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Abstract: We cross-sectionally analyzed the association between duration of physical activity and
the presence of selected cardiovascular risk factors in the middle-aged male personnel of the Self-
Defense Forces who underwent retirement check-up (n = 974). In a univariate regression analysis,
duration of high intensity physical activity but not that of moderate or low intensity physical activity
inversely correlated with body mass index (BMI), triglyceride, fasting plasma glucose, white blood
cell (WBC) count and systolic blood pressure. No intensity categories of physical activity correlated
with total cholesterol. In a multivariate logistic regression analysis adjusted for lifestyle factors and
the rank, the odds ratio per 1 h/wk increase in high intensity physical activity was .88 (95% confidence
interval (CI) .80-.97; P=.007) for the presence of obesity (BMI 25.0 kg/m?), .88 (95% CI .81-.95; P =
.002) for hypertrigly ceridemia, .87 (95% CI .76-.99; P=.034) for type 2 diabetes, and .90 (95% CI
.82-.99; P=.037) for hypertension. Neither hypercholesterolemia nor high WBC count (=6,900 /ul)
was associated with high intensity physical activity. High intensity physical activity inversely

correlated with traditional cardiovascular risk factors in the middle-aged men.
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Introduction

A number of risk factors for chronic diseases are precipitated
by physical inactivity. Most prevalent chronic diseases have
an association with physical inactivity"?. For instance,
physically inactive person shows elevated risk of cardiovascular
disease*> and premature death®?. The association between
physical inactivity and cardiovascular disease can partly be
explained on the basis of the unfavorable effects of physical
inactivity on cardiovascular risk factors such as obesity®,
dyslipidemia® '%, type 2 diabetes”, hypertension'":'? and high
white blood cell (WBC) count'> ', Tt is not established,
however, whether low or moderate intensity physical activity
has good effects on cardiovascular risk factors. Also, it is
controversial whether high intensity physical activity exerts
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better effects on these parameters than low intensity physical
activity beyond its contribution to “volume” of physical
activity'®'?, which can be presented as a product of intensity,
frequency and duration of physical activity. If low or moderate
intensity physical activity does not affect cardiovascular risk
factors, then volume of physical activity may not affect these
factors. In the present study, we analyzed cross-sectionally
the association between cardiovascular risk factors and duration
of physical activity at each examination intensity level in male
personnel of the Self-Defense Forces (SDFs).

Materials and Methods

Middle-aged male personnel of SDFs who underwent
retirement check-up at SDFs Central Hospital were studied
(n=974). Mean age (x SD) of the personnel was 52.9 £ 1.0
yr (range of age: 51-59 yr). Blood pressure, serum total
cholesterol, triglyceride, fasting plasma glucose and WBC
count were measured. Body mass index was calculated as
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[body weight (kg)]/[height (m)]>. Obesity was defined as
having body mass index of 25.0 kg/m? or more based on the
new criteria of the Japan Society for the Study of Obesity'®.
Diagnosis of diabetes was made according to the criteria of
the World Health Organization'”. Diagnosis of hypertension
was made based upon individual medical history or takining
medication for hypertension (=140/90 mmHg) based on the
criteria of the Seventh Report of Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure®. Diagnosis of hypercholesterolemia and
hypertriglyceridemia was made according to individual
medical history and laboratory data; subjects with total
cholesterol of higher than 5.69 mmol/l (220 mg/dl) or taking
medication for were defined as hypercholesterolemia, and
triglyceride of 1.68 mmol/I (150 mg/dl) or more or taking
medication for triglyceride as hypertriglyceridemia. Subjects
with WBC count of 6,900 /ul or more (upper 20 percentile
of the studied population) was defined as high WBC count.

Information about present lifestyle factors including daily
number of cigarettes smoked, subjective vegetable intake,
daily alcohol consumption, physical activity and rank in SDFs
(officer/non-officer) was obtained using self-completion
questionnaire and interview. Vegetable intake was assessed
by the self-rating scale and classified into four categories:
poor intake 1, common intake 2, relatively rich intake 3,
and rich intake 4. In a regression analysis of the population
studied “vegetable intake score” was positively associated
with plasma folate levels which are rich in vegetables
(B=.076, P=.018). Daily ethanol consumption (ml ethanol/
day) was calculated from currently consumed volume of
each type of alcoholic beverages. Low intensity physical
activity was defined as such as walking, cycling in flat place
and golf (<3.0 METs (work metabolic rate/resting metabolic
rate)), moderate intensity physical activity as such as slow
jogging and baseball (3.0-6.0 METs), and high intensity
physical activity as such as tennis, judo, jogging and
swimming (>6.0 METs)?'>®. The frequency of exercise
enough to make a sweat was asked®?, which correlated with
duration of high intensity physical activity (8=.340, P<.001)
and that of moderate intensity physical activity (=.384,
P<.001) but not with that of low intensity physical activity
(B=.018, P=.572) in the studied population. Informed consent
was obtained from each subject. The study protocol was
approved by the ethics committee of the hospital.

The continuous variables were given as mean = SD. Skewed
variables (triglyceride and glucose) were presented as
geometric mean values with 95% confidence interval.
Univariate and multivariate linear regression analyses were
performed with duration of each category of physical activity
as dependent variables and levels of selected cardiovascular
risk factors as independent variables. To obtain odds ratio
per 1 h increment of the duration of each category of physical
activity for the presence of selected cardiovascular risk factors,

univariate and multivariate logistic regression analysis was
performed. For the statistical analysis Stat View, ver. 5.0 (SAS
Institute Inc., Cary, North Carolina, USA) was used.

Results

Characteristics of the subjects studied were shown in Table
1. Distribution of the duration of physical activity at each
intensity level was shown in Fig. 1. Seven hundred and thirty-
eight subjects (75.8%) answered not doing high intensity
physical activity, 413 subjects (42.4%) not doing either
moderate or high intensity physical activity, and 59 subjects
(6.1%) not doing any intensity of physical activity regularly.

Duration of high intensity physical activity was inversely
associated with body mass index, triglyceride, fasting plasma
glucose, WBC count and systolic blood pressure but not
with total cholesterol in a univariate linear regression analysis
(Table 2). Duration of moderate intensity physical activity
was not associated with any parameters studied. Duration
of low intensity physical activity was positively associated
with body mass index but not with total cholesterol,
triglyceride, fasting plasma glucose, WBC count, or systolic
blood pressure. Similar results were observed for each
intensity category of physical activity also in a multivariate
regression analysis which included all intensity categories
of physical activity, ethanol consumption, vegetable intake,
daily number of cigarettes smoked and the rank in SDFs
(officer/non-officer) (Table 3).

In a univariate logistic regression analysis, an increment
in duration of high intensity physical activity was associated
with the presence of obesity, hypertriglyceridemia, type 2
diabetes, high WBC count and hypertension but not with
hypercholesterolemia (Table 4). Increment in duration of
moderate intensity physical activity was inversely associated
with the presence of hypertension but not with the presence
of other cardiovascular risk factors studied. An increment in
duration of low intensity physical activity was paradoxically
positively associated with the presence of obesity, type 2
diabetes and hypertension but not with the presence of other
cardiovascular risk factors studied. Similar results were
observed in a multivariate logistic regression analysis which
included all categories of intensity of physical activity, daily
ethanol consumption, vegetable intake, daily number of
cigarettes smoked and the rank in SDFs (officer/non-officer)
(Table 5), except the inverse association between high intensity
physical activity and high WBC count. The positive association
between low intensity physical activity, type 2 diabetes and
hypertension was lost in the multivariate analysis.

Discussion

It is controversial whether vigorous intensity physical
activity confers additional benefit for decreasing
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Table 1. Characteristics of the subjects studied
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Physically Low Moderate High All
inactive intensity intensity intensity subjects
group group group group
n 59 354 325 236 974
Age 52.8+ 1.1 53.0+1.1 52.8+0.9 53.0+1.1 529+1.0
Duration of physical activity, h/wk
Low intensity 0.0£0.0 35+28 1.2+2.6 1.7+2.6 2.1+£28
Moderate intensity 0.0£0.0 0.0£0.0 2.8%2.1 1.1+2.0 1.2+£20
High intensity 0.0x£0.0 0.0£0.0 0.0£0.0 3.6x£3.6 09+24
Frequency of exercise enough to make a sweat, /wk 0.1£04 14+2.1 2.8%1.8 35219 23+22
Current smoker, % 51 51 46 39 47
Cigarettes smoked, /d 12+ 13 12+ 13 10+ 12 9+ 12 11£13
Vegetable-poor intake, % 34 15 13 11 14
Officer, % 46 53 49 59 53
Body mass index, kg/m? 232+23 24.0£2.5 235+24 233+22 23.6x2.4
Total cholesterol, mg/dl 211+40 214+33 214 +33 213+33 213+33
Triglyceride, mg/dl 129 138 126 117 129
[79-209] [83-229] [83-191] [78-178] [81-204]
Fasting plasma glucose, mg/dl 102 100 100 100 100
[93-112] [85-117] [89-112] [91-110] [87-115]
White blood cell count, /nl 59+x14 58%+14 57+14 5414 57x14
Systolic blood pressure, mmHg 121+ 14 123+ 13 122+ 12 122+ 12 122+ 13

Total cholesterol and fasting plasma glucose were presented as geometric mean values with 95% confidence interval [ ]. The other continuous

variables were presented as mean + SD.

Low

Moderate

High

Fig. 1. Distribution of the duration of physical activity at each
intensity level.
n=974.

cardiovascular and all-cause mortality beyond its contribution
to “volume” of physical activity when compared to moderate-
intensity activity'®!”. In the present study, high intensity
physical activity but not moderate or low intensity physical
activity was inversely associated with the presence of obesity,

hypertriglyceridemia, type 2 diabetes and hypertension (Table
4 and 5). The results are consistent with some previous
studies which show that vigorous physical activity (>6 METs)
but not non-vigorous physical activity (€6 METs) correlates
with decreased mortality” and cardiovascular disease?.

It is suggested that there is a threshold intensity, perhaps
as high as 6 METs, in addition to a minimum “volume” for
the cardioprotective effects of physical activity'®. However,
there are also several reports which show that non-vigorous
physical activity has beneficial effects for decreasing
mortality and preventing cardiovascular disease?**. The
mechanism behind the inconsistency is not clear. The effects
of low intensity physical activity might be observed only in
arelatively old, unhealthy or sedentary population, or might
be difficult to be detected in a generally well-doing population
such as SDFs personnel. Differences in the population studied
and the accuracy of the information about duration and
intensity of the physical activity may also affect the results.
In this context, it is suggested that low or moderate physical
activity is recalled less readily or precisely” 9.

Some researchers suggest that high physical activity may
prevent cardiovascular disease by reducing inflammation'®.
In support of this idea, markers of inflammation such as WBC
count, C-reactive protein and fibrinogen are inversely associated
with physical activity'*'>, whereas high WBC count is
associated with increased risk of cardiovascular disease even
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Table 2. Univariate linear regression analysis of the association between duration of

physical activity (h/wk) and levels of selected cardiovascular risk factors at each physical

activity intensity level

Standard regression coefficient

Cardiovascular risk factors

Intensity of physical activity

Low Moderate High
Body mass index .099 (.002) —-.023 (.482) —.106 (<.001)
Total cholesterol —.043 (.184) .001 (.967) —.040 (.214)
Triglyceride* —-.036 (.275) —.024 (.453) —.153 (<.001)
Fasting plasma glucose* —.063 (.051) .006 (.845) —.065 (.044)
‘White blood cell count .021 (.512) —-.039 (.221) —.110 (<.001)
Systolic blood pressure .059 (.064) —.044 (.170) —.064 (.045)

Standard regression coefficients. Parenthesis: P values. *The analyses for triglyceride and

fasting plasma glucose were done on logarithm of them. n=974.

Table 3. Multivariate linear regression analysis of the association between duration of

physical activity (h/wk) and levels of selected cardiovascular risk factors at each physical

activity intensity level

Standard regression coefficient

Cardiovascular risk factors

Intensity of physical activity

Low Moderate High
Body mass index .091 (.006) —.013 (.693) —.099 (.002)
Total cholesterol —.038 (.244) —-.009 (.793) —.049 (.132)
Triglyceride* .014 (.673) —.024 (.451) —.146 (<.001)
Fasting plasma glucose* —.069 (.038) —.006 (.846) —.073 (.027)
White blood cell count —-.002 (.951) —.013 (.642) —.068 (.017)
Systolic blood pressure .048 (.142) —.048 (.134) -.072 (.025)

Standard regression coefficients adjusted for ethanol consumption, vegetable intake, daily

number of cigarettes smoked and rank (officer/non-officer). Parenthesis: P values. *The

analyses for triglyceride and fasting plasma glucose were done on logarithm of them. n=974.

in normal range (>7,000 /ul)®. In the present study, duration
of high intensity physical activity but not that of moderate or
low intensity physical activity inversely correlated with WBC
count (Table 2 and 4). However, the association observed
between high intensity physical activity and WBC count may
be attributed to cigarette smoking, since the association was
largely attenuated when daily number of cigarettes smoked
was added to the analysis model (Table 3 and 5).

Duration of physical activity did not correlate with the
levels of total cholesterol or the presence of hyper-
cholesterolemia at any intensity physical activity level. These
results are consistent with the findings reported to date® '?.
It has been shown that physical activity is associated with
elevated HDL-cholesterol levels® 19,

One of the limitations of the present study is its cross-
sectional design. Although we have taken into account several
lifestyle factors in the logistic regression analysis model, other
factors might have confounded the results. Subjects with
diabetes, hypertension or obesity are likely to do low intensity

exercise more frequently than those without them. This would
attenuate the association between low intensity physical activity
and cardiovascular risk factors. Thus, the paradoxical (positive)
association observed between low intensity physical activity,
obesity and hypertension (Table 4 and 5) may partly be
explained on the basis of the health-conscious behavior.

Another demerit is that assessment of the intensity of the
physical activity is solely based on the types of physical activity
performed. This would increase the misclassification of
intensity or duration of the physical activity. Since the
population studied consists of well doing subjects, the obtained
findings may not be applied to general population or physically
inactive subjects. A recent randomized controlled intervention
trial shows that aerobic physical exercise has no effects on
progression of atherosclerosis in middle-aged white men?”.
Since exercise is known to increase anaerobic threshold®®,
the threshold may be elevated in a physically active population
such as SDFs personnel. This would attenuate the effects of
low to moderate exercise on metabolic parameters.
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Table 4. Odds ratio per an increment in physical activity duration (A1 h/wk) for the

presence of cardiovascular risk factors

Intensity of physical activity

Cardiovascular risk factors Low Moderate High
OR (95% CI) OR (95% CI) OR (95% CI)
Obesity 1.10 (1.06-1.17) .95 (.88-1.03) .87 (.80-.96)
[<.001] [.182] [.003]
Hypercholesterolemia .96 (.92-1.01) 1.03 (.97-1.10) 1.01 (.95-1.06)
[.090] [.364] [.805]
Hypertriglyceridemia 1.03 (.98-1.08) .95 (.89-1.02) .87 (.80-.95)
[.197] [.157] [.001]
Type 2 diabetes 1.07 (1.01-1.13) .98 (.89-1.08) .85 (.74-.97)
[.020] [.678] [.016]
High WBC count 1.00 (.95-1.06) 1.00 (.92—-1.08) .91 (.82-1.00)
[.922] [.952] [.048]
Hypertension 1.06 (1.01-1.11) .89 (.81-.98) .91 (.83-1.00)
[.026] [.017] [.044]

Univariate logistic regression analysis. [ |: P values. Abbreviation: OR, odds ratio; CI,

confidence interval. n=974.

Table 5. Odds ratio per an increment in physical activity duration (A1 h/wk) for the

presence of cardiovascular risk factors

Intensity of physical activity

Low
OR (95% CI)

Cardiovascular risk factors

Moderate
OR (95% CI)

High
OR (95% CI)

Obesity 1.10 (1.05-1.16) .97 (.89-1.05) .88 (.81-.97)
[<.001] [.390] [.007]
Hypercholesterolemia .97 (.92-1.02) 1.02 (.96-1.09) 1.00 (.95-1.06)
[.211] [.496] [.973]
Hypertriglyceridemia 1.02 (.97-1.07) .95 (.88-1.02) .88 (.81-.95)
[.466] [.185] [.002]
Type 2 diabetes 1.06 (1.00-1.12) .99 (.90-1.09) .87 (.76-.99)
[.061] [.786] [.034]
High WBC count .99 (.93-1.05) 1.02 (\94-1.12) .95 (.86-1.04)
[.667] [.628] [.288]
Hypertension 1.04 (.99-1.10) .89 (.81-.98) .90 (.82-.99)
[.122] [.015] [.037]

Multivariate logistic regression analysis. Adjusted for ethanol consumption vegetable intake,

daily number of cigarettes smoked and rank (officer/non-officer). [ ]: P values. Abbreviation:
OR, odds ratio; CI, confidence interval. n=974.

In addition, the rank in SDFs (officer/non-officer) and
subspecialty in jobs may affect the association between
physical activity and cardiovascular risk factors. But, inclusion
of the rank into the multivariate analysis model did not affect
the association between physical activity and cardiovascular
risk factors in the present study. Since we do not have the
precise information about the subspecialty in jobs of the
subjects, we could not take it into account in the analysis.

In conclusion, high intensity physical activity may have
beneficial effects on traditional cardiovascular risk factors

including body mass index, triglyceride, fasting plasma
glucose and systolic blood pressure in the middle-aged
relatively healthy men. The effects of low or moderate
intensity physical activity on cardiovascular risk factors were
much less conspicuous in the population studied.
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