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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.
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Although smoking is well recognized as a risk factor
for coronary artery disease and stroke [1,2], the underlying
mechanisms and factors responsible for this association are
complex and only partially understood [3]. One possible
mechanism for the effect of smoking on cardiovascular
disease risk is the atherogenic impact of tobacco smoke on
serum lipids and lipoproteins. Previous observations suggest
that smokers exhibit elevations of triglycerides, total and low-
density lipoprotein (LDL) cholesterol, as well as decreases
of high-density lipoprotein (HDL) cholesterol as compared
with nonsmokers [4—-6]. Most conclusions regarding these
associations with smoking habit have been drawn from
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.

* Corresponding author. Tel.: +81 52 744 2364, fax: +81 52 744 2371.
E-mail address: kuzuya@med.nagoya-u.ac.jp (M. Kuzuya).
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We and other authors have demonstrated that serum lipid
levels vary during the ageing process based on the longi-
tudinal observations [7,8]. However, the effect of smoking
habit on the age-related changes in serum lipid levels remains
unknown, and to our knowledge, no study has examined the
longitudinal changes in the smoking effect on serum lipid
levels in individual across a broad age range over time.

In the present study, we examined the cross-sectional and
longitudinal changes in serum lipid levels in a single cohort
of individuals with or without smoking habit to observe the
effect of the natural aging process on the effect of smoking
on the age-related serum lipid levels.

1. Materials and methods
1.1. Study population

The study population was office workers and their families
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 wetre 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
etal. [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 z-test in six age groups divided by decades
ranging from less than 25-75 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 1
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.) 3.1(29) 2.7@2.5)
Age (year), mean (S.D.) 44.7(9.3) 43394
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 534 11.8
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.) 3.02(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)




M. Kuzuya et ul. / Atherosclervsis 185 (2006) 183—-190 185

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 (8.D.) 2928 2.7(2.5)
Age (year), mean (8.D.) 447 (9.3) 43.4(9.4)
Age range (year) 14-94 17-85
Follow-up periods (year), mean (S.D.) 29(3.9) 2.8(3.8)
Height (cm) at initial measurement, mean (8.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(229) 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 (0.54)

LDL cholesterol (mM), mean (S.D.) 3.03 (0.81) 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. 1 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 [12].

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 afier 50-59
years. In women, serum total cholesterol level dramatically
increased from 2029 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-

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 40-49 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 is 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. 1. Trends in smoking rate.
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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

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 smokets 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
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258 the estimated total cholesterol for smokers is larger with age.
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) fortotal cholesterol. The HDL cholesterol value declines con-
SS8 stantly in smokers at all ages in both genders. The increase
§ £a of the estimated triglyceride levels in female smokers is con-
stant between 25 and 75 years, although there is a U shape
N with the bottom between 40 and 50 years. In males, the effect
f\;' £ % of smoking on the increase in triglyceride level was stronger
- - - with age up to middle age, with the peak between 45 and
e 50 years. Subsequently the effect decreased with age, and
ssg no difference of triglyceride levels was illustrated beyond 70
:“é § a years.
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ses 3. Discussion
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Sl tors, e.g., body weight, alcohol consumption, and diet, have
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Ssg causal relationship between smoking and serum lipid con-
=85 centrations.
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TEE g (5.7%) in smokers as compared with nonsmokers [4]. How-
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8 g 8|8 previous studies lipid levels were not adjusted for age or
E BMI. Additionally, most studies have had only adolescent,
gggyd young adult, or middle-aged subjects. To our knowledge no
ces é data were available to see the effect of smoking habit on the
N =3|H serum lipid levels in the elderly as well as age-related changes
RIS s in various lipid levels in a large cohort.
ss3 % In the present study, we demonstrated that the influence
23|58 of smoking habit on serum lipid levels is dependent on the
R P subject age based on the cross-sectional as well as longitu-
£ag 2 dinal observation. Based on cross-sectional observation, we
eeelg showed that there were no significant differences in serum
o= S|E lipid levels between smokers and nonsmokers in young adults
| B (<25 years) in men and women except for HDL cholesterol
,‘; SR . . . opr
s2 2|8 and triglyceride in women. In addition, we observed that the
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i s L% and the enhancing influence of smoking on triglyceride lev-
gaEF| A E ‘é els were not detected in the female elderly, although in male
SSeSiEE @ smokers, the total and LDL cholesterol levels were higher
Sasld ; L even at 75 years and older than those of nonsmokers. The
e |2 5% result suggests that the effect of smoking on serum lipid lev-
i E o ﬁ g 5 els is dependent on age.
E g E g § £ We showed that the total and LDL cholesterol levels in
2889 -8 female and male smokers are lower than those of nonsmok-
e 28|l . . sy e s R .
RS ers at least in r;uddle age,_whlch is inconsistent with the
REE 8 A most of the earlier observations that serum cholesterol con-
a

centrations were higher in smokers [4] In the meta-analysis
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Table 4

M. Ruzuyua et ul. / Atherosclerosis 185 (2006) 183—190

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 5.10 5.02 5.25 5.14 528 5.14 5.19 5.00
95%Cl 4.80-4.85 4.74-4.78" 509-5.11 5.01-5.03t 5.24-526 5.13-5.15" 526-5.29 5.12-5.15t 5.16-5.22 4.96-5.04t
LDL-cholesterol (mM)
Mean 2.78 2.73 298 291 3.10 3.02 3.14 3.04 3.10 2.99
95%Cl 2.76-2.80 2.71-2.75" 2.97-2.99 290292t 3.09-3.11 3.01-3.031 3,13-3.15 3.02-3.06" 3.07-3.13 2.95-3.03
HDL-cholesterol (mM)
Mean 1.51 1.43 1.53 1.41 1.54 1.40 1.54 1.40 1.52 1.40
95%Cl1 1.50-1.52 1.42-1.44" 153-1.54 141-1.421 1.54-1.54 1.40-1.411 1.53-1.54 1.39-141F 1.51-1.53 1.39-1.42t
Triglyceride (mM)
Mean 1.19 1.35 1.32 1.60 1.38 1.68 1.36 1.60 1.26 1.34
95%Cl 116-122  132-138" 131-1.34  159-162' 1.36-139  167-1.701 134-138  158-1.620 122-130  1.29-1.40"
Female
Total cholesterol (mM)
Mean 4.63 4.60 5.06 4.96 5.47 5.35 5.86 5.79 6.23 6.28
95%Cl1 4.61-4.65 4.56-4.65 5.05-5.07 493-498t 546-5.48 5.32-5.38" 5.85-5.88 5.74-5.85" 6.20-6.27 6.15-6.40
LDL-cholesterol (mM)
Mean 2.53 2.51 2.88 2.82 3.23 3.16 3.56 3.54 3.88 3.96
95%Cl 2.51-2.54 247255 2.88-2.89 2.79-2.84t 322324 3.13-3.19t 3.55-3.58 3.49-359 3.85-3.92 3.854.08
HDL-cholesterol (mM)
Mean 1.72 1.66 1.75 1.67 1.76 1.65 175 1.61 1.71 1.55
95%C1 1.71-173  1.64-1.68" 175-1.76  1.65-1.68! 1.76-1.77  1.64-1.671 174-1.75 159-1.641 169-172  1.50-1.61!
Triglyceride (mM)
Mean 0.83 0.97 0.93 1.04 1.06 1.19 1.22 1.41 1.42 1.70
95%Cl 0.82-0.84 0.94-1.00" 0.92-0.93 1.03-1.06" 1.05-1.06 1.17-1.211 1.21-1.23 1.37-1.44" 140-1.44 1.62-1.78f

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 BMI=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].

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-



M. Kuzuya et al. / Atherosclerosis 185 (2006) 183—190

total cholesterol

Age

005 (years)

-0.15

-0.25

-0.35

(mM) HDL- cholesterol

0.35

025
015 T

005 I . Age
(years)

-0.05

-0.15

-0.25

-0.35

189

(mM) LDL- cholesterol

0.35

025

0.15
0.05

Age
-005 > N 75} (years)

=015 |

025 F 7 women

Ll L

-0.35

triglyceride

(mM)
0.35

0.15

0.05 Age

I
(years)

-0.05

015

women
men

=025 I

-0.35

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% CI.

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 [16], and others demonstrated no dif-
ference between smokers and nonsmokers [17], 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 [18,20] and to be increased
in smokers in another study [17]. The reasons for these con-

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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Preproghrelin Leu72Met variant contributes to
overweight in middle-aged men of a Japanese large
cohort

M Kuzuya®, F Ando?, A Iguchi' and H Shimokata®

! Department of Geriatrics, Nagoya University Graduate School of Medicine, Showa-ku, Nagoya, Japan and 2Department of
Epidemiology, National Institute for Longevity Sciences, Showa-ku, Nagoya, Japan

Objective: To investigate whether Leu72Met polymorphism of the preproghrelin gene is associated with overweight/obesity in
middle-aged and older Japanese.

Design: Cross-sectional analysis.

Subjects: A total of 2238 community-dwelling middle-aged and older Japanese people (age: 40-79 years) who participated in
the first wave of examinations in the National Institute for Longevity Sciences — Longitudinal Study of Aging from April 1998 to
March 2000.

Measurements: The Leu72Met polymorphism of prepoghrelin gene, anthropometric variables including body weight, body
mass index (BMI), waist circumference, waist-to-hip ratio and whole-fat mass and biochemical variables including serum lipid
levels, fasting plasma glucose, insulin and homeostasis model assessment for insulin resistance.

Results: The frequencies of the Leu72Leu, Leu72Met and Met72Met alleles were 63.4, 32.7 and 4.0%, respectively. No
differences in the genotype distributions of the Leu72Met polymorphism were found between genders or age groups, and no
significant associations were observed between polymorphism and anthropometric variables in women and older men.
However, middle-aged men who were 72Met allele carriers showed a higher body weight change from body weight at 18 years
of age, as well as a higher waist circumference and a tendency to a higher waist-hip-ratio than noncarriers. Although there were
no significant differences in the genotype distribution according to BMI in women and older men, a significantly higher
frequency of the 72Met allele was found in the higher BMI group (BMIz=25 kg/m?) of middle-aged men than in the normal-
weight group. No significant associations were observed between polymorphism and serum lipid, glucose or insulin levels.
Conclusions: These results suggest that the 72Met allele of the preproghrelin gene is a contributing factor for midlife weight
change in men.
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Introduction ing effects.? Ghrelin stimulates food intake in both rodents

and humans,?? and is strongly involved in the regulation of

Ghrelin has been shown to be the natural ligand of the
previously identified ‘orphan’ growth hormone secretagogue
receptor.’ Although widely expressed in many tissues,
ghrelin is most abundantly produced by the stomach.!
Ghrelin is much more than a mere natural growth hormone
secretagogue, however: it has been found to have profound
growth hormone-independent weight- and appetite-increas-
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energy homeostasis.* This suggests that derangement in the
ghrelin system could play a role in obesity. In addition,
ghrelin may affect carbohydrate and lipid metabolisms.*®
Recently, three major polymorphisms in the human
ghrelin gene were described.” One of these nucleotide
changes, a single-base substitution C214A with Met repla-
cing Leu at codon 72 in the preproghrelin amino-acid
sequence, seems to be associated with an earlier onset of
obesity,”~? but it has also been proposed that 72Met could
provide protection against the accumulation of fat.'® Thus,
previous studies on preproghrelin genetic variants have
arrived at contradictory findings as to their role in obesity.
Additionally, most studies have had only child and adoles-
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cent subjects, whereas few studies have targeted the middle
aged or elderly, or randomly sampled community-dwelling
individuals.

The aim of the present study was to test whether genetic
variants in the preproghrelin gene (Leu72Met) could play a
role in predisposing carriers to overweight/obesity or be
associated with anthropometric data, serum lipid levels and
values related with glucose metabolisms in a middle-aged to
elderly Japanese population.

Materials and methods

Subjects

The present study consisted of a cross-sectional analysis of
1110 women and 1128 men who participated in the first
wave of examinations in the National Institute for Longevity
Sciences — Longitudinal Study of Aging (NILS-LSA) from April
1998 to March 2000. The subjects of the NILS-LSA were male
and female residents 40-79 years old. The population of Obu
city and Higashiura town in the Aichi prefecture in central
Japan was stratified by both age and gender, and randomly
selected from resident registrations in cooperation with the
local governments. The number of male and female
participants was to be the same to test gender difference.
Age at the base line is to be 40-79 years and the number of
participants in each decade (1940s, 1950s, 1960s, 1970s) is to
be the same. The examinations include various areas of
gerontology and geriatrics such as medical examinations,
anthropometry, body composition, physical functions, phy-
sical activities, psychological assessments, nutritional analy-
sis and molecular epidemiology. The subjects will be
followed up every 2 years. The details of the NILS-LSA have
been described elsewhere.!! Randomly selected men and
women were invited by mail to attend an explanatory
meeting. At that meeting, the procedures for each examina-
tion and the follow-up schedule were fully explained.
Written, informed consent to the entire procedure was
obtained from each participant. The study was approved by
the Ethics Committee of the National Institute for Longevity
Sciences.

Anthropometric variables

Body weight was measured to the nearest 0.01kg using a
digital scale, height was measured to the nearest 0.1 cm using
a wall-mounted stadiometer and body mass index (BMI) was
calculated as weight (kg) divided by height squared (m?2).
Waist circumference and waist-to-hip ratio (WHR) were used
as the indices for body fat distribution in this study. Waist-to-
hip ratio was calculated as the ratio of waist circumference
measured at the mid-point between the anterior superior
iliac crest and the lowest rib-to-hip circumference. Whole-
body fat mass, assessed by dual-energy X-ray absorptiometry
(QDR-4500; Hologic, Madison, OH, USA), was used as an
index for determining body composition. The subjects’
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weight at 18 years of age was obtained by questionnaire.
Weight change was defined as the current weight minus the
weight at 18 years of age.

Biochemical assays of blood

An antecubital blood sample was drawn from each subject
after an overnight fast. Serum total cholesterol, triglycerides
and low-density lipoprotein cholesterol were determined
enzymatically, serum high-density lipoprotein cholesterol
was measured by the heparin-manganese precipitation
method and fasting plasma glucose was assayed by the
glucose oxidase method. Lipoprotein (a) was measured in
plasma using a commercially available ELISA. Plasma insulin
was measured by radioimmunoassay. The homeostasis
model assessment for insulin resistance (HOMA-IR) was
calculated as fasting serum insulin (4U/ml) x fasting plasma
glucose (mmol/1)/22.5.12

Determination of preproghrelin genotypes

Genotypes were determined using a fluorescence-based
allele-specific DNA primer assay system (Toyobo Tsuruga
Gene Analysis, Tsuruga, Japan). The polymorphic regions
(Leu72Met (C214A)) of preproghrelin were amplified by
polymerase chain reaction with allele-specific sense primers
labeled at the 5'-end with either fluorescein isothiocyanate
(8'-CCG ACC CGG ACT TCC XTT-3) or Texas red (5-GTA
CCG ACC CGG ACT TCC XG-3') and with an antisense
primer labeled at the 5'-end with biotin (5-GGC TCC GCC
CGG AAG ATG-3'). The reaction mixtures (25 ul) contained
20ng of DNA, 5pmol of each primer, 0.2mmol/l of each
deoxynucleoside triphosphate, 2.5 mmol/l MgCl, and 1U of
tTaq DNA polymerase (Toyobo Co., Ltd, Osaka, Japan) in
polymerase buffer. The amplification protocol consisted of
initial denaturation at 95°C for 5 min, followed by 35 cycles
of denaturation at 95°C for 30s, annealing at 60°C for 30s
and extension at 68°C for 30s; a final extension was
conducted at 68°C for 2min. Further details are provided
elsewhere. 13

Data analysis

Quantitative data were compared among three groups by
one-way analysis of variance and the Tukey—Kramer post hoc
test, and between two groups by the unpaired Student’s -
test. Allele frequencies were estimated by the gene-counting
method, and the y? test was used to identify any significant
departure from Hardy-Weinberg equilibrium. In the analyses
to examine the association between genotypes and lipid or
glucose metabolisms, participants who were being treated
with lipid-lowering medications or oral hypoglycemic agents
or insulin were excluded. Unless indicated otherwise, a P-
value of <0.05 was considered to be statistically significant.
The data were analyzed with the Statistical Analysis System
(SAS), release 8.2.
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Results

Genotype frequencies for the preproghrelin Leu72Met poly-
morphism were CC (Leu72Leu) 0.634, CA (Leu72Met) 0.327
and AA (Met72Met) 0.04. These frequencies are consistent
with those expected under Hardy-Weinberg equilibrium.
There were no significant differences in the genotype
distributions of preproghrelin Leu72Met polymorphism
between men and women, or among the different age
groups (Table 1).

As shown in Table 2, although there were no differences in
current body weight and body weight at 18 years of age
between genotypes, middle-aged men who were 72Met allele
carriers showed both a higher body weight change from
body weight at 18 years of age (P=0.013, CC vs CA/AA) and
higher waist circumference (P=0.038, CC vs CA/AA) than
noncarriers. Among the middle-aged men in the present
study, the Leu72Leu genotype was associated with the lowest
BMI (trend, P=0.049), and the 72Met allele carriers tended
to have a higher WHR (P=0.062, CC vs CA/AA) than
subjects with the Leu72Leu genotype. However, no differ-
ences in anthropometric measurements among Leu72Met
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genotypes were observed in older men, or in female cohorts
(Table 3).

In order to assess the association of the Leu72Met
polymorphism with overweight or obesity, genotype and
allele frequencies were compared among normal-weight
(BMI <25kg/m?) and overweight/obese (BMI>25kg/m?)
groups (Table 4). Although there were no significant
differences in the genotype distribution according to BMI
in women and older men, a significantly higher frequency of
CA, AA or CA/AA was found in the higher BMI group than in
the normal-weight group among middle-aged men.

No significant association was observed between the three
genotypes and serum lipid, fasting glucose, insulin, HbAlc
or HOMA-IR levels in men and women (Table 5). The
preproghrelin Leu72Met genotypes showed similar allele
frequencies in diabetic individuals and in non-diabetic
controls (data not shown).

Table 1 Distribution of Leu72Met genotype of preproghrelin gene of the subjects

n cC CA ' ' AA CA/AA
n % n % n % n %

Total 2228 1412 63.4 728 32.7 88 4.0 816 36.6
Men*t 21 709 63.3 371 33.1 41 3.7 412 36.8
Women 1107 703 63.5 357 32.3 47 43 404 36.5
Age (years)®®

40-49 562 364 64.8 177 31.5 21 3.7 198 35.2

50-59 556 357 64.2 177 31.8 22 4.0 199 35.8

60-69 560 359 64.1 180 321 21 3.8 201 359

70-79 550 332 60.4 194 353 24 4.4 218 39.6

*CC, CA, AA, men vs women, y°=0.6159, P=0.7350; 'CC, CA/AA, men vs women, y%=0.0160, P=0.8995; *CC, CA, AA, age groups, y°>=2.9716, P=0.8124;

SCC, CA/AA, age groups, z°=2.9149, P=0.4049.

Table 2 Anthropometric variable of men according to age group and Leu72Met polymorphism of preproghrelin gene

Middle aged (h=563)

Older (n=556)

cc CA AA

CA/AA ccC CA AA CA/AA

Mean s.e. Mean s.e. Mean se.

Mean se. Meon se. Mean se Mean se. Mean @ se

Weight (kg) 64.6 0.5 65.6 0.7 67.5 20 65.8 0.6 59.7 0.5 591 0.6 572 19 58.9 0.6
Weight at 18 years (kg) 56.9 04 564 05 572 15 56.5 05 553 04 545 0.5 554 1.5 546 05
Weight change from 18 years (kg) 7.7 0.4 9.2 0.6 103 1.7 9.3 0.5 46 0.5 4.9 0.7 18 21 46 07
Height (cm) 167.0 03 167.2 04 1663 14 1672 04 1620 03 1619 04 1617 1.2 1619 04
BMI (kg/m?) 231 0.1 234 0.2 244 0.6 235 020 227 02 225 02 219 0.6 224 0.2
Waist circumference (cm) 822 04 834 06 849 1.8 83.6 0.6' 824 0.5 821 06 805 1.9 81.9 0.6
Hip circumference (cm) 922 0.3 927 04 934 1.1 928 0.3 90.0 0.3 89.6 04 88.7 1.1 89.5 0.3
Waist-hip-ratio 0.891 0.003  0.899 0.004 0.907 0.012  0.899 0.004 0.9130.003 0.914 0.005 0.904 0.014 0.913 0.004
Fat mass (kg) 206 0.2 21.2 03 208 1.0 21.2 03 219 0.2 220 03 221 09 220 03

(o8]

Except for *, T, ¥ and ¥, no significant trends and differences were detected among three groups (CC, CA and AA) and between two groups (CC and CA/AA).
*P=0.013 (CC vs CA/AA); TP=0.049 (trend); *P=0.038 (CC vs CA/AA); $P=0.062 (CC vs CA/AA). Analysis of variance and the Tukey-Kramer post hoc test or the
unpaired Student's f-test between two groups. BMI =Body mass index.
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Table 3 Anthropometric variable of women according to age group and Leu72Met polymorphism of preproghrelin gene

Middle aged (n=553)

Older (n=552)

cc CA AA CA/AA cc CA AA CA/AA
Mean se. Mean se Mean se. Mean se Mean se. Mean se. Mean se. Mean  s.e.
Weight (kg) 539 04 539 06 544 1.6 540 0.6 50.8 0.4 509 0.6 524 1.7 511 06
Weight at 18 years (kg) 488 0.3 491 04 49.2 1.2 49.1 04 479 04 47.7 0.5 492 1.4 47.8 05
Weight change from 18 years (kg) 5.2 0.4 4.8 0.6 52 16 49 05 3.0 05 3.2 07 3.1 19 3.2 07
Height (cm) 1540 0.3 15471 04 1544 1.0 1541 03 1485 0.3 1486 04 1479 1.2 1485 0.4
BMI (kg/m?) 227 0.2 227 02 228 0.7 22.7 0.2 230 0.2 23.0 0.2 241 0.7 232 0.2
Waist circumference (¢cm) 73.5 05 73.4 0.6 734 1.7 73.4 0.6 764 05 775 0.7 778 20 77.5 07
Hip circumference (cm) 91.5 03 91.5 0.4 909 1.1 914 04 89.8 03 899 04 90.8 1.2 90.0 04
Waist-hip-ratio 0.802 0.003 0.801 0.005 0.806 0.012 0.802 0.004 0.849 0.004 0.860 0.005 0.855 0.014 0.860 0.005
Fat mass (kg) 30.7 03 303 0.4 305 1.0 303 03 323 03 327 0.4 333 1.1 327 04

No significant trends and differences were detected among three groups (CC, CA and AA) and between two groups (CC and CA/AA). Analysis of variance and the
Tukey-Kramer post hoc test or the unpaired Student’s t-test between two groups. BMi = Body mass index.

Table 4 Distribution of Let72Met genotype of preproghrelin gene

n cc CA AA CA/AA P p*
n % n % n % n 9%
All age groups
Men
BMI <25 kg/m? 854 546 63.9 280 32.8 28 3.3 308 36.1 0.411 0.393
BMI>25 kg/m2 267 163 61.1 91 34.1 13 4.9 104 39.0
Women
BMI <25 kg/m? 866 558 64.4 273 31.5 35 4.0 308 35.6 0.454 0.224
BMI> 25 kg/m? 241 145 60.2 84 34,9, 12 5.0 96 39.8
Middle ages (younger than 60 years)
Men
BMI <25 kg/m? 413 280 67.8 123 29.8 10 2.4 133 32.2 0.032 0.036
BMI > 25 kg/m? 151 88 58.3 54 35.8 9 6.0 63 9.7
Women
BMI <25 kg/m2 446 288 64.6 139 31.2 19 43 158 35.4 0.694 0.395
BMI> 25 kg/m? 108 65 60.2 38 35.2 5 4.6 43 39.8
Older (60 years or older)
Men
BMI < 25 kg/m? 441 266 60.3 157 35.6 18 4.1 175 39.7 0.692 0.394
BMI>25kg/m? 116 75 64.7 37 31.9 4 3.5 41 35.3
Women
BMi<25 kg/m2 420 270 64.3 134 319 16 3.8 150 35.7 0.604 0.389
BMi > 25kg/m? 133 80 60.2 46 34.6 7 53 53 39.9

P-value by the ¥* analysis among groups CC, CA and AA. P*-value by the 7> analysis between groups CC and CA/AA. BMI = Body mass index.

Discussion

We observed that the frequency of the 72Met allele of the
present cohort was 36.6%. It has been demonstrated that the
frequency of the 72Met allele of the preproghrelin gene is
approximately 8% in the Caucasian population and approxi-
mately 2% in the black population in three different
cohorts.’® Compared with these previous studies, the

International journal of Obesity

frequency of the 72Met allele in our Japanese cohort was
much higher than that observed in Caucasian or African
populations, probably reflecting genetic/ethnic heterogene-
ity.

The Leu72Met polymorphism of preproghrelin was pre-
viously found in a group of obese French children and
adolescents.’ In this case, a significant association was
observed between the 72Met allele and earlier age of onset
of obesity. Additionally, obese Italian children and adoles-
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Table 5 Metabolic variables and Leu72Met polymorphism of preproghrelin gene
Men Women
n - CA AA CA/AA n cc CA AA CA/AA
Mean se. Mean se. Mean se Mean se. Mean se. Mean se. Mean s.e Mean se.

Total cholesterol (mM)® 1044 548 0.03 549 0.05 542 0.4 548 004 996 583 0.03 592 0.05 583 014 591 0.05

Triglyceride (mm)* 1027 148 004 153 006 132 016 1.51 010 977 120 0.03 123 004 121 010 1.23 0.04
HDL-C (mm)? 1044 149 001 148 002 149 006 148 002 9% 171 0.02 171 002 171 0.06 171 002
LDL-C (mm)® 1035 340 0.03 342 0.05 336 013 342 0.04 980 357 0.03 3,63 005 3.62 0.14 3.63 0.05
Lipoprotein (a) (mM)® 1034 039 0.02 037 0.03 035 007 037 002 980 040 0.02 046 0.03 033 0.07 044 0.02
Glucose (mM)° 1049 5.7t 004 574 005 5917 015 575 005 1051 551 003 552 005 520 013 549 0.04
Insulin (zU/ml)° 1048 828 0.22 821 031 763 051 815 029 1050 8.23 0.19 857 027 802 074 851 0.25
HbA1c (%)° 1064 521 0.02 526 0.03 541 010 528 003 1071 516 0.02 515 0.03 5.06 0.07 514 0.02
HOMA-IR® 1048 220 008 213 0.11 206 033 213 011 1050 2.07 006 220 009 1.88 026 216 0.09

2Analysis of subjects who were not under lipid treatment. Adjusted for age. Analysis of subjects who were not on oral hypoglycemic agents or insulin. Adjusted for
age. No significant differences were observed in any metabolic values among three different genotypes (CC, CA and AA) or between CC and CA/AA. Analysis of
variance and the Tukey-Kramer post hoc test or the unpaired Student’s i-test between two groups. Abbreviations: HDL, high-density lipoprotein; HOMA-R,
homeostasis model assessment for insulin resistance; LDL, low-density lipoprotein.

cents with the preproghrelin 72Met allele have also been
reported to become obese earlier than homozygous patients
for the wild Leu72 allele, even though 72Met allelic
frequency was similar between obese and control groups.®
These findings were not confirmed, however, in a group of
extremely obese German children.* In addition, one report
suggests that preproghrelin 72Met carrier status may be
protective against fat accumulation.!® A limited number of
observations have been made on the relationship between
preproghrelin Leu72Met polymorphism and overweight/
obesity in middle-aged subjects, and no report has been
published to date on older subjects. In a Swedish middle-
aged female obese cohort, no difference of 72Met allele
frequency was observed between obese subjects and con-
trols.” However, the self-reported age of onset of weight
problems tended to be lower among 72Met allele carrier
obese subjects than among those without this allele.

In the present study, we observed a significant effect of the
preproghrelin variant on overweight/obesity only in middle-
aged men, as the 72Met allele was more commonly observed
among overweight/obese middle-aged men. We also demon-
strated that body weight change from weight at 18 years of
age is associated with Leu72Met variants, given that middle-
aged men with the 72Met allele had a greater body weight
change than Leu72 homologous subjects. Similar trends
were also observed for BMI, waist circumference and WHR in
middle-aged men, but not in older men or in women when
our population was subdivided into three subgroups accord-
ing to preproghrelin genotype. Consequently, the 72Met
allele may contribute to body weight change from adoles-
cence to middle age in men but not in women. We observed
the absence of the effect of Leu72Met genotypes on the
anthropometric measurements in older man. Although we
do not know the exact reasons, the effects of aging or
environmental influences may overcome the genetic influ-
ence on the anthropometric measurements. The limitation
of our study is that the weight at 18 years was recalled by the

participants in the present study, as the documented
measurements of weight at 18 years of age were not
available. Although several studies have observed that aduits
are able to recall their earlier weights fairly accurately,*® it is
possible that the reported weight might not be accurate or
under-reported. In fact, it has been reported that overweight
women underestimated their earlier weights and that lean
men overestimated their earlier weight.!$

Based on recent studies, it appears that ghrelin may play a
role in the glucose and lipid metabolisms. However, only
limited data are currently available with regard to the effect
of ghrelin polymorphism on these metabolisms. It has been
reported that Leu72Met polymorphism is associated with
triglyceride or lipoprotein (a) levels."®'7 In the present study,
however, we observed no association between serum lipid
levels, fasting glucose, insulin, HbAlc or HOMA-IR levels
and preproghrelin Leu72Met genotypes.

In the present study of a community-dwelling Japanese
middle-aged to elderly cohort, we demonstrated that the
72Met allele of the preproghrelin gene is a contributing
factor for midlife weight change in men but not in women or
elderly men. However, Leu72Met polymorphism was not
found to be associated with the metabolic variables studied.
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Underuse of Medications for Chronic Diseases in the Oldest of
Community-Dwelling Older Frail Japanese

Masafumi Kuzuya, MD, PhD, Yuichiro Masuda, MD, PhD, Yoshihisa Hirakawa, MD, PhD,
Mitsunaga Iwata, MD, Hiromi Enoki, MS, Jun Hasegawa, MD, Xian Wu Cheng, MD, PhD, and

Akibisa Iguchi, MD, PhD

OBJECTIVES: To test the following hypotheses: (1) the
rate of polypharmacy, defined as six or more prescribing
medications, is lower in the oldest old (>85) than in
younger older people (65-84); (2) beneficial medication use
is lower in the oldest old; (3) the underuse of these med-
ications in the oldest old is associated with physical or cog-
nitive impairment or comorbid conditions.

DESIGN: A cross-sectional study of the baseline data from
the Nagoya Longitudinal Study for Frail Elderly.

SETTING: Community-based.

PARTICIPANTS: One thousand eight hundred seventy-five
community-dwelling older people (632 men, 1,243 women).

MEASUREMENTS: The data, which were collected at the
patients® homes or from care-managing center records, in-
cluded the clients’ demographic characteristics, depression
status as assessed using the short version of the Geriatric
Depression Scale, a rating for basic activities of daily living
(ADLs), prescribed medications, and physician-diagnosed
chronic diseases.

RESULTS: The oldest old had less polypharmacy even af-
ter controlling for ADLs and comorbid conditions. The
underuse of beneficial medications for the oldest old was
observed after adjusting for ADLs, cognitive impairment,
comorbid conditions, antithrombotic agents for subjects
with a history of cardiovascular diseases, acetylcholines-
terase inhibitors for those with dementia, and antidepres-
sants for those with depression. However, being aged 85
and older was not associated with the underuse of hypo-
glycemic and antihypertensive agents by those with diabetes
mellitus and hypertension, respectively.

CONCLUSION: Among community-dwelling frail older
people, the rate of polypharmacy is lower in the oldest
members than in the younger ones. The underuse of pre-
scribed medications for chronic diseases/conditions of frail
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older people is common but not for all conditions. ] Am
Geriatr Soc 2006.
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t has been reported that the underuse of medications,

defined as the omission of drug therapy that is indicated
for the treatment or prevention of a disease or condition, is
an important and increasingly recognized problem in older
people.’>2 The underprescribing of drugs seems to have a
negative effect on health outcomes for older people,* but
apart from concern about the risks of the excess prescribing
of inappropriate or unnecessary drug therapy for older
people,>¢ there is still insufficient knowledge about the ad-
verse consequences associated with the underprescribing of
beneficial drug therapies. It is not known whether all kinds
of medications are underused in older people or whether
specific medications for specific chronic diseases or condi-
tions are selectively underused in older people. In addition,
knowledge about the factors that influence the underuse of
medications for the common chronic diseases of older peo-
ple is sparse. There is also a lack of knowledge about how
functional and psychological factors influence the use of
medication by physicians or how frailty and comorbidity
affect drug use by older people.

The national policy in not only Japan but also Western
countries is to enable elderly people to retain their inde-
pendence as long as possible, to have a high quality of life,
and to continue living at home as long as they can. It is
essential to prevent frail older people from suffering from
recurrent diseases and additional illnesses that would require
them to receive care in an acute setting or to be admitted to a
nursing home or to cause mortality. Therefore, preventive
medication for chronic diseases/conditions is important for
frail older people living in a community setting.

In the present study targeting frail, community-dwell-
ing elderly persons ( >65), the following hypotheses were
tested: (1) the rate of multiple medication use is lower in the
oldest people (>835) than in younger ones (65-84); (2) ben-
eficial medication use for common chronic conditions such
as cardiovascular disease (CVD), dementia, depression,
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diabetes mellitus, and hypertension is lower in the oldest
people than in younger ones; and (3) the underuse of
these medications in the oldest old is associated with
physical impairment, cognitive impairment, or comorbid
conditions.

METHODS

Study Design and Subjects

The present study consisted of a cross-sectional analysis of
1,875 elderly persons (632 men, 1,243 women) who par-
ticipated in the Nagoya Longitudinal Study for Frail Elderly
(NLS-FE). The study population was community-dwelling
older people (>635) eligible for long-term care insurance
(LTCI) who lived in Nagoya City, Japan, and were provided
various home care services from the Nagoya City Health
Care Service Foundation for Older People, which has 17
visiting nursing stations associated with care-managing
centers. Japan introduced a universal-coverage LTCI pro-
gram in April 20007-® that covers care for people aged 65
and older and people aged 40 and older with 15 specific
diseases such as cerebrovascular disease and presenile de-
mentia. Under the LTCI program, care levels (Level 0 to
Level 5) are determined according to eligibility criteria.
Older people in the community who are eligible for LTCI
are frail and chronically ill, have physical and mental prob-
lems, and are easy to admit to an acute hospital or institute
setting. During the registration period for the NLS-FE
{(November 1,2003, to December 31, 2003), 1,875 of 3,630
elderly clients agreed to participate in this study. The NLS-
FE participants were scheduled to undergo comprehensive
in-home assessments at baseline and 6, 12, and 24 months
by trained nurses. In the present study, the cross-sectional
data from the baseline assessment were used. Informed
consent for participation was obtained verbally from the
patients or, for those with substantial cognitive impairment,
from a surrogate (usually the closest relative or legal guard-
ian), as well as from caregivers, according to procedures
approved by the institutional review board of Nagoya Uni-
versity Graduate School of Medicine.

Data Collection

Three hundred twenty-eight nurses visited the clients’
homes and collected the data using standardized interviews
with patients or surrogates and caregivers and from care-
managing center records. The data included clients’ demo-
graphic characteristics, depressive symptoms as assessed
using the short version of the Geriatric Depression Scale
(GDS-15),% and a rating for seven basic activities of daily
living (ADLs) (feeding, bathing, grooming, dressing, toilet-
ing, walking, and transferring), with summary scores rang-
ing from O (total disability) to 20 (no disability).10
Information obtained from care-managing center
records included the following physician-diagnosed chron-
ic conditions: ischemic heart disease, congestive heart fail-
ure, liver diseases, cerebrovascular disease, diabetes
mellitus, dementia, chronic obstructive pulmonary disease,
renal disease, cancer, hypertension, pressure ulcer, depres-
sion, and diseases constituting the Charlson Comorbidity
Index,!! which represent the sum of a weighted index that
takes into account the number and seriousness of preexist-

ing comorbid conditions. In the present study, only a limited
number of subjects diagnosed for depression by a physician
according to the care-managing center records were ob-
served. Therefore, the participants were considered to be
depressed if their GDS-15 score was 6 or higher.

The data also included the number of prescribed
medications and their corresponding therapeutic classes,
including antihypertensive drugs, antiplatelets, anticoagu-
lants, antipsychotic medications (including antidepres-
sants), hypoglycemics, nonsteroidal antiinflammatory
drugs and acetaminophen, anti-Alzheimer’s disease drugs
(acetylcholinesterase inhibitors), gastrointestinal medica-
tions, and insulin. The information about regular pre-
scribed medications was recorded in interviews with
patients and caregivers and taken from prescription records
and classified by nurses using standard instruments. Clients
eligible for LTCI have their own primary care physicians,
who submit a report on their clinical status every 6 months.

Statistical Analysis

Analysis of variance with a Bonferroni correction for mul-
tiple comparisons was used to determine differences be-
tween age groups (65-74, 75-84, and >85) for continuous
variables, and the Kruskal-Wallis test was used to test cat-
egorical variables. The chi-square test was used to compare
the presence of chronic diseases/conditions or the number
of prescription medications used between age groups. Un-
ivariate and multivariate logistic regression was used to
determine which characteristics of older people predicted
multiple medication use or the underuse of beneficial med-
ication. For the logistic regression analysis, the ADL score
(range 0-20) was categorized into three groups with ap-
proximately equal number of participants in each group:
high function ( >18), mid function (12-17), and low func-
tion (<11). The number of prescribed medications was also
categorized into four groups (0, 1-2, 3-5, and >6). All
analyses were performed using SPSS version 11.0 (SPSS,
Inc., Chicago, IL).

RESULTS

Table 1 shows the characteristics of the participants ac-
cording to age group. ADL score was lowest in the oldest
old (>85). The prevalence of a history of coronary heart
disease, hypertension, and dementia increased, and the
prevalence of diabetes mellitus decreased, with age. Poly-
pharmacy, defined as six or more prescribed medications,
decreased with age. To identify the factors influencing poly-
pharmacy in frail older people in the community, logistic
regression analysis was conducted (Table 2). Participants
with congestive heart failure (odds ratio (OR) = 1.66,95%
confidence interval (CI) = 1.09-2.55), coronary heart dis-
ease (OR = 3.05, 95% CI =2.16-4.31), and diabetes mel-
litus (OR = 1.51, 95% CI = 1.06-2.15) were more likely to
be receiving multiple medications according to multivariate
analysis. In contrast, participants with dementia were less
likely to have been prescribed multiple medications
(OR = 0.64, 95% CI = 0.48-0.84). The oldest old had less
polypharmacy using univariate analysis (OR = 0.64, 95%
CI=0.49-0.82) and multivariate analysis (OR =0.55,
95% CI=10.39-0.77) controlled for sex, ADL dependen-
cy, and the presence of common chronic diseases.
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Table 1. Characteristics of Community-Dwelling Frail Older People Siratified by Age

Age
Total 65-74 75-84 >85
Characteristic (N =1,875) (n = 433) (n = 827) {n=1615) P-value
Men/women (% of men/total) 632/1,243 (33.7) 191/242 (44.1) 275/552 (33.3) 166/449 (27.0) <.001
Age, mean + SD* 80.6 + 7.7 705 +2.7 79.4+ 28 89.3+ 3.6 <.001
Activity of daily living score, 12.8 + 6.6 12.6 + 6.8 13.6 6.3 11.8 £ 6.7 <.001%
mean = SD (range 0-20)"
Charlson Comorbidity Index, mean + SD' 20x+16 22417 19+£15 20+15 .0038
GDS-15 score, mean =+ SD (range 0-15)7 6.6 = 3.6 6.8 + 3.8 6.5 1+ 3.6 6.5+ 36 .38
Chronic diseases (% of total)
Congestive heart failure 85 1.8 6.5 15.7 <.001
Coronary heart disease 12.2 7.0 12.5 18.2 <.001
Cerebrovascular disease 34.3 401 32.4 33.1 .03
Diabetes mellitus 12.0 16.1 12.3 8.9 .003
Dementia 34.4 24.8 31.0 45.7 <.001
Hypertension 243 19.4 24.5 27.3 .01
Depression (GDS-15 score >6) ' 57.2 58.4 56.7 57.1 27
Cancer 9.1 9.1 8.8 9.6 .90
Use of medications (% of total)
0 5.1 3.3 3.3 8.9 <.001
1-2 16.8 14.0 15.7 20.3
3-5 41.9 41.9 43.2 40.2
>6 36.2 40.9 37.8 30.6

* Analysis of variance or ' Kruskal-Wallis was used for analysis; chi-square test was used for others.

t Aged 65-74 vs 75-84, P =.007; 65-74 vs >85, P =.003; 75-84 vs >85, P<.001.
§ Aged 65-74 vs 75-84, P<.001; 65-74 vs >85, P=.02; 75-84 vs 285, P=.08.

SD = standard deviation; GDS-15 = 15-item Geriatric Depression Scale.

Logistic regressions were conducted to evaluate the
extent to which age group and the characteristics of older
people were independent predictors of being prescribed es-
sential medications, Univariate analysis showed the rates of
prescription of antithrombotic agents (antiplatelet or war-
farin), acetylcholinesterase inhibitors, and antidepressants
in older people with a history of CVD (including coronary

heart disease and stroke), dementia, and depressive symp-
toms, respectively, declined substantially with age (Table 3),
but in participants with diabetes mellitus or hypertension,
age did not influence hypoglycemic (oral hypoglycemic
drugs or insulin) or antihypertension use. Being female was
associated with the underuse of antithrombotic agents in
older people with a history of CVD {male: OR = 1.80,95%

Table 2. Logistic Regression Analysis for Polypharmacy

Characteristic

Univariate Multivariate

Odds Ratio (95% Confidence Interval}

Age (reference: 65-74)
75-84
>85
Male (reference: female)
Activity of daily living score (range 0-20)
(reference: high function (>18))
Mid function (12-17)
Low function (<11)
Presence of chronic diseases (reference: absence)
Congestive heart failure
Coronary heart disease
Cerebrovascular disease
Dementia
Diabetes mellitus
Depression (Geriatric Depression Scale-15 score >6)
Hypertension

0.88 (0.69-1.11)
0.64 (0.49-0.82)
1.26 (1.03-1.53)

1.26 (0.99-1.59)
0.94 (0.74-1.19)

1.91 (1.36-2.68)
2.65 (1.98-3.54)
0.96 (0.78-1.18)
0.59 (0.47-0.73)
1.59 (1.19-2.13)
1.27 (1.02-1.58)
0.87 (0.69-1.08)

0.71 (0.53-0.95)
0.55 (0.39-0.77)
1.05 (0.82-1.35)

1.35 (1.03-1.79)
1.38 (0.99-1.89)

1.66 (1.09-2.55)
3.05 (2.16-4.31)
1.10 (0.84-1.43)
0.64 (0.48-0.84)
1.51 (1.06-2.15)
1.26 (0.99-1.59)
0.82 (0.62-1.08)
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