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Abstract

To observe the effect of smoking habit on age-related serum lipid levels, we examined a large cohort of Japanese cross-sectionally and
longitudinally. The participants included 103,648 Japanese men and women 17-94 years of age, who had received annual health examinations
from 1989 to 2003. In cross-sectional analysis, total and LDL cholesterol levels of smokers were lower than those of nonsmokers up to an
elderly age in men and up to middle age in women. Smoking was associated with decreased HDL cholesterol levels up to the 65-74 years
age group in men and 55-64 years in women. The triglyceride levels were higher in smokers in both genders than those of nonsmokers below
55-64 years. In the longitudinal analysis, although smoking was associated with lower total and LDL cholesterol up to 60 years of age in
women, beyond the sixties an inverted association was observed. The associations of smoking with lower LDL cholesterol levels in men and
lower HDL cholesterol in both genders were fairly consistent at any given age. The increase of triglyceride levels in female smokers remained
rather constant between 25 and 75 years, whereas the increase in triglyceride levels in male smokers was greater with older ages up to middle
age. These results suggest that the effect of smoking on the serum lipid levels is dependent on age and gender.
© 2005 Published by Elsevier Ireland Ltd.

Keywords: Smoking; Total cholesterol; Triglyceride; HDL cholesterol; LDL cholesterol; Longitudinal study; Ageing

Although smoking is well recognized as a risk factor We and other authors have demonstrated that serum lipid
for coronary artery disease and stroke {1.2}, the underlying levels vary during the ageing process based on the longi-
mechanisms and factors responsible for this association are tudinal observations [7.8]. However, the effect of smoking
complex and only partially understood [3]. One possible habit on the age-related changes in serum lipid levels remains
mechanism for the effect of smoking on cardiovascular unknown, and to our knowledge, no study has examined the
disease risk is the atherogenic impact of tobacco smoke on longitudinal changes in the smoking effect on serum lipid
serum lipids and lipoproteins. Previous observations suggest levels in individual across a broad age range over time.
that smokers exhibit elevations of triglycerides, total and low- In the present study, we examined the cross-sectional and
density lipoprotein (LDL) cholesterol, as well as decreases longitudinal changes in serum lipid levels in a single cohort
of high-density lipoprotein (HDL) cholesterol as compared of individuals with or without smoking habit to observe the
with nonsmokers [4-6]. Most conclusions regarding these effect of the natural aging process on the effect of smoking
associations with smoking habit have been drawn from on the age-related serum lipid levels.

selected groups, including clinical trials or cross-sectional
studies targeting adolescents, young adults, and adults. To

our knowledge, no study has been done targeting the elderly. 1. Materials and methods

1.1. Study population

* Corresponding author. Tel.: +81 52 744 2364; fax: +81 52 744 2371. The study population was office workers and their families
E-mail address: kuzuya@med.nagoya-u.ac.jp (M. Kuzuya). residing in Aichi Prefecture in the central region of Japan. The
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subjects included 103,648 Japanese (65,789 men and 37,859
women) with an average age of 44.7 years in men and 43.3
years in women, who had received annual examinations at a
health examination center in Japan between 1989 and 2003
(Table 1). A total of 2030 subjects who were receiving med-
ication for hyperlipidemia had already been excluded. Our
cohort included more males than females, since the num-
ber of male workers is greater than the number of female
workers in Japan. About 57% of the cohort attended at least
one follow-up examination. Average visits for the follow-
up examinations were 3.1 times for men and 2.7 times for
women,

1.2. Procedures and laboratory methods

The examinations included a questionnaire, a physical
examination, an anthropometric measurement, and labora-
tory analysis of blood samples, all taken on the same day.
The anthropometric measurements included height and body
weight, which were measured while the subject was wearing
light clothing without shoes. The body mass index (BMI) was
calculated as weight/height? (kg/m?). Information on smok-
ing status (current cigarette smokers or not) was also recorded
using a self-administered questionnaire.

All serum samples were obtained following a 12—14 h fast.
Serum was separated promptly, and all lipid analyses were
conducted at the clinical laboratory in the health examina-
tion center. Serum total cholesterol and triglycerides were
measured by using enzymatic methods. HDL cholesterol was
measured after dextran sulfate—magnesium precipitation. No
differences were seen in the sample collection, laboratory
apparatus, or techniques used between 1989 and 2003, LDL
cholesterol was estimated by using the method of Friedewald
et al. [9].

1.3. Data analysis

The data were analyzed with the Statistical Analysis
System (SAS), release 8.2, Smoking status and age-related

change of the serum lipids were quite different between men
and women, Thus, the data were analyzed separately by gen-
der. We previously demonstrated that there is a birth cohort
effect on serum lipid levels based on a 10-year longitudi- |
nal analysis of the same cohort, which suggested that higher
estimated total and LDL cholesterol levels were observed
in younger birth cohorts than in older cohorts [7]. Average
of total and LDL cholesterol levels increased with the year
of the observation. Therefore, the cross-sectional data were
adjusted for the year of the initial examination of each subject
and BMI, and lipid levels were estimated for the examination
in 1996 and at BMI=22 (Table 3). The difference in serum
lipid levels between smokers and nonsmokers was examined
using Student’s r-test in six age groups divided by decades
ranging from less than 2575 years and older.
Cross-sectional age-related changes in the lipid levels may
represent cohort, period, and/or survivor ship effects rather
than a true aging effect. Longitudinal data analysis is neces-
sary to examine the effect of smoking habit on true age-related
changes of serum lipid levels. Longitudinal changes in serum
lipid levels were analyzed by a mixed effect model [10,11],
which is a type of statistical analysis commonly used for
repeated measurements. It is applied using the SAS proce-
dure PROC MIXED, typically using the PEPEATED state-
ment. Age-related changes of serum lipids were estimated by
quadratic curve of age controlling for the observation year
and BMI. Fixed effects for the observation year, BMI, age,
age square, smoking status, smoking—age interaction, and
smoking-age square interaction were included in the model,
and random effect of subjects were also included in the model.
Responses from points close in time are usually more highly
correlated with each other than responses from points far
apart in time. Therefore, special methods of analysis are usu-
ally needed to accommodate the correlation structure of the
repeated measurements. This autoregression was controlled
using the autoregressive covariance—structure in the mixed
effect model. The least square means for serum lipid values at
every age were determined in smokers and nonsmokers. The
differences of the lipid levels between smokers and nonsmok-

Table |
Characteristics of participants
Men Women

Number of subjects 65,789 37,859
Total no. of measurements for 14 years 204,064 103,244
No. of measurements per subject for 14 years, mean (S.D.) 3129 2.7(2.5)
Age (year), mean (S.D.) 44.7 (9.3) 43.3(9.4)
Age range (year) 14-94 17-85
Height (cm) at initial measurement, mean (S.D.) 168.5 (6.0) 156.0 (5.4)
Body weight (kg) at initial measurement, mean (S.D.) 65.6 (9.3) 52.4(7.3)
BMI (kg/m?) at initial measurement, mean (S.D.) 23.1(2.8) 21.6 (2.9)
Smoker (%) at initial examination 53.4 11.8
Serum lipid levels at initial measurement

Total cholesterol (mM), mean (5.D.) 5.15(0.90) 5.14 (0.94)

LDL cholesterol (mM), mean (S.D.) 3.02 (0.81) 2.94 (0.85)

HDL cholesterol (mM), mean (S.D.) 1.42 (0.34) 1.75 (0.37)

Triglyceride (mM), mean (S.D.) 1.60 (1.16) 0.98 (0.56)
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Table 2
Characteristics of participants for longitudinal analysis
Men Women

Number of subjects 61,150 37,024
Total no. of measurements for 14 years 204,064 103,244
No. of measurements per subject for 14 years, mean (S.D.) 2.92.8) 2.7 (2.5)
Age (year), mean (S.D.) 44.7(9.3) 43.4(9.4)
Age range (year) 14-94 1785
Follow-up periods (year), mean (S.D.) 293.9) 2.8 (3.8)
Height (cm) at initial measurement, mean (S.D.) 168.5 (6.0) 156.0 (5.4)
Body weight (kg) at initial measurement, mean (S.D.) 65.6 (9.3) 52.4(7.3)
BMI (kg/m?) at initial measurement, mean (S.D.) 23.1(2.9) 21.6 (2.9)
Smoker (%) at initial examination 51.5 10.6
Serum lipid levels at initial measurement

Total cholesterol (mM), mean (S.D.) 5.15 (0.90) 5.14 (0.94)

LDL cholesterol (mM), mean (S.D.) 3.03 (0.8 2.95 (0.85)

HDL cholesterol (mM), mean (S.D.) 1.42 (0.34) 1.75 (0.37)

Triglyceride (mM), mean (S.D.) 1.60 (1.17) 0.98 (0.56)

ers at each age were obtained by the differences of estimated
lipid levels based on the longitudinal analysis using a mixed
effect model between smokers and nonsmokers at each age.
In the longitudinal analysis, subjects who reported a non-
smoking status at least once during the repeated examinations
over a 14-year period were excluded from the smoker group.
In addition, subjects who reported current smoking status
during at least one point of the repeated examinations were
excluded from the nonsmoker group. As a result, all subjects
who changed smoking habit as noted during the repeated
measurements (4639 males and 835 females) were excluded
from the longitudinal analysis. The characteristics of partici-
pants for the longitudinal analysis are summarized in Table 2.

2. Results
2.1. Cross-sectional analysis

Fig. | shows the smoking rate of the participants between
1989 and 2003. At the initial examination, the rate of smoking
in men and women was 53.4 and 11.8%, respectively, which
is similar to rates shown in a national survey. The rate of
smoking decreased during the periods examined which is
consistent with the observation of others [{2].

Fig. 2 shows the age-specific means and 3-year moving
average of serum lipid levels at initial measurement of each
subject of men and women with or without smoking habit
from 1989 through 2003 before including the effect of BMI
and the time of examination. The age-related changes of
serum lipid levels of both male and female smokers were
similar to those of nonsmokers. In men, serum total choles-
terol level gradually increased from 20-29 years up to 5059
years, and no further increase was observed after 50-59
years. In women, serum total cholesterol level dramatically
increased from 20-29 years up to 60-69 years and then sub-
sequently decreased. These age-related changes were similar
in LDL cholesterol levels in men and women. HDL choles-
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terol levels were rather constant up to 70-79 years in men. In
women, HDL cholesterol levels were lower with increasing
age. Serum triglyceride levels increased up to 4049 years,
followed by a decline above 50-59 years in men, whereas
triglyceride levels in women increased up to 6069 years and
then decreased at 70-79 years.

Total and LDL cholesterol levels of smokers were some-
what lower than those of nonsmokers above middle age in
men, but no obvious differences were observed between
smokers and nonsmokers in women (Fig. 2). In HDL choles-
terol and triglyceride, much lower and higher levels were
observed, respectively, in smokers compared with those of
nonsmokers at all ages of men and women (Fig. 2).

We previously demonstrated that there was a birth cohort
effect on serum lipid levels in this large Japanese cohort [7].
BMI s also known to influence the serum lipid levels [13.14].
Therefore, the cross-sectional data of serum lipid levels at
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Fig. 2. Effect of aging on serum lipid levels in cross-sectional analysis. The age-specific means of serum lipid levels and a 3-year moving average of serum

lipid levels are shown in smokers and nonsmokers at the initial examination.

initial examination of each subject from 1989 through 2003
were adjusted for the year of the individual examination and
BMI. Mean values of serum lipid estimates for the exam-
ination in 1996 and at BMI=22 are shown by age group
and gender with or without smoking habit in Table 3. Sig-
nificant differences existed in lipid levels between smokers
and nonsmokers. Total and LDL cholesterol in male smokers
were lower than those of nonsmokers from 25 to 34 years up
to elderly age, while in women the effect of smoking on the
total and LDL cholesterol lowering was observed from 35-44
years through 55-64 years and from 25-34 through 35-44
years, respectively. Smoking was associated with decreased
HDL cholesterol levels between 25-34 years and 65-74 years
in men, and from young adulthood up to 55-64 years in
women. The triglyceride levels were higher in male and
female smokers than those of nonsmokers below 55-64 years.
However, after 65 years no difference in triglyceride levels
was observed between male and female smokers and non-
smokers.

2.2. Longitudinal analysis

The serum lipid levels of smokers and nonsmokers from
age 30 through age 70 at 10-year intervals were estimated for
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each age using the least square means method in the mixed
effects model. These values were adjusted for the examina-
tion year in 1996 and BMI=22. As shown in Table 4, male
smokers exhibited lower total and LDL cholesterol levels than
those of nonsmoker controls from age 30 through age 70.
In women, a similar tendency toward lower total and LDL
cholesterol levels in smokers was estimated at 40, 50, and
60 years, and 40 and 50 years, respectively. Both male and
female smokers had lower HDL cholesterol levels at any of
the 10-year intervals examined. In contrast, higher levels of
triglyceride were estimated in smokers of both genders from
age 30 to 70 years compared with those of nonsmokers.

Fig. 3 demonstrated the difference of estimated lipid levels
(the lipid levels of smokers—those of nonsmokers) between
current smokers and nonsmokers at individual age from 25
through 75 years based on the longitudinal analysis. The esti-
mates show that the effect of smoking on the decrease in
total cholesterol levels is apparent from 30 up to 65 years in
females, with a peak at 45 years old. However, beyond the
sixth decades of life the effect of smoking on total choles-
terol levels was inverted, showing higher cholesterol con-
centrations in female smokers than those of nonsmokers. In
contrast, the smoking effect on male total cholesterol levels is
rather consistent at any given age, although the decrement of



Table 3

The cross-sectional data of serum lipid levels at initial examination of each subject from 1989 through 2003

75<

65-74

25-34 35-44 45-54

<25

Age groups (years)

Smoker

Nonsmoker

Smoker

Nonsmoker

Smoker

Nonsmoker

Smoker

Nonsmoker

Smoker

Nonsmoker

Smoker

Nonsmoker

Smoker

Nonsmoker

Male

229 3212 4119 11684 15293 9630 10704 5177 4363 739 366 94 24
49.0 (2.9)

154

Number of subjects

Age (year)

58.1(2.5) 67.7 (2.6) 67.4(2.4) 78.1 (3.6) 77.8 (3.0)

58.4 (2.6)

225(1.6) 31424  314(25) 39429 39429  493(29)
4.95(0.87)°
2.88(0.77)°

219(2.2)
438 (0.81)

557(0.91)  4.65(1.04)

5.13 (0.87)"
3.06 (0.85)

5.33 (0.82)"
3.18(0.74)
1.49(0.37)

5.15 (0.88)
3.05(0.81)}

5.38 (0.89)
3.22 (0.80)}
1.48 (0.36)}
1.52 (1.01)

5.17 (0.90)!
3.04 (0.83)}

5.32(0.88)!
3.14(0.78)!

5.05 (0.90)
2.94 (0.81)F

5.16 (0.89)}
3.03 (6.79)!
1.47 (0.34)!
1.48 (1.03)7

4.87 (0.89)"
2.82(0.79)
1.39(0.32)f
1.49 (1.11)}

4.29(0.71)
2.39(0.66)

Total cholesterol (mM)
LDL-cholesterol (mM)

2.63 (0.77)'
1.43(0.35)
1.29 (0.60)

3.19 (0.89)

2.44 (0.73)

1.50 (0.36)
1.26 (0.60)

1.41(0.39)!

1.37 (0.35)}
1.67 (1.14)!

149 (0.35)' 137 (0.33)!
1.78 (1.29)}

1.58 (1.13)}

1.37 (0.32)}
1.7V (1.27)1

1.48 (0.32)!
1.31 (0.97)!

1.45(0.30)

0.99 (0.49)

1.51 (0.29)
0.97 (0.51)

HDL-cholesterol (mM)
Triglyceride (mM)

1.52 (0.95)

1.49 (0.98)

Female

49

45

131 4579 750 13803 1916 10172 1206 3802
48.8(2.8)

499

Number of subjects

Age (year)

76.5 (2.4)
5.91 (1.60)
3.79 (1.59)

779 2.8)
5.71 (0.89)
3.39(0.73)

67.7(2.6)

5.95(1.05)

67.9(2.7)
5.91 (0.94)
3.65 (0.85)
1.66 (0.40)
1.33 (0.67)

309,55 30627 39329 39329 49.1 (2.9) 58.0(2.6)  58.0(2.6)
4.66 (0.77) 5.44 (0.92)
2.53(0.67)

222(1.5)

22.5(1.5)

4.77 (0.79)

5.72 (0.90)
3.53 (0.87)
1.56 (0.38)
1.42 (0.75)°

5.90(0.93)
3.60 (0.85)

5.37 (0.93)
3.17 (0.87)

4.90 (0.80)
2.73(0.72)
1.77 (0.36)
0.87 (0.43)

4.59 (0.78)
2.45(0.70)
1.74(0.37)
0.89 (0.48)

4.43 (0.83)
2.34 (0.77)
1.70 (0.32)"
0.90 (0.65)"

Data were adjusted for BMI, and year of initial examination, and expressed at BMI

4.57(0.75)
2.44 (0.66)

Total cholesterol (mM)
L.DL-cholesterol (mM)
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3.73 (0.92)
1.54 (0.29)
1.49 (0.65)

3.21(0.84)
1.75 (0.39)
1.07 (0.60)

2.66 (0.74)
1.68 (0.37)!

0.95 (0.49)!
22; values are mean (S.D.).

1.33 (0.25)
1.74 (0.62)

1.75 (0.41)
1.25(0.71)

1.71 (0.41)
130 (0.73)

1.67 (0.38)!
1.17 (0.65)!

1.78 (0.35)
0.77 (0.40)

1.78 (0.32)
0.74 (0.34)

HDL-cholesterol (mM)
Triglyceride (mM)

p <0.05 (nonsmoker vs. smoker).
1 p<0.0001 (nonsmoker vs. smoker).

*
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the estimated total cholesterol for smokers is larger with age.
The pattern of the difference of the estimated LDL cholesterol
between smokers and nonsmokers was similar to the pattern
for total cholesterol. The HDL cholesterol value declines con-
stantly in smokers at all ages in both genders. The increase
of the estimated triglyceride levels in female smokers is con-
stant between 25 and 75 years, although there is a U shape
with the bottom between 40 and 50 years. In males, the effect
of smoking on the increase in triglyceride level was stronger
with age up to middle age, with the peak between 45 and
50 years. Subsequently the effect decreased with age, and
no difference of triglyceride levels was illustrated beyond 70
years.

3. Discussion

There has been debate as to whether the difference in
serum lipid levels between smokers and nonsmokers is due
to smoking itself or whether other confounding lifestyle fac-
tors, e.g., body weight, alcohol consumption, and diet, have
a dominant influence. There is now evidence to suggest a
causal relationship between smoking and serum lipid con-
centrations.

The meta-analysis of 54 published studies by Craig et al.
shows an increase in plasma concentrations of total choles-
terol (3%), triglyceride (9.1%), and LDL cholesterol (1.7%)
and a reduction in the concentrations of HDL cholesterol
(5.7%) in smokers as compared with nonsmokers [4]. How-
ever, as the authors described in the paper, in most of the
previous studies lipid levels were not adjusted for age or
BMI. Additionally, most studies have had only adolescent,
young adult, or middle-aged subjects. To our knowledge no
data were available to see the effect of smoking habit on the
serum lipid levels in the elderly as well as age-related changes
in various lipid levels in a large cohort,

In the present study, we demonstrated that the influence
of smoking habit on serum lipid levels is dependent on the
subject age based on the cross-sectional as well as longitu-
dinal observation. Based on cross-sectional observation, we
showed that there were no significant differences in serum
lipid levels between smokers and nonsmokers in young adults
(<25 years) in men and women except for HDL cholesterol
and triglyceride in women. In addition, we observed that the
effect of smoking on the total and LDL cholesterol lowering
and the enhancing influence of smoking on triglyceride lev-
els were not detected in the female elderly, although in male
smokers, the total and LDL cholesterol levels were higher
even at 75 years and older than those of nonsmokers. The
result suggests that the effect of smoking on serum lipid lev-
els is dependent on age.

We showed that the total and LDL cholesterol levels in
female and male smokers are lower than those of nonsmok-
ers at least in middle age, which is inconsistent with the
most of the earlier observations that serum cholesterol con-
centrations were higher in smokers [4] In the meta-analysis
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Table 4
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The estimated serum lipid levels of smokers and nonsmokers from age of 30 years through 70 years at 10 years intervals

Age groups (years) 30 40

50

60 70

Nonsmokers Smokers Nonsmokers Smokers

Nonsmokers Smokers

Nonsmokers Smokers Nonsmokers Smokers

Male
Total cholesterol (mM)
Mean 4.83 4.76 - 510 5.02 )
95%Cl 4.80-4.85 4.74-4.78" 5.09-5.11 5.01-5.03"
LDL-cholesterol (mM)
Mean 2.78 2.73 2.98 2.91
95%C1 2.76-2.80 2.71-2.75" 2.97-2.99 2.90-2.921
HDL-cholesterol (mM)
Mean 1.51 1.43 1.53 1.41 ‘
95%Cl 1.50-1.52 1.42-1.441 1.53-1.54 1.41-1.427
Triglyceride (mM)
Mean 1.19 1.35 1.32 1.60 ‘
95%Cl 1.16-1.22 1.32-1.38" 1.31-1.34 1.59-1.627
Female
Total cholesterol (mM)
Mean 4.63 4.60 5.06 4.96
95%Cl 4.61-4.65 4.56-4.65 5.05-5.07  4.93-4.98i
LDL-cholesterol {mM)
Mean 2.53 2.51 2.88 2.82
95%C1 2.51-2.54 2.47-2.55 2.88-2.89 2,79-2.847
HDL-cholesterol (mM)
Mean 1.72 1.66 1.75 1.67
95%Cl 1.71-173  1.64-1.68" 1.75-1.76  1.65-1.68"
Triglyceride (mM)
Mean 0.83 0.97 - 0.93 1.04
95%Cl 0.82-0.84 0.94-1.00" 0.92-0.93 1.03-1.06

525 5.14 5.28 5.14 5.19 5.00 ‘
5.24-526  5.13-5.151 526-529  5.12-5.157 516-522  4.96-5.041
3.10 3.02 3.14 3.04 3.0 2.99 A
3.09-3.11  3.01-3.030 3.13-3.15  3.02-3.06' 3.07-3.13  2.95-3.037
1.54 1.40 1.54 1.40 1.52 1.40
1.54-1.54  1.40-1.417 1.53-1.54  1.39-1.41% 1.51-153  1.39-1.42
1.38 1.68 1.36 1.60 1.26 1.34
136-1.39  1.67-1.70" 1.34-1.38  1.58-1.621 1.22-1.30  1.29-1.40"
5.47 5.35 - 5.86 5.79 6.23 6.28
5.46-548  5.32-538! 5.85-588  5.74-5.85" 6.20-627  6.15-6.40
3.23 3.16 356 3.54 3.88 3.96
3.22-324  3.13-3.197 3.55-358  3.49-3.59 3.85-3.92  3.85-4.08
1.76 1.65 1.75 1.61 1.71 1.55
1.76-177 1641677 1.74-1.75  1.59-1.647 1.69-1.72  1.50-1.617
1.06 1.19 1.22 1.41 1.42 1.70
1.05-1.06  1.17-1.21F 121-123  1.37-1.44" 1.40-1.44  1.62-1.78!

The values were estimated for each age using the least square means methods in the mixed effects model, and were adjusted for the examination year in 1996

and BM1=22.
* p<0.05 (nonsmoker vs. smoker).
T p<0.0001 (nonsmoker vs. smoker).

from Craig et al. [4], serum cholesterol concentrations were
higher in smokers in all (22 studies) but one study. In addi-
tion, LDL cholesterol levels were higher in the smoking
group by 1.7% from six studies compared with nonsmok-
ers. Although the reason for this discrepancy of the effect of
smoking in total and LDL cholesterol is not clear, some eth-
nic differences including dietary habits, physical activities,
or life style as well as differences in public health awareness
may have contributed to the inconsistency in observations
between us and others. In fact, Halfon et al. found smoking
to be associated positively with LDL cholesterol in males of
European, but not of African descent [15]. Freedman et al.
also reported in their longitudinal observation of early adult-
hood that although white male and female smokers had a
larger increase in LDL cholesterol compared with nonsmok-
ers, in black females smoking was inversely associated with
LDL cholesterol [6].

We demonstrated in cross-sectional observation that HDL
cholesterol levels were lower and triglyceride levels were
higher in female as well as male smokers than in nonsmokers
at most of the age groups examined, which was in agreement
with other published results [4].
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In longitudinal study, we observed apparent differences
of smoking effect on serum lipid levels with age, except for
HDL cholesterol levels, in which the effect of smoking is
rather constant with age. The effect of smoking on the esti-
mated total and LDL cholesterol in both genders is similar to
the cross-sectional observation that total and LDL cholesterol
decreased in male and female smoker up to elderly age and
up to middle age, respectively. However, as shown in Fig. 3,
the differences of the estimates of total and LDL cholesterol
levels between smokers and nonsmokers based on the lon-
gitudinal observation suggest that there is an age effect on
the influence of smoking on serum cholesterol concentra-
tions. In addition, this analysis illustrated a gender difference
with regard to this effect. In men, smoking is associated with
lower total and LDL cholesterol at any given age, although
there is an age effect in that the difference becomes larger
with age. In women, the effect of smoking is not constant; an
inverted influence on total and LDL cholesterol is detected,
as in women younger than 60 years, the smoking is asso-
ciated with lower cholesterol, but after 65 years smoking is
associated with higher cholesterol levels. The reason for this
remains unknown, although the life style changes or hor-
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Fig. 3. The difference of estimated lipid levels (the lipid levels of smoker—those of nonsmokers) between current smokers and nonsmokers at individual age from
25 years through 75 years based on the longitudinal analysis. The curves show the average of the difference of estimated lipid levels based on the longitudinal
analysis of mixed effect model between smokers and nonsmokers at each age. Thin curves indicate 95% Cl.

monal changes in females after menopause might be involved
in this inverted effect of smoking.

The effect of smoking on triglyceride levels also exhibits
dynamic changes with age and gender difference. Based on
longitudinal observation, smoking is associated with higher
triglyceride levels at any age examined in both genders. In
men, the strongest difference in triglyceride levels between
smokers and nonsmokers is seen in middle age, and in women
the stronger difference is seen after middle age. The reason for
this gender difference and age-dependent effect of smoking
on triglyceride levels remains unknown.

It seems that plasma enzymes involved in the metabolism
of triglycerides and HDL cholesterol are potentially affected
by smoking. However, there are conflicting observations.
Some laboratories demonstrated that hepatic lipase is
increased in smokers [ 6], and others demonstrated no dif-
ference between smokers and nonsmokers [ | 7], or decreased
hepatic lipase in smokers [18]. The hepatic lipase has been
shown to be activated in smokers, and lectin:cholesterol
acyl transferase activity has been shown to be unchanged
[19] or decreased [17] compared with nonsmokers. Plasma
cholesterol ester transfer protein activity has been shown to
be marginally decreased in smokers in one study [17] and
increased in another [19]. Plasma post-heparin lipoprotein
lipase activity has been shown not to differ between smokers
and nonsmokers in some studies [ 18,207 and to be increased
in smokers in another study {17]. The reasons for these con-
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flicting results on the effect of smoking on plasma enzymes
regulating serum lipids and lipoproteins levels are not clear,
but it is possible that the effect of smoking on these enzymes
is dependent on the gender, age, genetic background, or eth-
nicity of the subjects.

It should be noted that some selection bias such as healthy
worker bias may exist in our study, since most of the subjects
were healthy office workers. In addition, the subjects may
be aware of their lipid levels, since they had received annual
examinations at a health examination center. There is another
limitation of this study. Previous observations suggest that the
effect of smoking on serum lipid levels is dose-dependent
[4,6]. In this study, the data of smoking level in individuals
were not available. In addition, alcohol consumption has an
effect on serum lipid levels {21]. However, in the present
study, the serum lipid levels were not adjusted to account for
variations of alcohol consumption.

In the present study, we observed that the effect of smok-
ing on serum lipid levels is age-dependent and that there is a
gender difference based on the cross-sectional as well as lon-
gitudinal analysis. In men, smoking is associated with lower
total and LDL cholesterol at any given age between 25 and
75 years. In women younger than 60 years, smoking is asso-
ciated with lower cholesterol, but after 60—65 years smoking
is associated with higher cholesterol levels. HDL cholesterol
levels were lower in male and female smokers than in non-
smokers at most of the age groups examined. Smoking is
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associated with higher triglyceride levels in any age exam-
ined in both genders except in males above 70 years. In men,
the greatest difference in triglyceride levels between smok-
ers and nonsmokers is seen in middle age, and in women, the
greatest difference is seen after middle age.
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