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Impact of body mass index on cholesterol levels of Japanese adults

M. SUKA,! K. YOSHIDA,' K. YAMAUCHI?

! Department of Preventive Medicine, St Marianna University School of Medicine, Kawasaki, *Japan Association of Health Service,

Tokyo, Japan

SUMMARY

There have been few studies that examine the relation
between body mass index (BMI) and cholesterol in con-
sideration of potential interactions between age, sex, BMI
and cholesterol. We determined age-, sex- and BMI-speci-
fic cholesterol levels of Japanese adults using the 2001
health examination data (337,690 men and 293,918
women). Both rtotal cholesterol (T-C) and low-density
lipoprotein cholesterol (LDL-C) levels increased with age
until 50 years of age in men and until 60 years of age in
women. Linear regression analysis showed significant BMI-
dependent increases of T-C and LDL-C in all age groups,
but the regression coefficients of BMI in relation to T-C

and LDL-C became lower in older age groups until
60 years of age, with the highest value at ages 20—
29 years in men and at ages 3039 years in women. This
result was consistent with the result of multiple logistic
regression analysis regarding the risk of having hypercho-
lesterolaemia. Weight reduction should be more strongly
recommended to younger people, especially men aged
under 40 years and women aged under 50 years, to prevent
developing hypercholesterolaemia.

Keywords: Cholesterol; body mass index; age distribution;
sex distribution

© 2006 Blackwell Publishing Led

INTRODUCTION

Hypercholesterolaemia is a main contributor of atherogenesis.
In order to reduce morbidity and mortality from cardiovas-
cular disease, it is important to maintain a desirable choles-
terol level (1).

Sex hormones play a role in cholesterol metabolism (2,3),
which results in significant differences in cholesterol levels
between men and women (4-8). Population-based cross-
sectional studies have shown a significant impact of age on
cholesterol levels in both sexes, but more markedly in
women (4-8).

Overweight and obesity are associated with increased risk
of cardiovascular disease (9). It is thought that ar least part of
the increased risk of cardiovascular disease is explained by the
effect of overweight and obesity on cholesterol metabolism
(1,9). Many investigators have reported that cholesterol levels
increase with body mass index (BMI), which has been used as
a measure of overweight and obesity (5,10-14). The distribu-
tion of BMI, as well as cholesterol, may depend on age and
sex (10,14—16). However, there have been few studies that
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University School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki, Kanagawa 216-8511, Japan
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Email: suka@marianna-u.ac.jp

examine the relation between BMI and cholesterol in con-
sideration of potential interactions between age, sex, BMI and
cholesterol. The impact of BMI on cholesterol levels may
probably be under- or overestimated, when the effects of age
and sex on the relation between BMI and cholesterol are not
included in the analysis. Overweight and obesity can be
modified through lifestyle therapy (9). A proper understand-
ing of the relation between BMI and cholesterol may con-
tribute to improving hypercholesterolaemia and consequently
promote the prevention of cardiovascular disease. In this
study, we determined age-, sex- and BMI-specific cholesterol
levels of Japanese adults using the 2001 health examination
data. The impact of BMI on cholesterol levels was evaluated
separately for age and sex groups to examine the effects of age
and sex on the relation between BMI and cholesterol.

METHODS

Multiphasic health examinations are annually performed
according to the law in community and worksite in Japan,
Electronic data of the health examinations in the year 2001
were accumulated from 24 different prefectural health service
facilities affiliated with the Japan Association of Health
(htp://www.yobouigaku-chuo.or.jp).  Darabase
included age, sex and the following laboratory dara: height,
weight, blood pressure, total cholesterol (T-C), high-density
lipoprotein cholesterol (HDL-C), triglyceride, blood glucose,
uric acid, haemoglobin and liver function tests (17). This

Service

study was approved by the ethics committee of St Marianna

© 2006 The Authors
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University School of Medicine in March 2003 and has been
conduced in accordance with the guidelines for epidemiolo-
gical studies by the Japanese Ministry of Health, Labour and
Welfare and the Japanese Ministry of Education, Culture,
Sports, Science and Technology.

Eligible 631,608 adules (337,690 men and 293,918
women) aged 20 years or older, whose blood sample had
been taken in the fasting state, were included in this study.
Height and weight were measured according to a standard
protocol with participants standing without shoes and heavy
garments. Cholesterol concentrations (T-C and HDL-C)
were determined by the enzymatic method on the day of
blood collection in each health service facility of the Japan
Association of Health Service, but internal and external qual-
ity control of laboratory data has regularly been performed in
the health service facilities as instructed by the expert com-
mittee for data standardisation (17). In the recent quality
control survey, the coefficients of variation for T-C and
HDL-C are around 1 and 1-3%, respectively (18). Low-
density lipoprotein cholesterol (LDL-C) was calculated using
the Friedewald formula for samples with triglyceride
<400 mg/d! (4.52 mmol/l): LDL-C = T-C-HDL-C—rigly-
ceride/5 (19). Hypercholesterolaemia was defined as T-
C > 240 mg/d! (6.20 mmol/l) or as LDL-C > 160 mg/dl
(4.13 mmol/l) (1). BMI, which was calculated as weight
(kg) divided by square of height (m?), was classified as under-
weight (—18.5), normal (18.6-24.9), overweight (25.0-29.9)
and obesity (30.0+) (9).

The #tests and the analysis of variance (aNOvA) were used
to assess statistical differences between the mean values. The
x%-test was used to assess statistical significance in the pre-
valence values. The relation between BMI and T-C as well as
BMI and LDL-C was evaluated using linear regression models
separately for age and sex groups. Moreover, odds ratios for
having hypercholesterolaemia were calculated using multiple
logistic regression model with age and BMI groups as the
independent variables separately for men and women; in the
firsc stage, 28 age and BMI groups were the independent
variables with normal weight subjects aged 20-29 years as
the reference; in the second stage, the analyses were repeated
separately for age groups, and 4 BMI groups were the inde-
pendent variables with normal weight subjects of the same
ages as the reference. Probability values were two-tailed and a
value of p < 0.05 was considered significant. Confidence
intervals were estimated at the 95% level. All statistical ana-
lyses were performed using the Statistical Analysis Systems
(sas, version 8.2).

RESULTS

Figure 1 shows the distribution of BMI. The distribution of
BMI was significandy associated with age in both men and
women, but the age-dependent pattern differed between

© 2006 The Authors
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sexes. In men, the prevalence of overweight plus obesity was
over 30% for ages 3069 years and decreased with age after
70 years of age. The prevalence of underweight was in the 3%
level for ages 3069 years and increased with age after
70 years of age. In women, the prevalence of overweight
plus obesity was 7.4% in the group of 20-29 years
and increased with age up to 30.6% in the group of
70~79 years. The prevalence of underweight was 25.7% in
the group of 2029 years, decreased with age up to 4.8% in
the group of 60-69 years and gradually increased after
70 years of age.

Table 1 presents the means and prevalence of hypercholes-
terolaemia for T-C. The mean T-C levels significantly varied
according to age in both men and women. In men, the mean
T-C levels increased with age up to 207 mg/dl (5.35 mmol/l)
in the groups of 4049 and 50-59 years and gradually
decreased after 60 years of age. In women, the mean T-C
levels increased with age up to 222 mg/dl (5.75 mmol/l) in
the groups of 50~59 and 60—69 years and gradually decreased
after 70 years of age. The prevalence of hypercholesterolaemia
(T-C > 240 mg/dl, 6.20 mmol/l) showed the corresponding
age-dependent pattern, reaching the peak at ages 40-49 years
in men (16.3%) and ar ages 50-59 years in women (29.2%).
The age-dependent increase of T-C was more pronounced in
women than in men. Consequently, men had significantdy
higher T-C levels than women for ages 2049 years but
significantly lower T-C levels after 50 years of age. As
shown in Figure 2, the distribution of T-C was shifted
towards higher values in higher BMI groups in both men
and women. The mean T-C levels and the prevalence of
hypercholesterolaemia significantly increased with BMI in
all age groups, but the BMI-dependent increase of T-C
became smaller in older age groups in both men and women.

Table 2 presents the means and prevalence of hypercholes-
terolaemia for LDL-C. Similar to T-C, LDL-C showed sig-
nificant relations with age and BMI in both men and women.
In men, the mean LDL-C levels increased with age up to
125 mg/dl (3.23 mmol/l) in the group of 50-59 years and
gradually decreased after 60 years of age. In women, the mean
LDL-C levels increased with age up to 139 mg/dl
(3.59 mmol/l) in the group of 60—69 years and gradually
decreased after 70 years of age. The prevalence of hypercho-
lesterolaemia (LDL-C > 160 mg/dl, 4.13 mmol/l) reached
the peak at ages 50-59 years in men (13.4%) and at ages
60—69 years in women (23.1%). Men had significantly higher
LDL-C levels than women for ages 20—49 years bur signifi-
cantly lower LDL-C levels after 50 years of age. As shown in
Figure 3, the distributison of LDL-C was shifted towards
higher values in higher BMI groups. The mean LDL-C levels
and the prevalence of hypercholesterolaemia significantly
increased with BMI in all age groups, but the BMI-dependent
increase of LDL-C became smaller in older age groups in
both men and women.

Journal compilation © 2006 Blackwell Publishing Ltd /nt J Clin Pract, July 2006, 60, 7, 770782
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Figure 1 Distribution of BMI. BMI:
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underweight —18.5; normal 18.6-24.9;
overweight 25.0-29.9; obesity 30.0+

Table 3 presents the regression coefficients of BMI in relation
0 T-C and LDL-C, which indicate a predicted increase of T-C
(mg/d]) or LDL-C (mg/dl) for each unit increase of BMI. The
regression coefficients were estimated at significantly positive
values, which indicate the BMI-dependent increases of T-C and
LDL-C, in both men and women, but the regression coefficients
for men were higher than those for women in all age groups.
With the highest values at ages 20-29 years in men and at ages
30-39 years in women, the regression coefficients became lower
in older age groups until 60 years of age in both men and women.

Table 4 presents the odds ratios for having hypercholester-
according the T-C value (>240 mg/d],
6.20 mmol/l). The estimated odds ratios from the model

olaemia to

with normal weight subjects aged 2029 years as the reference
(upper side) confirmed the age- and BMI-dependent increase
of the prevalence of hypercholesterolaemia, what was elicited
from the descriptive analysis (Table 1). Women had higher
odds ratios than men at the same age and BMI groups,
because the prevalence of hypercholesterolaemia of the refer-
ence was considerably low (2.8%). In order to elucidate the
interacting effects of age and BMI on the prevalence of
hypercholesterolaemia, the analyses were repeated separately
for age groups. The estimated odds ratios (lower side) showed
the BMI-dependent increase of the prevalence of hypercho-
lesterolaemia with a tendency to decrease with age until
70 years of age in both men and women.
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obesity 30.0+. To convert cholesterol to
mmol/l, divide values by 38.7

Table 5 presents the odds ratios for having hypercholester-
olaemia according to the LDL-C value (>160 mg/dl,
4.13 mmol/l). The estimated odds ratios were slightly higher
than those shown in Table 4, but the two odds ratios indi-
cated similar interacting effects of age and BMI on the pre-
valence of hypercholesterolaemia.

The prevalence of hypercholesterolaemia according to
the T-C value (ie. percentages of T-C > 240 mg/dl,
6.20 mmol/l) was higher than that according to the LDL-C
value (i.e. percentages of LDL-C > 160 mg/dl, 4.13 mmol/l).
The differences between the two percentages were more
pronounced in underweight subjects, who had higher HDL-C
levels than normal, overweight and obesity subjects; the mean
(£SD) HDL-C levels in the underweight, normal, overweight
and obesity subjects were 65.3 (£16.0), 57.5 (+14.4), 50.8
(£11.9) and 47.4 (£10.4), respectively, in men (p < 0.001
with ANova) and 71.8 (£15.0), 65.8 (£14.7), 58.8 (+13.1)
and 56.1 (£12.0), respectively, in women (p < 0.001 with
ANOVA).

© 2006 The Authors

Total cholesterol, (mg/dl)

DISCUSSION

We determined age-, sex- and BMI-specific cholesterol levels of
Japanese adults using the 2001 health examination data. The
distributions of T-C and LDL-C as well as BMI depended on
age and sex. Increased T-C and LDL-C were significantly asso-
ciated with increased BMI in both men and women. When the
impact of BMI on cholesterol levels was evaluated separately for
age and sex groups, it was estimated greater in men than in
women in all age groups, and greater in younger age groups in
both men and women. These results indicate significant effects of
age and sex on the relation between BMI and cholesterol. For an
accurate estimate of the impact of BMI on cholesterol levels, it is
necessary that the effects of age and sex on the relation berween
BMI and cholesterol should be included in the analysis.

The WHO MONICA Project examined the relationship
between age, sex, BMI and hypercholesterolaemia using
pooled data from 27 populations aged 25-64 years in 15
countries (14). Multiple logistic regression analysis showed a
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Figure 3 Distribution of LDL cholesterol
by BMI. BMI: underweight —18.5; normal
18.6-24.9; overweight 25.0~29.9; obesity
30.0+. To convert cholesterol to mmol/l,

divide values by 38.7

Table 3 Regression coefficients (B) with 95% confidence intervals (Cls) of BMI in relation to total cholesterol and LDL cholesterol

Women

B (95% CI)

Total cholesterol

LDL cholesterol

Men

Age B (95% CI)

20-29 2.80 (2.70-2.90)
30-39 2.70 (2.60-2.75)
40-49 2.19 (2.12-2.27)
50-59 1.72 (1.64-1.80)
60-69 1.21 (1.11-1.32)
70-79 1.23 (1.09-1.37)
80+ 1.69 (1.37-2.00)
20-29 2.52 (2.43-2.61)
30-39 2.37 (2.30-2.44)
4049 2.09 (2.02-2.16)
50-59 1.86 (1.79-1.94)
60-69 1.48 (1.38-1.57)
70-79 1.58 (1.46~1.71)
80+ 1.98 (1.70-2.25)

1.30 (1.18-1.42)
1.70 (1.62-1.80)
1.48 (1.40-1.55)
0.89 (0.82-0.96)
0.47 (0.38-0.55)
0.61 (0.50-0.72)
1.01 (0.77-1.26)

1.74 (1.64-1.84)
2.10 (2.02-2.19)
2.02 (1.95-2.08)
1.43 (1.36-1.49)
0.79 (0.71-0.87)
0.79 (0.69-0.89)
1.08 (0.87-1.29)

Regression coefficients indicate a predicted increase of rotal cholesterol (mg/dl) or LDL cholesterol (mg/dl) for each unit increase of BMI.
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Table 4 Odds ratios (ORs) with 95% confidence intervals (Cls) for having hypercholesterolaemia (TC > 240 mg/dl, 6.20 mmol/l)

Men Women
Underweight  Normal Overweight  Obesity Underweight ~ Normal Overweight Obesity
OR OR OR OR OR OR OR OR
Age (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% ClI)
20-29 0.24 1.00 3.41 6.14 0.74 1.00 2.48 4.92
(0.14-0.41)  (reference) (3.01-3.87)  (5.18-7.29) (0.60-0.91) (reference) (1.94-3.18) (3.59-6.75)
30-39 1.03 3.29 7.41 9.69 1.43 1.66 4.38 6.60
(0.81-1.32) (3.01-3.60) (6.76-8.11) (8.63-10.88) (1.22-1.67) (1.48-1.87) (3.78-5.07) (5.38-8.10)
40-49 1.68 5.35 8.94 10.49 3.08 4.22 7.52 9.09
(1.38-2.04) (4.91-5.82) (8.19-9.75)  (9.36-11.76)  (2.69-3.54) (3.81-4.68) (6.72-8.41) (7.85-10.53)
50-59 2.76 5.57 7.84 7.39 9.97 14.10 17.18 16.68
(2.36-3.22) (5.11-6.06)  (7.18-8.506) (6.45-8.48) (8.85-11.24)  (12.74-15.59)  (15.48-19.08)  (14.62-19.02)
6069 255 4.60 5.32 5.50 9.12 13.93 15.44 12.63
(2.08-3.11) (4.21-5.03)  (4.84-5.85) (4.53-6.67) (7.95-10.47)  (12.58-15.43) (13.89-17.16)  (10.97-14.55)
70-79  2.14 3.28 3.99 4.97 6.96 9.69 10.58 9.01
(1.71-2.67)  (2.98-3.62) (3.55-4.48) (3.63-6.82) (5.95-8.16) (8.72-10.76) (9.46-11.84) (7.54-10.77)
80+ 1.00 2.13 3.37 6.02 4.68 6.97 8.86 10.77
(0.64-1.69) (1.81-2.50) (2.63-4.32) (2.50-14.47) (3.58-6.12)  (6.12-7.93) (7.50-10.46)  (7.28-15.93)
20-29 0.24 1.00 3.41 6.14 0.74 1.00 2.48 493
(0.14-0.41)  (reference) (3.01-3.87) (5.18-7.29) (0.60-0.91) (reference) (1.94-3.18) (3.60-6.75)
30-39  0.31 1.00 2.25 2.95 0.86 1.00 2.63 3.97
(0.25-0.40)  (reference) (2.14-2.37)  (2.70-3.22) (0.75-0.98) (reference) (2.33-2.98) (3.29-4.79)
4049 0.31 1.00 1.67 1.96 0.73 1.00 1.78 2.15
(0.26-0.38)  (reference) (1.61-1.74)  (1.81-2.13) (0.66-0.81) (reference) (1.68-1.89) (1.92-2.41)
50-59 0.50 1.00 1.41 1.33 0.71 1.00 1.22 1.18
(0.43-0.57)  (reference) (1.35-1.46)  (1.19-1.49) (0.66-0.76) (reference) (1.17-1.27) (1.08-1.29)
60-69 0.55 1.00 1.16 1.19 0.66 1.00 1.11 0.91
(0.46-0.67)  (reference) (1.09-1.22)  (0.99-1.43) (0.59-0.72) (reference) (1.06-1.16) (0.82-1.01)
70-79 0.65 1.00 1.22 1.51 0.72 1.00 1.09 0.93
(0.53-0.81)  (reference) (1.10-1.34)  (1.11-2.06) (0.63-0.82) (reference) (1.03-1.16) (0.80-1.08)
80+ 0.49 1.00 1.59 2.83 0.67 1.00 1.27 1.55
(0.30-0.81)  (reference) (1.21-2.08)  (1.17-6.86) (0.52-0.87) (reference) (1.09-1.49) (1.05-2.28)

ORs with 95% Cls in the upper side were calculated using the model with normal weight subjects aged 20-29 years as the reference. The analyses were repeated
separately for age groups, and ORs with 95% Cls in the lower side were calculated using the model with normal weight subjects of the same ages as the reference.

significant negative interaction between age and BMI on the
risk of having hypercholesterolaemia (T-C > 6.5 mmol/l) in
both men and women. Adjusted odds ratios for having
hypercholesterolaemia significantly increased with BMI in
men aged 25—44 years and in women aged 2549 years, but
the BMI-dependent increase was smaller (or not significanty
observed) in older age groups. The study subjects of the WHO
MONICA Project consisted of western populations except for
the population of Beijing in China. The prevalence of hyperch-
olesterolaemia as well as overweight and obesity was remarkably
higher than that shown in our study. Despite these differences
in population, the findings of our study were consistent with
the findings of the WHO MONICA Project. The effects of age
and sex on the relation between BMI and cholestero! may be of
universal application independently of population.

© 2006 The Authors

Linear regression analysis showed significant BMI-dependent
increases of T-C and LDL-C in both men and women, but
the regression coefficients for men were higher than those for
women in all age groups. The impact of BMI on T-C and
LDL-C levels may be greater in men than in women.
Menopausal status is an important determinant of cholesterol
level of women (20,21). Although information on menopau-
sal status was not included in the analysis, the result that
women had significantly higher T-C and LDL-C levels than
men after 50 years of age may be explained by the effect of
menopause on cholesterol metabolism rather than the relation
between BMI and cholesterol. Compared with western coun-
tries, hormone replacement therapy is not so commonly used
in Japan (22). Thus, the findings of this study are unlikely to
be affected by the use of hormone replacement therapy.
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Table 5 Odds ratios (ORs) with 95% confidence intervals (Cls) for having hypercholesterolaemia (LDL > 160 mg/dl, 4.13 mmol/l)

Men Women
Underweight  Normal Overweight  Obesity Underweight ~ Normal Overweight Obesity
OR OR OR OR OR OR OR OR
Age (95% CI) (95% CI) (95% CI) (95% Cl) (95% CI) 95% CI) (95% CI) (95% CI)
20-29 0.25 1.00 3.21 6.10 0.66 1.00 3.93 8.52
(0.15-0.44)  (reference) (2.80-3.68)  (5.07-7.33) (0.50-0.87) (reference) (3.01-5.12) (6.15-11.79)
30-39  0.84 3.04 6.26 8.11 1.10 1.83 6.23 9.04
0.63-1.12)  (2.76-3.34) (5.68-6.91) (7.14-9.22)  (0.88-1.37)  (1.58-2.12) (5.24-741)  (7.16-11.39)
4049 1.42 4.58 7.32 7.99 2.52 4.83 10.31 13.19
(1.13-1.77)  (417-5.02)  (6.66-8.04) (7.04-9.08)  (2.10-3.03)  (4.24-5.52) (8.97-11.86)  (11.12-15.65)
50-59 1.99 5.06 6.95 7.36 8.45 16.46 23.03 22.66
(1.65-2.39)  (4.62-5.54) (6.32-7.64) (6.35-8.52) (7.25-9.84)  (14.46-18.73)  (20.17-26.28)  (19.37-26.51)
60-69 1.64 4.25 5.12 5.11 8.41 17.52 20.97 17.07
(1.27-2.11)  (3.87-4.68) (4.63-5.67) (4.13-6.31) (7.07-9.99)  (15.38-19.95)  (18.36-23.96)  (14.45-20.16)
70-79  1.62 3.10 4.28 456 6.68 12.30 14.21 13.48
(1.24-2.12)  (2.79-3.44) (3.79-4.83) (3.23-6.44) (5.48-8.15)  (10.77-14.05)  (12.36-16.33)  (11.04-16.46)
80+  0.69 2.43 3.29 8.32 4.04 8.93 11.59 12.20
(0.37-1.30)  (2.06-2.87) (2.52-4.30) (3.64-19.03) (2.84-575) (7.63-10.45)  (9.56-14.05)  (7.81-19.19)
20-29 0.25 1.00 3.21 6.10 0.66 1.00 3.93 8.52
(0.15-0.44) (reference) (2.80-3.68) (5.07-7.33) (0.50-0.87)  (reference) (3.01-5.12) (6.15-11.79)
30-39 0.28 1.00 2.06 2.67 0.60 1.00 3.41 4.95
(0.21-0.37)  (reference) (1.95-2.18) (2.42-2.95) (0.50-0.73)  (reference) (2.97-3.91) (4.02-6.08)
4049 0.31 1.00 1.60 1.75 0.52 1.00 2.13 2.73
(0.25-0.38) (reference) (1.53-1.67)  (1.59-1.92) (0.46-0.60) (reference) (2.00-2.28) (2.42-3.08)
50-59 0.39 1.00 1.37 1.45 0.51 1.00 1.40 1.38
(0.33-0.46) (reference) (1.32-1.43)  (1.29-1.64) (0.47-0.56)  (reference) (1.34-1.46) (1.25-1.51)
60-69 0.39 1.00 1.20 1.20 0.48 1.00 1.20 0.97
(0.30-0.49)  (reference) (1.13-1.28)  (0.99-1.46) (0.43-0.54)  (reference) (1.14-1.25) (0.87-1.09)
70-79 0.52 1.00 1.38 1.47 0.54 1.00 1.16 1.10
(0.41-0.68) (reference) (1.25-1.53)  (1.05-2.06) (0.47-0.64) (reference) (1.08-1.24) (0.94-1.28)
80+ 0.28 1.00 1.35 3.42 0.45 1.00 1.30 1.37
(0.15-0.54) (reference) (1.02-1.81)  (1.49-7.88) (0.32-0.64)  (reference) (1.09-1.54) (0.88-2.13)

ORs with 95% Cls in the upper side were calculated using the model with normal weight subjects aged 2029 years as the reference. The analyses were repeated
separately for age groups, and ORs with 95% Cls in the lower side were calculated using the model with normal weight subjects of the same ages as the reference.

Moreover, the regression coefficients became lower in older
age groups until 60 years of age in both men and women.
This result was consistent with the result of multiple logistic
regression analysis regarding the risk of having hypercholes-
terolaemia. The impact of BMI on T-C and LDL-C levels
may be greater in younger people. Despite the limitation of
cross-sectional study, it is worth pointing out that the
increased BMI could attribute to the greater part of increased
T-C and LDL-C in younger people. Men aged under 40 years
and women aged under 50 years had lower prevalence of
hypercholesterolaemia but greater impact of BMI on T-C
and LDL-C levels than men aged 40-69 years and women
aged 5069 years. Weight reduction should be more strongly
recommended to younger people, especially men aged under
40 years and women aged under 50 years, to prevent devel-
oping hypercholesterolacmia. On the other hand, older

people are more likely to be exposed to comorbidity and
menopause. These factors can be a cause of increasing cho-
lesterol levels (1). Drug therapy should effectively be used to
improve their hypercholesterolaemia. Even though the impact
of BMI on cholesterol levels is smaller in older people, treat-
ment of overweight and obesity should be recommended to
reduce their risk of cardiovascular disease.

Compared with previous studies on the relationship berween
age, sex, BMI and cholesterol (13,14), elderly people aged
70 years or older were included in this study. The regression
coefficients showed a tendency to increase with age after
70 years of age. The age groups of 70-79 and 80+ years had
lower cholesterol levels and higher prevalence of underweight
than middle-aged groups. The increased regression coefficients
of the age groups of 70-79 and 80+ years seem to reflect the
low cholesterol levels in the underweight subjects rather than

© 2006 The Authors
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the high cholesterol levels in the overweight and obesity sub-
jects. Low cholesterol may be associated with poor health status
and furure decline in functional performance in elderly people
(23-25). A longitudinal study suggested that increase of
non-HDL-C may be beneficial to elderly people without car-
diovascular disease (26). At least underweight elderly people
should be recommended to gain weight to maintain a desirable
cholesterol level.

This study had the following possible limitations. Firstly, the
study subjects consisted of participants in health examination.
Patients with an advanced disease were excluded because they
had few opportunities to receive a health examination in com-
munity or worksite. However, the objective of this study was to
examine the effects of age and sex on the relation between BMI

.and cholesterol in community-living population. Indeed the
findings of this study should be generalised carefully, but they
may be applicable to at least community-living population.
Secondly, some confounding factors were not adjusted exacdy.
Thyroid disease, nephrotic syndrome and liver disease lead to
secondary dyslipidaemia (1). Lifestyle habits contribute to chan-
ging cholesterol levels (1,4,11,27,28). The relation between
BMI and cholesterol is likely to be affected by underlying disease
and lifestyle habits to some extent. Finally, the cross-sectional
design makes it difficult to determine the causal relation
between BMI and cholesterol. Further studies may be required
to address the question what extent of increased cholesterol is
attributable to increased BMI in a follow-up design.

Despite these limitations, a main advantage of this study is
the large number of study subjects with a wide age range.
Japanese population has lower cholesterol levels and lower pre-
valence of overweight and obesity, and correspondingly lower
incidence of coronary heart disease than western population
(4,11). Generally speaking, it is uncertain whether the findings
in western population are applicable to Japanese population.
The findings of this study provide valuable information on the
relation between BMI and cholesterol in Japanese population.

CONCLUSION

Analysis of the 2001 health examination data revealed signifi-
cant effects of age and sex on the relation between BMI and
cholesterol. The impact of BMI on cholesterol levels was esti-
mated greater in men than in women in all age groups, and
greater in younger age groups in both men and women. Weight
reduction should be more strongly recommended to younger
people, especially men aged under 40 years and women aged
under 50 years, to prevent developing hypercholesterolaemia.
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