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Abstract
 Trends Geriatric Disease Research Evaluated by Long-term Longitudinal Study
Hiroshi Shimokata and Fujiko Ando

The number of patients with geriatric diseases will rapidly increase in our aging society. Geriatric diseases tend to pro-
gress chronically and disturb the daily activity of the elderly patients. Care for the elderly patients requires a great deal of
manpower. The prevention and treatment of geriatric disease are urgent issues that must be addressed. A comprehensive
longitudinal study of aging and geriatric disease was started at the National Institute for Longevity Sciences (NILS} in 1997
The participants of the NILS longitudinal study of aging (NILS-LSA) were 2,267 men and women from a local community
population. The participants are examined at the NILS and followed up every two years. An outline of the system and ex-
aminations of the NILS-LSA is shown. The latest results from the NILSLSA research including geriatric disease-related
genotypes and risk factors for mild cognitive impairment (MCI} are also presented.

Key words : Longitudinal study, Geriatric disease, genotype, Life-style, Cognitive impairment
{Jon ] Geriat 2002 ; 39 : 275—278)
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Presenting and best-corrected visual acuity in Japanese over forty years of age
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Fujiko Ando** Naoakira Niino  Hiroshi Shimokata  Yozo Miyake*®
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Abstract. We evaluated the presenting and best-corrected visual acuity in 2,263 persons in the general community
over forty years of age. The presenting visual acuity was defined as that measured by eyeglasses currently in use. The
elder group had a higher incidence of impaired presenting and corrected visual acuity (p<0.001). The incidence of pre-
senting visual acuity of less than 0.5 was 8.6% in the fifth decade, 6.2% in the sixth, 7.5% in the seventh, and 16.0%
in the eighth. That of best-corrected visual acuity was 0% in the fifth decade, 0.5% in the sixth, 1.2% in the seventh,
and 5.6% in the eighth. The incidence of best—corrected visual acuity of 0.5 or over among persons with presenting
visual acuity of less than 0.5 was 7.7% in the whole series. This incidence was significantly higher in persons in the
eighth decade than in those in the sixth and seventh {p< 0.05). The findings show that presenting visual acuity may im-
prove in elderly persons with the use of suitable eyeglasses.
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Absteact Transforming growth factor-pl (TGF-f1) is an
important regulator of blood pressure (BP) and vascular
remodeling, and thus may contribute to the pathogenesis of
hypertension. A T—C transition at nucleotide 869 of the
TGF-BI gene results in a Leu—Pro substitution at amino
acid 10 of the signal peptide. We have now examined the
possible association of the 869T—C polymorphism of the
TGF-f1 gene with BP and the prevalence of hypertension
in 2241 community-dwelling Japanese individuals (1126
men and 1115 women). TGF-B1 genotype was determined
by an allele-specific polymerase chain reaction method. For
women, both systolic and diastolic BP was significantly
higher in individuals with the CC genotype than in those
with the TT or TC genotype. No significant association
between TGF-B1 genotype and BP was detected in men.
The frequency of the CC genotype was significantly higher
in women with hypertension than in those with normal BP.
These results suggest that the TGF-81 gene at chromosome
19q13.1 may be a candidate susceptibility locus for hyper-
tension in Japanese women.

Key words Transforming growth factor-fl - Gene poly-
morphism - Blood pressure - Hypertension - Population-
based study

Introduction

The regulation of blood pressure (BP) involves both the
integration of a variety of biological systems that control the
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structure and tone of the vasculature and the velume and
composition of body fluid, as well as the adaptation of these
systems to constantly changing physiclogical needs (Lalouel
and Rohrwasser 2001). Hypertension is a complex multifac-
torial and polygenic disorder that is thought to result from
an interaction between an individual’s genetic background
and various environmental factors (Lifton et al. 2001). Re-
cent advances in genetic epidemiology have revealed that
certain genetic variants, including polymorphisms in the
genes encoding angiotensinogen (Jeunemaitre et al. 1992),
the B3 subunit of G proteins (Siffert et al. 1998), and the p2-
adrenergic receptor (Bray et al. 2000), increase the risk of
hypertension.

Transforming growth factor-f (TGF-B) is the prototype
of a large family of cytokines {Heldin et al, 1997). Three
isoforms of TGF-B (TGF-B1, -B2, and -p3) have been
identified in mammals, and these isoforms exhibit similar
biological properties. TGF-f directly stimulates the synthe-
sis of extracellular matrix proteins and inhibits matrix
degradation (Roberts et al. 1992a). It may influence BP by
stimulating both the production of endothelin-1 by vascular
endothelial cells (Kurihara et al. 1989) and the release of
renin from juxtagiomerular cells of the kidney (Antonipillai
et al. 1993). Li et al. (1999) demonstrated a positive correla-
tion between the circulating concentration of TGF-B1 and
BP in humans. In addition, the upregulation of TGF-B1
expression was shown to be associated with cardiovascular
and renal alterations in individuals with hypertension
(August et al. 2000).

Several single-nucleotide polymorphisms (SNPs) have
been detected in the TGF-Bl gene, including a 869T—=C
(Leui(Pro) transition at codon 10 and a 914G-C
(Arg25Pro) transversion at codon 25 in the region encoding
the signal peptide of this protein (Derynck et al. 1987,
Cambien et al. 1996; Grainger et al. 1999). Cambien et al.
(1996) showed that the 914G—C polymorphism was associ-
ated with hypertension, with the C allele reflecting a lower
systolic pressure and a lower frequency of a history of
hypertension. Suthanthiran et al. (2000) showed that the C
allele of the 869T—C polymorphism was more frequent in
African-Americans than in Caucasian Americans and was
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associated with both a greater abundance of TGF-fl
mRNA in peripheral blood mononuclear cells and higher
serum concentrations of the protein. Recently, Rivera et al.
(2001) showed that the 869T—C polymorphism was
associated with systolic BP measured at rest as well as at
moderate and maximal exercise intensities in Caucasians.

Clarification of the role of TGF-fi1 in the development of
hypertensicn should be facilitated by characterization of
the relations of genetic variants that may affect the produc-
tion, secretion, or activity of this cytokine to BP in various
gthnic groups. We have now studied the relation of the
869T-+C polymorphism of the TGF-£I gene to both BP and
the prevalence of hypertension in community-dwelling
Japanese men and women.

Subjects and methods
Study population

The National Institute for Longevity Sciences-Longitudinal
Study of Aging (NILS-LSA), a population-based prospec-
tive cohort study of aging and age-related diseases, was
begun in 1997 (Shimokata et al. 2000). We have examined
224] participants (1126 men and 1115 women) of the NILS-
LSA, all of whom were community-dwelling individuals
aged 40 to 79 years and randomly recruited from Obu City
and regions close to NILS in Aichi Prefecture, Japan. A
total of 1477 participants (746 men and 731 women) had
normal BP (systolic BP of <140mmHg and diastolic BP of
<90 mmHg), and 754 individuals (377 men and 377 women)
had hypertension (systolic BP of =140mmHg or diastolic
BP of 290mmHg, or both) or had taken antihypertensive
drugs; the remaining 10 subjects (3 men and 7 women) had
borderline hypertension (hypertension and norma! BP at
the first and second measurements, respectively) and did
not take antihypertensive medication. Individuals with con-
genital malformations of the heart or vessels, valvular heart
disease, or renal or endocrinologic diseases that cause sec-
ondary hypertension were excluded from the study. BP was
measured with subjects in the seated position according to
the guidelines of the American Heart Association (Perloff
et al. 1993). The study protocol was approved by the
Committee on the Ethics of Human Research of National
Chubu Hospital and the National Institute for Longevity
Sciences, and written informed consent was obtained from
each subject.

Genotyping of the TGF-81 gene polymorphism

Venous blood (7ml) was collected from each subject into
tubes containing 50mmol/l ethylenediaminetetraacetate
{(disodium salt), and genomic DNA was isolated with
an automated system {model NA-1000; Kurabo, Osaka,
Japan). TGF-B1 genotype was determined by an allele-
specific polynierase chain reaction (PCR)-based method,
as previously described (Yamada et al. 1998, 2000; Yokota
et al. 2000), with two sense primers (S1, 5'-CTCCGG

GCTGCGGCTGCTGCCT-3; 82, 5'-CTCCGGGCTGCGG
CTGCTGCC-3') and one antisense primer (AS,
5'-GTTGTGGGTTTCCACCATTAG-3'). Amplification
reactions were performed in a total volume of 25uL con-
taining 0.251g of genomic DNA, 10pmol of each primer,
0.2mmol/l each of deoxycytidine triphosphate, deoxythy-
midine triphosphate, deoxyguanosine triphosphate, and
deoxyadenosine triphosphate, 0.5U of Tag DNA poly-
merase (Amplitaq Gold; Perkin Elmer, Foster City, CA,
USA), 50mmeol! KCI, 1.5mmol/l MgCl,, 1.5% dimethyl sul-
foxide, 0.01% gelatin, and 10mmel/ Tris-HCI (pH 8.3). The
thermocycling procedure consisted of an initial denatura-
tion at 94°C for Smin; 35 cycles of denaturation (94°C for
30s), annealing (60°C for 30s), and extension (72°C for
30s); and a final extension at 72°C for Smin. The PCR
products were analyzed by 1% agarose gel electrophoresis
and visualized by ethidium bromide staining. The expected
size of the specific amplification product was 346 bp.

Statistical analysis

Data are presented as means * SD. BP and other quantita-
tive data were compared among TGF-1 genotypes by one-

" way analysis of variance and the Tukey-Kramer post hoc

test, BP values were analyzed with adjustment for age, body
mass index (BMI), smoking status, alcohol consumption,
and salt intake by the least squares method in a general
linear model, BP values were also subjected to analysis of
covariance and the Tukey-Kramer test in a general linear
model. Qualitative data were compared by the chi-square
test. Allele frequencies were estimated by the gene count-
ing method, and the significance of deviation from Hardy-
Weinberg equilibrium was analyzed by the chi-square test.
A P value of <0.05 was considered statistically significant.

Results

We examined the effect of TGF-f1 genotype on BP in a
total of 1758 subjects (876 men and 882 women), consisting
of 1477 individuals with normal BP and 281 untreated indi-
viduals (130 men and 151 women) with borderline or mild
hypertension (Tables 1 to 3). The characteristics of these
subjects are shown in Table 1. The distribution of TGF-f1
genotype was in Hardy-Weinberg equilibrium both in men
and in women. For women, the fasting blood sugar concen-
tration was significantly greater in individuals with the CC
genotype than in those with the TC genotype. BMI and
serum asparate aminotransferase activity were lower and
the serum concentration of creatinine was higher in women
with the T'C genotype than in those with the 7T genotype.
For men, the serum concentrations of total cholesterol and
triglycerides were lower in individuals with the CC geno-
type than in those with the TT or TC genotype. BMI was
greater in men with the TC genotype than in those with the
TT genotype.

For women, both systolic and diastolic BP values were
significantly greater in individuals with the CC genotype
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Table 1. Characteristics of 1758 subjects according to TGF-[i1 genotype
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Men (n = 876) Women (n = 882)

Characteristic . 7T TC cC T TC ceC
No. of subjects 238 (27.2%) 441 (50.3%) 197 {22.5%} 266 (30.2%) 465 (52.7%) 150 {17.1%)
Age (years) 55.7 = 10.8 574 £ 2.6 57.6 £ 11.2 573+ 114 564 £ 108 553 £123 -
BMI {kg/m?) 224 £ 3.1 230 = 2.1* 227 +28 230 £33 224 22 229 =37
Smoking {pack-year) 236 £ 200 253 x 1389 243 +210 1.8 49 1.3 +635 18 +62
Alcohol consumption {gfday) 29.1 = 370 260378 233+ 318 60179 47 =173 5.8 =197
Salt intake {g/day) 13346 131 > 42 128 £ 42 113 £33 11.2 =43 11.5+37
Blood examination
Hemoglobin (g/dL} 156 * 15 156221 154 %14 136 * L6 136 =22 13.7 % 1.2
Asparate aminotransferase (TU/L) 265 =154 276 = 168 26.7 = 168 255 £ 13.0 23.2 z 130 238 = 123
Alanine aminotransferase (IU/L) 279 + 200 27.7 %210 263 =210 224 £ 163 196 = 17.3 2.7 172
v-Glutamyl transferase (TU/L) 56.2 = 70.8 615 =714 572+728 29.8 £ 245 26.7 £ 259 29.7 * 24.6
Total cholesteral (mg/dL} 21531 212+ 21 206 *+ 28 228 33 225*43 27131
HDL-cholesterol {mgfdL) 574 £ 139 582 = 126 56.2 * 140 66.0 = 14.7 66.9 = 15.1 64.5 + 148
Triglycerides (mg/dL) 127 = 77 139+ 84 120 + 84t 108 = 49 105 = 65 113 £62
Fasting blood sugar {mg/dL) 104 = 15 (103 £ 21 103 £ 14 9 = 16 98 + 22 102 = |2
Hemoglobin A, (%) 529 x 0.62 5.36 £ 0.63 529 =070 5.13 + 049 513043 523+ 049
Blood urea nitrogen {mg/dL}) 163 + 13.9 163 = 14.7 14.6 =252 137 £ 114 155130 144 x 11.1
Creatinine (mg/dL}) 1.00 £ 0.31 103021 1.00 £ 0.28 0.76 + 1.63 0.73 = 2.16* 077 =012
Sodium (mEq/L}) 1435 143 x6 144 £ 9 143+ 6 142%6 143 x5
Potassium {mEq/L} 414123 420 = 1.26 428 £ 224 407 £ 1.14 422 + 1.30 4.10 = 0.98
Caleium (mg/dL) - 927 =031 027 £ 021 9.26 * 0.28 9.25 033 927 £ 0.22 026 +0.37
Magnesium {mg/dL} 220 = 0.15 220 =021 221 =014 217 * 016 - 219+022 217 +0.12
Data are means = SD
BMI, Body mass index
* P = 003 versus 7T, ' P = 0.04 versus TT, *P = 0.01 versus 77, 'P = 0.02 versus TC
Table 2. Systolic and diastolic BP in 1758 subjects according to TGF-§1 genotype

Men {7 = 876) Women (1t = 882)

T rc ccC TT TC cc

(n = 238) (n = 441) {n=197) (n = 266) {n = 465) (n = 151)
Systolic BP (mmHg) 1200 = 169 121.0 + 16.8 122.0 = 182 119.7 £ 19.6 1189 = 194 1247 + 18.5*
Diastolic BP (mmHg) 749 + 10.8 755 > 105 757 112 723+ 114 720 » 10.8 75.6 = ILI
Adjusted for age (years), BMI (kg/m®), smoking (pack-year), alcohol consimption (g/day), and salt intake (g/day)
Systolic BP (mmHg) 121.1 = 16.9 120.1 = 16.8 1220 = 168 1181 =179 119.0 + 173 123.9 = 18.5
Diastolic BP (mmHg) 75.1 =108 75.1 £ 105 759 +938 720 £ 114 722 * 0.8 754 = (1.1}

Data are means *= SD
BP, Blood pressure; BMI, body mass index

*P = 0.03 versus 77T, P = 0.003 versus TC: ' P = 0.02 versus 7T, P = 0.001 versus TC; * P = (.006 versus T7, P = 0.015 versus 7C.* P = 0.007

versus TT, P = 0.006 versus TC

Table 3. General linear model for analysis of factors that affect systolic and diastolic BP in 1758 subjects

Men (n = §76)

Women (n = §82)

Systolic BP Diastolic BP Systolic BP Diastolic BP

SRC P SRC P SRC P SRC P
TGF-p1 genotype 0.038 0273 0.034 0.318 0.103 0.002 0.113 <0.001

(Tr=TC=0,CC=1)

Age (years) 0,123 <(.001 0.035 0.331 0.246 <0.001 0.156 <0.001L
BMI (kg/m®) 0.252 <0.001 0273 <0.00t 0.305 <0.001 0.300 <{(.00L
Smoking (pack-year) -0.057 0.110 -0.0s1 0.150 =0.011 0.757 -0.012 0.728
Aleohol consumption {g/day) 0.159 <0.001 0.191 <0.001 0.014 0.681 0.020 0.562
Salt intake (g/day) -0.064 0.074 -0.030 0.390 ~-0.026 0.437 -0.033 0.341

Data were subjected to analysis of covariance and the Tukey-Kramer test in a general linear model
BP, Blood pressure; SRC, standardized regression coefficient: BMI, body mass index
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Table 4. Association of TGF-A1 genotype wilh the prevalence of hypertension in 1477 subjects
with normal BP and 754 subjects with hypertension

Men (n = 1123)

Women (n = 1108)

Normal Hypertension Normal Hypertension
(n = 746) {(n=3T0 (n=731) (n=37T)
TGF-AI genotype
T 210 (28.2%) 94 (24.9%) 226 (30.9%) 114 {30.2%)
TC 372 (49.9%) 203 (53.8%) 392 (53.6%) 184 (48.8%)
TT+ TC 582 (78.0%) 297 (78.8%) 618 (84.5%) 298 (79.0%)
cc 164 (22.0%) 80 (21.2%) 113 (15.5%) 79 (21.0%)
P(TT + TC versus CC) 0.770 0.017

Normal, systolic BP of <140mmHg and diastolic BP of <%0 mmHg; hypertension, systolic BP of

=140mmHg and/cr diastolic BP of =90mmHg
BP, Blood pressure

than in those with the T7T genotype and those with the TC
genotype (Table 2). Given that aging, obesity, smoking,
excessive alcohol consumption, and increased salt intake
are conventional risk factors for hypertension, we analyzed
BP values after adjustment for age, BMI, smoking status,
alcohol consumption, and salt intake by the least squares
method. The association of TGF-B1 genotype with BP did
not change after adjustment for these factors. For men,
however, no difference in systolic or diastolic BP was
detected among TGF-B1 genotypes.

Analysis with a general linear model revealed that
TGF-f1 genotype, age, and BMI significantly influenced
both systolic and diastolic BP in women {Table 3). In men,
BMI and alecchol consumption significantly affected both
systolic and diastolic BP, with age affecting only systolic
BP.

To clarify further the effect of the C allele on BP, we
compared the distribution of TGF-f1 genotypes between
1477 individuals with normal BP and 754 individuals with
hypertension {Table 4). The frequency of the CC genotype
was significantly higher in subjects with hypertension than
in those with normal BP for women. In contrast, the C allele
was not associated with the prevalence of hypertension
in men.

Discussion

TGF-P1  stimulates the expression of endothelin-1
(Kurihara et al. 1989) and inhibits the production of nitric
oxide (Roberts et al. 1992b) in vascular endothelial cells,
which would be expected to result in an increase in BP. It
also stimulates renin release from juxtaglomerular cells
(Antonipillai et al. 1993), which likely results in an in-
creased generation of angiotensin II and a consequent in-
crease in BP. In addition, TGF-f1 promotes the deposition
of extracellular matrix proteins on vessel walls, thereby
influencing their stiffness and compliance (O’Callaghan and
Williams 2000). Thus, TGF-31 appears to play an important
role in the regulation of BP and the development of hyper-
tension. We have now examined the association of variants

of the TGF-fI gene with both BP and the prevalence of
hypertension in community-dwelling Japanese, Qur results
show that the 869T—C polymorphism of the TGF-8I gene
is associated with BP in women and that the CC genotype is
more prevalent in women with hypertension than in those
with normal BP.

We failed to detect an association of the 869T—C poly-
morphism of the TGF-B1 gene with BP or with the preva-
lence of hypertension in Japanese men. We previously
showed that the T allele of this polymorphism is a risk factor
for predisposition to myocardial infarction in Japanese men
but not in women {Yokota et al. 2000). The reason for these
gender-dependent differences in the association of TGF-B1

- genotype with hypertension or with myocardial infarction
remains unciear.

In an association study of hypertension and myocardial
infarction with SNPs in the TGF-81 gene, Cambien et al,
(1996) showed that the 914G—C (Arg25Pro) polymor-
phism was associated with the prevalence of hypertension
among populations in both France and Northern Ireland,
The presence of the C (Pro25) allele was associated with |
lower systolic BP in the control group. Li et al. (1999) also
showed that homozygosity for the G (Arg25) allele of this
polymorphism was more frequent in individuals with hyper-
tension than in normotensive controls in the United States,
However, we were unabie to detect this polymorphism in
102 Japanese subjects (data not shown). In contrast to our
results, Cambien et al. (1996) did not detect an association
of the 869T—C polymorphism with either BP or the preva-
lence of hypertension in their European populations. The
distribution of the 869T—C polymorphism in European
male control subjects {TT, 225 (35.8%); TC, 294 (47.2%);
CC, 107 (17.0%)] (Cambien et al. 1996) was significantly
different from that in men [TT, 238 (27.2%); TC, 441
(50.3%); CC, 197 (22.5%); P = 0.0006, chi-square test] and
marginally different from that in women [TT, 266 (30.2%);
TC, 465 (52.1%); CC,151 (17.1%); P = 0.056] of our popu-
lation. Thus, the prevalence of TGF-B1 polymorphisms may
differ among races. .

Suthanthiran et al. (2000) showed that the distribution of
869T—C genotypes in African-Americans differed signifi-
cantly from that in Caucasian Americans, in that there was
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an excess of the C allele in the former when compared with
the latter. These researchers also showed that the abun-
dance of TGF-B1 mRNA in peripheral blood mononuclear
cells and the serum concentration of TGF-f1 were both
greater in individuals with the CC or TC genotype than in
those with the TT genotype, consistent with our previous
observation that the serum concentration of TGF-pl in-
creases with the number of C alleles (Yamada et al. 1998,
2000; Yokota et al. 2000). Although Suthanthiran et al.
(2000) detected an association of the abundance of TGF-f1
mRNA in peripheral blood mononuclear cells and of the
serum concentration of TGF-f1 with hypertension, they
failed to demonstrate a direct association of the 869T—C
polymorphism with the prevalence of hypertension. Rivera
et al. (2001) recently showed that the 869T—C polymor-
phism was associated with systolic BP in Caucasians; the
systolic BP of homozygotes for the T allele was thus
significantly lower than that of homozygotes for the C
allele, both at rest and at moderate or maximal exercise
intensities. In contrast to the observation of Suthanthiran
et al. (2000), these researchers observed no difference in
allele frequencies between black and white subjects (Rivera
et al. 2001). Qur results show that the 869T—C polymor-
phism of the TGF-B1 gene is associated with BP in Japanese
women and that the CC genotype is more prevalent among
women with hypertension, although the contribution of
this polymorphism to hypertension appears to be relatively
small.

TGF-B1 is synthesized in a latent form composed of 390
aminc acids, with the active protein consisting of two
identical disulfide-linked polypeptide chains corresponding
to the 112 carboxyl-terminal residues of the precursor
{Derynck et al. 1985}, The LeulQOPro (869T—C) polymor-
phism is located in the signal peptide sequence of TGF-fl,
which is thought to target newly synthesized protein to the
endoplasmic reticulum (Verner and Schatz 1988). We previ-
ously showed that the serum concentration of TGF-#1 in-
creases according to the rank order of 869T—C genotypes
TT < TC < CC (Yamada et al. 1998, 2000; Yokota et al.
2000). This association suggests that the Leul0OPro substitu-
tion may affect the function of the signal peptide, probably
influencing intracellular trafficking or export efficiency of
the protein. Although the serum concentration of TGF-p1
was not measured in the present study population, our
observation that women with the CC genotype showed the
highest BP is consistent with the previous observation that
BP positively correlates with the serum concentration of
TGF-f1 (Li et al. 1999).

It is possible that the 869T—C polymorphism of the
TGF-BI gene is in linkage disequilibrium with some other
gene polymorphism that is actually responsible for the
development of hypertension. Our results, however, sug-
gest that the TGF-BI gens located at chromosome 19q13.1
is a candidate susceptibility locus for hypertension in
Japanese women.
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Abstract

To determine the recent secular trends in serum lipid levels and characterize their influence on the aging process, we examined a
large cohort of Japanese cross-sectionally and longitudinally. The participants included 80331 Japanese men and women 20-79
years of age, who had received annual health examinations from 1989 to 1998. In cross-sectional analysis, an increase in total and
LDL cholesterol as well as triglyceride levels was observed in the population during the period of 1989-1998. The longitudinal
changes showed that total and LDL cholesterol increased with age in men between the birth cohorts of the 1920s and 1960s. In
women, these cholesterol levels increased in the 1930s and younget cohorts. HDL cholesterol decreased in men of all birth cohorts,
However, HDL cholesterol increased in women of the 1940s and younger cohorts, Triglyceride levels increased in men of the 1940s
and younger cohorts but decreased in the 1930s and older. Triglyceride levels increased in women of the 1930s and younger.
Longitudinal analysis also suggested a birth cohort effect except for the triglyceride level for women. These results suggest that
Japanese serum lipid levels continue to increase and that there exist birth cohort effects regarding serum lipid levels in the Japanese
population. © 2002 Elsevier Science Ireland Ltd. All rights reserved.

Keywords: Serum lipid: Cholesterol; Triglyceride; Cross-sectional study: Longitudinal study

1. Introduction Due to the rapid westernization of the Japanese

lifestyle, serum lipid levels have been reported to
increase after 1960s [12—15]. However, recent trends in
Japanese serum lipid levels are controversial. According
to a survey of serum lipid levels which has been carried
out by the members of the Japan Atherosclerosis Society

A number of studies have demonstrated that higher
serum cholesterol levels are associated with an increase
in subsequent morbidity and mortality due to coronary
heart disease [1-3]. Since the 1970s, increasing aware-

ness of dietary and other lifestyle determinants of serum
lipid levels has led to recommendations to the general
public in the US and many European countries {4,5]. In
fact, a decline in serum cholesterol has been observed
during past 30 years in these countries [6—8]. Parallel to
changes in serum cholesterol levels, coronary heart
disease mortality has also declined in these countries
[e-11].

* Corresponding author. Tel.: +81-52-744-2364: fax: +81[-52-744-
2371.
E-mail address: Kuzuya@med.nagoya-u.ac.jp (M. Kuzuya).

every 10 years since 1960, no significant change was seen
in either total cholesterol or triglyceride levels in the 10
years from 1980 to 1990, although a marked increase
was observed in the periods from 1960 to 1980 [16].
However, other surveys observed that Japanese serum
cholestero!l levels still increased from 1980 to 1990
[17,18]. Although an important issue is whether these
trends have persisted into the 1990s, unfortunately no
studies examining the recent trend of serum lipid profile
have been performed in a large Japanese population
after 1990. In addition, almost no study has examined
the longitudinal changes in the recent Japanese lipid
profile in individuals over time.

0021-9150/02/% - see front matter @ 2002 Elsevier Science Ireland Ltd. All rights reserved.
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The purpose of this study is to examine both secular
trends in serum lipids in a large Japanese population
and changes in these lipid levels in a single cohort of
individuals.

2. Methods

2.1, Study population

Study population was office workers and their
families residing in Aichi Prefecture in the central region
of Japan. The subjects included 80331 Japanese (50056
men and 30275 women) with an average age of 44.5
years in men, and 43.7 years|in women, who had
received annual examinations at a health examination
center in Japan between 1989 and 1998 (Table 1). Since
study population was many and unspecified office
workers and their families, the participation rate is
unknown. Eight hundred eighty four subjects (1.1% of
total subjects, 81 215) who were receiving medication for
hyperlipidemia had been excluded. Our cohort included
more male than female, since the number of male
workers is greater than female in Japan. About 57% of
the cohort attended at least one follow-up examination.
Average visits for the follow-up examinations were 3.0
times for men and 2.6 times for women. The examina-
tions included an interview and blood chemistry on the
same day.

2.2. Laboratory methods

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 examination center. Serum total cholesterol
and triglycerides were measured by using enzymatic
methods. HDL cholesterol was measured after dextran
sulfate—magnesium precipitation. No differences were

Table |
Characteristics of participants, means (8.D.)

Men Women
Number of subjects 50056 30275
Total number of serum lipid mea- 149763 77717
surements for 10 years
Average number of measurement 3.0 (2.5) 26(22)
pet subject for 10 years
Average age (years) 44.5(9.) 43.7(5.2)
Total cholesterol {mg/dl) at initial 196.8 (34.7) 198.0 (36.6)
nieasurement
LDL cholesterol (mg/dl) at initial 114.7 (31.3) 113.4 (33.2)
measurement
HDL cholesterol (mg/dl) at initiat §4.5 (13.1) 66.7 (14.3)

measurement
Triglyceride (mg/dl} at initial mea-
surement

143.5 (102.7) 89.9 (50.7)

256

seen in the sample collection, laboratory apparatus, or
techniques used between 1989 and 1998. LDL choles-
terol was estimated for samples with triglyceride levels
of 400 mg/d! or less by using the method of Friedewald
et al. [19].

2.3. Data analysis

Data were processed and analyzed using the Statis-
tical Analysis System (SAS) version 6.12 [20]. In the
cross-section analysis, mean values of each serum lipid
in 1989 and 1998 were plotted. The difference of serum
lipid levels between 1989 and 1998 were examined using
¢-test in six age groups divided by decades ranging from
20-29 to 70-79 years.

Longitudinal changes in serum lipid levels were
analyzed by a mixed effect model [21,22], which is a
type of statistical analysis commonly used for repeated
measurements. 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 usually needed to
accommodate the correlation structure of the repeated
measurements. This autoregressive structure was con-
trolled in the mixed effect model. The least-square
means for serum lipid values at 50 years of age in each
cohort were determined. The trend in cohort difference
was tested.

" 3. Results

3.1. Cross-sectional analysis

Fig. 1 shows the age-specific means of serum lipid
levels and a 3-year moving average of serum lipid levels
in men and women in 1989 and 1998. The age-specific
changes in serum lipid levels were similar in 1989 and
1998. In men, serum total cholesterol level gradually
increased from 20-29 up to 50-59 years and no further
increase was observed after 50-39 years. In women,
serum total cholesterol level dramatically increased from
20-29 up to 60-69 years and then subsequently
decreased. These age-related changes were similar in
LDL cholesterol levels in men and women. HDL
cholesterol levels decreased between 20-29 and 40-49
years and remained unchanged 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 5059 years in
men, whereas triglyceride in women increased up to 60—
69 years, and then decreased at 70-79 years.

Mean values of serum lipid levels in 1989 and 1998 are
shown by age group and gender (Table 2). Significant
gender differences existed in lipid levels. Before 40-49
years, total and LDL cholesterol levels in men were
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Fig. 1. Effect of aging on serum lipid levels in cross-sectional analysis. The age-specific means of serum lipid levels and a 3-year moving average of

serum lipid levels are shown in men and women at 1989 and 1998.

higher than those in women. However, after 50 years of
age, women had higher concentrations of serum total
and LDL cholesterol than did men. Higher HDL
cholesterol levels were observed in women than in men
at all age groups. Gender difference in triglyceride levels
was also observed in younger age groups, but the
difference tended to decrease in older groups. In men,
total and LDL cholesterol levels significantly increased
and HDL cholesterol decreased in 1998 compared with
those in 1989 with age in the third, fourth, fifth, and
sixth decades of life. Triglyceride levels increased in 1998
with age in the third, fourth, and fifth decades of life in
men. In women, total cholesterol, LDL cholesterol, and
HDL cholesterol levels significantly increased in 1998
compared with those in 1989 with age in the third,
fourth, and fifth decades of life. Triglyceride levels
increased in 1998 with age in the fourth decade of life
in women.

3.2. Longitudinal analysis

Longitudinal changes in serum lipid levels by birth
cohort in men and women are shown in Fig. 2, These
changes indicate the slight birth cohort effect in the
serum total cholesterol and LDL cholesterol levels for
men, since at most ages, the total and LDL cholesterol

values of younger birth cohorts were higher than those
of the older birth cohorts. But a birth cohort effect on
other lipid levels was not clear in men and women. The
shape of these curves also contains information regard-
ing the age effect. In this case, total and LDL cholesterol
levels increased with age up to 60 years old in both men
and women. Regarding HDL cholesterol level, no
significant age effect was observed for men. On the
other hand, HDL cholesterol levels decreased with age
for women. Triglyceride levels increased with age up to
40-49 years for men and 60-69 years for women,
Table 3 examines the mean change in lipid levels for 1
year by birth cohort and gender using repeated mea-
surements during 10 years on the same individuals. Over
the interval, total cholesterol increased significantly with
age in men and women from the birth cohorts between
the 1930s and 1960s. This indicated that in 55-year-old
men and women total cholesterol level increased by 0.51
and 1.19 mg/dl per year, respectively. LDL cholesterol
increased significantly with age for men from the birth
cohorts between the 1920s and 1960s, indicating that
even 64-year-old men still increased LDL cholesterol by
0.51 mg/dl per year. HDL cholesterol decreased sig-
nificantly in men from the cohorts of the 1930s, 1950s,
and 1960s, Triglyceride decreased significantly in men
from the birth cohort of the 1930s and increased from
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Fig. 2. Longitudinal changes in serum lipid levels. Mean serum lipid levels are shown by age in five birth cohorts.

the cohorts between 1940s and 1960s. In women from
the birth cohorts between 1930s and 1960s, total and
LDL cholesterol as well as triglyceride levels increased
significantly with age. While HDL cholesterol levels
decreased in women from the birth cohort of the 1930s,
they increased from the cohorts between 1940s and
1960s.

As the tendency of serum lipid levels based on the
longitudinal analysis was inconsistent with the results
from the cross-sectional analysis, we examined the
differences in age-adjusted serum lipid levels in each
birth cohort (cohort effect). The serum lipid levels at 50
years of age in men and women were estimated for each
birth cohort using the least-square means methods in the

Table 3

Rate of changes in serum lipid levels in longitudinal analysis {(mg/dl per year)

Birth cohort

19201929 1930-1939 1940~1949 1950-1959 1960-1969
Men
Number of subjects 1432 9400 17458 16116 5179
Age (years) at initial determination 64.0 {0.08) 55.8 (0.04) 46.5 (0.03) 38.3 (0.03) 31.8 {0.05)
Total cholesterol (mg/dl) 0.25(0.13) 0.51 (0.07)* 0.92 (0.04)* 1.48 (0.05)* 1.85 (0.11)*
LDL cholesterol {mg/dl) 0.51 (0.16)* 0.71 (0.06)* 0.84 (0.04)* 1.20 (0.04)* 1.37 (0.1H*
HDL cholesterol (mg/dt) —0.11 {0.07) -0.15 (0.0)* —0.03 (0.02)* —0.10 (0.02)* —0.13 (0.04y*
Triglyceride (mg/df) —0.85 (0.55) —0.52(0.21)* 0.48 (0.12)* 2.05 (0.1a)y* 3.75 (0.35y*
Women
Number of subjects 683 5036 10064 . 10070 3868
Age (years) at initial determination 64.5 (0.12) 55.5(0.05) 46.8 (0.04) 38.7 (0.03) 31.5 (0.06)
Total cholesterol (mg/dl) —0.43 {0.26) 1.19 (0.09)* 2.92 (0.06)* 1.94 (0.06)* 118 (0.12)*
LDL chotesterol {mg/dl) —0.35(0.24) 1.07 (0.0%)* 2.39 (0.05)* 1.54 (0.06)* 0.73 (0.11)*
HDL cholesterol {mg/dl) —0.02 (.11 —0.21 {0.04)* 0.11 {0.02)* 0.13 (0.03)* 0.30 (0.05)*
Triglyceride (mg/dl) —0.48 (0.41) 1.70 (0.15)* 2.18 (0.09)* 1.36 (0.10)* 0.78 (0.19)*

Mean +standard error.
* Significant change (P < 0.05).
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mixed effects model. Tukey multiple comparison
showed significant differences in the estimated serum
lipid levels among the birth cohorts except for triglycer-
ide levels in women (Table 4). In men, the younger
cohort showed the higher total cholesterol, LDL cho-
lesterol, and triglyceride values, and lower HDL choles-
tero! at 50 years of age (trend P <0.001). In women, the
younger cohort showed higher total, LDL, and HDL
cholesterol (trend P < 0.001).

4. Discussion

Cross-sectional trends in serum total cholesterol levels
in samples of the 20 to 70-year-old Japanese population
revealed that, overall, total cholesterol levels increased
significantly between 1989 and 1998 in men and women
from 193.9 to 201.5 and from 197.6 to 203.8 mg/dl,
respectively. LDL cholesterol and triglyceride levels also
significantly increased in men, whereas HDL cholesterol
decreased between 1989 and 1998 for men. On the other
hand, for women, mean values of LDL as well as HDL
cholesterol levels significantly increased between 1989
and 1998, but triglyceride level showed no significant
changes during this 10 years. The cross-sectional results
by age groups suggested that total cholesterol, LDL
cholesterol, and triglyceride levels increased, and that
HDL cholesterol decreased in middle-aged adults (from
30 to 60 years of age) from 1989 to 1998 in the Japanese
male population. In addition, women of 30, 40, and 50
years of age showed increased total, LDL, and HDL
cholesterol levels during this 10-year period.

Althoungh the information on nutritional intake was
not available for our study, it has been reported that fat
intake (especially animal fat) has continued to increase,
and carbohydrate intake has been decreasing in the
general Japanese population from 1989 to 1997 (fat,
58.9 g/day; animal fat 28.3 g/day in 1989 and fat, 59.3 g/
day; animal fat, 29.7 g/day in 1997) (data in 1998 are not
available) [23,24]. This may be the one of the reasons

Table 4
Estimated serum lipid levels in subjects 50 years of age

that total and LDL cholesterol levels are still increasing
in the Japanese population. It has been known that
obesity and body mass index (BMI) are significantly
related to triglyceride levels [25,26]. In our cohort, BMI
has increased in men during the past 10 years, although
no change in BMI has been observed in women (data
not shown). These tendencies with regard to BMI
changes agree with the report showing that BMI and
the rates of excess weight and obesity have been
increasing during past 10 years in men, but that no
increase in BMI has been observed in women of the
general Japanese population [24]. This contrast in BMI
between men and women may explain the different
changes in triglyceride levels between men and women
during the past 10 years.

The decrease of HDL cholestero! in men for the past
10 years is consistent with the concept that HDL
cholesterol level has an inverse relationship to triglycer-
ide level and BMI [27-29]. However, the reason for the
increase of HDL cholesterol level in women in this 10-
year period is not clear, since no obvious changes in
triglyceride level and BMI were observed in women. It
should be noted that the HDL cholesterol levels of our
cohort were relatively higher than those reported in
other Japanese populations. The National Nutritional
Survey conducted by the Japanese Ministry of Health
and Welfare in 1989 reported that the average HDL
cholesterol level in a random Japanese population was
50.4+14.92 mg/dl (mean+S.D.) and 56.0+15.27 mg/dl
in men and women between 30 and 70 years of age and
more in men, respectively [23]. Based on the data from a
survey of serum lipid levels in the general Japanese
population conducted by the Japan Atherosclerosis
Society in 1990, the mean HDL cholesterol level of the
Japanese population from 20 to 7% years of age is 51,1
mg/dl for men and 57.4 mg/dl for women, 4 and 9 mg/dl
less than those levels of our study in 1989 [16]. These
different HDL cholesterol levels may be due to the
difference in survey populations between general and
local populations.

1940-1949

Birth cohort 19201929 1930-1939 1950-1959 19601969
Men

Total cholesterol (mg/dl) 200.7 (1.31) 203.0 (0.65) 209.2 (0.43) 2153 (0,57 222.0 {0.95)
LDL cholesterol (mg/d) 115.0 (1.20) 118.3 (0.60) 124.0 (0.39) 129.5 {0.52) 135.6 {0.87)
HDL cholesterol (mg/dl) 55.3 (0.50) 53.9 (0.25) 53.5(0.16) 52.5(0.22) 52.1 (0.36)
Triglyceride (mg/dl) 160.5 (4.04) 162.5 (2.04) 168.4 (1.34) 175.0 (1.79) 181.3 (3.01)
Women

Total cholesterol (mg/dl) 198.3 (1.91) 210.8 (0.96) 212.6 {0.66) 212.4 (0.79) 221.4 (1.28)
LDL cholesterol {mg/dl) 114.2 (1.75) 125.2 (0.88) [25.5 (0.61) 1238 (0.73) 129.0(1.17)
HDL cholesterol {(mgfdl) 65.0 (0.84) 65.9 (0.42) 68.1 (0.29) 70.0 (0.35) 73.4 (0.56)
Triglyceride (mg/dl) 929 (2.97 99.4 (1.52) 96.1 {1.04} 94.0 (1.25) 96.7 (2.02)

Mean +standard error. There were significant trends in the estimated serum lipid levels by the birth cohorts except for triglyceride levels in female
(trend P < 0.001).
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Cross-sectional analyses revealed a progressive in-
crease in total and LDL cholesterol to age 50-39 years
in men and to 60-69 years in women, after which the
levels of cholesterol in women appeared to fall. HDL
cholesterol decreased to age 40-49 years in men and to
70-79 years in women followed by the unchanged levels.
Triglyceride level increased to 40-49 years in men and
to 60—69 years in women, followed by a decline. These
cross-sectional age-related distributions of serum lipid
fevels are in close agreement with the results reported in
other population-based samples in Japan [16].

However, longitudinal studies are required to examine
age-related changes in serum lipids. Our longitudinal
analyses suggested that total and LDL cholesterol
tended to increase up to 1920-1929 birth cohort (60-
69 years, average 64.0-year-old) and up to 1930-1939
birth cohort (50-59 years, average 55.5-year-old) in men
and women, respectively. These results seem to be
inconsistent with the few published reports based on
longitudina! data. During an 8-year follow-up period,
total cholesterol in the Framingham Study was seen to
increase in the 35-49-year-old cohort but declined in
men aged 50-64 and 65-79 years when follow-up began
[30]. Investigators from the Rancho Bernardo Study
suggested that total and LDL cholesterol decreased
during 8 years of follow-up in both men and women in
all age groups above 50 [31]. These inconsistent ob-
servations are not due to the racial difference, since total
cholestero!l declined longitudinally with age after the
subjects reached 50s, in the Honolulu Heart Program,
which enrolled Japanese—American men [32]. Some
ethnic differences including dietary habits, physical
activities, or life style as well as differences in public
health awareness may contribute these inconsistent
observations between other cohorts and ours. However,
some selection bias may also exist in our cohort, since
most of our subjects were healthy office workers.

At present, very limited data are available regarding
the longitudinal changes in trigiyceride levels in the mid-
aged population and in the elderly. Garry et al. reported
that no significant longitudinal changes in triglyceride
were observed in either men or women over 60 years of
age (median age, 72 years) during 9 years of follow-up
[33]. However, in our cohort, triglyceride level increased
in the 1940-1949 birth cohort (average 46.5-year-old)
and younger, and decreased in the 1930-1939 birth
cohort and older cohort for men, For women, triglycer-
ide level increased in the 1930-1939 birth cohort and
younger cohorts. These longitudinal changes in total
and LDL cholesterol and triglyceride levels were similar
to the results of cross-sectional analysis, whereas a
significant difference was observed in the longitudinal
analysis of HDL cholesterol level. The effect of age on
HDL cholesterol is controversial. In our longitudinal
analysis, HDL cholesterol tended to decrease in all birth
cohorts in men, but increased in the 1940-1949 birth
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cohort {(average 46.8-year-old) and younger cohorts in
women. The report from the Honolulu Heart Program
demonstrated that HDL cholesterol increased during 8
years of follow-up in men even aged 70-79 [32].
However, HDL cholesterol level declined with age in
both men and women in the longitudinal analysis of the
Framingham Study [32] and the Rancho Bernardo
Study [31].

Our longitudinal analysis indicated a birth cohort
effect except for the triglyceride levels in women. Higher
estimated total and LDL cholesterol levels were ob-
served in younger birth cohorts than in older cohorts.
This may suggest that younger birth cohorts tended to
pursue a more westernized lifestyle than do older birth
cohorts. Cohort effects seem to contribute to the
appearance of the increase in cholesterol levels seen in
1998 in the cross-sectional analysis.

It should be noted that our results may not be
indicative of the Japanese population as a whole because
the subjects in this study represent an urban population.
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. Never-
theless, their lipid levels increased during the last 10
years, In this study, subjects who are receiving lipid-
lowering medication were excluded. Therefore, the
degrees of increase in serum lipid levels may be under-
estimated.

The main findings in this study include an observed
increase in total and LDL cholesterol as well as
triglyceride levels in a middle-aged Japanese population
during the period of 1989-1998. Birth cohort effects
were observed regarding serum lipid levels in the
Japanese population. Public health programs to alter
the plasma lipid concentrations in the Japanese popula-
tion will be required to prevent further increases in
serum lipid levels as well as in coronary heart disease.
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Prevalence of Hyperesthesia Detected by Current Perception
Threshold Test in Subjects with Glucose Metabolic
Impairments in a Community

Kiyoshi Takexuma, Fujiko ANpo*, Naoakira Nuno* and Hiroshi SHIMOKATA*

Abstract

Objective  Recent studies reported that hyperesthesia
may be an indicator of early diabetic polyneuropathy. Us-
ing the current perception threshold (CPT) test, which
stimulates peripheral sensory nerve fibers by three differ-
ent frequencies (2,000, 250, and 5 Hz), we investigated the
relationship between hyperesthesia and glucose metabolic
impairment in a community.

Methods The number of subjects, aged 40 to 79 years,
was 2,074. The CPT values at each frequency were classi-
fied into three categories (hyperesthesia, normal, and
hypoesthesia). Subjects were also subgrouped into three
groups (normal, insulin resistance, and diabetes) accord-
ing to glucose metabolic status, and those with hypoesthesia
at e4ch frequency were excluded in the analyses.

Results ‘The prevalence of hyperesthesia at 2,060, 250,
and 5 Hz in male diabetic subjects were 14.1, 15.6, and 7.7 %,
respectively, and 22.2, 24.5, and 16.4% respectively in fe-
male diabetic subjects. In logistic regression analysis ad-
justed for age, females with diabetes showed a significantly
high odds ratio (OR) for hyperesthesia at 2,000 Hz (OR,
2.42; 95% confidence interval (95%CI}, 1.18 to 4.97) and
250 Hz (OR, 2.65; 95%CI, 1.31 to 5.37). In male diabetic
subjects, a significantly high odds ratio for hyperesthesia
was seen at 250 Hz (OR, 2.09; 95%CI, 1.07 to 4.05).

Conclusion Our results suggested that hyperesthesia
may emerge coupled with developing diabetes, supporting
the precedent hypothesis.

(Internal Medicine 41: 1124-1129, 2002)

Key words: CPT, gender difference, diabetic neuropathy, dia-
betes

Introduction

Quantitative sensation festing methods are recommended for
characterizing cutaneous sensation alteration in patients with
diabetic polyneuropathy (1). These methods can detect hyper-
esthesia (1), which is thought to be a marker of injured nerve
fibers (2). Recently, Dyck and coworkers reported a higher
prevalence of hyperesthesia in patients with a milder spectrum
of diabetic polyneuropathy with these methods (3), suggesting
it may be worthwhile to assess for hyperesthesia as an indica-
tor of diabetic polyneuropathy.

At present, there is little information on the natural history
of diabetic neuropathy. However, some previous studies have
reported the occurrence of diabetic polyneuropathy early in
the course of diabetes (4, 5). These reports suggested the pos-
sibility of hyperesthesia in diabetic patients before the devel-
opment of overt polyneuropathy.

This study was aimed to examine the possibility whether
hyperesthesia may develop early in the course of diabetes in
people living in a community. To clarify this issue, we investi-
gated the association between hyperesthesia and glucose meta-
bolic status in subjects subdivided into three groups according
to glucose metabolic status (normal, insulin resistance, and
diabetes} in a community using current perception threshold
(CPT) test, which is used to evaluate peripheral sensory nerve
fibers quantitatively (6).

For editorial comment, see p 1079.

Subjects and Methods

This study was a part of a large longitudinal study on aging
(National Institute for Longevity Sciences — Longitudinal
Study on Aging; NILS-LSA). The design of the study and its
objectives have been published previously (7). In brief, par-
ticipants of this study were recruited from stratified random
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