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Table 2. Frequencies of the genotype and the allele of the g2- and B3-adrenoceptor polymorphisms in the four study groups according to the response

in weight loss

x2 Test Among
Two Alleles

Allele (%)

Argl6
50 (67.6%)
34 (47.2%)
58 (48.3%)
18 (42.9%)

x* Test Among
Four Genotype

Genotype (%)

Argl6/Argl6 Argli6/Glyl6

Groups

.010

¥ = 11.36,
p

Gly16
24 (32.4%)
38 (52.8%)
62 (51.7%)
24 (57.1%)
Glu27

4 (5.4%)

2 (2.8%)
16 (13.3%)

GIn27
70 (94.6%)
70 (97.2%)

104 (86.7%)

13.88,
031

X =
p=.

Gly16/Gly16
5 (13.5%)
10 (27.8%)
15 (25.0%)
6 (28.6%)
Glu27/Glu27
0 (0.0%)
0 (0.0%)
0 (0.0%)
0 (0.0%)
rg64/Arg64

14 (37.8%)
18 (50.0%)
32 (53.3%)
12 (57.1%)
GIn27/Glu27
4 (10.8%)
2 (5.6%)
16 (26.7%)

18 (48.6%)

8 (22.2%)
13 (21.7%)

3 (14.3%)
GIn27/GIn27
33 (91.7%)
34 (94.4%)
44 (73.3%)
14 (66.7%)

Weight loss maintenance group
Rebound weight gain group

Argl6Gly of g2-adrenoceptor
Slow weight loss group
Weight loss resistant group

GIn27Glu of g2-adrenoceptor

Weight loss maintenance group
Rebound weight gain group
Siow weight loss group

.020
.143

P =

x° = 9.86,
x° = 5.43,
P =3

7 (16.7%)
Arg64
12 (16.2%)
8 (11.1%)
29 (24.2%)
8 (19.0%)

35 (83.3%)
Trp64

62 (83.8%)

64 (88.9%)

91 (75.8%)

34 (81.0%)

.245

x> =7.91,
P =

1(2.7%)
0 (0.0%)
1(1.7%)
0 (0.0%)

7 (33.3%)
10 (27.0%)
8 (22.2%)
27 (45.0%)
8 (38.1%)

Trp64/Trp64  Trp64/Arg6d A

26 (70.2%)
28 (77.8%)
32 (53.3%)
13 (61.9%)

Weight loss maintenance group
Rebound weight gain group

Slow weight loss group
Weight loss resistant group

Weight loss resistant group
Trp64Arg of g3-adrenoceptor

The definitions for the 4 study groups according to the response in weight loss are referred to in the Results, Prevalence of weight loss maintenance, rebound weight gain, and weight loss resistance

section.
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was 18.5%. The frequency distributions for alleles in our
subjects were similar to those in previous studies in Japanese
cohorts, but lower than studies in whites. 2

Physical Measurements

The mean age, BMI, BP levels, and heart rates at entry
were similar among the four groups (Table 1). However,
the entry measurements for total body fat mass and waist-
to-hip ratio were significantly lower in the weight loss
maintenance group versus the other three groups (weight
loss resistant, slow weight loss, or rebound weight gain).
At 6 months, the weight loss maintenance group had
significantly greater weight loss, body fat loss, and a
decrease in the waist-to-hip ratio compared to the weight
loss resistant and slow weight loss groups. The BP reduc-
tions at 24 months were significantly greater in the weight
loss maintenance and slow weight loss groups compared
to the weight loss resistant group and the rebound weight
gain group (Table 1). Only in the weight loss maintenance
group did the heart rates decline at 24 months.

The subjects carrying the Gly16 allele had greater total
body fat mass and waist-to-hip ratios at entry and through-
out the study (Table 3), and the subjects carrying the
Glu27 allele had greater total body fat mass (Table 4).

In all subjects, weight loss and mean BP reduction
during 24 months were 8.9 = 4.4 kg (10.8% = 5.3%) and
4.5 = 3.1 mm Hg (4.7% = 3.2%). Mean BP reductions per
amount of weight lost were similar among the four study
groups (0.4 *= 0.2 mm Hg/kg in the weight loss mainte-
nance group; 0.3 = 0.1 mm Hg/kg in the rebound weight
gain group; 0.5 * 0.2 mm Hg/kg in the weight loss
resistant group; and 0.5 £ 0.3 mm Hg/kg in the slow
weight loss group).

Hormone Levels

Plasma NE and leptin levels, and HOMA-IR decreased
with weight loss in the four study groups (Table 1). The
most significant finding was that plasma NE and leptin
levels were substantially greater in the weight loss resis-
tant group compared to the weight loss maintenance group
at entry and throughout the study. In the rebound weight
gain group, plasma NE level was significantly greater than
in the weight loss maintenance group. The slow weight
loss group also had higher plasma NE and leptin levels at
entry compared to the groups who succeeded in a signif-
icant weight loss at 6 months (weight loss maintenance
and rebound weight gain groups), but lower values than
the weight loss resistant group (Table 1). Plasma NE and
leptin levels in the subjects carrying the Gly16 and Glu27
alleles were higher at entry and throughout the study
compared to those without the Gly16 or Glu27 allele. The
HOMA-IR in the subjects with the Gly16 allele was higher
throughout the study, as previously we reported,®” whereas
that in the subjects with the Glu27 allele was similar
(Tables 3 and 4).



AJH-November 2005-VOL. 18, NO. 11

Characteristics of subjects according the genotype of the Gly16 at entry and during a weight loss program

Table 3.

With Gly16 Allele (Arg16Gly + Gly16Gly)

Without Gly1i6 Allele (Argi6Arg)

At 24 Months

At 6 Months

At & Months At 24 Months At Entry

At Entry

Genotype

Subjects (n)
Age (yr)
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Systolic BP (mm Hg)
Diastolic BP (mm Hg)
Mean BP (mm Hg)
Heart rate (beats/min)

BMI (kg/m?)
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* p< .05, 1 P < .01 compared with values in subjects with the Gly16 allele; £ P < .05, § P < .01 compared with values at entry.

BMI = body mass index; BP = blood pressure; HOMA-IR = the homeostasis model assessment of insulin resistance.

Data are mean = SD.

Relationship With
Weight Loss and BP Reduction

Using linear regression analysis, plasma NE levels at
entry and at 24 months correlated significantly with
mean BP (r = 0.54, P < .001, r = 042, P < .001,
respectively), heart rate (r = 0.27, P < .05, r = 0.21, P
= not significant, respectively), BMI (r = 0.28, P <
.05, r = 0.25, P < .05, respectively), total body fat mass
(r = 0.36, P < .001, r = 0.35, P<< .001, respectively),
and plasma leptin level (r = 0.42, P < .001, r = 0.37,
P < .001, respectively). Changes in heart rate for 24
months did not correlate with changes in plasma NE.

In multiple linear regression analysis, total body fat mass
(P = .043), plasma NE (P = .016) and leptin levels (P =
.020), but not heart rate, at entry were significant determinant
factors for absolute weight changes for 24 months (R? =
0.337,F = 3.56, P = .010). Mean BP (P = .050), total body
fat mass (P = .041), and plasma NE level (P = .042) ateniry -
were significant determinant factors for absolute changes in
mean BP for 24 months (R* = 0.301, F = 245, P = .047).
Changes in total body fat mass (P = .019), waist-to-hip ratio
(P = .034), plasma NE (P = .033) and leptin levels (P =
022) for 2 years were significant determinant factors for
absolute changes in mean BP (R* = 0.381, F = 5.03, P =
.007).

Discussion

The present study shows that the initial levels of total body
fat mass, plasma NE and leptin levels, and the frequency
of the Gly16 allele of the Arg16Gly of the 32-adrenocep-
tor polymorphism are significantly higher in people resis-
tant to weight loss and those who have rebound weight
gain compared to those with successful weight loss main-
tenance. Thus, measurement of these parameters might
predict those subjects who will fail to lose weight in both
the short and long term or who will regain weight after an
initial success in weight loss as determined in a dietary and
exercise weight loss program. In addition, the frequency of
the Glu27 allele of the B2-adrenoceptor is higher in sub-
jects who are weight loss resistant and in those with slow
weight loss, in people who fail to lose weight in the short
term (6 months), compared to those with weight loss
maintenance or rebound weight gain, who lose weight in
the short term. These findings indicate that sympathetic
overactivity as reflected by high plasma NE levels asso-
ciated with the Gly16 and Glu27 polymorphisms might be
linked to mechanisms that explain weight loss resistance
and rebound weight gain despite adherence to long-term
diet and exercise programs.

A number of studies have demonstrated several BP-
lowering mechanisms accompanying weight loss.%” In our
weight loss program, average percent reduction in body
weight and mean BP for 24 months in all subjects were
10.8% and 4.7%, respectively. These results revealed sim-
ilar values to those levels in the meta-analysis by Neter et
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Characteristics of subjects according the genotype of the Glu27 at entry and during a weight loss program

Table 4.

With Glu Allele (GIn27Glu)

Without Glu27 Allele (GIn27Gin)

At 24 Months

At 6 Months

At 24 Months At Entry

At 6 Months

At Entry

Genotype
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Data are mean * SD.

Abbreviations as in Table 3.

* p < .05, 1 P < .01 compared with values in subjects with the Glu27 allele; £ P < .05, § P < .01 compared with values at entry.
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al.” And, normalization of BP often occurs before obese
subjects reach their ideal weight. Therefore, overweight
and obese hypertensive patients should be encouraged to
lose even a modest amount of weight as it has pronounced
beneficial effects on BP levels and other risk factors.

It is established that weight loss is accompanied by
reductions in sympathetic nerve activity (SNA), insulin
resistance, plasma leptin levels, and BP levels.!* How-
ever, few investigations have examined how the sympa-
thetic nervous system, insulin resistance, and leptin level
are involved in weight loss resistance and rebound weight
gain.?® More than 20 years ago, Tuck et al found signifi-
cant reductions in SNA and BP during rapid weight loss
and weight loss using a very low calorie diet.>*> In the
present study, we note that plasma NE, leptin, and the
HOMA-IR levels track with weight changes and in addi-
tion that plasma NE and leptin levels at entry are deter-
minant factors for predicting changes in body weight
during a weight loss program, thus further demonstrating
that SNA (plasma NE levels) and plasma leptin levels are
major control factors for changes in body weight.>'*?

In the present study, we used plasma NE levels as an
index of SNA. Tuck,?® Grassi and Esler,” and Rahn et al™
reviewed that there are different resuits in SNA values in
hypertensive patients depending on the method of SNA mea-
surement including: regional NE spillover, muscle sympa-
thetic nerve activity (microneurography), and plasma NE
measurements. Spillover methods are considered as the gold
standard for SNA measurements, but in humans these are
difficult and invasive measurements. Furthermore , Rumantir
et al®’ reported different values for regional sympathetic
nerve activity between the kidneys and heart in obesity-
related hypertensive subjects. Plasma NE levels are more
practical for large population studies, >'>'*?> but represent
several different process (secretion, clearance, and reuptake
of NE) making it difficult to determine whether the defect is
overproduction or decreased metabolism.

Pathophysiological involvement of genetic abnormali-
ties in the B2- and B3-adrenoceptor system in obesity are
well described.’®'>?? Among B2- and B3-adrenoceptor
polymorphisms, amino acid substitutions, Argi6Gly and
GIn27Glu of the B2-adrenoceptor and Trp64Arg of the
B3-adrenoceptor polymorphism are considered function-
ally important in the control of body weight.'~'*** In the
present study, the weight loss maintenance group have a
lower frequency of the Gly16 and Glu27 alleles of the
B2-adrenoceptor and lower plasma NE levels, suggesting
that the Gly16 and Glu27 alleles are related to a blunted
B2-adrenoceptor activity and resultant sympathetic over-
activity as shown by higher plasma NE levels.'® Further-
more, the slow weight loss and weight loss resistance
groups in our study during a 24-month period have a
higher frequency of the Glu27 allele and higher plasma
NE levels compared to the groups who succeed in signif-
icant weight loss in the short term. We have reported that
the individuals carrying the Gly16 and Glu27 alleles have
greater weight gain and BP elevations.'® Taken together,
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one could propose that the characteristics of the Gly16 and
Glu27 alleles of the B2-adrenoceptor polymorphisms dur-
ing weight gain may stabilize body weight even with
on-going caloric restriction and exercise causing resis-
tance to weight loss.

Kaye et al’? found a strong relationship between heart
rate and the level of cardiac sympathetic nerve activity
measured by the spillover method. Our results show that
changes in plasma NE do not correlate with changes in
heart rate, whereas heart rate correlates with plasma NE at
entry. These findings indicate that the limitation that
plasma NE level does not always precisely reflect the
response of regional (heart) sympathetic nerve activity to
weight change, but we could speculate that the subjects
carrying the Gly16 or Glu27 alleles who have less reduc-
tions in heart rate might have an impaired response of
cardiac sympathetic nerve activity to weight loss through
the blunted B2-adrenoceptor sensitivity and resultant car-
diac risk through resistance to weight loss. However, fur-
ther studies are needed to evaluate the differences in the
sympathetic-mediated thermogenesis in the subjects car-
rying the f2-adrenoceptor polymorphisms.

In conclusion, greater adiposity and sympathetic over-
activity (high plasma NE levels) might predict those obese
individuals who have complete resistance to lose weight
during the 24-month period and those who will have
rebound weight gain after a successful initial weight loss.
The sympathetic overactivity in those subjects who have
rebound weight gain and in those who have resistance to
weight loss may be associated with the polymorphisms in
the Gly16 and Glu27 alleles of the B2-adrenoceptor.
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Association of Hypoadiponectinemia With Smoking Habit
in Men

Yoshio Iwashima, Tomohiro Katsuya, Kazuhiko Ishikawa, Iwao Kida, Mitsuru Ohishi, Takeshi Horio,
Noriyuki Ouchi, Koji Ohashi, Shinji Kihara, Tohru Funahashi, Hiromi Rakugi, Toshio Ogihara

Abstract—Adiponectin is emerging as an important molecule in obesity, the metabolic syndrome, and cardiovascular
disease. On the other hand, smoking habit is well known to be related to cardiovascular disease and hypertension. To
examine the association between adiponectin concentration and smoking habit, we performed an epidemiological survey
and an acute exposure test in humans and an experiment in adipocytes to elucidate the mechanism underlying the
association between adiponectin and smoking. In the epidemiological study, we enrolled a total of 331 male subjects to
examine chronic smoking exposure. Plasma adiponectin was significantly lower (P=0.01) in current smokers (5.3+0.3
pg/mL) than in never-smokers (6.5+0.4 ug/mL). A significant association between smoking and low adiponectin level
was also confimed in multiple regression analysis including age, body mass index, hypertension, diabetes,
hyperlipidemia, and creatinine clearance (never-smokers 6.5+0.4 pg/mL; past smokers 5.6+0.3 ug/ml; current
smokers 5.2%0.4 ug/mL; F=4.52; P=0.01). To examine the acute effect of smoking on adiponectin concentration for
12 hours, we measured plasma adiponectin level in 5 male never-smokers before smoking and 3, 6, and 12 hours after
smoking, with the result that adiponectin showed a significant decrease after smoking (12 hours; —14.5+0.6%;
P<0.01). In cultured mouse 3T3-L.1 adipocytes, H,0, and nicotine reduced the mRNA expression and secretion of
adiponectin in a dose-dependent manner. Smoking habit is associated with adiponectin concentration in men, and its
suppressive effect is mediated in part through direct inhibition of smoking on adiponectin expression in adipocytes.

(Hypertension. 2005;45:1094-1100.)

Key Words: smoking ® oxidative stress m risk factors ® lipids ® lipoprotein ® metabolism

igarette smoking exacts a continuing toll on public

health and is an established risk factor for hypertension
and cardiovascular disease, and nonsmoking is a leading
preventive strategy agairist tgronary artery disease. Further-
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oxidative stress has been shown to be a key phenomenon
involved in the effects of smoking. Cigarette smoke contains
a large amount of free radicals, which degrade NO released
from the endothelium and also produce highly reactive
intermediates, resulting in endothelial injury. Oxidative stress
can damage many cell components, such as DNA, lipid
membranes, and proteins, and lead to apoptosis and cell
damage.10:11
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I cénce auon ;§ correlated indepen-

reactive hyperemia,

. dltI@n d
—\gn %ﬁ va 1lat respoise t
L = % c%uld angndependent parameter of

endothelial functlon.19 Endothelial dysfunction, an early

ergsobserved in chronic

2 v moking.2®2! These

results suggest that adiponectin may be a mediator between

smoking .and several diseases such as hyperiension and

coronary artery disease. Furthermore, smoking may directly
regulate adiponectin concentration via lipolysis.

Although Miyazaki et al?? reported that in subjects with
coronary artery disease, smoking status was associated with
reduced adiponectin concentration, using a small number of
subjects, the association between plasma adiponectin and
smoking status was evaluated without adjusting for con-
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founding factors and without consideration of the sex differ-
ence in adiponectin level.?? Sex is an important confounding
factor for evaluating adiponectin concentration, and the
clinical importance of smoking habit in evaluating adiponec-
tin concentration has not been fully elucidated. In the present
study, we examined whether smoking habit is associated with
a lower adiponectin level. First, we performed a cross-
sectional study using a large number of subjects, including
only males, to examine the chronic effect of smoking.
Second, we performed an acute smoking exposure test in
never-smokers and evaluated the effect for 12 hours. Finally,
we demonstrated an inhibitory effect of H,0, and nicotine on
the expression and secretion of adiponectin in vitro.

Methods

Epidemiological Study (Chronic Effect

of Smoking)

A total of 331 male subjects were selected from patients who were
admitted and underwent medical investigation including a general
check-up at Osaka University Hospital, Japan. All subjects enrolled
in this study were Japanese. The study protocol was approved by the
ethical committee of Osaka University, and all subjects gave written
informed consent to participate in the stady. All procedures followed
were in accordance with the institutional guidelines of Osaka
University. Smoking status was determined by interview on the day
of measuring clinical parameters, and the subjects were divided into
3 groups according to smoking habit: never-smokers, past smokers
(who had a history of habitual smoking but had quit), and current
smokers. As a result, the numbers of never-smokers, past smokers,
and current smokers were 79, 136, and 116, respectively. Hyperten-
sion was defined as systolic blood pressure (BP) of =140 mm Hg or
diastolic BP of =90 mm Hg on repeated measurements, or receiving
antihypertensive treatment. Diabetes mellitus was defined according
to World Health Organization criteria.>* Hyperlipidemia was defined
as total cholesterol (T-chol) of >6.22 mmol/L, triglyceride (TG) of
>2.26 mmol/L, or HD%@lesmol (HDL-chol) of <0.91 mmol/L.
Tschemic heart disease Was defified as a >75% orgamc stenosm of
=1 major coronary arten; Ty

a history of myocardj
coronary angioplasty.

otic syndi'dme, overt
econdary hypert

atl ;
mic heart disease, chromc renal fallur nep
conuesuve heart faﬂure, valvular heﬁﬁfdlsea

Each subJect was studled on the day after adm1ssxon in the
morning after having abstained from alcohol, caffeine, and smoking,
as well as food for 8 hours before the study. BP was measured by
well-trained physicians, and venous blood was drawn from all
subjects. Height and body weight were measured and body mass
index (BMI) calculated. Plasma samples for subsequent assay were
stored at —80°C. Insulin sensitivity was estimated using the homeo-
static model assessment (HOMA) index (ie, plasma glucose
level X (plasma insulin level/22.5). Brinkman index was calculated
using the formula: number of cigarettes smoked per dayXnumber of
years of smoking. Plasma concentration of adiponectin was deter-
mined using a sandwich ELISA system (Adiponectin ELISA kit;
Otsuka Pharmaceutical Co. Ltd.), as reported previously.'? The
parameters T-chol, TG, HDL-chol, and Cr levels were also deter-
miried. Urine samples were collected for 24 hours to evaluate Cr
clearance (Ccr).

Acute Smoking Exposure Test

To examine the acute effect of smoking on adiponectin concentra-
tion, we measured plasma adiponectin level in 5 healthy volunteers
who had never smoked (age 33 to 46 years; BMT 24.0% 1.0 kg/m?).
All subjects were male and were coauthors included in this study,
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and the exclusion criteria of this study were the same as those
described previously. After completion of the baseline study, all
participants were asked to smoke a cigarette (1.1 mg nicotine; 14 mg
tar) and were instructed to inhale. Before and 3, 6, and 12 hours after
smoking, venous blood was drawn.

Effect of H,0, and Nicotine on Expression and
Secretion of Adiponectin In Vitro

3T3-L1 mouse preadipocytes were grown to confluence and induced
to differentiate into adipocytes, as described previously.?® Seven
days after the initiation of differentiation (assessed by this criterion),
85% to 90% of the cells were judged to be differentiated. On day 7,
the indicated concentrations of H,0, with/without N-acetyl-L-
cysteine (NAC) or nicotine (Sigma) were added to the media for 24
hours.

An aliquot of the media after 24 hours of stimulation was
subjected to ELISA (Adiponectin ELISA kit; Otsuka Pharmaceutical
Co. Ltd.) to detect the amount of adiponectin secreted.

Loss of 3T3-L1 adipocyte integrity was evaluated spectrophoto-
metrically by measurement of lactate dehydrogenase (LDH) activity
in the supernatant using a standard kit (LDH-Cyotoxic Test; Wako).

3T3-L1 adipocyte cellular protein samples were isolated using
ISOGEN (Nippon Gene) according to manufacturer protocol. Adi-
pocyte protein concentration was determined by colorimetric protein
assay (detergent solubilization) using DC Protein Assay (Bio-Rad)
according to manufacturer protocol. The relative secretion of adi-
ponectin into the media was normalized to the amount of cellular
protein in the same sample.

Total RNA from adipocytes was isolated using ISOGEN, treated
with DNAse to prevent contamination with genomic DNA, and
finally resuspended in diethylpyrocarbonate-treated MilliQ. Expres-
sion levels of adiponectin and 18S mRNA were quantified by
real-time quantitative RT-PCR using an ABI Prism 7900 HT
Sequence Dctecnon System (Apphed }i}osy y Inc.) according to

ification of 188 ribosomal
RNA in each of th s for sample normalization.
The relative expression of; dlponeclm mRNA was normalized to the

amount of 185 in the samé mRNA sample using the standard curve

s and cardiovascular

risk factors were computed for each smoklng pattern. Continuous

SEM. Differences between
adiponectin concen-

Azandi post hoc comparison
(Dunnet s procedure) Unpau‘ed t test was used to examine the
differences in adiponectin between 2 groups. Pearson’s correlation
coefficients were used to assess the relationships between adiponec-
tin and all other variables. Muliiple regression models were used to
assess the relationship between adiponectin concentration and smok-
ing status after adjustment for potential confounding factors. The
significance of differences in adiponectin levels before and after
smoking was evaluated using repeated-measures ANOVA. In the in
vitro study, differences were analyzed by unpaired ¢ test. All P values
were 2-sided, and those <<0.05 were considered statistically signifi-
cant. All calculations were performed using a standard statistical
package (JMP 4.0; SAS Institute).

Results

Association of Plasma Adiponectin Concentration
With Smoking Habit in Humans

The clinical and biochemical characteristics of the study
subjects divided into 3 groups according to smoking habit are
shown in Table 1. We first examined the association between
smoking habit and adiponectin concentration. The concentra-
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TABLE 1. Clinical Characteristics of Study Subjects

Variables Never-Smokers ~ Past Smokers  Current Smokers
n 79 136 116
Brinkman index 00 79253 74258
Age, years 58.0+1.2 62.2+0.9* 57.5+1.0
BMI 23.6x0.3 23.7+0.3 23.2+0.3
Adiponectin, pg/mL 6.5+0.4 5.7+0.3 5.3+0.3*
Systolic BP, mm Hg 1302 1341 1332
Diastolic BP, mm Hg 801 81x1 85x1*
Hypertension, % 66.7 71.0 73.9
Diabetes, % 10.3 15.9 20.0
Hypetlipidemia, % 27.9 30.0 38.0
T-chol, mmol/L 4.9920.09 5.18+0.08 5.26+0.10%
TG, mmol/L 1.48+0.12 1.78+0.09 1.64+0.11
HDL-chel, mmol/L 1.48%0.05 1.45+0.04 1.4120.04
HOMA index 1703 2.0+0.3 21+04
Cr, pumol/L 82.0x25 80.6:+1.8 76.3+2.2
Cer, ml/min 85.7+3.7 82426 83.5+3.2

Values are given as mean=SEM.
*P<0.05 compared with never-smokers for each parameter.

tion of adiponectin was significantly lower in current smokers
than in never-smokers (P=0.01). Furthermore, the concen-
tration of adiponectin showed a tendency to be lower in past
smokers than in never-smokers (P=0.06). Diastolic BP and
T-chol in current smokers and age in past smokers were
significantly higher than those in never-smokers (P<<0.03). In
addition, the kinds of drugs that influence adiponectin con-
centration, such as angiotensin II receptor blockers, angioten-
sin-converting enz A€Ey~inhibitors, and peroxisome

(5.0x0. 2 versus 6 2%0.3 p,g/mL P<0 01) and hyperhpld—
emia (4.5%0.3 versus 5.820.2 pg/mL; P<<0.01). We next
performed multiple regression analysis including age, BMI,
hypertension, diabetes, hyperlipidemia, and Ccr and revealed
that adiponectin concentration in never-smokers was ~1.25X
higher than that in current smokers (never-smokers 6.5+0.4
pg/ml; past smokers 5.6+0.3 ug/mL; current smokers
5.2%0.4 pg/ml; F=4.52; P=0.01).

To exclude the effect of diabetes and drugs on adiponectin
concentration, we next examined the effect of smoking habit
on adiponectin concentration after excluding subjects with
diabetes and subjects receiving any medication. The clinical
and biochemical characteristics of these study subjects are
shown in Table 2. Adiponectin concentration significantly
increased with age (r=041; P<0.01) and HDL-chol
(r=043; P<0.01l) and decreased with BMI (r=-0.50;
P<0.01), systolic BP (r=-0.35; P<0.01), diastolic BP
(r=-0.36; P<0.01), TG (r=-0.30; P<0.05), HOMA

TABLE 2. Clinical Characteristics of Subgroups Without
Medication and Diabefes

Variables Never-Smokers  Past Smokers  Current Smokers
n 27 41 30
Brinkman index 00 85094 554+74
Age, years 58.8+2.5 62.0+2.1 60.1+2.5
BMI 22.6+0.5 22.3*04 21.8+0.3
Adiponectin, pg/mL 8.3+08 7.1+0.6 6.1x£0.7*
Systolic BP, mm Hg 1174 125+3 128+4
Diastolic BP, mm Hg 74+3 76+2 79+3
Hypertension, % 14.8 174 16.1
Hyperlipidemia, % 31.8 29.4 34.8
T-chol, mmol/L 4.99+0.15 5.14+015 4.90+0.16
TG, mmol/L 1.490.20 1.48%0.18 1.64=0.22
HDL-chol, mmol/L 1.55+0.10 1.530.09 1.62%0.11
HOMA index 1.1+04 1.4+0.3 1.5+0.7
Cr, umol/L 729167 75.4+47 76.6+7.8
Cer, mL/min 84.0£5.4 80.8+4.1 83.0+5.4

Values are given as mean=SEM.
*P<0.05 compared with never-smokers for each parameter.

(r=—0.29; P<0.05), and Cer (r=—0.41; P<0.01). On the
other hand, there was no significant association between
adiponectin and T-chol (r=-—0.04). Although clinical vari-
ables other than adiponectin concenn‘au%% were not signifi-
cantly dlfferent ad.lponectm concentragi

a._n:.ull Lot Sk

=20 05) or in subjects
without medication oggdiabetes (r=-—0.19). However, in
cunent smokers (n= 116) the number of c1garettes smoked

ponectm in response to smoking are shown in Figure 1. Acute
smoking exposure produced a significant decrease in plasma
level of adiponectin at 3 hours (—9.230.7%) and 6 hours
(—13.1%£1.2%), and the maximum decrease was observed at
12 hours after smoking (—14.5*%0.6%; F=17.3; P<<0.01).

Inhibitory Effects of H,0, and Nicotine on
Expression and Secretion of Adiponectin in
3T3-1.1 Adipocytes

We investigated the effect of H,O, and nicotine on the
regulation of adiponectin secretion and gene expression in
3T3-L1 adipocytes. Incubation with H,0, or nicotine reduced
adiponectin mRNA expression and adiponectin secretion into
the media in a dose-dependent manner (Figures 2 and 3). The
effects of H,0, to reduce adiponectin mRNA expression and
secretion into the media were antagonized by coincubation
with NAC (Figure 2). Secretion of adiponectin into the media
was significantly reduced compared with control by nicotine
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Figure 1. Percent changes in plasma adiponectin levels before
and after smoking. Individual changes in adiponectin level were
plotted. Adiponectin levels were expressed as percent change

from initial values (n=5).

at concentrations =107% mol/L. We next studied the adipo-
cyte protein concentration; the amount of adiponectin in the
media was adjusted by each of the amount of cellular protein.
As shown in Figures 2B and 3B, even after adjustment for
protein amount, adiponectin secretion was significantly re-
duced by incubation with H,0, or nicotine in a dose-
dependent manner.

Cytotoxicity was also assessed by LDH leakage from
adipocytes into the media. As shown in Figure 2C, H,0,
(100 pmol/L) significantly increased LDH release from
adipocytes. When cultured in the presence of NAC (107 M),
this increase was significantly attenuated. On the other hand,
as shown in Figure 3C, treatment with nicotine also signifi-
cantly increased leakage of EDH from adipocytes at concen-
trations =10~7 mol/L, ,

were current Smokez
ation was observec :
medication. Furthermore, multiple regression analysis includ-
ing age, BMI, hypertension, diabetes, hyperlipidemia, and
Ccr showed that adiponectin concentration was significantly
lower in current smokers. Acute smoking exposure reduced
adiponectin concentration significantly at 12 hours after
smoking in never-smokers. In cultured 3T3-L1 adipocytes,
oxidative stress and nicotine reduced the secretion and
expression of adiponectin. These results suggest that smoking
may decrease plasma adiponectin concentration in men.

In this study, even in subjects without diabetes and medi-
cation, the association between adiponectin concentration and
clinical variables was in accordance with previous reports
that adiponectin concentration was significantly associated
with age,'®26 BMIL,'2 TG,'* HDL-chol,” BP,'* and insulin
resistance indicated by HOMA 14

Although adiponectin concentration is decreased in several
diseases,!2-14.16.18 the mechanisms that regulate plasma adi-
ponectin concentration have not been fully elucidated. It has
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been reported that weight reduction! and certain drugs such
as PPAR-vy ligands,”® ACE inhibitors, and angiotensin II
receptor blockers?® increased the adiponectin concentration, a
cytokine, tumor necrosis factor-a (TNF-a), reduced the
expression of adiponectin in adipocytes,?® and some human
mutations of adiponectin affect plasma adiponectin concen-
tration.’8-2¥ In this study, we demonstrated that smoking habit
is also associated with adiponectin concentration. Further-
more, our finding of lower adiponectin levels in chronic
smokers is in line with the fact that chronic smokers are
insulin resistant.3? Thus, our results may support investigation
of the mechanisms of several disorders induced by smoking.

Smoking is known to be associated with increased oxida-
tive stress. Reactive oxygen species such as H,0, are also
normally prodoced during cellular oxidation reduction pro-
cesses. Although our results showed significant cytotoxicity
in adipocytes incubated with H,0O, at a concentration of
100 pmol/L, this cytotoxicity was significantly attenuated
when they were cultured with NAC. Furthermore, H,0,
decreased the expression and secretion of adiponectin from
adipocytes in a dose-dependent manner. Previous reports
have shown that oxidative stress disrupts activation of phos-
phatidylinositol 3-kinase (PI3K),3!32 which is a key molecule
in the secretion of adiponectin in 3T3-L1 adipocytes.3? Thus,
we propose the idea that oxidative stress induced by tobacco
smoke decreases the secretion and expression of plasma
adiponectin via inhibition of activation of PI3K in adipocytes.

Nicotine activates nicotinic acetylcholine (nACh) recep-
tors, which belong to the famil motropic receptors

FALNE fmﬂk_‘aib‘: Elir"‘gﬂ‘b

consisting of 5 “tran

: buted throughout
the central and Périphé&ral ﬁéﬁi‘(‘)us system and are involved in
signal transmission at the skeletal neuromuscular junction, in

'

i autonormc gangha an%ﬂ in the bram 3435 Functional nACh

mice,?® and mcotme

&’ﬁ% %clact umn:l.atmn a
Humarf a

regulatmg a'dlponectm concen Tafion ncctly In our experi-

ments nlcotme had a_s1gn5ﬁcant 1nh1b1t0ry effcct at concen-

cytotoxmlty in adlpocytes incubated with nicotine at a con-
centration of 1075 mol/L.. These results could also be in
accordance with previous reports that nicotine itself induces
lipolysis by activating local nicotinic cholinergic receptors in
adipose tissue.” Thus, our results indicate that nicotine in
tobacco smoke decreases plasma adiponectin via inhibition of
the secretion and expression of adiponectin in adipocytes.
Apart from nicotine and oxidative stress, there are several
other possible mechanisms by which smoking habit may
affect adiponectin concentration. It has been reported that
smoking itself and tissue hypoxia elevate TNF-o,3%3° a
powerful proinflammatory cytokine and a mediator of inflam-
mation, which is known to decrease adiponectin concentra-
tion.25 These findings also support the idea that persistent
production of TNF-a induced by chronic exposure to ciga-
rette smoke may promote the development of hypoadi-
ponectinemia. Furthermore, nicotine elicits release of the
catecholamines epinephrine and norepinephrine,® and
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b
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Figure 2. Effects of H,0, on expression
and secretion of adiponectin in 3T3-L1
adipocytes. Dose-effect of H,0, with/

(-} 25 50 75 100 400 100 100

without NAC on adiponectin secreted
into media (A), adjusted by the amount
of protein (B), LDH leakage (C), and adi-
ponectin mRNA level (D). All LDH leak-
age and mRNA are plotted as percent
change relative to the level with

0 pmol/L. Ho0, treatment. Values are
given as mean=SEM (n=12 in each
group). *P<0.05 and #P<0.01 com-
pared with 0 pmol/L H,0, treatment for
each variable.
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B-adrenergic stimulation suppresses adiponectin gene
expression.*!

With respect to cessation of habitual smoking, in this
study, adiponectin level was between those of nonsmokers
and current smokers, even after adjustment for confounding
factors. These results suggest that the decreasing effect of
smoking on adiponectin concentration might remain even
after smoking cessation. Another reason is that even after
smoking cessation, smoking-related damage persisted, such
as endothelial dysfunction and continuing low-grade inflam-
mation indicated by C-reactive protein,*2 which is known to
affect adiponectin concentration.’®#3 To clearly confirm
whether smoking cessation affects adiponectin concentration,
a cohort study is required.

Because tobacco smoke consists of >4000 chemical con-
stituents, it is impossible to predict the effect of nicotine and
oxidative stress within this complex mixture of components.
Although we showed that nicotine and oxidative stress have

160 100 100 100
162 10° 104

a potent inhibitory effect on adiponectin secretion, there are
several other molecules in cigarette smoke that may be toxic
to adipocytes (eg, cadmium, cotinine, and thiocyanate).%* The
net effect of cigarette smoke on the function of adiponectin
may be quite different from that of nicotine or H,0, alone.
Another limitation is that this study was designed as a
cross-sectional study rather than a randomized clinical trial or
observational study. Furthermore, several important determi-
nants of adiponectin level, such as body fat content and waist
circumference, were not measured in our study. Instead of
these measurements, we included HOMA and BMI in the
analysis of this study. Previous reports have shown that body
fat content, especially intra-abdominal fat, is a determinant of
adiponectin level.?¢ On the other hand, the different localiza-
tion of fat mass itself influences cardiovascular risk factors
such as T-chol, TG, and HDL-chol.#5 In our study, except for
T-chol, the clinical characteristics were not significantly
different among subjects (Table 1). Furthermore, the subjects
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concentration among the groups may be relatively small in
this study. On the other hand, our study could not provide a
conclusion on the influence of “passive smoking” on adi-
ponectin concentration. Purther investigation is required to
examine these effects.

In conclusion, our results demonstrated that smoking habit
is associated with a lower adiponectin concentration in men.
This reduction may be induced through a direct effect of
oxidative stress and nicotine on adipocytes.
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Figure 3. Effects of nicotine on expres-
sion and secretion of adiponectin in
3T3-L1 adipocytes. Dose-effect of nico-
tine on adiponectin secreted into media
(A), adiponectin adjusted by the amount
of protein (B), LDH leakage (C), and adi-
ponectin mRNA level (D). Al LDH leakage
and mRNA are plotted as percent change
relative to the level with 0 mol/L nicotine
treatment. Values are given as
mean=SEM (n=12 in each group).
*P<0.05 and #P<0.01 compared with 0
mol/L nicotine treatment for each
variable.

10€ 107 10° 10°

References

i RizSehwartz JM, Hoh R, Jacob P

and its cessation on lipid

metabolism and energy expenditure in avy smokers. J Clin

Invest. 1994;93:265-272.

2. Cammey RM, Goldberg AP. Weight gain after cessation of cigarette
smoking. A possible role for adipose-tissue lipoprotein lipase. N Engl
J Med. 1984;310:614-616.

3. Kershbaum A, Khorsandian R, Caplan RF, Bellet S, Feinberg LJ. The role
of catecholamines in the free fatty acid response to cigarette smoking.
Circulation. 1963;28:52-57.

4. Furie MB, Raffanello JA, Gergel EI, Lisinski TJ, Horb LD. Extracts of
smokeless tobacco induce pro-inflammatory changes in cultured human
vascular endothelial cells. Immunopharmacology. 2000;47:13-23.

5. Heeschen C, Jang JJ, Weis M, Pathak A, Kaji S, Hu RS, Tsao PS, Johnson
FL, Cooke JP. Nicotine stimulates angiogenesis and promotes tumor
growth and atherosclerosis. Nut Med. 2001;7:833-839.

6. Aicher A, Heeschen C, Mohaupt M, Cooke IP, Zeiher AM, Dimmeler S.
Nicotine strongly activates dendritic cell-mediated adaptive immunity:
potential role for progression of atherosclerotic lesions. Circulation.
2003;107:604-611.

7. Andersson K, Amer P. Systemic nicotine stimulates human adipose tissue
lipolysis through local cholinergic and catecholaminergic receptors. Int J
Obes Relat Metab Disord. 2001;25:1225-1232.

8. Andersson K, Amer P. Cholinoceptor-mediated effects on glycerol output
from human adipose tissue using in situ microdialysis. Br J Pharmacol.
1995;115:1155-1162.



1100

9.

10.
1l

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22,

23.

24.

25.

Hypertension June 2005

Chajek-Shaul T, Scherer G, Barash V, Shiloni E, Caine Y, Stein O, Stein
Y. Metabolic effects of nicotine on human adipose tissue in organ culture.
Clin Invest. 1994;72:94-99.

Freeman BA, Crapo JD. Biology of disease: free radicals and tissue
injury. Lab Invest. 1982;47:412-426.

Papa 8, Skulachev VP, Reactive oxygen species, mitochondria, apoptosis
and aging. Mol Cell Biochem. 1997;174:305-319.

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa J, Hotta
K, Shimomura I, Nakamura T, Miyaoka K, Kuriyama H, Nishida M,
Yamashita S, Okubo K, Matsubara K, Muraguchi M, Ohmoto Y,
Funahashi T, Matsuzawa Y. Paradoxical decrease of an adipose-specific
protein, adiponectin, in obesity. Biochem Binphys Res Commun. 1999;
257:79-83.

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M, Okamoto Y,
Iwahashi H, Kuriyama H, Quchi N, Maeda K, Nishida M, Kihara 8, Sakai
N, Nakajima T, Hasegawa K, Muraguchi M, Ohmoto Y, Nakamura T,
Yamashita S, Hanafusa T, Matsuzawa Y. Plasma concentrations of a
novel, adipose-specific protein, adiponectin, in type 2 diabetic patients.
Arterioscler Thromb Vasc Biol. 2000;20:1595-1599.

Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE,
Tataranni PA. Hypoadiponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsulinemia. J Clin Endo-
crinol Metab. 2001,86:1930-1935.

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K, Mori Y,
Ide T, Murakami K, Tsuboyama-Kasacka N, Ezaki O, Akanuma Y,
Gavrilova O, Vinson C, Reitman ML, Kagechika H, Shudo K, Yoda M,
Nakano Y, Tobe K, Nagai R, Kimura S, Tomita M, Froguel P, Kadowaki
T. The fat-derived hormone adiponectin reverses insulin resistance asso-
ciated with both lipoatrophy and obesity. Nat Med. 2001,7:941-946.
Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto S, Ouchi N,
Arita Y, Okamoto Y, Shimomura I, Hiracka H, Nakamura T, Funahashi
T, Matsuzawa Y. Association of hypoadiponectinemia with coronary
artery disease in men. Arterioscler Thromb Vasc Biol. 2003;23:85-89.
Adamczak M, Wiecek A, Funahashi T, Chudek I, Kokot F, Matsuzawa Y.
Decreased plasma adiponectin concentration in patients with essential
hypertension. Am J Hyvpertens. 2003;16:72-75.

Iwashima Y, Katsuya T, Ishikawa K, Ouchi N, Ohishi M, Sugimoto K, Fu
Y, Motone M, Yamamoto K, Matsuo A, Ohashi K, Kihara S, Funahashi
T, Rakugi H, Matsuzawa Y, Ogihara T. Hypoadiponectinemia is an
independent risk factor for hypertension. Hypertension. 2004;43:
1318-1323.

Ouchi N, Ohishi M, K.
Kumada M, Ohashi K,
Nagasawa A, Kobayas|

", Nishizawa H, Kishida K, Maeda N,

) ?@g&nbe Mngak};g Hs
5@ off hypoadr necnnemxa."%}?ﬁ@
ion! 1428231

ypert:

Celermajer DS, Sorenv KE, %orgak pou]o :
Robinson J, Dcanﬁcl‘c‘!s %rlﬁ’ Cigrette smokma
related and potentially reversible un@;rment
dilation in healthy y;
Zeiher AM, Schachi 2t
impairs cndorhchungdepenen
Circulation. 1995;92:1094-1100.

Miyazaki T, Shimada K, Mokuno H, Daida H. Adipocyte derived plasma
protein, adiponectin, is associated with smoking status in patients with
coronary artery disease. Heart. 2003;89:663.

Nishizawa H, Shimomura I, Kishida K, Maeda N, Kuriyama H, Naga-
retani H, Matsuda M, Kondo H, Furuyama N, Kihara S, Nakamura T,
Tochino Y, Funahashi T, Matsuzawa Y. Androgens decrease plasma
adiponectin, an insulin-sensitizing adipocyte-derived protein. Diabetes.
2002;51:2734-2741.

Report of the expert commitiee on the diagnosis and classification of
diabetes mellitus. Diabetes Care. 2003;26(suppl 1):85-820.

Maeda N, Takahashi M, Funahashi T, Kihara S, Nishizawa H, Kishida K,
Nagaretani H, Matsuda M, Komuro R, Ouchi N, Kuriyama H, Hotta K,
Nakamura T, Shimomura I, Matsuzawa Y. PPARgamma ligands increase
expression and plasma concentrations of adiponectin, an adipose-derived
protein. Diabetes. 2001;50:2094-2099.

, S.%nabashj T, Nakamura T, Nagaretani H,

26.

21.

28.

28.

30.

31

33.

34.

35.

40.

42.

43.

45.

. Liu R, Mizata M, Mats‘u}acgrghs_._ Theje }p[r

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko EJ,
Retzlaff BM, Knopp RH, Brunzell JD, Kahn SE. Relationship of adi-
ponectin to body fat distribution, insulin sensitivity and plasma lipopro-
teins: evidence for independent roles of age and sex. Diabetologia.
2003;46:459-469.

Matsubara M, Maruoka S, Katayose S. Decreased plasma adiponectin
concentrations in women with dyslipidemia. J Clin Endocrinol Metab.
2002;87:2764-2769.

Furuhashi M, Ura N, Higashiura K, Murakami H, Tanaka M, Moniwa N,
Yoshida D, Shimamoto K. Blockade of the renin-angiotensin system
increases adiponectin concentrations in patients with essential hyper-
tension. Hypertension. 2003;42:76-81.

Vasseur F, Helbecque N, Dina C, Lobbens S, Delannoy V, Gaget S,
Boutin P, Vaxillaire M, Lepretre F, Dupont S, Hara K, Clement K, Bihain
B, Kadowaki T, Froguel P. Single-nucleotide polymorphism haplotypes
in the both proximal promoter and exon 3 of the APM1 gene modulate
adipocyte-secreted adiponectin hormone levels and contribute to the
genetic risk for type 2 diabetes in French Caucasians. Hum Mol Genet.
2002;11:2607-2614.

Facchini FS, Hollenbeck CB, Jeppesen J, Chen YD, Reaven GM. Insulin
resistance and cigarette smoking. Lancer. 1992;339:1128-1130.

Rudich A, Kozlovsky N, Potashnik R, Bashan N. Oxidant stress reduces
insulin responsiveness in 3T3-L1 adipocytes. Am J Physiol. 1997;272:
E935-E940.

. Tirosh A, Potashnik R, Bashan N, Rudich A. Oxidative stress disrupts

insulin-induced cellular redistribution of insulin receptor substrate-1 and
phosphatidylinositol 3-kinase in 3T3-L1 adipocytes. A putative cellular
mechanism for impaired protein kinase B activation and GLUT4 trans-
location. J Binl Chem. 1999;274:10595-10602.

Bogan IS, Lodish HF. Two compartments for insulin-stimulated exo-
cytosis in 3T3-L1 adipocytes defined by endogenous ACRP30 and
GLUTA4. J Cell Biol. 1999;146:609 —-620.

Conti-Fine BM, Navaneetham D, Lei S, Maus AD. Neuronal nicotinic
receptors in non-nenronal cells: new mediators of tobacco toxicity? Eur
J Pharmacol. 2000;393:279-294.

Macklin KD, Maus AD, Pereira EF, Albnquerque EX, Conti-Fine BM.
Human vascular endotheli Honal nicotinic acetyl-
choline receptors YiPHA ;435-439.
functional role of
J Pharmacol Exp Ther.

nicotinic acetylcholin
2004;310:52-5874"43

. Hill P, Haley NJ, Wynder EL. ngarctte smoking: carboxyhemoglobin,

plasma nicotine, cotininefind thiocyanate vs self- ~reported smoking data
and cardlovascular disease. J Chmmc Dis. 1983;36:439-449.

i . FS#G&hral hypoxia-ischemia stim-
pc:rmaﬁY rats '1 troke. 1995;26:1093-1100.
Wnug% Tu :'=' necrosis factor-alpha is

| _m_%;%a?;c m% uced inflam i'.u ation and connective
fissue breakdown J Respir Crit Care Med. 2002;166:849~854.
Haass M Kublcr Ww. Nxcotmc and sympathetlc neurotransmission. Car-

aschke R. Adiponectin
gEne expression is y beta-adrenergic stimulation via protein
kinase A in 3T3-L1 adipocytes. FEBS Lert. 2001;507:142-146.

Tracy RP, Psaty BM, Macy E, Bovill EG, Cushman M, Comell ES,
Kuller LH. Lifetime smoking exposure affects the association of
C-reactive protein with cardiovascular disease risk factors and subclinical
disease in healthy elderly subjects. Arterioscler Thromb Vasc Biol. 1997;
17:2167-2176.

Ouchi N, Kihara S, Funahashi T, Nakamura T, Nishida M, Kumada M,
Okamoto Y, Ohashi K, Nagaretani H, Kishida K, Nishizawa H, Maeda N,
Kobayashi H, Hiracka H, Matsuzawa Y. Reciprocal association of
C-reactive protein with adiponectin in blood stream and adipose tissue.
Circulation. 2003;107:671-674.

. Powell JT. Vascular damage from smoking: disease mechanisms at the

arterial wall. Vasc Med. 1998;3:21-28.

Tanko LB, Bagger YZ, Alexandersen P, Larsen PJ, Christiansen C.
Peripheral adiposity exhibits an independent dominant antiatherogenic
effect in elderly women. Circulation. 2003;107:1626-1631.



Geriair Gerontol Int 2006; 6: 7- 14
ORIGINAL ARTICLE

Usefulness of measuring serum
markers in addition to
comprehensive geriatric
| assessment for cognitive
impairment and depressive mood
in the elderly
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Yoshio Wakatsuki,' Hisanori Horiuchi,? Toshinori Murayama,®
Masayuki Yokode,® Makoto Tanaka,* Toru Kita,> Kozo Matsubayashi®
and Noriaki Kume?

Departments of Geriatric Medicine, *Cardiovascular Medicine, *Clinical Innovative Medicine and *Social
Service, Kyoto Untversity Graduate School of Medicine, and *Center for South-east Asian Studies, Kyoto
University, Kyoto, Japan

Background: To determine the utility of various serum markers for assessment of cog-
nitive and mental functions in the elderly, we performed a Comprehensive Geriatric
Assessment (CGA) in the out-patient clinic in Kyoto University Hospital.

Methods: We measured serum levels of dehydroepiandrosterone (DHEA), DHEA-S,
malondialdehyde low-density lipoproteins (MDA-LDL), and high-sensitivity C-reactive
protein (hs-CRP) in 145 patients to find the association of these markers with activities of
daily living (ADL), cognitive impairment and depressive symptoms.

Results: We found that the levels of hs-CRP were significantly higher in patients with
lower scores in Mini-Mental State Examination (MMSE) and Kohs block design test, and
higher scores in the button test, indicating that hs-CRP may be associated with the cog-
nitive function in elderly patients. We also found that the levels of DHEA-~S were lower in
patients with higher scores (9 or over) on the Geriatric Depression Scale-15 (GDS), indi-
cating that DHEA-S may be associated with depressive mode in elderly patients, Total cho-
lesterol, high~density cholesterol (HDL-C), or albumin were not statistically different in
each group studied.

Conclusions: Thus, our data indicate that measuring hs-CRP and DHEA-S would be
helpful to assess the cognitive function and depressive symptoms in elderly patients.

Keywords: Comprehensive Geriatric Assessment (CGA), cognitive function, C-reactive
protein (CRP), depression, dehydroepiandrosterone (DHEA).

Introduction

The Comprehensive Geriatric Assessment (CGA)

Accepted for publication 20 April 2005. emerged during the 1980s as an important strategy to
Correspondence: Hidenori Arai, MD, PhD, Department of lmpr}cl) ve care for elderly: patients with Clo Zm ple)‘c, medxc.al,
Geriatric Medicine, Kyoto University Graduate School of psychosocial and func.tlon.al prf)blems. Earlier studies
Medicine, 54 Kawahara-cho, Shogoin,Sakyo-ku, Kyoto 606-8507, showed that CGA in inpatient units dramatically
Japan. Email: harai@kuhp.kyoto-u.acjp improved survival and functional status3* Therefore, if

© 2006 Japan Geriatrics Society doi: 10.1111/j.1447-0594.2006.00327 | 7



H Arai et al.

we utilize CGA more intensively for the care of elderly
patients in our hospitals, CGA will have a more benefi-
cial effect on outcomes.® Although CGA for inpatients
is very important to improve the outcomes of elderly
patients, the focus of recent investigations has been
shifted to outpatient CGA due to high cost of inpatient
care in the United States.® One study showed that out-
patient CGA helps maintain functioning and the ability
to perform daily activities.” However, its benefits are not
consistently demonstrated or recognized.

Although survival is one of the most commonly
reported outcomes in clinical studies, Stuck eral.
reported in a meta-analysis that outpatient CGA did not
improve survival compared to usual care despite the fact
that significant survival benefits were observed in inpa-
tients and home-based CGA.® Two of the four trials of
outpatient CGA in the meta-analysis were, however,
criticized because the subjects were relatively healthy
and not at high risk. Additional studies of outpatient
CGA were therefore conducted with greater attention to
targeting frail subjects, resulting in improved outcomes
in elderly patients including mental health®** and func-
tional status.%” Although outpatient CGA has, so far,
no demonstrable benefit for the survival of older, frail
patients compared to usual care, outpatient CGA
should be a good way to assess elderly patients, to diag-

nose patients with mild cognitive impairment or depres--

sive symptoms, and to eventually prevent functional
decline. However, additional measurement might be
required to improve the survival.

Cognitive impairment in elderly patients is sometimes
hard to diagnose in the outpatient clinic. Therefore,
screening elderly patients by Mini-Mental State Exam-~
ination (MMSE) is useful to diagnose the initial phase
of dementia or mild cognitive impairment, although
it takes time to screen all the patients with MMSE.
Screening depression is also helpful for the care of eld-
erly patients and a 15-item Geriatric Depression Scale
(GDS-15) is commonly used for that purpose. This test
also takes time in the outpatient clinic. Finding a marker
for early diagnosis of cognitive impairment or depres-
sive mood therefore would be important to select high-
risk patients.

Chronic brain inflammation characterizes Alzhe-
imer’s disease (AD), the most of common neurodegen-
erative disease associated with progressive cognitive
decline. Certain cytokines, such as interleukin (IL)-1,
IL~-6, and tumor necrosis factor (TNF)-a, are shown to
influence a number of different mechanisms that can
induce or accelerate the development of neurodegener-
ation, indicating a correlation of inflammation with cog-
nition."™"® Because high-sensitivity C-reactive protein
(hs-CRP) can reflect the presence of inflammation and
can be induced by these cytokines, we chose hs-CRP as
a candidate marker for screening patients with cognitive
impairment.

Androstenedione  and  dehydroepiandrosterone
(DHEA) are produced in the biosynthetic pathway of
androgen and estrogen. The sulfate ester of DHEA is
DHEA-S. The decline of DHEA has been pursued as
a major factor in the development of age-associated
disorders." Among the studies investigating the effect
of DHEA-S on mood in the elderly, some studies
show that DHEA-S improves mood'*'¢ while others do
not.''® Therefore, the effect of these steroids on neu-
rodegenerative diseases remains inconclusive. Malond-
ialdehyde-low density lipoproteins (MDA-LDL) are
associated with oxidatively-modified products of LDL
and can be associated with atherosclerotic disease.’”
Therefore, if MDA-LDL is associated with cognitive
impairment or depressive mood, controlling risk factors
for atherosclerotic disease might be important.

From these findings we assessed the activities of daily
living (ADL), cognitive functions and depressive symp-
toms in elderly patients who visited our outpatient clinic
for the first time and examined the correlation with var-
ious serum markers listed above. We also used ‘Get up
and go’, ‘Button scores” and ‘Functional reach’ to assess
neurobehavioral functions in these patients, By these
measurements, we should be able to select high-risk
patients for cognitive and functional decline and even-
tually would be able to use outpatient CGA to improve
survival of elderly patients.

Methods

Subjects

All elderly (basically 65 years or older) patients who
came to Kyoto University Hospital for the first time or
had not been seen for the past 6 months in this hospital
were asked to attend for health problem screening. We
started outpatient CGA in May 2001. One hundred and
forty-five consecutive patients aged 62 and older (mean
age £ 5D: 75.6 £ 0.56) who visited the outpatient clinic
from May 2001 through March 2004 were enrolled for
this study after written informed consent was taken
from each patient or his/her family member. The study
protocol was approved by the Ethical Committee of
Kyoto University School of Medicine.

Measurements

Comprehensive Geriatric Assessment (CGA) was done
on the day of patient visit by experienced speech ther-
apists after history taking and physical examination
were done. The CGA included height, body weight,
blood pressure, basic activities of daily living (BADL),
which was measured with the Barthel Index. For higher-
level functional capacity, each subject’s independence
was rated by the Tokyo Metropolitan Institute of
Gerontology (TMIG) Index of competence® This
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assessment consists of a 13-item index including
three sublevels of competence: (i) instrumental self-
maintenance; (ii) intellectual activities; and (iii) social
role. MMSE was used to assess cognitive functions.
Neurobehavioral functions were assessed by the Kohs
block design (KBD) test,?’ ‘Get up and go’ and ‘Button
scores’. A cutoff point of 12 for KBD test was used as
described.* Functional reach was also determined as
described.? Briefly, each subject was positioned next to
the wall with one arm raised 90° with fingers extended,
and a yardstick was mounted on the wall at shoulder
height. The distance in centimeters that a subject was
able to reach forward from an initial upright posture to
the maximal anterior leaning posture without moving or
lifting the feet was measured by visual observation of the
third finger tip against the mounted yardstick. The dis-
tances of two trials were averaged as the functional
reach score, with a greater distance indicating better bal-
ance ability.

We screened depressive symptoms using the Japanese
version of GDS-15. Higher scores of GDS-15 indicate
a greater degree of depressive mood. In this study we
used a cutoff point of 9. Therefore, we defined depres-
sion as a GDS-1S score of 9 or more.

‘Get up and go’

This test of balance is commonly used to examine func-
tional mobility in elderly subjects.>* The test requires the
subject to stand up, walk 3 m (10 ft), turn, walk back
and sit down. The time to complete the test is strongly
correlated with functional mobility. Elderly people who
can complete the test in less than 20 s are independent
in transfer tasks, which are normal activities in daily
living,

‘Button scores”

‘Button scores’ evaluate manual dexterity using a panel
with combinations of 10 hooks, 10 big buttons and five
small buttons. There were three discrete measurements
of time recorded for each participant (10 hook-ons, 10
big button-on-and-offs, and five small button-on-and-
offs). Total manual dexterity time in seconds, defined as
the Button Score, was calculated by adding the average
times for one hook-on and one big or small button-

on-and-off 5% A cutoff point of 17 was used for the
analysis.

Serum marker measurement

Serum levels of DHEA, DHEA-S, MDA-LDL and hs-
CRP were measured by SRL (Tokyo, Japan). DHEA and
DHEA-S were measured by radioimmunoassay. MDA~
LDL was measured by enzyme-linked immunosorbent
assay (ELISA). Hs-CRP was measured with Car-
dioPhase kit (Dade Behring, Tokyo, Japan).

Statistical analysis

Differences in continuous variables among the disease
groups were determined by one-way analysis of vatiance
(ANOVA). A P-value of less than 0.05 was considered sig-
nificant. Multiple regression analysis was used to assess
the involvement of age and sex.

Results

Table 1 summarizes the patient characteristics in the
study population. The mean age in this study group was
75.6 years and the percentage of males was 40%. There
was no statistical difference in age between males and
females. The ADL of the patients was relatively well pre-
served. The mean Barthel index (0-100) was 98.3 and
was hot statistically different between males and
females. Instrumental ADL was assessed by the Tokyo
Metropolitan Institute of Gerontology Index (TMIG
Index) (0-13). The mean value was 10.3 and was not sta-
tistically significant between males and females either.
We assessed depression by GDS-15 and found that the
mean score was 5.23. The GDS scores were slightly
higher in females than in males, but the difference was
not statistically significant. The mean score was almost
comparable to that of community-dwelling elderly peo-
ple in Japan.?”

We then determined the cognitive function by MMSE
and found that the mean scores were 25.2 (Table 2). We
also determined the KBD test to assess spatial recogni-
tion and found that the mean score was 22.3. ‘Get up
and go’ and ‘Button scores’ were assessed and the mean
time to be required was 14.9 and 12.1s, respectively.
The mean length of functional reach in these patients

Table1 Mean age, Barthel index, Tokyo Metropolitan Institute of Gerontology (TMIG) index and Geriatric

Depression Scale (GDS) scores in males and females

n Age Barthal index TMIG index GDS
Total 145 75.6 £0.56 98.3+0.61 10.3£0.25 5.23+0.31
Male 58 74.8 £0.90 99.5 £0.38 10.5+0.37 4.51+£045
Female 87 75.9+£0.72 98.3+£0.98 10.1+0.33 5.70£0.41

Data are expressed as mean + SEM.
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Table 2 Mean MMSE, KBS, button scores, Get up and go, and functional reach in males and females in this

population

MMSE KBS Button score ‘Get up and go’ Functional reach
n 142 133 134 131 125
Total 25.2 £ 0.46 22.3+1.13 12.1£045 14.9 £ 0.46 23.4 +0.66
Male 257 +£0.77 24.0 £ 1.88 12.8 £ 0.62 14.1 +0.74 26.2 £ 0.84%
Female 25.0 £ 0.56 21.0+£1.39 11.6 £ 0.62 15.5 £0.57 21.3 £ 0.66*

Data are expressed as mean + SEM. *P < 0.01. n, number of patients studied.

Table 3 Mean levels of dehydroepiandrosterone (DHEA), DHEA-S, malondialdehyde-low density lipoproteins
(MDA-LDL) and high-sensitivity C-reactive protein (hs-CRP). Difference in male and female patients

DHEA (ng/ml) DHEA-S (ng/ml) MDA-LDL (U/L) hs-CRP (ig/ml)
Total 2.08 £0.10 777 +£49.3 147 £ 5.84 4.98+1.56
Male 2.02x0.15 995 +93.8% 128 £8.31%* 3.421+1.66
Female 2.12£0.13 625 +45.3% 158 +7.62%* 5.79+£2.22

Data are expressed as mean + SEM. *p < 0.01, *¥#%p < 0.01, male vs female.

was 23.4 cm. These values were also comparable to the
data of community-dwelling elderly in Japan 28

We next measured the serum levels of DHEA,
DHEA-S, MDA-LDL and hs-CRP in this population.
The mean value of DHEA, DHEA-S, MDA-LDL and
hs-CRP were 2.08 ng/mL, 777 ng/ml., 147 U/L and
4.98 ug/mL, respectively (Table 3). DHEA-S was higher
and MDA-LDL was lower in males than in females.
However, there was no statistical difference in DHEA or
hs-CRP in males and females. Figure 1 A shows the age-
dependent decrease of DHEA-S in this population.
DHEA-S and age were negatively correlated (the coef-
ficient was —0.4). DHEA also showed an age-dependent
decline in this population, but the coefficient was —0.2
(Fig. 1b). MDA-LDL and hs-CRP did not show age-
dependent changes in this population (data not shown).

To determine the association of hs-CRP with the cog-
nitive function in the elderly, we examined the correla-
tion to MMSE, KBD and ‘Button scores’. We divided
the patients into two groups according to the points of
MMSE (cutoff; 24), KBD (cutoff; 12), and Button scores
(cutoff; 17). We found that the level of hs-CRP was sig-
nificantly higher in the patients with lower MMSE and
KBD, and higher button scores (Fig. 2a). These differ-
ences were significant by multiple regression analysis
after adjusting for age and sex. These results indicate
the association of hs-CRP with cognitive and functional
impairment. However, the level of total cholesterol,
high-density cholesterol (HDL-C) or albumin was not
statistically different between each group studied (data
not shown). Although the level of hs-CRP was also
higher in the patients who took longer time to complete
‘Get up and go’, the difference was not statistically sig-
nificant. The levels of DHEA, DHEA-S or MDA-LDL

10 |

A

Log(DHEA-S)

Log(DHEA)

60 70 80 80 100
age

Figure 1 Age-dependent decrease of
dehydroepiandrosterone (DHEA)-S and DHEA in elderly
patients. Relationship between age and serum levels of (A)
DHEA-S or (B) DHEA in the study patients is shown. The Y-
axis is shown as natural log of (A) DHEA-S or (B) DHEA.
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Figure 2 Levels of high-sensitivity C-reactive protein (hs-
CRP) and DHEA-S in study patients. (A) Hs-CRP and (B)
DHEA-S were measured in patients at the first visit to Kyoto
University hospital after informed consent was taken. Patients
were divided into two groups according to the level of each
test. Patients were divided into two groups according to the
score of Mini-Mental State Examination (MMSE); 24 and
more, and less than 24, time for Kohs block design (KBD); less
than 12 and 12 and more, ‘Button scores’; less than 17 and 17
and more, the time required for ‘Get up and go’; less than 20
and 20 and more, Geriatric Depression Scale (GDS); less than
9 and 9 and more. Values are the mean + SEM., Number of the
patients in each group is shown in each column. *P < 0.05,
*#*P < 0.01.

were, however, not associated with these tests (Table 4,
Fig. 2b).

In contrast, the levels of DHEA-S were significantly
lower in the patients with higher GDS scores (9 or over).
These differences were also significant by multiple
regression analysis after adjusting for age and sex
(P < 0.05). In contrast, the other markers, including hs-
CRP, were not associated with GDS scores (Fig. 2b).

Among the patients with lower MMSE (less. than 24),
52.6% had dementia while only 4.1% had dementia
among the patients with normal MMSE (24 or over). As

© 2006 Japan Geriatrics Society
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Data are expressed as mean + SEM. MMSE, Mini-Mental State Examination; KBD, Kohs block design; GDS, Geriatric Depression Scale.
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Table 4 Mean dehydroepiandrosterone (DHEA) and malondialdehyde-low density lipoproteins (MDA-LDL) levels in each group of patients
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a risk factors for stroke, hypertension was found in
26.3% of the patients with lower MMSE, while 32.0%
of the patients with normal MMSE had hypertension.
Other risk factors, such as diabetes mellitus and hyper-
lipidemia were found in less than 5% of the patients in
both groups. In terms of GDS scores, 37.9% of the
patients with high scores (nine or over) were diagnosed
with depression, while only 5.4% of the patients with
low scores (less than 9) were diagnosed with depression.
The incidence of dementia was 20.7% and 15.2% in
each group, respectively.

Discussion

In this study we demonstrate that hs-CRP could be a
marker to predict the cognitive impairment in elderly
patients in outpatient clinic. Our study also indicates
that DHEA-S is lower in patients with depressive mood
in the elderly. Thus, measuring these markers in the
outpatient clinic might be very useful to assess cognitive
and functional impairment as well as depressive mood
in elderly patients in addition to the assessment by
CGA.

Comprehensive Geriatric Assessment is a very effec-
tive way to assess cognitive and functional impairment
in the elderly and to find geriatric problems to improve
their quality of life (QOL). However, most of hospitals
have not utilized this assessment at their outpatient
clinics because it is time consuming and unprofitable.
Therefore, most geriatricians assess inpatients with
CGA, which is getting more and more popular in Japan.
Studies with outpatient CGA have not been successful
in terms of survival so far. Therefore, by utilizing out-
patient CGA and serum markers we would be able to
select patients with potential risk for the future decline
of cognitive functions and to eventually improve sur-
vival of frail elderly patients, although Bradly et al. indi-
cated that the improvement of mental health may be an
appropriate and realistic goal for outpatient CGA.%

Findings from epidemiological studies and some
small clinical trials that non-steroidal anti-inflammatory
drug (NSAID) users have a lower risk of AD, with indi-
cations of dose effects, has drawn much interest in
inflammatory mechanisms in AD.*%! As our data show
that the patients with cognitive impairment or potential
decline have higher levels of hs-CRP, we might be able
to select those patients to treat with NSAID to prevent
the progression of cognitive impairment. To rationalize
this treatment, we need a larger scale of study to prove
whether or not the decline in cognitive function is faster
in patients with higher hs-CRP levels.

Plasma DHEA shows a progressive age-related
decline in men and women. DHEA and androstenedi-
one have been shown to inhibit IL-6 secretion from
human mononuclear cells in vitro,*? suggesting a con-
nection between aging of endocrine and immune sys-

12

tems. DHEA has also been shown to suppress IL-4,
IFN-y and astrocytic TNF-a and IL-6 production 3¢
Despite its interesting inverse association with IL-6
levels and beneficial effects on senescence and cogni-
tion, a recent Cochrane Systematic Review found only
limited evidence of an improved sense of well-being with
DHEA supplementation.®> Clinical benefit of DHEA
supplementation should wait for other ongoing trials.

Association between DHEA-S levels and degenerative
disorders of the nervous system, such as dementia and
cognitive decline, have been controversial.'%3 Some
reports did not show the association of low serum
DHEA-S levels with AD and other forms of cognitive
dysfunction,** while. others suggest a role of DHEA-S
in depression, dementia and impaired cognitive perfor-
mances in the elderly.** Although our study did not
show the association of DHEA or DHEA-S with
MMSE, KBD, ‘Get up and go’ or functional reach, a sig-
nificant association of low DHEA-S with depressive
mood was shown in our patient group. Our study is a
cross-sectional study and the number of the patients is
relatively small. Therefore, a longitudinal study will be
necessary to determine whether or not the patients with
low DHEA-S have a higher risk for the development
of depression and whether or not treatment of those
patients with DHEA-S can prevent the development of
depression. Since the levels of DHEA-S declined
according to age, the age-related increase of depression
might be explained by a decrease of sex hormone, such
as DHEA-S. In this study, we used 8/9 as cutoff for GDS.
We used this cutoff point because it was appropriate in
terms of sensitivity and specificity (Wada et al. unpubl.
data). When we used 5/6 as cutoff for GDS, we found a
lower level of DHEA-S in patients with GDS scores of 6
or over, but could not find a statistical significance.

Our data indicate higher incidence of dementia in
patients with low MMSE and higher hs-CRP. We also
demonstrated higher incidence of depression in patients
with higher GDS scores and lower DHEA-S levels in
elderly patients with relatively preserved ADL. Risk fac-
tors for stroke such as hypertension did not seem to be
involved in these markers. With these cross-sectional
data in hand, we think. that it is important to follow
these patients to determine whether or not high levels of
hs-CRP results in a decrease in cognitive and functional
impairment and whether or not low levels of DHEA-S
predicts future depression. If low levels of DHEA-S are
associated with the development of depression in the
elderly, supplementation of DHEA might be beneficial
to improve their QOL. It is also important to determine
the cutoff point of these markers to select patients with
high risk for cognitive decline or depression. A larger
scale of study is necessary to address this issue.

In summary, our study indicates that measuring
serum markers such as hs-CRP and DHEA-S would be
useful to assess elderly patients along with CGA.

© 2006 Japan Gerijatrics Society
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