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Abstract
Regular physical exercises (RPE) improve health parameters. The effectiveness of RPE on physiological, biochemical and psyc-

hological health parameters is determined by number of factors. In addition to intensity and duration of exercises, time of the day

that exercises are performed has shown to play an important role in this regard. Variations in the outcome of morning exercises vs
evening exercises have been reported by many researches. Here, we discuss the findings of published research and describe the time

of day effect of exercises on fitness and health. Furthermore, possible reasons for observed effects of timing of exercises are discus-

sed with considerations for future research in the field. The present review highlights the importance of having clear understanding
regarding time of the day effect on exercises to obtain maximum benefit for scientists, physical trainers, sports man as well as general
public who engages in RPE among their busy schedules.
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Introduction
Psychological disorders, obesity, diabetes and cardiovascular diseases have become risk factors for mortality and morbidity [1-3].

Sedentary life style and stress during day-today life have been identified as one of the major causes that affect metal health as well as

overall health [4]. It has been found that 75-90% of visits to primary health care physicians are due to stress associated health concerns
[5]. Depression, anxiety, headaches, back and neck pain, sleep problems are commonly associated with stress [6]. Additionally, stress and
inactive urban life style have become a risk factor for, obesity, diabetes and cardiovascular diseases [7-9].

Though stress has survival advantages [10], prolong exposure to stress induces unfavorable alterations in health related parameters

[11]. Sleeping habits, drug use and the dietary habits may be affected undesirably due to increased stress [6,12]. According to the report

published by the American Psychological Association in 2011, over-eating or eating unhealthy food with missing meals is a common

behavioral change seen in stressed individuals [13]. The report also states that nearly half of the respondents had sleeping changes due to
stress [13]. Moreover, altered levels of hormones, neurotransmitters etc. have been reported in stressed individuals causing unfavorable
changes in the metabolic processes [14]. As the current urban life styles are heavily stress inducible, means of stress reduction have drawn
attention and effective methods with prolong stress reducing effects are under investigation [15].

Carrying out regular physical exercises (RPE) is well known to have favorable effects on health [16-18]. Consistent results have been

reported by many groups with favorable alterations in the physiological and biochemical parameters after RPE [16-18]. RPE have been

shown to increase the functional capacity and the quality of life of a person with positive influence on cardio-metabolic risk factors [16,18].
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RPE also maintains appropriate body weight, body mass index (BMI), relative body fat content and composition, size, strength and fle-

xibility of muscles[19]. Exercises are known to have favorable effects on respiratory system increasing aerobic capacity, oxygen uptake
and oxygen transport [20]. Engagement in aerobic exercises improves peak maximal oxygen consumption (VO2max) [20]. Furthermore,
increased heart rate and stroke volume with increased blood flow have complimentary effects on cardiovascular system [21,22]. The favorable alterations in biochemical parameters after physical exercises have been observed by us and other groups previously [16,18,23].

RPE have shown to reduce stress levels [24]. Cortisol secreted by adrenal cortex acts in response to stressors thus considered as a mar-

ker of elevated stress levels [25,26]. Inverse relationship between blood cortisol levels and exercises has been found by many researches
[16,27,28]. Calming effects with good sleep after adequate exercises that lasts for several hours have been reported [14]. Many studies
have shown inverse associations between physical exercises and depression [29,30]. Furthermore, it has been shown that reduced physical activity results in emerging depression [31]. Research has shown that physical exercises lower the risk of dementia and cognitive
decline [32].

The existing guidelines recommend at least 2.5 hours of moderate exercises or 1.25 hours of vigorous-intensity exercises per week.

Resistance exercises are recommended for 2-3 days per week for additional health benefits [33]. The recommendations on exercises
are based on published research [34-38] thus, it is essential to review the current research and analyze the data from different ethnic

groups before drawing conclusions. Many reviews have been published combining isolated research data giving insights into the current

understanding of the effect of exercises [39-42]. We have previously reviewed the effect of duration of physical exercises on biochemical
parameters which analyzed data from research derived from South Asian cohorts [43].

In addition to the intensity and duration of exercises, one of the factors that can affect the outcome of the exercises is the time of the

day that the exercises are performed. Research from many groups have shown varied effects of the time-of-day on exercises [44,45]. The-

refore, the beneficial outcomes of exercises on biochemical and physiological health parameters, overall health and disease may depend
on the time of day the exercises are performed. There have been studies that compare the effects of morning vs evening exercises [46-81].
Here in this review we summarize the “time of day effects” of exercises on fitness and health.

Morning vs evening exercises: Morning is better

Hobson., et al. examined the effects of the time of the day on improving aerobic exercise capacity [46]. The investigators demonstra-

ted that the strength of exercise capacity of men participated in the study during thorough cycling exercise and VO2 max is significantly

higher when the exercises are performed in the morning than in the evening [46]. Consistently, Brisswalter., et al. also observed increased
VO2max after moderate exercise performed in the morning than evening [47]. A study identified that “morning is better for exercises”

was published in 2011 by Fairbrother., et al. [48]. In their experiment, moderate exercises were performed on three pre-hypertensive

groups aged 40 - 60, where each participant was subjected to graded exercise test with subsequent walk on a treadmill for 30 minutes,
three times a week at three different times of the day: 7 am, 1 pm and 7 pm [48]. They assessed the blood pressure levels and sleep pat-

terns. It was found out that the group who exercised at 7 in the morning showed 10% reduction in blood pressure and a 25% drop in
nocturnal systolic blood pressure than the other two groups who exercised at 1 pm and 7 pm. Furthermore, morning exercises showed

improvements in sleeping with longer and deeper sleep compared to the groups that exercised at other times [48]. In the sleep analysis it

was revealed that the morning exercised group spent 75% more time in the deep sleep. Changes in sleep behavior also improved in other
health parameters such as cardiovascular health, stress and anxiety [48]. The authors concluded that morning is the best time for aerobic
exercises with beneficial effects on blood pressure at night and quality of sleep [48].

Reduction in levels of catecholamines, cor¬tisol and other stress hormones have been shown in relation with the improved nighttime

blood pressure changes with improved parasympathetic activity [49,50]. After morning exercises it has been shown that the cortisol levels decline across the day [51]. Immediate effect on cortisol levels after exercises seems to be independent of the time of the day showing
similar levels of blood cortisol levels in both the morning and evening exercised groups [52-55].
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The time of the day effects of exercises on muscular system have also been studied [56-58]. Sedliak and colleagues experimented on

the effect of “time-of-day-specific training” on isometric strength of young men [56]. Their study groups underwent specific training for
period of ten weeks either in the morning (7 - 9 am) or in the late evening (5 - 7 pm). It was shown that morning exercises improve isome-

tric strength better than evening exercises [56]. Lricollais., et al. demonstrated that, 60 second Wingate test shows lower muscle fatigue in
the evening exercised group than the morning exercised group [57]. Maraki., et al. in 2005, found out that higher rates of exertion is obser-

ved in morning exercises compared to that of the af¬ternoon during warm up and resistance train¬ing [58]. Alizadeh and colleagues identified moderate- to high-intensity aerobic exercises being more effective when done in the morning than evening in controlling weight
and calorie intake [44]. It has been shown that the morning RPE improves sleep quality with easier to fall asleep and sleep duration [59].
Morning vs evening exercises: Evening is better

Studies have shown that the outcome of the physical activity is greater when it is performed in the evening [60-75].

When compared the aerobic work capacity of athletes after a test performed on work meter bike the group that performed in the

evening showed 5% more aerobic work capacity than the morning group [60]. Later, same research group revealed that high-intensity

training for 5 weeks had a greater work capacity compared to the morning exercise training [61]. After 8 weeks of morning or evening

exercises, the group exercised in the evening showed more increase in aerobic and anaerobic power compared to the morning exercised
group [61]. In another study, Tori., et al. investigated the effects of 4 weeks of aerobic exercise program [62]. The study was done on 3

groups of males who underwent 30 minutes exercise program in three different times of the day: morning (9 am), afternoon (3 pm) and

night (8 pm). The data of afternoon exercised group demonstrated significant increase in their VO2 max, with a significant blood lactic

acid level than the other two groups [62]. The authors suggested that afternoon is better time for aerobic exercises [62]. Another research
carried out by Rahmaninia and Mirzaei (2002) on young wrestlers also reported a favorable difference in the aerobic power in the evening

group but the difference was not significant [63]. Heart rate and performance time have shown to be increased by the evening exercises
in a study done by Burgoon., et al. [64]. A study has shown that systolic and diastolic pressures significantly increased in participants who
underwent physical exercises in the morning from 9.00 - 10.15 am and significantly decreased in participants who conducted physical

exercise in the afternoon from 1.30 - 2.45 pm [65]. Faisal., et al. also reported similar findings confirming the presence of time-of-day
effects of aerobic exercises [66]. After cycling exercises performed in the morning (7 am) and evening (5 pm) Faisal and colleagues concluded that circadian rhythm work closely with priming exercises to decrease blood pressure with greater effect in the evening and with

increased skin blood flow [66]. Furthermore, Hill., et al. have shown that oxygen uptake was faster when the exercises are performed in

the evening, with slower consumption of the anaerobic capacity highlighting the importance of time of the day effect on RPE [67]. Moreover, it has been shown that evening exercises avert the body temperature decline in the night [68].

Chtourou., et al. in 2011, performed 30s high intensity cycling exercise in the morning (7 am) or evening (5 pm). Increased muscular

power and fatigue were observed in the evening group during the first 20 seconds of the exercise compared to that of morning group [69].
A similar findings was observed by Nicolas., et al. in a study carried out to investigate the time-of-day effects on mechanical and myoelec-

tric properties of muscle during isokinetic exercise [70]. A higher contractile capacity was observed with a higher muscle fatigue in the
evening compared to the morning [70].

Yoshida., et al. stated that 1 hour exercise performed at 8 pm gives better sleep with lower day time sleepiness than morning (7.40 am)

evening (4.30 pm) exercises [71]. It has been observed that peak cortisol levels after exercise were highest at 7am compared to evening
and late night with lowest cortisol concentrations at 5 pm [72].

It has been found that afternoon exercises is more effective in improving glucose levels in the blood in than morning exercises in type

2 diabetic patients [71]. Another study that tested hormones and inflammatory cytokine levels after exercises revealed that plasma IL-6
and adrenaline concentrations are increased in the blood after evening endurance exercises than morning [72]. Furthermore, free fatty
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acid concentrations were elevated in those who underwent evening exercises when compared to the morning group [73]. Consistently,
lipid oxidation has been shown to increase after evening exercises than morning [74].
Morning vs evening – No difference

Some research provides evidence to show that both morning and evening exercises have similar effects on health. Passos., et al. stated

that both morning or evening moderate anaerobic exercises improve quality of sleep and life with improved mood in insomnic patients

with no significant correlation between the sleep quality and exercise time of the day [75]. Sedliak., et al. recently assessed the effects
of 1 hour hypertrophy-type of resistance training performed in the morning (7.30 am) and afternoon (4 pm) for 11 weeks on muscle
hypertrophy, phosphorylation of selected muscle proteins and hormonal concentrations. The muscle strength and hypertrophy were

not significantly different at any time point. Furthermore, testosterone levels were similar in morning and evening exercised groups and

were comparable to that of controls [76]. Consistently, Zarrouk., et al. reported that the effect of the repeated pedaling sprint exercise on
electromyographic activity of thigh muscles are independent of the time of the day that the exercises were conducted [77]. Rowland., et
al. experimented on time of the day effects of exercises on functional markers of cardiac capacity [78]. After standard progressive cycle

exercise test in the morning (8 am) and afternoon (4 pm) for 3 hours, no significant differences were observed in the cardiac variables

(VO2max, heart rate, cardiac output and systolic and diastolic myocardial functional markers) between morning and evening exercises
[78]. Alley., et al. showed that after 30 minutes of resistance training carried out at 7 am, 1 pm and 7 pm that sleep stages and blood pres-

sure at night are not affected by time of exercises [79]. Taleghani., et al. experimented on the effects of morning or evening walk regularly
carried out by two elderly groups for 4 weeks. Morning or evening walks showed similar improvements on sleep quality [80]. Moreover,

salivary melatonin levels have not shown significant differences in morning and evening exercises compared to controls after steady state
running for 30 minutes and warm up for 5 minutes [81]. Similarly, growth hormone levels are not affected by the time of the exercise [53].

Discussion and Conclusion

It is clearly evident that RPE improve physiological and psychosocial health parameters [16-18]. The effects of the factors that affect

the quality and outcome of RPE (viz. exercise intensity, duration, time of the day etc. and exact physiological mechanisms) need to be fully

understood by physical trainers, sportsmen and scientists for effective training. Moreover, regular exercises have become a main driver of
healthy life in the modern world. However, with day-today busy schedules, it has become a difficult task to find a time for RPE. Therefore,
it is worthwhile to scientifically investigate the best time of the day for exercises to get the maximum benefit among busy schedules.

There are studies to support both views that exercises improve physiological, biochemical and psychological parameters of a person

when the exercises are performed in the morning and/or evening [46-83]. Conclusions of the research discussed herein demonstrate that

both morning and evening exercises increase aerobic and anaerobic power with favorable changes in the other physical parameters such
as oxygen uptake and capacity, heart rate, blood flow, body weight, fat content and muscle strength, biochemical parameters such as blood

glucose and hormone levels and psychological parameters such as stress, appetite and sleep behaviors [46-83]. However, it can be stated
that the RPE preferentially affects certain parameters to be improved depending on the time of the day.

In finding reasons, many research groups suggest that time of day dependent hormonal changes may have effects on the differed

outcomes of the time of exercise training. Additionally, individual variations in physiology can be a cause for variations observed in these
differences which is hard to eliminate. Life style and underlying health conditions of individuals may also affect the outcome.

There are many limitations associated with this type of research, leaving grey areas and gaps that are needed to be filled. The quality

of studies in this area of research is mostly questionable leaving number of challenges for future research. Lack of appropriate base line
measurements, time, adequate follow ups, accuracy in certain data due to the subjective responses given by study participants and inconsistencies of the control groups are some of the challenges that this field of research faces. Furthermore, inability to acquire all appropriate data from same study participants is a major barrier to come up for complete and accurate conclusions.
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Another factor that the investigators need to consider is the climate of the research setting, cultural variations and food habits that

may have impact on the outcome of exercises. Therefore, when drawing generalized conclusions of effect of timing of exercises data from
different continents may be useful. Hence, research on factors affecting exercise outcome should be thoroughly investigated in different
communities.
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