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Purpose: Exercise leads to a lower risk of coronary artery disease (CAD). However, whether time of day physi-
cal exercise has effects on CAD is still unclear. The present study is to investigate the relationship between 
time of day physical exercise and angiography determined CAD in a Chinese population. Subjects: A total 
of 1,129 consecutive participants who underwent coronary angiography for the first time were enrolled in 
our study. Participants were divided into non-CAD group and CAD group according to the result of coronary 
angiography. We used a predesigned questionnaire—the work-related activity, leisure-time activity, and physi-
cal exercise information were recorded in the form of self-reporting. Results: Doing physical exercise was 
associated with a reduced risk of CAD, after adjusting the established and potential confounders, 
with an adjusted odds ratio (OR) of 0.48 (95% CI, 0.35–0.67) compared with those who did not any physical 
exercise. Moreover, the risk of CAD could linearly decrease with increase of intensity, duration and frequency 
of exercise. Further stratification analysis revealed that the protective effects of exercise were more significant 
in the afternoon and evening group than in the morning and forenoon group. The adjusted ORs of doing physi-
cal exercise in morning, forenoon, afternoon, and evening groups were 0.53 (0.36–0.78), 0.51(0.27–0.96), 
0.46(0.25–0.85), 0.43(0.28–0.66), respectively, compared with nonexerciser (p < .05). Conclusions: Doing 
physical exercise can decrease the risk of CAD, and exercising in the afternoon or evening may have more 
significant effects on the prevention of CAD than in other time of day.
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Coronary artery disease (CAD) is the most common 
cause of death worldwide. It was reported that nearly 7.3 
million people died of CAD in 2008. Physical inactivity 
is recognized as one of the most important risk factors 
which contribute for this disease (Bijnen et al., 1994). To 
date, many epidemiologic studies performed on several 
large populations have demonstrated a statistical associa-
tion between physical activity and the primary prevention 
of CAD (Powell et al., 1987; Berlin & Coldtiz, 1990; Sofi 
et al., 2008). Furthermore, it has been found that physi-
cal activity not only decreases mortality in patients with 
established CAD but also increases survival for CAD 
patients who participated in rehabilitation programs 
(Wannamethee et al., 2000; Clark et al., 2005). Physical 

activity combined with lifestyle adjustments could have 
a greater cardiovascular protection (Chow et al., 2010). 
Still more, there also was a dose-response relation-
ship between physical activity and potential benefits in 
patients with CAD. (Zheng et al., 2009).

Despite the obvious benefit of physical activity, some 
evidences have shown that physical activity is related to 
adverse cardiovascular events, especially in the healthy 
population, and circadian variation also plays a crucial 
role in the occurrence of those cardiovascular events, 
including unstable angina, acute myocardial infarction 
and sudden death (Cannon et al., 1997; Muller et al., 
1985; Muller et al., 1987). Recently, circadian variation 
was deemed to modulate numerous cardiovascular risk 
markers, both at rest and exercise (Scheer et al., 2010). 
Thus, we hypothesized that the risk of occurrence of 
these acute cardiovascular events depend on time of day, 
and physical activity might be a trigger for such events. 
Nevertheless, the existing studies were rather small or 
only included healthy individuals or established CAD 
individuals performed physical activity according to the 
time of day (Muller et al., 1995; Murray et al., 1993). 
Whether the time of day physical exercise could alter 
the risk of CAD is remain unclear.

www.IJSNEM-Journal.com
ORIGINAL RESEARCH



140  Zhao et al.

Accordingly, the aim of our study is to explore the 
relationship between physical exercise including inten-
sity, duration, frequency and CAD. On the other hand, 
to investigate whether time of day physical exercise may 
potentially affect the development of CAD is the second 
aim of this study.

Methods

Participants

Participants aged 30–90 years who underwent coronary 
angiography for the first time to diagnose or treat CAD 
were recruited from two hospitals (the First Affiliated 
Hospital of Nanjing Medical University and Nanjing 
Chest Hospital) from June 2011 to May 2012 in Nanjing, 
China. The CAD were defined as at least 1 coronary artery 
having ≥ 50% luminal diameter stenosis on angiography, 
and the participants who did not have significant stenosis 
of all arteries were defined as non-CAD. Regular exercise 
information was recorded in present study. Participants 
were defined as exercisers if they have taken regular 
physical exercise for at least 12 months. The aim of 
this study was to investigate relationship between time 
of day physical exercise and the risk of CAD, thus we 
selected participants who had exercised once in a day. 
Participants who previously underwent coronary angi-
ography or revascularization of the coronary arteries, or 
with valvular disease, cardiomyopathy, myocarditis were 
excluded. Finally, 784 participants with CAD participated 
the current study, with 208 participants in the morning 
group (5:00–8:00), 46 participants in the forenoon group 
(8:00–12:00), 47 participants in the afternoon group 
(12:00–18:00), and 102 participants in the evening group 
(18:00–5:00). A total of 345 participants who did not have 
significant stenosis of all arteries were defined as controls, 
with 95 participants in the morning group, 21 participants 
in the forenoon group, 24 participants in the afternoon 
group, and 81 participants in the evening group. The 
protocol was fully explained to the participants before 
they provided written informed consent to participate 
in the study, which approved by the institutional Ethics 
Committees of the First Affiliated Hospital of Nanjing 
Medical University and Nanjing Chest Hospital.

Assessment of Physical Activity

Work-related activity, leisure-time activity and sport–
related activity information was recorded in the form 
of self-reporting. To assess work-related activity, we 
inquired participants about main occupation present or 
past, including sitting, standing, walking or lifting heavy 
load habit at work. Participants were allocated into three 
categories: “low” was physically very easy, sitting office 
work; “moderate” was work including standing and walk-
ing, light industrial worker; “high” was work including 
walking and lifting, or heavy manual labor (Hu et al., 
2007). Leisure-time activity was assessed by asking 
participants for past daily activity including watching 
TV, reading, domestic work and gardening. In addition, 

we inquired them about daily trip mode including driv-
ing, walking, cycling. Self-reported leisure-time activity 
was also classified into three categories according to 
leisure-time physical activity index: low was defined as 
almost completely inactive in daily life; moderate was 
doing some minor physical activity part of a day; high 
was performing vigorous physical activity all day (Wang 
et al., 2011). Detailed information on physical exercise 
was assessed by frequency, duration and intensity. The 
participants were asked how often they exercise (once per 
week, two to three times per week or four or more times 
per week), for how long they carry on each time (< 15 
min, 15–30 min, 31–60 min or > 60 min) and how hard 
they exercise (no sweat, sweat or exhausted; Moholdt et 
al., 2008). A previous validation study have shown that 
no sweat corresponded to an intensity of approximately 
55% of maximal oxygen uptake, sweat and exhausted 
corresponded to an exercise intensity of 71–75% and 
76–90% of maximal oxygen uptake (Wisløff et al., 2006). 
The age of initiate physical exercise was also recorded 
by the self-reported.

Data Collection
Data were collected by face-to-face interview. All of the 
interviewers were professionals and trained uniformly 
by the first author. Neither interviewers nor participants 
knew the result of coronary angiography or the relation-
ship between time of day physical exercise and risk of 
CAD. A structured questionnaire was used to collect the 
required information on family history of CAD (any kind 
of CAD in first-degree relatives), medical history, current 
medications and CAD risk factors such as a history of 
hypertension, diabetes mellitus, hyperlipidemia, cigarette 
smoking and alcohol intake. The questions of daily diet 
were modified from Block Screening Questionnaires in 
accordance with the Chinese people’s diet (Thompson 
& Byers, 1994).

Nonsmokers were defined as having smoked <100 
cigarettes in their lifetime. Current smokers were defined 
as those who smoked during the previous 12 months. 
Participants who drank alcohol at least once per day 
during the previous 12 months were classified as current 
drinkers. The daily diet was quantified on a three-category 
scale according to the score of Block Screening Question-
naire: low in fat diet style, general diet style and high in 
fat diet style. Body weight (in kilograms) and height (in 
meters) were measured following standard procedures 
(i.e., height was measured to the nearest 0.5 cm, without 
shoes, back square against the wall tape, eyes looking 
straight ahead, while weight was measured with a lever 
balance, to the nearest 100 g, without shoes, in light 
undergarments). Body mass index (BMI) was calculated 
as weight divided by the square of height. Waist circum-
ference (WC) was determined by measuring of waist 
diameter of the level of midpoint between iliac crest and 
lower border of tenth rib.

Total cholesterol (TC) concentration, triglyceride 
(TG) concentration and blood glucose concentration 
were collected from the participants’ most recent 
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medical records (fasting for 10 ~12 hr venous blood 
measured value). Hyperlipidemia was defined as a serum 
TC concentration >220mg/dl (5.698mmol/L) or TG 
concentration >150mg/dl (1.695mmol/L), or the use of 
lipid-lowering therapy. Participants were considered to 
have diabetes mellitus if they were under hypoglucose 
treatment or if their fasting blood glucose concentration 
was >110mg/dl (6.1mmol/L). Resting blood pressure was 
measured using an automated sphygmomanometer and 
recorded as the average of three seated measurements. A 
diagnosis of hypertension was made when either systolic 
or diastolic blood pressure was ≥ 140 or 90mmHg, respec-
tively, or when a participant was receiving medication for 
high blood pressure.

Statistical Analysis

The Kolmogorov-Smirnov test was used to analyze for 
normality of the distribution. Continuous variables were 
presented as Mean± SD (SD). The differences in abnormal 
distributed variables between 2 groups were tested by 
Mann-Whitney U test. Associations between categorical 
variables were tested by the calculation of the chi-square 
test. Odds ratios (ORs) and 95% confidence intervals (CIs) 
were calculated to indicate the relationship between physi-
cal exercise and the risk of CAD. To facilitate analysis, 
the physical exercise variables, except exerciser (no vs. 
yes), were categorized into two or four levels with non-
exerciser as the reference group. “Starting age of exercise” 
was grouped by quartile. The logistic regression analysis 
was used to adjust for age, BMI, WC, gender, area of 
residence, hypertension, diabetes, dyslipidemia, smok-
ing, alcohol drinking, family history of CAD, education, 
diet, work-related and leisure-time activity. A two-tailed 
P-value < 0.05 was considered significant. All statistical 
analyses were performed using SPSS for Windows, ver-
sion 13.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Characteristics of Subjects

Table 1 presented the characteristics of 1 129 participants 
with and without CAD. The mean ages (SD) of those 
with and without CAD were 64.2 (10.5) and 62.1 (10.0) 
years. Compared with their controls, CAD group had 
higher BMI (kg/m2; 25.4 ± 3.2 vs. 25.0 ± 3.5) and WC 
(89.5 ± 9.1 vs. 87.3 ± 9.1). As expected, the CAD group 
was more likely to have hypertension, diabetes mellitus, 
hyperlipidemia, more WC and a family history of CAD. 
In addition, participants with CAD had a higher preva-
lence of smoking (37.1% vs. 24.1%) and alcohol drinking 
(18.8% vs. 11.3%). For lifestyle, the diet of CAD group 
was more in fat, and the work-related activity and leisure-
time activity distribution in CAD group were lower than 
non-CAD group (p < .05).

Characteristics of time of day physical exercise 
were shown in Table 2. The proportions of intensity 
and duration time of exercise in four subgroups were 
not statistically significant. A higher proportion of “≥4 

times/week” was distributed to the morning group while 
a lower proportion of “<4times/week” was distributed to 
the evening group (p < .05).

Relationship Between Physical Exercise 
and CAD Risk

As shown in Table 3, exercisers had a decreased risk of 
CAD with a crude OR of 0.59 (95%CI, 0.46–0.77, p < 
.001) and an adjusted OR of 0.48 (95%CI, 0.35–0.67, 
p < .001), compared with those who never exercised. 
As participants answered that they got ‘exhausted’ 
were very few (only 22 patients), we merged the two 
categories “sweat” and “exhausted” into one, so that 
exercise intensity was divided into either low (no sweat) 
or moderate-high intensity (sweat and exhausted) to 
analyze. Compared with those who never exercised, the 
adjusted OR for low intensity and moderate-high intensity 
of physical exercise were 0.57 (95%CI, 0.42–0.82, p < 
.002) and 0.34 (95%CI, 0.22–0.52, p < .001), respectively. 
Because there were only 13 participants who have exer-
cised only once per week and no one was grouped into 
the “<15min” category, frequency and duration time were 
also divided into two and three categories, respectively, as 
shown in Table 3. The risk of CAD tended to decline with 
the increase in duration time and frequency (p < .001). 
Moreover, the risk of CAD was significantly reduced in 
those who started doing physical exercise younger than 
60 years (p < .05).

Relationship Between Time of Day 
Physical Exercise and CAD Risk

The relationship between time of day physical exercise 
and risk of CAD were shown in Table 4. After adjust-
ment for age, gender, smoking status, alcohol use, diet, 
work-related activity, leisure-time activity, hypertension, 
hyperlipidemia, diabetes mellitus, family history of CAD, 
WC, and BMI, the results interestingly showed that the 
time of day physical exercise was significantly associ-
ated with the risk of CAD. Further stratification analysis 
revealed that the adjusted ORs of doing physical exercise 
in the morning, forenoon, afternoon, and evening groups 
were 0.53 (0.36–0.78), 0.51(0.27–0.96), 0.46(0.25–0.85), 
0.43(0.28–0.66), respectively, when compared with non-
exerciser (p < .05).

Discussion
The present study investigated the association between 
physical exercise and angiography defined CAD in a 
Chinese population. Our results suggested that physical 
exercise was inversely associated with the prevalence 
of CAD . The risk of CAD decreased with the intensity, 
duration, frequency of physical exercise increased. 
Moreover, the risk of CAD was significantly reduced 
in those who started doing physical exercise younger 
than 60 years. To the best of our knowledge, this is the 
first report to explore the time of day physical exercise 
associated with the incidence of CAD.
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Table 1 Characteristics of CAD and Non-CAD Group

Characteristic Variables CAD (n = 784) Non-CAD (n = 345) p-value

Age(years) 64.2 ± 10.5 62.1 ± 10.0 .002

Body mass index(kg/m2) 25.4 ± 3.2 25.0 ± 3.5 .084

Waist circumference (cm) 89.5 ± 9.1 87.3 ± 9.1 <.001

Gender <.001

man 544(69.4) 180(52.2)

female 240(30.6) 165(47.8)

family history of CAD 160(20.4) 50(14.5) .019

hypertension 621(79.2) 247(71.6) .005

diabetes mellitus 256(32.7) 65(18.8) <.001

hyperlipidemia 447(57.0) 140(40.6) <.001

resident in urban area 621(79.2) 270(78.3) .719

Smoking status <.001

never 332(42.3) 224(64.9)

former 161(20.5) 38(11.0)

current 291(37.1) 83(24.1)

Alcohol drinking <.001

never 430(54.8) 241(69.9)

former 207(26.4) 65(18.8)

current 147(18.8) 39(11.3)

Education .769

illiteracy 103(13.1) 44(12.8)

primary 122(15.6) 62(18.0)

middle 180(23.0) 77(22.3)

high 224(28.6) 89(25.8)

college 155(19.8) 73(21.2)

Diet <.001

low-fat 112(14.3) 100(29.0)

normal 336(42.9) 163(47.2)

high-fat 336(42.9) 82(23.8)

Work-related activity .005

low 392(50.0) 139(40.3)

moderate 255(32.5) 124(35.9)

high 137(17.5) 82(23.8)

Leisure-time activity <.001

low 190(24.2) 48(13.9)

moderate 441(56.3) 154(44.6)

high 153(19.5) 143(41.4)

Note. Continuous values expressed as mean ± SD; categorical variables expressed as n (%). CAD = coronary artery disease.
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Table 2 Characteristics of Time of Day Physical Exercise

Physical Exercise Morning (n = 303) Forenoon (n = 67) Afternoon (n = 71) Evening (n = 183) p-value

Intensity .862

Low 207(68.3) 48(71.6) 46(68.4) 125(68.3)

Moderate-High 96(31.7) 19(28.4) 25(35.2) 58(31.7)

Duration time .360

≤30 14(4.6) 3(4.5) 6(8.5) 8(4.4)

31–60min/day 160(52.8) 31(46.3) 29(40.8) 102(55.7)

>60min/day 129(42.6) 33(49.3) 36(50.7) 73(39.9)

Frequency .031

<4times/wk 50(16.5) 14(20.9) 18(25.4) 50(27.3)

≥4times/wk 253(83.5) 53(79.1) 53(74.6) 133(72.7)

Note. categorical variables expressed as n (%)

Table 3 Relationship Between Physical Exercise and CAD Risk

Physical Exercise Non-CAD(%) CAD(%) Unadjusted OR(95%CI) Adjusted OR b (95%CI) p-value

Exercisera <0.001

no 124(35.9) 381(48.6) 1(reference) 1(reference)

yes 221(64.1) 403(51.4) 0.59(0.46–0.77) 0.48((0.35–0.67)

Intensity

none 124(35.9) 381(48.6) 1(reference) 1(reference) .002

low 136(39.4) 290(37.0) 0.69(0.52–0.93) 0.57(0.40–0.82) <.001

moderate-high 85(24.6) 113(14.4) 0.43(0.31–0.61) 0.34(0.22–0.52)

Duration time

none 124(35.9) 381(48.6) 1(reference) 1(reference) .126

≤30 12(3.5) 19(2.4) 0.52(0.24–1.09) 0.51 (0.22–1.20) <.001

31–60min/day 110(31.9) 212(27.0) 0.63(0.46–0.85) 0.48(0.33–0.70) <.001

>60min/day 99(28.7) 172(21.9) 0.57(0.41–0.78) 0.48(0.33–0.71)

Frequency

none 124(35.9) 381(48.6) 1(reference) 1(reference) .100

<4times/wk 39(11.3) 93(11.9) 0.78(0.51–1.19) 0.66(0.40–1.08) <.001

³4times/wk 182(52.8) 310(39.5) 0.55(0.42–0.73) 0.44(0.31–0.62)

Starting age

none 124(35.9) 381(48.6) 1(reference) 1(reference) <.001

≤47 72(20.9) 89(11.4) 0.40(0.28–0.58) 0.40 (0.26–0.62) <.001

48–53 64(18.6) 91(11.6) 0.46(0.32–0.68) 0.45(0.29–0.69) .038

54–59 49(14.2) 114(14.5) 0.76(0.51–1.12) 0.61(0.38–0.97) .077

≥60 36(10.4) 109(13.9) 0.99(0.64–1.51) 0.62(0.36–1.05)

CAD, coronary artery disease; OR, odds ratio; CI, confidence interval

aPatients were defined as exercisers if they take regular exercise during the previous 12 months.

bAdjustment for age, gender, area of residence, education, smoking status, alcohol use, diet, work-related activity, leisure- time activity, hypertension, 
hyperlipidemia, diabetes mellitus, family history of CAD, WC and BMI in the analysis.
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Over past few decades, many epidemiologic studies 
have shown that regular physical activity has a favorable 
effects on the risk of CAD. Many of them focused on the 
effects of total physical activity or leisure-time activity 
(Sesso et al., 2000; Leon et al., 1987). Still some studies 
have assessed association between occupational or com-
muting physical activity and the risk of CAD (Hu et al., 
2007; Wang et al., 2010). However, physical exercise is 
that structured and planned with the aim of improving 
one’s health or fitness. Thus, the results of the current 
study emphasized that the relationship between physical 
exercise and reduction in CAD risk. The protection for 
CAD associated with regular physical exercise helps in 
controlling many coronary atherosclerotic risk factors, 
including blood pressure (Powell et al., 1987; Mensink 
et al., 1997; Fagard & Cornelissen, 2007), diabetes 
mellitus (Powell et al., 1987; Helmrich et al., 1991), tri-
glyceride, low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C; Powell et 
al., 1987; Mensink et al., 1997; Kraus et al., 2002), and 
obesity (Mensink et al., 1997; Pescatello & VanHeest, 
2000). Furthermore, exercise has been shown to inhibit 
hemostatic and inflammatory markers, oxidative stress, 
and to favorably modulate plasma superoxide dismutase 
activity and endothelial function, which indisputably 
suggested a wide spectrum of beneðcial effects on CAD 
(Wannamethee et al., 2002; Hambrecht et al., 2000). 
However, the optimal intensity, duration, frequency 
of exercise, continues to generate debate. It is general 
acceptable that there is a linear dose-response relation-
ship between exercise and reduction in CAD risk (Zheng 
et al., 2009; Tanasescu et al., 2002). Our findings were 
consistent with the results of these studies.

Although regular exercise is beneficial for many risk 
factors in CAD, prior studies have established that some 
adverse cardiovascular events were caused by exercise 
(Machecourt, 2006). The risk of these cardiovascular 
events has also been known to depend on time of day, 
and showed a peak between 6:00 and 12:00 (Muller et 
al., 1985), so the hypothesis arised that whether morn-
ing exercise could be different from physical activity 
performed at other time of day. Murray et al. (1993) 
examined a population by a long-term submaximal 
exercise programs to explore this hypothesis. Participants 
with established CAD were randomly assigned to either 

a morning (07:30) or afternoon (15:00) training group. 
The findings showed that the risk ratio of cardiac events 
in the morning was 1.27 (95%CI, 0.25–6.55) compared 
with the afternoon in 10 years follow-up. Although the 
observation did not show statistical significance, the 
upper limit of this CI implied a trend of difference in 
relative risk between the two times of day could not 
completely rule out. In present study, the proportions of 
intensity and duration time of exercise in four subgroups 
were not statistically significant (Table 3), however, par-
ticipants taking exercise in the afternoon (12:00–18:00) 
and evening (18:00–5:00) still seemed to have a lower 
risk ratio in CAD compared with those who in the morn-
ing (5:00–8:00) and forenoon (8:00–12:00). The exercise 
performance might be affected by the time of day, with 
a higher performance in the evening (Guariglia, Pereira, 
Dias, Pereira, Menacho, Silva, Cyrino, & Cardoso, 2011). 
In further studies, we will follow up our study population 
to evaluate the influence of time of day physical exercise 
on the prognosis of CAD.

The direct mechanism of time of day physical exer-
cise to prevent coronary atherosclerosis is unclear. But 
some literatures provided a possible pathophysiological 
explanation for our results. Jones et al. (2006) and Jones 
et al. (2008) reported that the response of ambulatory 
blood pressure to everyday physical exercise is highest 
between 08:00 and 10:00 hr while scheduling exercise 
in the afternoon would offer the greatest blood pressure 
lowering effect. Greater shear stress may be evident after 
morning exercise in arteries of similar size and epicardial 
coronary arteries, which was associated with plaque vul-
nerability in advanced atherosclerosis (Jones et al., 2009). 
The reduction of endothelial function in the early morning 
could also affect the vascular response after a bout of 
exercise (Otto et al., 2004). Furthermore, the influence 
of time of day physical exercise on hemostasis markers 
have been examined by some researchers. Winther et al. 
(1992) reported that platelet aggregability has a sharp 
peak in the morning among patients who assumed an 
upright posture and engaged in exercise. Szymanski and 
Pate (1994) found a greater degree of tissue plasminogen 
activation in the evening exercise than that in the morning 
exercise. All of the above pathophysiological factors may 
attenuate the protective effects of exercise on CAD in the 
morning. On the other hand, another explanation for the 

Table 4 Relationship Between Time of Day Physical Exercise and CAD Risk

Physical Exercise Non-CAD(%) CAD(%) Unadjusted OR(95%CI) Adjusted OR a (95%CI) p-value

None 124(35.9) 381(48.6) 1(reference) 1(reference)

Morning (5:00–8:00) 95(27.5) 208(26.5) 0.71 (0.52–0.98) 0.53(0.36–0.78) .001

Forenoon m (8:00–12:00) 21(6.1) 46(5.9) 0.71(0.41–1.24) 0.51(0.27–0.96) .037

Afternoon (12:00–18:00) 24(7.0) 47(6.0) 0.64(0.37–1.09) 0.46(0.25–0.85) .012

Evening (18:00–5:00) 81(23.5) 102(13.0) 0.41(0.29–0.59) 0.43(0.28–0.66) <.001

Note. CAD = coronary artery disease; OR = odds ratio; CI = confidence interval.

aAdjustment for age, gender, area of residence, education, smoking status, alcohol use, diet, work-related activity, leisure- time activity, hypertension, 
hyperlipidemia, diabetes mellitus, family history of CAD, WC and BMI in the analysis.
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greater protection for CAD in the afternoon and evening 
was that the fat metabolism responsed to exercise may be 
smaller magnitude in the morning than in the afternoon. 
Di Blasio et al. (2010) suggested that postmenopausal 
women who walked in the early evening had lower fat 
mass in a recent study. Previous studies have reported 
exercise-induced increases in plasma thyroid stimulating 
hormone (TSH) levels, and suggested that the stimulat-
ing effects of exercise were more pronounced during the 
evening (Scheen et al., 1998). In contrast, peak cortisol 
concentrations in response to exercise were highest in the 
morning and might play an adverse role in fat metabolism 
(Kanaley et al., 2001). The above mentioned pathophysi-
ological and metabolic factors have been comfirmed to 
be associated with the coronary atherosclerosis. Thus, 
we may speculate that time of day physical exercise 
might modulate key genes which contribute to the lipid 
metabolism as well as the development and progres-
sion of atherosclerosis. And the warranted functional 
study would help to look into the light on the potential 
molecular mechanisms.

Although we found a favorable association between 
exercise and risk of CAD, and suggested that time of day 
physical exercise may play an important role in primary 
prevention for CAD, several limitations need to be kept 
in mind when interpreting our results. First, the relatively 
small sample size of this study may limit the statistical 
power, and the classifications of the time of day were 
according to Chinese lifestyle. However, this pilot study 
undoubtedly provided valuable observations and interest-
ing information and may help to guide future studies in 
this area. Second, the age and gender distribution were 
significantly different between non-CAD group and 
CAD group, so we evaluate the association of exercise 
and CAD by adjustment for these confounding variables. 
Although with the higher mean age in non-CAD group, 
the relationship between exercise and CAD might be 
underestimated, the protection for exercise on CAD still 
existed after we adjusted the confounding variables in 
our study. Third, a potential recall bias should be taken 
into account. However, we excluded those who had pre-
viously underwent coronary interventions and selected 
recently underwent coronary angiography to minimize 
the recall bias. Finally, we did not obtain the detailed 
medication use predisposing to the risk of CAD, so we 
cannot eliminate the possibility that medication factors 
confounded the association between exercise and CAD.

Conclusion
The present study provided population-based evidence 
that physical exercise can reduce the risk of CAD. 
Moreover, our findings suggested that the positive effect 
of physical exercise on CAD could be optimized in the 
afternoon or evening compared with other time of day. 
Further researches are needed to explore the underlying 
mechanisms explaining the relationship between time 
of day physical exercise and progression of coronary 
atherosclerosis.
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