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Abstract:  We examined the effect of body weight change on the modification of atherogenic risk
factors in 296 middle-aged obese male office workers without medication for hypertension,
dyslipidemia, hyperuricemia or diabetes mellitus.  During a 1-year education program, 39.2% of
the participants could reduce their weight, and the percentage of those who lost 2 kg or more was
only 17.7%.  Concomitant with the decrease of weight, however, the levels of systolic and diastolic
blood pressures, total cholesterol, triglyceride, uric acid and hemoglobin A1c and the ratio of total
cholesterol to high-density lipoprotein (HDL) cholesterol decreased significantly, whereas the HDL
cholesterol level increased significantly.  In a multivariate regression analysis, in addition to the
initial risk-factor level, weight change was an important factor determining the changes in atherogenic
risk factors.  Changes in alcohol consumption were significantly associated with the changes in
systolic blood pressure and HDL cholesterol levels.  Changes in cigarettes smoking also showed
significant associations with the changes in triglyceride level and the ratio of total cholesterol to
HDL cholesterol.  These results suggest that although the education program for controlling weight
may have limited success, weight reduction exhibits beneficial changes in the atherogenic risk-factor
profile in middle-aged obese men.
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Introduction

Excess body weight is widely recognized to be an
important health problem in industrialized societies1–11).
Hazards of obesity include elevated total and low-density
lipoprotein (LDL) cholesterol levels, decreased high-density
lipoprotein (HDL) cholesterol levels, hypertension, and
increased prevalence and incidence of cardiovascular disease,
gout, diabetes mellitus, and other diseases.

The appropriate approach to reduce the obesity-related
health risk is to reduce body weight.  Many studies have
shown that weight reduction leads to an improvement of
the atherogenic risk-factor profile11–16).  However, there are
few trials at workplace to test the feasibility and effectiveness
of health education in controlling overweight.  The present
paper describes whether a 1-year workplace-based education
program controls body weight levels and reduces the levels
of atherogenic risk factors in middle-aged Japanese obese
male office workers.
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Materials and Methods

To evaluate the effect of body weight change on the
modification of atherogenic risk factors, a 1-year education
program was conducted on overweight employees of T
Corporation, which is one of the biggest building contractors
in Osaka, Japan, between May 1997 and May 1998.  The
surveillance population consisted of 1,937 Japanese male office
workers aged 30 to 59 years in May 1997.  At the initial
examination, weight and height were measured with the
subjects in typical indoor clothing but without shoes.  Body
mass index (BMI) was calculated as weight/height2 (kg/m2),
and BMI of ≥25.5 kg/m2 was defined as overweight.  This
cut-off point corresponds approximately to 120% of medians
of body weight distributions by height for healthy Japanese
men aged 20 years and older17).  Alcohol intake was obtained
by interview as usual weekly intake of alcohol in go (a
traditional Japanese unit of volume corresponding to 23 g
ethanol) and converted to grams of ethanol per day.  One go
is 180 ml of sake and corresponds to one bottle of beer (633
ml), two shots (70 ml) of whisky, or two glasses (180 ml) of
wine.  An interview was also conducted to ascertain the number
of current cigarettes smoked per day.  Blood pressure was
measured to the nearest 2 mmHg with a standard
sphygmomanometer on the right arm of subjects sitting after
5 min rest during the day (between 9 AM and 3 PM), and
Korotkoff phases I and V were taken as representing systolic
and diastolic blood pressure, respectively.  Following the blood
pressure measurement, fasting blood samples were drawn from
an antecubital vein.  Total cholesterol, triglyceride, HDL
cholesterol, and uric acid were analyzed with an Olympus
AU-5200 (Olympus Japan Co., Ltd., Tokyo, Japan) by the
Nihon Clinical Laboratories Inc. (Tokyo, Japan).  Hemoglobin
A

1c
 (HbA

1c
) was determined with a JOOKOO’s automated

glycohemoglobin analyzer system HS-8 (Jookoo Co., Ltd.,
Tokyo, Japan).  A medical and prescription drug-use history
was also completed by examining physicians.  Of a total of
1,937 subjects, 413 (21.3%) were regarded as overweight.
Fifty eight subjects (14.0%) were under medication for
hypertension, dyslipidemia, hyperuricemia or diabetes mellitus.
A total of 355 overweight subjects, who had no medication
for hypertension, dyslipidemia, hyperuricemia or diabetes
mellitus, were invited to the program between July 1997 and
August 1997.  Among 355 overweight subjects, the proportions
of those with abnormal findings in medical test items were
27.0% for systolic blood pressure ≥140 mmHg, 27.0% for
diastolic blood pressure ≥90 mmHg, 27.6% for total cholesterol
≥220 mg/dl, 15.2% for HDL cholesterol <40 mmHg, 20.0%
for the ratio of total cholesterol to HDL cholesterol ≥5.0, 33.0%

for triglyceride ≥160 mg/dl, 11.0% for uric acid ≥8.0 mg/dl
and 5.9% for HbA

1c
 ≥6.0%.  Furthermore, the percentages of

those who drank alcohol every day and smoked cigarettes
currently were 74.9% and 43.7%, respectively.  Classes were
composed of health education by physicians on how to control
body weight for prevention of coronary heart disease (CHD)
and practical sessions directed by practice nurses on how to
reduce alcohol intake; stop or refrain from cigarette smoking;
consider a nutritional balance; and increase physical activity,
especially a brisk walk 30 minutes or more a day.  One more
health education was held in November 1997 and the
participants were encouraged to promote practices such as
appropriate alcohol consumption, avoiding smoking,
considering a nutritional balance, and regularity of physical
exercise.  Of a total of 355 overweight subjects, 309 (87.0%)
participated in the program.  Thirteen subjects (4.2%) began
to be administered drugs for hypertension, dyslipidemia,
hyperuricemia or diabetes mellitus during the observation
period, and the remaining 296 constituted the study population.
The measurement of BMI and blood pressure was reexamined
in May 1998.  Total cholesterol, triglyceride, HDL cholesterol,
uric acid, and HbA

1c
 were also determined with the same

laboratory procedures.  Quality control of the laboratory was
maintained by internal method, and the inter- and intraassay
coefficients of variation for each blood sample data were within
3% from 1997 to 1998.

To study the influence of weight change on the changes
in atherogenic risk factors, the subjects were divided into
four subgroups, depending on their weight change during
one year; weight loss of ≥2.0 kg, weight loss of 0.1 to 1.9
kg, weight gain of 0 to 1.9 kg, and weight gain of ≥2.0 kg.
For statistical assessment, paired t test was used to assess
the 1-year changes in the clinical and laboratory data among
individuals.  One-way analysis of variance (ANOVA) was
used to compare the means of the subgroups and the multiple
range test by Scheffé’s method was performed for comparing
the significance of mean differences between subgroups when
the ANOVA result was significant.  Multiple regression
analysis was performed to examine the effects of initial risk-
factor level, age, initial body weight, change of body weight,
initial alcohol intake, change of alcohol intake, initial cigarette
smoking, and change of cigarette smoking on the change of
the respective risk factor during one year.  The distribution
of blood pressure and blood laboratory data showed some
skewing to the right but only appreciably so for serum
triglyceride.  The data were also analyzed with logarithmic
transformation of the triglyceride, but the resulting differences
were small and unimportant and are not presented.

Data analysis was performed with the SPSS/PC statistical
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package (Marija J. Norusis, SPSS Inc., Chicago, IL, USA).
All reported p-values are two-tailed and a p-value of less
than 0.05 was considered significant.

Results

Baseline characteristics of the study subjects according
to body weight change during one year are shown in Table
1.  The percentage of those who reduced their body weight
was 39.2%, and the proportion of those who lost 2 kg or
more was only 17.7%.  As for baseline characteristics, there

were no statistically significant differences in the clinical
and laboratory data among the four subgroups according to
weight change.

The mean values of the changes of selected variables
according to body weight change during one year are shown
in Table 2.  As for the changes of selected variables among
individuals, mean values of body weight or BMI did not
change significantly.  Some atherogenic risk factors such
as the levels of total cholesterol, the ratio of total cholesterol
to HDL cholesterol and HbA

1c
 showed small but significant

increases.  Among the four groups according to body weight

Table 2.   Changes of selected variables according to body weight change during one year

Body weight change during one year

≤－2.0 kg －1.9 ~－0.1 kg 0 ~ 1.9 kg ≥2.0 kg Total Analysis

Change of variable (Unit) n=52 n=65 n=112 n=67 n=296 of variance

Weight (kg) －3.3 ± 1.5 a －0.9 ± 0.4 b 0.8 ± 0.6 c 3.3 ± 1.7 d 0.3 ± 2.4 ***

Body mass index (kg/m2) －1.1 ± 0.5 a －0.3 ± 0.2 b 0.3 ± 0.2 c 1.1 ± 0.6 d 0.1 ± 0.8 ***

Systolic blood pressure (mmHg) －2.1 ± 11.9 a 2.0 ± 9.8 ab 0.6 ± 11.9 ab 4.5 ± 12.4 b 1.3 ± 11.7 *

Diastolic blood pressure (mmHg) －2.1 ± 10.5 a －0.2 ± 10.1 ab 0.7 ± 10.2 ab 3.6 ± 9.7 b 0.6 ± 10.2 *

Total cholesterol (mg/dl) －8.0 ± 24.8 a 3.6 ± 19.2 b 7.8 ± 22.4 b 4.3 ± 21.0 b 3.3 ± 22.5 †* ***

HDL cholesterol (mg/dl) 2.4 ± 5.7 a 0.0 ± 7.3 a －0.7 ± 7.0 a －4.5 ± 7.6 b －0.9 ± 7.3 ***

Total cholesterol/HDL cholesterol －0.08 ± 0.68 a 0.20 ± 0.79 ab 0.29 ± 0.79 ab 0.56 ± 1.11 b 0.27 ± 0.88 †*** ***

Triglyceride (mg/dl) －32.9 ± 82.5 a －13.0 ± 93.5 ab 13.5 ± 90.8 ab 23.6 ± 124.7 b 1.8 ± 100.4 **

Uric acid (mg/dl) －0.20 ± 0.76 a 0.03 ± 0.69 ab 0.17 ± 0.74 b 0.09 ± 0.74 ab 0.06 ± 0.74 *

Hemoglobin A
1c

 (%) －0.07 ± 0.29 a 0.10 ± 0.36 ab 0.07 ± 0.41 ab 0.18 ± 0.56 b 0.08 ± 0.43 †** *

Alcohol intake (g/day of ethanol) －1.5 ± 12.8 －0.9 ± 10.5 0.9 ± 10.0 1.9 ± 11.8 0.3 ± 11.1

Smoking (cigarettes/day) 0.2 ± 8.9 0.2 ± 7.7 0.3 ± 7.6 －1.4 ± 7.8 －0.1 ± 7.9

Results are presented as means ± standard deviations.  *P<0.05, **P<0.01, ***P<0.001.  †Significance by paired t-test.  Means with different supercript

letters of a, b, c and d are significantly different among groups according to the change of body weight (p<0.05 by Scheffé’s multiple range test).

Table 1.   Baseline characteristics of 296 obese male office workers aged 30 to 59 years according to body weight change during one year

Body weight change during one year

≤－2.0 kg －1.9 ~－0.1 kg 0 ~ 1.9 kg ≥2.0 kg Total

Variable (Unit) n=52 n=65 n=112 n=67 n=296

Age (years) 44.5 ± 7.7 46.9 ± 8.1 45.5 ± 8.4 44.4 ± 7.4 45.4 ± 8.0

Weight (kg) 79.6 ± 7.7 78.9 ± 8.6 78.6 ± 7.6 78.2 ± 8.5 78.8 ± 8.0

Body mass index (kg/m2) 27.4 ± 1.7 27.6 ± 2.7 27.3 ± 1.7 27.2 ± 1.6 27.4 ± 2.0

Systolic blood pressure (mmHg) 133.5 ± 16.2 128.0 ± 13.0 129.5 ± 14.1 132.3 ± 16.8 130.5 ± 15.0

Diastolic blood pressure (mmHg) 84.0 ± 12.0 80.2 ± 10.8 81.2 ± 11.7 82.7 ± 12.4 81.8 ± 11.8

Total cholesterol (mg/dl) 204.5 ± 36.9 205.2 ± 29.4 198.5 ± 31.0 208.8 ± 25.4 203.3 ± 30.7

HDL cholesterol (mg/dl) 48.0 ± 9.8 50.1 ± 10.5 50.5 ± 11.7 52.4 ± 9.7 50.4 ± 10.7

Total cholesterol/HDL cholesterol 4.28 ± 0.90 4.21 ± 1.06 4.11 ± 1.07 4.11 ± 0.91 4.16 ± 1.00

Triglyceride (mg/dl) 166.8 ± 128.4 157.6 ± 99.5 145.5 ± 101.1 131.7 ± 67.4 148.8 ± 100.0

Uric acid (mg/dl) 6.5 ± 1.2 6.4 ± 1.5 6.1 ± 1.4 6.3 ± 1.2 6.3 ± 1.4

Hemoglobin A
1c

 (%) 5.3 ± 0.8 5.2 ± 0.5 5.2 ± 0.7 5.2 ± 0.7 5.2 ± 0.7

Alcohol intake (g/day of ethanol) 23.3 ± 17.6 20.2 ± 19.6 23.3 ± 20.4 22.7 ± 20.6 22.5 ± 19.7

Smoking (cigarettes/day) 14.7 ± 17.0 13.7 ± 15.6 11.7 ± 16.1 17.0 ± 17.8 13.9 ± 16.6

Results are presented as means ± standard deviations.
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change during one year, statistically significant variances
were observed in the changes of systolic and diastolic blood
pressures, total cholesterol, HDL cholesterol, the ratio of
total cholesterol to HDL cholesterol, triglyceride, uric acid,
and HbA

1c
.  Concomitant with the decrease of body weight,

the levels of systolic and diastolic blood pressures, total
cholesterol, triglyceride, uric acid and HbA

1c
 and the ratio of

total cholesterol to HDL cholesterol decreased significantly,
whereas the HDL cholesterol level increased significantly.
On the other hand, there were no significant differences in
the changes of alcohol consumption and the number of
cigarettes smoked per day among the four subgroups.

To consider the effect of possible confounding factors on
the increase of risk-factor levels, a multivariate regression
analysis was performed including initial risk-factor level,
age, initial body weight, change of body weight, initial alcohol
intake, change of alcohol intake, initial cigarette smoking,
and change of cigarette smoking as independent variables
(Table 3).  In addition to the initial risk-factor level, body
weight change was an important factor determining the
changes of risk factors.  The initial alcohol intake and cigarette
smoking were significantly positively associated with the
change in triglyceride level.  Changes in alcohol consumption
showed significantly positive associations with the changes
in systolic blood pressure and HDL cholesterol.  Furthermore,
changes in the number of cigarettes smoked per day were
significantly related to the changes in triglyceride level and
the ratio of total cholesterol to HDL cholesterol.

Discussion

In this study, two fifths of overweight subjects who
participated in the 1-year education program showed the

reduction of body weight, but mean values of body weight or
BMI did not change significantly.  As for the atherogenic
risk factors, the levels of total cholesterol, the ratio of total
cholesterol to HDL cholesterol and HbA

1c
 showed small but

significant increases.  There are several ways to interpret the
lack of an overall effect in the study.  In this population, health
examinations are performed twice a year, and health education
and counseling are conducted by physicians and practice nurses
as required.  Thus, the efforts of this program to enhance weight
control activity may have been hampered by a ceiling effect
in that the level of awareness of this issue had already saturated
this population prior to the onset of the program.

The second possibility is that the messages about obesity
occurred in the context of recommendations about other
behaviors, not all of which were completely compatible.
Recent evidence from clinical trials involving weight
combined with either smoking cessation28) or sodium
restriction29) suggests that the strength of individual treatment
effects are sometimes lower when there are multiple treatment
objects.  For example, emphasis on smoking cessation might
adversely affect weight control efforts.  Thus, it is conceivable
that a workplace program that focused only on obesity might
produce greater success.  Further investigations are needed
to identify the effective approaches to intervention for obesity
that focuses on the workplace.

As expected, concomitant with the decrease of body
weight, the levels of systolic and diastolic blood pressures,
total cholesterol, triglyceride, uric acid and HbA

1c
 and the

ratio of total cholesterol to HDL cholesterol decreased,
whereas the HDL cholesterol level increased.  These results
demonstrate that a reduction of body weight is important
for controlling atherogenic risk factors in overweight subjects.
Obesity has been found to be accompanied by an increased

Table 3.   Multivariate regression analysis with the change of the respective factor as a dependent variable and the initial level of the factor, age, initial
body weight, alcohol intake and cigarette smoking, and changes of body weight, alcohol intake and cigarette smoking as independent variables

Alcohol intake Smoking

Initial level Age Body weight (kg) (10 g/day of ethanol) (10 cigarettes/day) Cumulative

Change of variable (Unit) of variable (years) Initial Change Initial Change Initial Change R2 (%)

Systolic blood pressure (mmHg) －0.30 ± 0.04*** 0.12 ± 0.09 0.02 ± 0.08 0.77 ± 0.26** －0.11 ± 0.33 1.38 ± 0.59* －0.20 ± 0.39 0.28 ± 0.82 18.3

Diastolic blood pressure (mmHg) －0.42 ± 0.05*** 0.10 ± 0.07 0.05 ± 0.07 0.69 ± 0.22** －0.24 ± 0.27 －0.03 ± 0.49 0.16 ± 0.32 1.14 ± 0.68 27.1

Total cholesterol (mg/dl) －0.30 ± 0.04*** 0.19 ± 0.16 0.12 ± 0.16 1.97 ± 0.50*** 0.62 ± 0.62 0.24 ± 1.11 0.19 ± 0.75 1.22 ± 1.56 20.3

HDL cholesterol (mg/dl) －0.18 ± 0.04*** －0.02 ± 0.05 －0.04 ± 0.05 －0.84 ± 0.17*** 0.14 ± 0.21 0.91 ± 0.38* －0.32 ± 0.25 －0.59 ± 0.52 16.1

Total cholesterol/HDL cholesterol －0.10 ± 0.05 0.00 ± 0.01 0.00 ± 0.01 0.09 ± 0.02*** 0.02 ± 0.03 －0.04 ± 0.05 0.03 ± 0.03 0.15 ± 0.07* 9.1

Triglyceride (mg/dl) －0.31 ± 0.06*** －0.34 ± 0.72 －0.07 ± 0.71 7.64 ± 2.27*** 7.41 ± 2.86* 8.28 ± 5.03 10.09 ± 3.39** 17.32 ± 7.05* 18.6

Uric acid (mg/dl) －0.14 ± 0.03*** －0.01 ± 0.01 －0.01 ± 0.01 0.03 ± 0.02 0.01 ± 0.02 0.05 ± 0.04 0.01 ± 0.03 －0.02 ± 0.05 11.1

Hemoglobin A
1c

 (%) －0.19 ± 0.04*** 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.01*** 0.00 ± 0.01 0.01 ± 0.02 －0.01 ± 0.01 －0.02 ± 0.03 13.8

Results are presented as regression coefficients ± standard error.  *P<0.05, **P<0.01, ***P<0.001.
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risk of CHD11), but whether obesity is an independent risk
factor for CHD is still uncertain, since obesity is highly
associated with several established risk factors for CHD such
as hypertension1, 2), dyslipidemia3–6), hyperuricemia7, 8) and
glucose intolerance and diabetes mellitus9, 10).  However, the
fact that weight reduction in obese patients affects these
atherogenic risk factors for CHD makes obesity important
for the prevention of CHD11–16).  Furthermore, data from
epidemiologic investigations have provided useful insights
from repeated weight determinations in population samples,
assessment of pattern of obesity, and evaluation of
corresponding changes in cardiovascular factors and overall
cardiovascular mortality12, 16, 20–22).  Since 21.3% of middle-
aged male office workers in this population were deemed
overweight (BMI ≥25.5 kg/m2), obesity should be a major
target for CHD prevention at workplace.

As for alcohol intake, changes in alcohol consumption were
significantly positively associated with the changes in systolic
blood pressure and HDL cholesterol levels.  These findings
are consistent with the results of previous studies23–26).  It can
therefore be suggested that an increase in alcohol intake has
an anti-atherogenic effect by altering HDL cholesterol,
resulting in the decreased risk in serum lipid atherogenicity.
However, clinical opinion holds that abstinence from alcohol
is fundamental to the control of hypertension.

As for cigarette smoking, many studies have noted an
inverse relationship between cigarette smoking and HDL
cholesterol levels27–29).  The triglyceride level in whole serum
and a very low density lipoprotein (VLDL) fraction have
been also found to increase with cigarette smoking28).  Phillips
et al.28) have reported a positive association between the
amount of cigarettes smoked and beta lipoproteins and posited
that this effect is secondary to the higher VLDL triglyceride
levels in smokers.  We also showed that changes in cigarette
smoking were significantly positively associated with the
changes in triglyceride levels and the ratio of total cholesterol
to HDL cholesterol.  Nearly half of the population surveyed
for this study smoked cigarettes.  Smoking cessation is one
of the most effective factors in health education programs
at the workplace to reduce the risk of CHD.

During the 1-year program, the modification of most risk
factors was accompanied by the reduction of body weight,
but the initial risk-factor level was the strongest for the change
in risk factor.  Because we did not have a control group, we
cannot exclude an influence due to regression to the mean
in the absence of intervention.  However, because laboratory
measurements were fairly reliable and baseline data did not
differ significantly among the four groups in relation to weight
change, we do not expect that this influence may have

significantly altered the reported changes.  In addition, to
consider the effect of interactions of independent variables
used in the multivariate regression analysis on the increase
of risk-factor levels, the interactions were tested by
introducing product terms to models with the original
variables, but no significant interactions of independent
factors were observed in the multivariate regression models.

Despite these limitations, our findings support the
conclusion that although weight control is difficult to achieve,
weight reduction modifies the atherogenic risk-factor profile
in obese men.  More need to be learned about how education
programs combine to affect behavior in populations.
Additional research is needed to evaluate the extent to which
different approaches to intervention that focuses on the
environment rather than the person would be more effective
in preventing or reversing population-wide obesity.
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