovascular risk factors in the Muslim population. The aim of thisscientific literature review was to gather comprehensive results with regard to the effects of Ramadanfasting on major cardiovascular risk factors. This literature review focused on the effects of Ramadanfasting on four main factors, including body weight, blood glucose level, blood pressure, and plasmalipoproteins. According to the results, fasting during Ramadan is a good opportunity for patients andhealthy subjects for control and prevent from diabetes, hypertension, hyperlipidemia and perhaps bodyfat mass as major risk factors of cardiovascular diseases, however diabetic patients need to know aboutphysical recommendations for fasting during. However, limitations of the conducted studies should beconsidered in specific populations while interpreting the results.
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IntroductionRamadan is considered as holy month ofMuslims worldwide. During this month, Muslimadults abstain from foods, drinks, smoking, andmedications from dawn to sunset. Fastingnormally continues for 8 to 18 h, based on theseason and the geographical location; however,there are no restrictions for eating during thetime between sunset and dawn (1, 2). Overall,Ramadan fasting consists of alternate fasting andfeasting (re-feeding) periods.Pregnant, lactating, and sick individuals areexempted from fasting, as it may exacerbate theircondition. Two meals per day (before sunrise andafter sunset) are usually eaten during this month.Dietary habits and quality of foods change duringRamadan, compared to the rest of the year;therefore, food and fluid intake and nutrientmetabolism may vary during this month (3, 4).

Several studies have surveyed various effectsof Ramadan fasting on health outcomes indifferent groups of Muslim population. In general,cardiovascular diseases are identified as a majorcause of mortality worldwide (5). The main riskfactors for cardiovascular diseases includehypertension, lipid profile abnormalities, obesity,and insulin resistance (6). In this regard, in aprospective observational study, significantimprovement was found in Framingham CoronaryHeart Disease Risk Score after Ramadan fasting ina group of patients having at least onecardiovascular risk factor (7).In a previous study, Ramadan fasting wasfound to improve blood glucose, low-densitylipoprotein (LDL), high-density lipoprotein (HDL),and total cholesterol levels, compared to the pre-Ramadan period among collegiate wrestlers (8).
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Also, in a prospective observational studyperformed in Iran in 2012, fasting in Ramadan waseffective in ameliorating HDL level, LDL/HDL ratio,and triglyceride (TG)/HDL ratio (9).Also, in a randomized trial conducted byKlempel et al. (2012), body weight, heart rate,total cholesterol, LDL-cholesterol, glucose,insulin, and homocysteine levels decreased moresignificantly in the group with alternate fastingcombined with energy and fluid restrictionversus the group with alternate fasting combinedwith energy restriction only (10). Also, smokingdecreased during Ramadan, which might beassociated with the observed decline in theoccurrence of cardiovascular diseases (11, 12).Although previous studies have assessed theimpact of Ramadan fasting on different aspects ofhuman health, no review study has beenperformed to investigate the impact of Ramadanfasting on cardiovascular risk factors (13, 14).Therefore, the aim of the present study was toreview previous studies on the effects ofRamadan fasting on cardiovascular risk factors.Although previous studies have assessed theimpact of Ramadan fasting on different aspects ofcardiovascular risk factors in healthy subjects andpatients [13, 14], in this narrative review, we try tosummarize the results of other studies about theeffects of Ramadan fasting on cardiovascular riskfactors.
Material and methodsA complete search was performed about theassociation of Ramadan fasting was in databaseselectronic through such as ISI web of science,Scopus and PubMed (to access of Latin paper)and also in IrMedx and SID (to access of Persianpaper). Two authors (DS and SSK) independentlysearched papers published until February 2015.No restriction about time of publication orlanguage or study design was made. The searchterms that were used were as follows: bloodglucose, plasma glucose, lipid profile,lipoproteins, body weight, anthropometric, bloodpressure and cardiovascular risk factors werecombined with Ramadan/fasting.After reviewing the title and abstract of theeligible studies, we classified the articles into thefollowing three categories: I) Ramadan fastingand blood glucose; II) Ramadan fasting and bloodpressure; III) Ramadan fasting and plasmalipoprotein and IV) Ramadan fasting and body

weight. Accordingly, we present the results of theeligible studies based on each category.
Literature review of major cardiovascular risk
factorsThe evaluated factors assessed in this reviewstudy are as follows:
1. Effect of Ramadan fasting on blood glucose
levelDiabetes mellitus is a metabolic impairment,distinguished by high blood glucose level due toimpaired insulin secretion or insulin resistance.The prevalence of diabetes mellitus has drama-tically increased and has become a global healthproblem in recent decades. The latest globalstatistics by the International Diabetes Federation(IDF) have reported 415 million cases of diabetesmellitus in 2015; this number is estimated to riseto 642 million people by the end of 2040 (15).Diabetes mellitus contributes to a considerableincrease in morbidity and mortality rates forcardiovascular diseases. Lifestyle interventions,focused on appropriate food choices and physicalactivity, play an important role in the prevention ofdiabetes, compared to medications (16, 17); infact, Ramadan fasting is a good opportunity forlifestyle modifications. It should be noted thatuncontrolled diabetic patients experience majorcomplications, such as hypoglycemia, hyperg-lycemia, ketosis, and dehydration during Ramadanfasting. Hyperglycemia usually occurs due toovereating in the non-fasting period or negligentuse of medications (18-21). Therefore, diabeticpatients, who are willing to fast during Ramadan,should follow medical, nutritional, and physicalactivity recommendations (22).A meta-analysis of 16 studies on 776 healthyparticipants (611 in the male subgroup and 165 inanother subgroup) indicated that blood glucoselevel decreased in both male and femalesubgroups (and in total) during Ramadan fasting(23). Similarly, in another study on 70 patientswith type II diabetes mellitus, a significant declinewas observed in postprandial plasma glucose levelduring Ramadan in comparison to pre- and post-Ramadan periods (18). According to the results ofthe mentioned studies, Ramadan fasting is a goodopportunity for primary prevention of diabetesmellitus.
2. Effect of Ramadan fasting on blood pressureHypertension is characterized by sustained
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systolic blood pressure of 140 mmHg or more, or adiastolic blood pressure 90 mmHg or more (24).Hypertension is universally known as the “silentkiller”, since it usually has no signs or symptomsfor many years until its complications start todevelop in other body organs.The consequences of hypertension includevarious degenerative diseases, such as coronaryartery disease, chronic kidney disease, heartfailure and peripheral vascular diseases (25-27).According to the World Health Organization(WHO), hypertension is becoming an importantpublic health concern in recent decades, and it isestimated that nearly 1.6 billion adults will sufferfrom hypertension and the complications ofcardiovascular diseases by  the end of 2025 (28).Lifestyle interventions, such as increasingphysical activity, avoiding alcohol use, reducingbody weight, and using dietary approaches to stophypertension (DASH), have documented efficacy inthe prevention and control of hypertension (29,30). Dietary habits and changes in food qualityduring Ramadan fasting provide a goodopportunity for lifestyle changes in hypertensivepatients. Nevertheless, physician's advice shouldbe individualized, and patients are recommendedto follow medical advices for fasting in Ramadan.A case-control study, conducted by Shafei et al.,assessed the effects of Ramadan fasting on bloodpressure in hypertensive patients (2014). Thisstudy showed a significant decline in systolic bloodpressure during Ramadan fasting, although therewas no significant change in diastolic bloodpressure among hypertensive patients, comparedto healthy subjects (31). Similarly, Nematy et al.(2012) conducted a prospective observationalstudy on patients with a history of cerebrovascularor coronary artery disease and metabolicsyndrome and compared their blood pressurebefore and after Ramadan fasting. Their studyshowed a significant decline in systolic bloodpressure (133±16 mmHg before Ramadan vs.130±17 mmHg after Ramadan), whereas therewas no significant change in diastolic bloodpressure after Ramadan fasting (7).Furthermore, in a study on 20 healthy subjects,fasting led to a significant decline in mean systolicblood pressure and mean diastolic blood pressureafter Ramadan (124±14 mmHg vs. 118±10 mmHgand 82±11 mmHg vs. 77±10 mmHg, respectively)(32). However, in a study on healthy volunteers bySaleh et al. (2005), no statistically significant

changes were observed in the mean bloodpressure during Ramadan fasting (33). Based onthese observations, fasting during Ramadan hasbeneficial effects on the control of systolic bloodpressure in patients with cardiovascular riskfactors. However, further studies are required toelucidate the effects of Ramadan fasting on bloodpressure in healthy populations.
3. Effects of Ramadan fasting on plasma
lipoproteinsThe relationship between cardiovasculardiseases and plasma lipoprotein level has beenconfirmed in the literature (34). The lipoproteinpattern including increased levels of very-low-density lipoprotein (VLDL) and LDL, along withreduced HDL level, is recognized asdyslipidemia, which is thought to elevate therisk of cardiovascular diseases (35, 36). Today,measurement of lipid profile, such as totalcholesterol, LDL-cholesterol, HDL-cholesterol, TG,LDL/HDL ratio, TG/HDL ratio, and LDL level, helpspredict the risk of cardiovascular diseases.The proper plasma lipoprotein level for adultsis defined as a total cholesterol level < 200mg/dL, LDL-cholesterol level < 130 mg/dL, HDL-cholesterol level > 40 mg/dL, and TG level < 150mg/dL (37). Also, LDL-cholesterol level less than100 mg/dL is recommended for high-riskpatients (37). Dietary and lifestyle changes havemany positive effects on lipid profile andlipoprotein metabolism (38); these changes mayhappen during Ramadan fasting. In this regard, aprevious study on stable cardiac patientsindicated a significant increase in HDL level and asignificant decline in LDL, total cholesterol, TG,and LDL/HDL ratio after Ramadan fasting (7).In another study on healthy volunteers, it wasmarked that fasting during Ramadan could lead toa significant increase in HDL, LDL, and totalcholesterol levels. Also, the aforesaid studyrevealed a significant decline in serum LDL/HDLand TG/HDL ratios (9). Recently, Kul et al. (2014)conducted a meta-analysis of studies on healthypopulations and compared plasma lipoproteinlevel before and after Ramadan fasting. In theirstudy, a substantial decline was observed in totalcholesterol, LDL, and TG levels in the malesubgroup after Ramadan fasting. However, inanother subgroup, total cholesterol and TG levelswere constant, while HDL-cholesterol levelincreased and LDL-cholesterol level decreased
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(23). According to the findings of the mentionedstudies, fasting during Ramadan might havepositive effects on lipid profile.
4. Effect of Ramadan fasting on body weightThe relationship between body weight andcardiovascular risk factors has been confirmed invarious studies. Body fat mass and fat distributionsare more proper predicators for the risk ofcardiovascular diseases, compared to body weight(39). Changes in body weight have been frequentlyreported in studies on Ramadan fasting; however,the association of body fat mass with Ramadanfasting has not been often studied.In this regard, a meta-analysis of 21 publishedarticles revealed the effects of Ramadan fasting onbody weight in healthy subjects. The findings ofthis study showed the positive effects of fasting onbody weight only in the male subgroup (23).Similarly, another meta-analysis was performed toinvestigate weight changes during Ramadanfasting in general population, it was marked thatfasting during Ramadan could lead to significantweight loss (-1.24 kg; 95% CI: -1.6, -0.88 kg).However, in the aforementioned study, the lostweight mainly returned within few weeks afterRamadan and only a slight decline was observed inbody weight (40). Overall, according to thefindings of the discussed studies, Ramadan fastingis a good opportunity for weight loss. However,weight changes during Ramadan fasting stronglydepend on the length of fasting and feasting (re-feeding) periods.
ConclusionFasting during Ramadan causes some positiveeffects on major cardiovascular risk factors.However, limitations of these studies should beconsidered in specific populations whileinterpreting the results. Further studies shouldbe performed in these areas in order to obtainmore comprehensive and accurate results.
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