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Abstract 
Physical inactivity has been counted as a risk factor for coronary artery disease. Regular 

exercise has also been reported to redu~e risk of cardiovascular disease and its risk factors. We 
surveyed 3615 subjects for their conventional risk factors of coronary disease and for the frequency 
of their exercise. We found that subjects who had regular exercise were more likely to have 
lower triglyceride and resting heart rate. HDL cholesterol was higher in the group of subjects who 
had regular exercise. There was no difference in fasting plasma glucose, total cholesterol or 
blood pressure levels between those who had and those who did not have regular exercise. 
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The AHA counts physical inactivity as a 
major risk factor for coronary artery disease (1). 
This is based on an established relationship between 
the risk of cardiovascular disease and physical 
inactivity, as shown by the Framingham Heart 
Study. As with obesity, physical inactivity contri-
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butes to several metabolic risk factors. However. it 
is not clear whether physical inactivity is an inde­
pendent risk factor for coronary artery disease. It 
has been widely accepted that physical inactivity 
should be identified in risk assessment and an 
independent target for risk-reduction intervention. 
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Practical recommendations to guide patients to start 
a safe and effective exercise program has been 
published(2-3). 

It was suggested that 150 minutes of 
moderate-intensity physical activity accumulated 
throughout the week can improve health(4-6). Sim­
ple walking exercise was also reported to have a 
beneficial effect on patients with coronary artery 
disease. It was also showed to have favorable 
effects on major risk factors for coronary artery 
disease such as cholesterol levels, hypertension, 
smoking and diabetes mellitus(?). 

This study aimed to examine the crossec­
tional relationship of regular exercise and fasting 
lipid, blood sugar and blood pressure levt1s in a 
healthy Thai population. 

MATERIAL AND METHOD 
Study populations: We interviewed and 

examined 3,615 employees of Shinawatra Corpera­
tion during their yearly physical check up. This 
number represents 90 per cent of the company's 
total employee number. All participants were in­
formed about the study and given a confidential 
questionnaire one week before being examined by 
cardiologists. The study was approved by the ethi­
cal committee of Siriraj Hospital. Blood samples 
for plasma lipids and glucose levels were taken on 
the same morning of physical examination after at 
least 12 hours of fasting. It was immediately mixed 
with 1.5 mg of EDTA and immediately centrifuged. 
Plasma for lipids and glucose analysis was stored 
at 40C until being analyzed. The analysis was done 
within 2 hours after collection. 

Participants were asked to complete the 
questionnaire by themselves at home. This in­
cluded questions on general health, behavior and 
method and frequency of their exercise and physi­
cal activity. 

Blood pressure was measured in the right 
arm with subjects in a sitting position. The average 
of at least two measurements to the nearest 2 mmHg 
using a mercury sphygmomanometer was recorded 
and used in all analyses. The third measurement 
was done if the first and second readings showed a 
difference greater than 10 mmHg. 

Laboratory procedure: Plasma levels of 
total cholesterol and triglyceride were measured by 
enzymatic techniques (Roche Diagnostics, Switzer­
land). High density lipoprotein (HDL) cholesterol 
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was measured by dextran sulfate-magnesium preci­
pitation followed by enzymatic determination of cho­
lesterol(8-l 0). The plasma glucose was deter- mined 
by the glucose oxidase method. The level of low 
density lipoprotein (LDL) cholesterol was derived 
from the Friedewald calculation. 

Definitions 
Physical activitY: Information of physical 

activity was retrieved from the questionnaire. Sub­
jects in the group of regular adequate exercise were 
those who exercised for a duration of at least 20 
minutes more than three times per week. The regu­
lar inadequate exercise group consisted of those 
who exercised regularly for I 0-20 minutes two to 
three times per week, or those who exercised more 
than 20 minutes only two to three times per week. 
Persons who exercised less than I 0 minutes each 
time, or less than twice a week, were considered not 
having regular exercise. 

Risk factors of coronary heart disease: 
Hypertension is defined as systolic blood pressure 
higher than or equal to 140 mmHg. or diastolic blood 
pressure above or equal to 90 mmHg. Persons with 
abnormal glucose status were those with fasting 
plasma glucose more than, or equal to, I 00 mg/dL. 
Normal levels for fasting total cholesterol. LDL 
cholesterol, HDL cholesterol, and triglyceride used 
in our calculation were 240 mg/dl, 160 mg/dl. 35 
mg/dl and 200 mg/dl respectively. 

Statistical analysis 
Data entries were done separately hy 2 

typists and any discrepancy of the data was re­
checked and corrected if possible. All incorrect data 
were excluded for analysis. All measured variables 
are presented as mean ± SD, and categorical vari­
ables are presented by frequency and percentage. 
Differences between groups are assessed by using 
chi-square, t-test or ANOV A where appropriate. 
Multivariate analysis of covariance (AN COY A) is 
applied to adjust the effect of some risk factors. A 
p-value less than 0.05 is considered to be signifi­
cant. 

RESULTS 
From 3,615 participants, data completion 

of all categories was around 99 per cent (Table I). 

There were more females than males. The mean age 
of the male group was significantly higher than the 
female group (31.2 ± 6.6 and 29.3 ± 4.9 years old. 
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Fig. 1 Percentage of regular exercise stratified by age groups. 

p <0.00 1 ). A higher percentage of males had regular Table 2. 
exercise compared to females (35.5% and 16.7%, 

Average (mean± SE) fasting plasma lipids 

and glucose, and resting heart rate and 
systolic and diastolic blood pressure before 

(a) and after (b) age, sex and BMI adjust­

ment. 

p=O.OOl ). The mean body mass index (BMI) for 
males was 23.06 ± 3.57 kgfm2 and for females was 
20.71±2.99 kgfm2 (p=O.Ol). 

Fig. 1 shows that a higher percentage of 
older subjects had regular exercise compared to the 
younger subjects. Twenty-five per cent (25.6%) of 
people aged 30 up had regular exercise, while only 
21.2 per cent of those aged below 30 exercised regu­
larly (p=O.OO I). 

Table 2 (a and b) shows that the regular 
exercise (both inadequate and adequate groups) 
group has lower average resting heart rate and 
higher blood pressure and triglyceride levels. How­
ever, after being adjusted by age, sex and BMI the 
regular exercise groups appeared to have lower 
mean triglyceride and higher HDL cholesterol 
levels. The adjusted mean levels of total cholesterol, 
LDL cholesterol, plasma glucose and diastolic and 
systolic blood pressures were lower in the regular 
exercise group but did not reach statistical signifi­
cant levels. There were more subjects with high 
blood pressure and impaired fasting glucose in the 
regular exercise group, but the prevalence of abnor­
mal total cholesterol, LDL cholesterol and trigly­
ceride was not different between the two groups 
(Table 3). 

Table 2a) No Exercise Regular p-value 
exercise 

Chol (mg/dL) 200 ± 0 7 2019 ± u 0210 
TG (mg/dL) 90.2 ± 1.2 95.0±21 0.040 
LDL (mg/dL) 123.6 ± 0.6 1255± 1.2 0130 
HDL (mg/dL) 58.4 ± 0.3 57.4 ± 0.5 0 070 
FPG (mg/dL) 89.4 ± 0.2 90.0 ± 0.4 0.160 
SBP(mmHg) 112.9 ± 0.2 115.1±0.5 <0.001 
DBP(mmHg) 75.3±02 76.8 ± 0.3 <0.001 
HR (beat/min) 78.8 ± 0.2 76.6 ± 0 3 <0.001 

Table 2b) No Exercise Regular p-value 
exercise 

Chol (mg/dL) 201J±07 200.4 ± 1.2 0.54 
TG (mg/dL) 97.3 ±I I 91.4± 19 0.006 
LDL (mg/dL) 125.1±0.7 124.1 ±II 0.44 
HDL (mg/dL) 56.7 ± 0.3 58.1 ± 0.5 0.01 
FPG (mg/dL) 90.2 ± 0.2 89.5 ± 0.4 0.16 
SBP(mmHg) 114.5 ± 0.2 114 2 ± 0.4 0.54 
DBP(mmHg) 76.4 ± 0.2 76.1 ± 0.3 0.36 
HR (beat/min) 78 I± 0.2 76.8 ± 0.3 0.001 

Abbreviation: Chol =total cholesterol. TG =- triglyceride. LDL = 
LDL- cholesterol. HDL = HDL- cholesterol, SBP =systolic blood 
pressure, DBP =diastolic blood pressure, HR =resting heart rate 
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Table 3. Number of subjects with abnormal lipids, 
glucose levels and hypertension. 

Regular exercise 
no yes p-value 

% % 

Chol > 240 mg/dL 371 13.8 115 14.2 0.83 
LDL > 160 mg/dL 345 12.9 113 14.0 0.45 
HDL < 35 mg/dL 253 9.4 56 6.9 0.03 
TG > 200 mg/dL 130 4.8 38 4.7 0.93 
FPG > 110 mg/dL 59 2.2 29 3.6 0.039 
HTN 187 6.9 75 9.2 0.04 

Abbreviation: Chol = total cholesterol, LDL = LDL cholesterol, 
HDL = HDL cholesterol, TG =triglyceride, FPG = fasting plasma 
glucose, HTN = hypertension 

DISCUSSION 
This study demonstrated that regular exer­

cise for a duration of 10-20 minutes or more, and 
2-3 times or more per week, was associated with 
lower levels of triglyceride and higher HDL-choles­
terol. This confirmed the benefit of exercise pre­
viously reportedCll). However, our results only 
confirmed a crossectional relationship of exercise 
and the risk factors. The benefit of regular exercise 
in our population may be confounded by higher 
level health concerns in people who exercised regu­
larly. On the other hand, our population had a higher 
proportion of males who had regular exercise com­
pared to females. The higher blood pressure and 

body mass index in the regular exercise groups may 
be a result of male subjects being present in this 
group, while the younger female subjects did not 
have regular exercise. Further more, we also demon­
strated that older subjects were more likely to have 
regular exercise compared to the younger age 
groups. This could be a result of higher level of 
health concern in older age group. Because of these 
baseline differences, we could not demonstrate any 
obvious benefit of regular exercise on cardiovas­
cular risk factors. After all values were adjusted by 
age, sex and body mass index, we only found that 
regular exercise was associated with higher HDL 
cholesterol, lower triglyceride and resting heart 
rate. 

Further long term study is needed to 
observe the effect of regular exercise on risk factors 
of coronary artery disease as well as the risk of coro­
nary artery disease. 

ACKNOWLEDGEMENT 
The authors would like to thank cardiolo­

gists, cardiac fellows, and nurses and the secreta­
rial staff from Her Majesty Cardiac Center and tech­
nicians from the Department of Clinical Pathology. 
Siriraj Hospital for their help in the survey and 
meticulous data records. This study was partly 
sponsored by a grant from Mahidol University, and 
Shinawatra Group. Support from the company's 
Human Resource Department, and co-operation 
from all employees are sincerely appreciated. 

(Received for publication on October 2, 2000) 

REFERENCE 
1. 

2. 

3. 

Fletcher GF, Balady G, Blair SN, et a!. Statement 
on exercise: benefits and recommendations for 
physical activity programs for all Americans: a 
statement for health professionals by the Com­
mittee on Exercise and Cardiac Rehabilitation of 
the Council on Clinical Cardiology, American 
Heart Association. Circulation. 1996;94:857-62. 
Fletcher GF. How to implement physical activity 
in primary and secondary prevention: a statement 
for healthcare professionals from the Task Force 
on Risk Reduction, American Heart Association. 
Circulation 1997;96:355-7. 
Grundy SM, Bazzarre T, Cleeman, J. Prevention 
conference V beyond secondary prevention: Iden-

4. 

5. 

6. 

tifying the high-risk patient for primary preven­
tion medical office assessment. Circulation 2000; 
101:1-9. 
Lissner L, Odell PM. Agostino RB. eta!. Variabi­
lity of body weight and health outcomes in the 
framingham population. N Eng! 1 Med 1991 :324: 
1839-44. 
Wing RR, Epstein LH, Patermostro-Bayles M. 
et a!. Exercise in a behavioral weight control pro­
grammer for obese patients with type 2 (non-in­
sulin dependent) diabetes. Diabetologia 1988:31: 
902-9. 
Jakicic JM, Winters C, Lang W, Wing RR. Effects 
of intermittent exercise an use of home exercise 



S158 N. MAHANONDA et al. J Med Assoc Thai November 2000 

7. 

8. 

equipment on adherence, weight loss, and fitness 9. 
in overweight women. JAMA 1999;282: 1554-60. 
Hakim AA, Curb JD, Petrovitch H, et a!. Effects 
of walking on coronary heart disease in elderly I 0. 
men: the Honolulu Heart Program. Circulation 1999; 
100:9-13. 
Allain CC, Poon LS, Chan CS, Richmond W, Fu 
PC. Enzymatic determination of total serum cho- II. 
!estero!. Clin Chern 1974;20:470-5 . 

Sampson EJ. Demers LM. Krieg AF. Faster enzy­
matic procedure for serum triglycerides. Clin 
Chern 1975:21:1983-5. 
Warnick GR. Benderson J. Albers JJ. Dextran sul­
fate-Mg2' precipitation procedure for quantitation 
of high-density-lipoprotein cholesterol. Clin Chern 
1982;28: 1379-88. 
Carretero OA, Oparil S. Essential hypertension 
Part II: Treatment. Circulation 2000: I 0 I :446-53. 

.- "" .'1 I ~ d' ~ uB Nl17'!J'!JYI, W.lJ. *, tnfl'j(f}'lfV IJ~ufJ!~fJ!. W.lJ. *, 7iiJJlJ7 !fWTJiiJJ'!Jl, W.lJ. **, 

•nrrmlJ f')~f'1::m(;), -;;n.u (iff-;;(Yn~)*, -vrur·Hn'J3N f'lf~u~m~{f}'JfJ?V, w.u. *. 

'!~i(f}u uuvl'J'if'!J, w.u. ***, 'lfiYiYCill fOJ'lijv!~iJv, w.u. * 

nTlt:mnr'n;~mtJ "~lLi:'l;.JEJi:'llm'lll "(;leJI'I'llL~tJ~'lJEJ~ T 11'1'1111" ''"~i1ml;<~m.;\,~rfnuml;.J L~tJ~'lJEJ~ T 11'1>1 "EJ(;l­

L~EJ(;l'l1lh m1Anl?!l,j'ij~(;lU'l~G~I'i'LvlEJI!)I'Ill;.J~l-lw\Jrf'Ym crossection ~~>1ll~ m'lEJEJnr'n~~mtJG~lLGl-IEJ nui:J"l~tiL~tJ~ 
'lJEl~ L 'li'I>1"EJ(;lL~EJ(;l'l1l1'J 

nl1Afll?!lYn1uu'l~'lfln1 3615 I'IU 'Wl.JllrJ'~i1nl'ltltlflrll~·mltJG~lLGl-IEl"l~i15~n'lll'llll-IL~tl~'lJEl~U"l~m~rH 
'lJEJ~t'l1'1'14"EllilL~tllil'l1lh1..1l~'lfUIIlliin-h Tlilti'l~li1u triglycende "l~~l LW~ HDL cholesterol "'~~~ L~mYit~un~l-l'i'1 
Eltlflrll~~mtJG~lLi:'ll-IEJnun~l-l~hJ1111EJEJnnl~~mtJi:'l~lLGl-IEJ ~lUI'ilLQ~tll'llll-lli1ut"~lil. total cholesterol "":; LDL 

cholesterol hiLLiilfl(;h~nutTn 

('!'lUnl'lEJEJnr'n~~m tli:'l~lLGl-IEJii l'llll-l~l-IWUilnui:J<J~m~tJ~'lJEJ~ t 11'1>1"EJ(;lL~EJ(;l'l1l1 <J\iiu L(;l tJ~wviEJEJnnl~~m t1 . ~ 

i:'l~ l LGl-lm Yl ti~L~ ml' El m'ii!TEJmGYi'ril1 >1U"l~ t1 L~tl~l.Jl~'lfu (;l~~u 

ilB J.~m'U'Ul'i. Lnfl-,Hfl IJ;i:l'll't'll. 1t~~'U1 LirJ1i'w1, LL~::f'IC\1:: 
'~"'I'IJ.41flL'I'Iflm~LLYfYI!f "I 2543; 83 (QUUWLA'I!t 2): 8153-8158 

* illlJfNllJ~U~1 ~1'1>1'1 hG;<L~"lW'l:;tmm'ir~lJl!l, 

'' lll1'1l'!l'lW~lO'iY1~ll'l~~n. 

"' lll1'1l'!l'liJlEj'lFfli:'lin{ 1'1riJ::LLWY1~Al<'111'fFf~~l'll'W!'Il1Jl", >i'r1llYl!'ll<i"~l-l\11ii", fl1"Y1W "1 10700 


	1105979
	1105980
	1105981
	1105982
	1105983
	1105984

