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Table 3 Drugs or supplements
the respondents found the most
promising for prevention of

Monotherapy
Number of replies 430

Multiple drug or supplement

255

No response
291

elderly fractures

Number of responses
for drug or supplement

Number of responses
for drug or supplement

Vitamin D5 43 (10%) 174 (68%}
Vitamin K, 9.(2%) 81 (32%)
Calcitonin 43 (10%) 135 (53%)
Bisphosphonate 284 (66%) 159 (62%)
Iprifravon 1 (0%) 10 {4%)
Estrogen 20 (5%) 64 (25%)
Ca supplements 5{1%) 60 (24%)
Other 25 (6%) 10 (4%)

ation with level of interest in each of the three items
mentioned above. The interest of Japanese orthopedists
above the age of 50 years in each of these items was more
than 2.3 times greater than that in orthopedists below
that age. Physician workplace was also associated with
interest in osteoporosis and prevention of fractures in
the elderly from falls. Private practitioners were more
likely to have greater interest in these items. A significant
association was also seen between percentage of elderly
patients and level of interest in prevention of fall frac-
tures.

When promising strategies to prevent elderly frac-
tures from falls were analyzed similarly, significant
associations were found between age and drugs, age and
nutrition guidance, and workplace and exercise. With
regard to promising drugs to prevent fractures in the
elderly from falls, physician age showed significant
associations with vitamin D, calcitonin, bisphospho-
nates, and caleium. Similarly, workplace was associated
with multidrug treatment and calcitonin (Table 4).

Finally, in response to questions on hip protectors,
20% reported being very familiar with hip protectors.
With the addition of those who had seen hip protectors,
altogether 42% of respondents had a certain level of
knowledge of hip protectors. However, the most com-
mon response was having heard of hip protectors only.

Table 4 Significant OR (95%CI) defined by logistic regression in
demographic data of physicians. The interest of physicians in each
item was treated as a dependent variable, and demographic data as
an independent variable. Similarly, each strategy or each drug was

This together with the 18% who knew nothing at all of
hip protectors indicated that the majority of respondents
lacked knowledge of hip protectors (Table 5).

To the question of whether hip protectors can prevent
hip fractures, fewer than 10% of the orthopedists who
reported that they were very familiar with hip protec-
tors, had seen hip protectors, or had heard of hip pro-
tectors, responded that hip protectors were sufficiently
able to prevent such fractures. The great majority had a
lower assessment, while 20% responded that they did
not know (Table 5).

The contributions of level of doctor interest and
demographic data to a response of being very familiar
with hip protectors were examined with a logistic
regression model. The results showed that only level of
interest in preventing fall fractures was significantly
associated with this response (OR: 2.18, 95%CL: 1.32,
3.61).

Discussion

In this survey, we were able to gather practical infor-
mation on the interests of Japanese orthopedists in
preventing fractures in the elderly, as well as their
awareness with regard to main prevention strategies

treated as a dependent variable, and demographic data as an
independent variable, in anmalyzing the associations between
promising strategies or drugs and demographic data

Age Workplace Percentage
of elderly patients
Interest in osteoporosis 2.32 (1.75, 3.08) 1.94 (1.47,2.57) -
Interest in fractures in the elderly from falls 234 (1.75,3.12) - -
Interest in prevention of fractures 237(1.79, 3.14)  1.41 (1.07, 1.86)  1.36 (1.02, 1.82)
in the elderly from falls
Promising stratepies to prevent fractures Drugs 1.39 (1.02-1.88) - -
in the elderly from falls Nutrition guidance 0.68 (0.49-0.93) -~ -
Exercise - 0.71 {0.52-097) -~
Fall prevention measures - - -
Promising drugs or supplements to prevent  Multidrug treatment - 1.37 (1.01-1.87y -
fractures in the eldetrly from falls D 1.84 (1.32-2.56) - -
CT 1.76 (1.23-2.6) 2.00 (1.41-2.85) -
Bis 0.45(0.34-0.61) - -
Ca 1.87(1.08-3.23) - -
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Table 5 Knowledge and confidence about hip protectors among respondents

Question Number of replies

Yes, very familiar

I have seen it

I have heard of it Never heard of it —

Are you familiar with this device? 193 (20%)
Do you think that a hip protector Quite possible
can prevent hip fractures? 57 (8%)

217.(22%)

374 (51%)

To some extent possible

388 (40%) 178 (18%) -
Not very possible Impossible Don’t know
130 (18%) 25 (3%) 150 (20%)

*Question to doctors who are very familiar with hip protectors, have seen or heard of them

such as medications and hip protectors. This should
serve as a starting point for comparison to periods when
new bisphosphonates or hip protectors become com-
moenly available to Japanese orthopedists.

Patients with frapility fractures represent a unique
opportunity for treatment intervention. Failure to treat
them for osteoporosis at the time of the fracture is a
missed opportunity for prevention of additional fragility
fracture [12]. According to several surveys, however, the
rate at which diagnostic evaluation or treatment aimed
at secondary prevention of fragility fractures is imple-
mented is not high. One study reported that only 13% of
patients with hip fracture were treated with osteoporosis
medication at discharge [13], and others reported rates
of osteoporosis follow-up for patients with wrist fracture
of 24% [14] and 50% [15]. In addition, 24% of women
with fractures of various sites received an osteoporosis
drug [16] and 49% were evaluated or treated for osteo-
porosis [17] during the 1 or 2 years following fracture.

Writing about the attitudes of orthopedists to the
prevention of fragility fractures, the editor of ome
orthopedics journal stated that, “historically, orthope-
dists have readily treated fragility fractures, but they
have rarely followed through and initiated care and
treatment of the porous skeleton. Fixation of fractures is
not enough. Orthopedists must strive to prevent frac-
tures rather than treating them once they occur” [7].

To the best of our knowledge, there are not a great
many surveys on the interests or attitudes of orthope-
dists toward the prevention of osteoporotic fractures.
However, from a 1998 British survey of 70 orthopedic
surgeons it was reported that “only a small percentage
of orthopedic surgeons advised their patients routinely
on various preventive measures for osteoporotic frac-
tures™ [9). A 2000 survey of 89 orthopedic surgeons in
Ireland reported that these orthopedists had a passive
stance with regard to secondary prevention following
hip fractures [10]. In the clinical scenario of the ques-
tionnaire, 83% of the orthopedic surgeons responded
that they would not initiate or recommend investigation
of the extent of the underlying osteoporosis in the
hypothetical case of a 72-year-old female with a hip
fracture after a minor fall. Looking only at these sur-
veys, the pessimism of the editor cited above is quite
understandable.

From a comparison of our results with these other
surveys, it would seem that Japanese orthopedists are
much more positive toward fracture prevention. No

similar surveys were conducted in the past, so the gen-
erational changes in prevention awareness cannot be
known; however, it is possible that orthopedists are
instinctively coming to recognize the importance of
prevention as the number of fractures in the elderly in
Japan rapidly increases.

However, the real attitude or practice seems to be
different from the interest or awareness. Even among the
orthopedists in the present survey who responded that
fall prevention is promising, only 39% actually imple-
mented fall prevention measures, revealing a chasm be-
tween thinking and implementation. This gap between
interest and implementation in Japanese orthopedists
may also be seen in other strategies such as medication,
nutrition guidance or exercise, although the precise rates
are unknown due to a limitation of the present study
design. However, the high interest in preventing frac-
tures among the respondents will surely provide a strong
basis for the early improvement of the low implemen-
tation rate.

One reason for the forward-looking interest of Jap-
anese orthopedists in fracture prevention may be the
influence of orthopedists in private practice. Many of
them treat outpatients with non-surgical methods, and
$0 may have greater occasion to consider and implement
preventive measures than do hospital doctors who are
pushed toward surgery. Of the present respondents,
39% were private practitioners, and their interest in
osteoporosis and fracture prevention was higher than
that of physicians in other employment systems.

Measures thought by Japanese orthopedists to be
particularly important for the prevention of fractures in
the elderly from falls were fall prevention, exercise, and
drugs, in that order. Among these measures, fall pre-
vention is most commeonly taken up in combination with
several other fall fracture prevention methods, indicat-
ing that fall prevention occupies a central position in
approaches to fracture prevention. The British survey
mentioned above [9] revealed a similar tendency in that a
majority {69%) of orthopedists agreed that physiother-
apy and occupational therapy were very important to
minimize. They advised physiotherapy and occupational
therapy at a higher rate than other measures such as diet
(19%), exercise (17%), calcium supplement (3%), vita-
min D alone (0%), vitamin D with calcium (7%), bis-
phosphonates alone (0%), bisphosphonates with
calcium (4%) or calcitonin (1%). Although the data
from the present survey do not permit us to clarify why
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the majority of Japanese orthopedists believe that fall
prevention is more important than medical manage-
ment, some reasons may be suggested. First, the cir-
cumstances of orthopedists may make them consider
fractures of the elderly to be injuries due mainly to the
accident force rather than the underlying osteoporosis.
Most patients with fractures other than asymptomatic
spinal fractures visit or are transported to orthopedists
as accident patients. Consequently, orthopedists may be
prone to regard fall prevention as the strategy to be
adopted first. Secondly, the delay of approval in Japan
for new osteoporosis medicines such as risedronate,
raloxifene, and parathyroid hormone, for which there is
strong evidence of fragility fracture prevention, may be
related to such results. Because none of these medicines
was approved for clinical use and even alendronate had
just recently been approved in Japan at the time of our
survey, Japanese orthopedists did not at the time have
sufficient knowledge or confidence in the power of these
new osteoporosis medicines to prevent fractures.
Therefore, the difference in attitudes toward fall pre-
vention and medication would likely be reduced if a
similar survey were to be conducted today.

The relationship between physician demographic
data and responses about level of interest in fractures
among the elderly and promising measures and medi-
cations to prevent such fractures was investigated in a
multivariate analysis. The most consistent influence on
these itemns was the age of the physician him- or herself.
This differs from a survey of English orthopedic sur-
geons in which no difference was seen according to age
{9). Japanese doctors over the age of 50 have a signifi-
cantly greater interest in fractures and their prevention
than do doctors below that age, and believe that medi-
cations are a promising measure for such prevention.
The agents most commonly selected by them were
vitamin D, calcitonin, and calcium, with few doctors
selecting bisphosphonates. This age-dependent influence
reflects the experienced judgment based on long years of
medical practice of these physicians, and possibly a
tendency as well for older doctors to regard osteoporosis
and fractures from falls as being problems closer to them
personally. The hesitation seen in older physicians to
select bisphosphonates, which are relatively new drugs in
Japan, may indicate their conservative tendencies
toward new drugs.

The effectiveness of hip protectors is still not highly
evaluated by Japanese orthopedists, even though their
preventive efficacy against hip fractures has also been
reported in Japan [18]. Forty-two percent of physi-
cians in the present study knew something about hip
protectors, and 60% of these physicians were aware
that they had some real effect in fracture prevention.
Even though the level of awareness is still low,
knowledge over a certain level was found to exist. Be
that as it may, at the time of the survey there was a
large gap between knowing about and actually rec-
ommending that high-risk patients wear hip protec-
tors. The confidence of Japanese orthopedists in hip
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protectors still seems to be low, and information
should continue to be provided regarding the reli-
ability of hip protectors.

A limitation of the present study is thought to be the
moderately low response rate, so that the resuits possibly
do not reflect overall trends. For example, the results
may be biased toward the stratum of older males. They
may also have been biased by the lower percentage of
responses from orthopedists in university hospitals and
the higher percentage from those in private practice.
However, considering that female orthopedists account
for a very low proportion of only 3.2% of all Japanese
orthopedists, and that the 2-4 years after graduation
from medical school is a period of training, the study
subjects would seem to approximate the stratum of
orthopedists that is actually involved in daily orthopedic
treatment in Japan. The present analysis results may
therefore be a fairly accurate reflection of the current
approaches to the prevention of fractures in the elderly
from falls among Japanese orthopedists.

Another possible limitation is that the special cir-
cumstances of Japanese orthopedics may have made the
results of the survey pertain primarily to the Japanese.
Orthopedics in Japan is different from most other
countries in that there are many non-surgical orthopedic
practitioner. This fact should be taken into consider-
ation when comparing the results of our survey with
those of similar surveys from other countries. However,
considering the results of the British survey cited above
and ours, the tendency to regard fall prevention as the
first strategy for preventing fractures in the elderly may
be common in orthopedists of many countries.

In conclusion, our survey showed that Japanese
orthopedists had a very high interest in osteoporosis,
fractures in the elderly from falls, and the prevention of
such fractures. They considered the most promising
measure for the prevention of fractures in the elderly
from falls to be fall prevention, and the most effective
agents to be bisphosphonates, vitamin D3 and calcito-
nin. Their confidence in hip protectors as a means to
prevent fractures was still low.
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Abstract Genetic variants of the androgen receptor and
¥lotho protein may contribute to variation in bone mass as
well as to predisposition to osteoporosis. The relationship
of a CAG repeat polymorphism of the androgen receptor
gene (AR) and of a -395G—A polymorphism of the
klotho gene (KL) to bone mineral density (BMD) in
Japanese women was examined in a popdlation-based
study. The subjects (1,101 and 1,110 women for AR and
KL polymorphisms, respectively) were aged 40-79 years
and were randomly recruited to a population-based
prospective cohort study of aging and age-related dis-
eases. BMD for the total body, lumbar spine, right fem-
oral neck, right trochanter, and right Ward’s triangle was
measured by dual-energy X-ray absorptiometry. Geno-
types for the AR and KL polymorphisms were determined
by polymerase chain reaction based assays. The number
of CAG repeats of AR was inversely correlated with BMD
for the lumbar spine in premenopausal women but not in
postmenopausal women. The (CAG)<22 and (CAG)q23
alleles were designated S and L, respectively. Among
premenopausal women, BMD for the total body was
significantly lower in subjects with the LL genotype than
in those with the SS genotype or those in the combined
group of S§ and SL genotypes. In contrast, BMD was not
associated with AR genotype in postmenopausal women,
Among all women, BMD for the Iumbar spine was sig-
nificantly lower in subjects with the GG genotype of the
-395G—A polymorphism of KL than in those with the
AA genotype. BMD was not associated with -395G—A
genotype among premenopausal women. In postmeno-
pausal women, BMD for the total body or lumbar spine
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tended to be lower in subjects with the GG genotype than
in those with the AA genotype or those in the combined
group of GA and AA genotypes. These results suggest that
AR is a susceptibility gene for reduced BMD in pre-
menopausal Japanese women, and that KL is a suscepti-
bility gene for reduced BMD in all women.

Keywords Bone density - Androgen receptor - Klotho
protein - Genetics - Osteoporosis
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Abbreviations AR: Androgen receptor - BMD: Bone
mineral density - PCR: Polymerase chain reaction

Introduction

Osteoporosis, a major health problem of the elderly, is
characterized by a reduction in bone mineral density
(BMD) and a deterioration in the microarchitecture of
bone, both of which result in predisposition to fractures
[1]. Although reproductive, nutritional, and life-style
factors influence BMD, family and twin studies have
suggested that this parameter is largely heritable and
under the control of multiple genes [2, 3, 4]. Genetic
linkage analyses [5, 6, 7] and candidate gene association
studies [8, 9, 10] have thus implicated several loci and
candidate genes in the regulation of bone mass and the
prevalence of osteoporosis or osteoporotic fractures. Such
candidate genes include those for the androgen receptor
{AR) and Klotho {11, 12].

Androgens play important roles in the development
and metabolism of bone [13]. The AR is expressed in
human osteoblastic cells as well as in human osteoclasts,
suggesting that androgens exert direct effects on bone
cells {14). The gene encoding the AR (AR), which is
located on heman chromosome Xqll-ql2, is thus an
important candidate susceptibility gene for osteoporosis.
Variation in the size of the microsatellite region in the
first exon of AR is attributable to a CAG repeat poly-
morphism that encodes a polyglutamine tract comprising
9--35 residues in the amino-terminal domain of the re-
ceptor protein [15, 16]. In vitro transfection assays have
demonstrated that AR proteins with shorter polyglutamine
tracts possess greater transactivation activity [17, 18, 19]
whereas tract size does not affect the binding of andro-
gens to the receptor [20]. Although the CAG repeat
polymorphism of AR was shown to be associated with
BMD in women or in men in some studies [11, 21, 22, 23,
24], other studies have failed to detect an effect of this
polymorphism on BMD or fracture risk [25, 26]. Fur-
thermore, racial differences in the number of CAG repeats
have been demonstrated, with African-Americans ex-
hibiting a higher prevalence of short CAG repeat se-
guences than other ethnic groups [15, 27]. Given the
ethnic differences in CAG repeat length as well as in
other genetic or environmental influences on BMD, it is
important to examine the relationship of the CAG repeat
polymorphism of AR to BMD in each ethnic group.

Klotho is a type I membrane protein that shares se-
quence similarity with members of the glycosidase family
{28]. Mice deficient in this protein exhibit multiple aging
phenotypes and age-related disorders, including a short-
ened life span, reduced spontaneous activity, arterioscle-
rosis, infertility, skin atrophy, premature thymic invelu-
tion, pulmonary emphysema, and osteopenia, although the
function of klotho remains to be determined [28]. The
osteopenia observed in klotho-deficient mice is accom-
panied by a reduced turnover of bone; a decrease in bone
formation exceeds a decrease in bone resorption, resulting
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in substantial bone loss that resembles that in aging hu-
mans [29]. A human homolog of the mouse klotho gene
has been isolated and its structure determiined [30]. The
human gene (KL) comprises five exons and spans approx.
50 kb on chromosome 13q12. Ogata et al. [31] examined
the relationship of a CA repeat polymorphism down-
stream of KL to BMD and showed that the alleles corre-
sponding to 22 and 24 repeats are associated with low and
high BMD, respectively. Kawano et al. [12] identified
eight and six polymorphisms of KL in white and Japanese
women, respectively, and showed that the —-395G—A
polymorphism in the promoter of KL is associated with
BMD in postmenopausal (65 years) women of each
ethnicity. The sizes of the populations in which this as-
sociation was detected were only small (55 white, 215
Japanese), however. Large-scale population-based studies
are thus required to assess the effect of this polymorphism
on BMD. '

We attempted to identify genes significantly associated
with BMD in Japanese women in a population-based
study. AR and KL are both candidates for genes that
confer susceptibility to osteoporosis. We thus examined
the relationship of polymorphisms of these genes to BMD
in the present study, although there is no apparent bio-
logical link between the two gemes. Our aim was to
identify a single polymorphism significantly associated
with BMD for each gene. Among several polymorphisms
previously identified in KL, only the -395G-—A poly-
morphism has beer shown to potentially affect gene
function. We therefore selected this polymorphism for our
analysis. We have now examined whether the CAG repeat
polymorphism of AR or the =395G—A polymorphism of
KL is associated with BMD in Japanese women in a
population-based study.

Methods
Study population

The National Institute for Longevity Sciences-Longitudinal Study
of Aging (NILS-LSA) is a population-based prospective cohort
study of aging and age-related diseases [32]. The present study
rzpresents a cross-sectional analysis within the NILS-LSA. The
subjects of the NILS-LSA are stratified by both age and gender and
were randomly selected from resident registrations in the city of
Obu and town of Higashiura in central Japan [32, 33]. The Life-style
of residents of this area is typical of that of individuals in most
regions of Japan. The NILS-LSA aimed to recruit equal numbers of
men and women. Age at the baseline was 40-79 years, and the
numbers of participants in each age decade (40s, 50s, 60s, and 70s)
were similar. The planned number of participants was 2,400, that is,
approx. 300 men and 300 women in each age decade. A total of
7.855 men and women was randomly selected from the commu-
nity-dwelling population; of these selected individuals 16 were
already deceased and 49 had moved away. The remaining 7,790
individuals were invited to attend an explanatory meeting by mail;
a total of 3,434 replied, 881 of whom declined to attend the
meeting, 2,553 agreed to attend, and 2,513 actually did attend.
After the explanatory meeting, 2,267 individuals participated in the
initial examination. Thus of the 7,790 individuals contacted by mail
and the 34,34 individuals who replied, 29.1% and 66.0%, respec-
tively, enrolled in the study. The subjects will be followed up every
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2 years. All participants are subjected at a special center to a de-
tailed examination, which includes not only medical evaluation but
also assessment of exercise physiology, body composition, rutri-
tion, and psychology. Among the 2,267 participants 1,128 are
women. Eighteen women who had disorders known to cause ab-

normalities of bone metabolism, including diabetes mellitus, renal -

diseases, rheumatoid arthritis, and thyroid, parathyroid, and other
endocrine diseases, or who had taken drugs such as estrogen,
progesterone, glucocorticoids, ard bisphosphonates were excluded
from the present study. Nine women whose AR genotype was not
successfully determined were also excluded from the analysis of the
relationship of the AR polymorphism to BMD.

We examined the relationship of BMD at various sites to the
CAG repeat polymorphism of AR and to the -3%5G—A polymor-
phism of XL in 1,101 and 1,110 women, respectively. The study
protocol complies with the Declaration of Helsinki and was ap-
proved by the Committee on Ethics of Human Research of National
Chubu Hospital and the NILS. Written informed consent was ob-
tained from each subject.

Measurement of BMD

BMD for the total bedy, lumbar spine (1.2-1.4), right femoral neck,
right trochanter, and right Ward's triangle was measured by dual-
energy X-ray absorptiometry (QDR 4500; Hologic, Bedford, Mass.,
USA). The coefficients of variance of the machine were 0.9% (total
body), 0.9% (L2-L4), 1.3% (femoral neck), 1.0% (trochanter), and
2.5% (Ward's triangle).

-

Determination of genotypes

The polymorphic region in e¢xon 1 of AR was amplified by the
polymerase chain reaction (PCR) with a sense primer labeled at the
§ end with 6-carboxyfluorescein (5-ACCTCCCGGCGCC-
AGTTTG-3") and with an antisense primer (5'-CTGCTGCTGC-
CTGGGGCTAG-3'). The reaction mixture (25 pl) contained 20 ng
DNA, 5 pmol of each primer, 0.2 mmol/l of each deoxynucleoside
triphosphate, 2.5 mmol/1 MgS0,, and 0.4 U KODplus DNA poly-
merase (Toyobo, Osaka, Japan) in polymerase buffer. The ampli-
fication protocol comprised initial denaturation at $4°C for 5 min;
35 eycles of denaturation at 94°C for 30 s and annealing-extension
at 68°C for 30 s; and a final extension at 68°C for 2 min. The size of
microsatellite-containing DNA fragments amplified by PCR was
determined with a Prism 3100 DNA sequencer with GeneScan and
Scnotypcr software (Applied Biosystems, Foster City, Calif.,
SA).

Genotypes for KL were determined with a fluorescence-based
allele-specific DNA primer assay system [34]. The polymorphic
region of KL was a.mgliﬁed by PCR with allele-specific sense
primers labeled at the 5 end with either fluorescein isothiocyanate
(5-GGCGCCGACCAACTTXCC-3') or Texas red (5'-GGCGCC-
GACCAACTTXTC-3') and with an antisense primer labeled at the
5 end with biofin (5'-CTAGGGCCCGGCAGGATC-3). The re-
action mixture (25 pl} contained 20 ng DNA, 5 pmol of each
primer, 0.2 mmoll of each deoxynucleoside triphosphate,
2.5 mmol1 MgCly, and I U of :Taq DNA polymerase (Toyobo) in
polymerase buffer. The amplification protocol comprised initial
denaturation at 95°C for 5 min; 40 cycles of denaturation at 95°C
for 30 s, annealing at 65°C for 30 s, and extension at 68°C for 30 s;
and 2 final extension at 68°C for 2 min. The amplified DNA was
incubated in a solution containing streptavidin-conjugated magnetic
beads in the wells of a 96-well plate at room temperature. The plate
was then placed on a magnetic stand, and the supernatants from
each well were transferred to the wells of a 96-well plate containing
0.01 mol/1 NaOH and were measured for fluorescence with a mi-
croplate reader (Fluoroscan Ascent; Dainippon Pharmaceutical,
Osaka, Japan) at excitation and ernission wavelengths of 485 and
538 nm, respectively, for fluorescein isothiocyanate and of 584 and
612 nm, respectively, for Texas red.

Statistical analysis

Since guantitative data were not necessarily all distributed nor-
mally, they were compared by both parametric and nonparametric
tests. Comparisons between two groups were performed with the
unpaired Student's ¢ test or the Mann-Whitney U test, and those
among three or more groups were compared by one-way analysis of
variance and the Tukey-Kramer post hoc test or by the Kruskal-
Wallis test (SAS, SAS Institute, Cary, N.C., USA). Since the results
obtained with parametric and nonparametric tests were similar,
statistical analyses with the former are shown in Tables 1, 2, 3, and
4. BMD values were analyzed with adjustment for age, height, and
body weight by the least squares method in a general linear model.
Allele frcriuencics were estimated by the gene-counting method,
and the y~ test was used to identify significant departure from
Hardy-Weinberg equilibrium. The effects of the CAG repeat gen-
otype of AR, the =395 G— A genotype of KL, or both genotypes on
BMD at various sites for all women were evaluated by regression
analysis; R° and P values were calculated from analysis of AR
genotype and/or XKL genotype. We considered a P vaive of 0.005 or
less to be statistically significant for the multiple comparisons of
genotypes with BMD. For other background data, a P value of 0.05
or less was considered statistically significant. We also calculated
the statistical power to detect differences in BMD among women
with different genotypes, where ¢=0.0167 among three groups,
o=0.0083 among four groups, and 5=0.1.

Resuits

The distribution of the number of CAG repeats in AR for
all women ranged from 12 to 37 (22.842.9; Fig. 1). The
number of CAG repeats was significantly related to L2-
L4 BMD for premenopausal women, but not for post-
menopausal or total women (Fig. 2). Among premeno-
pausal women BMD for the lumbar spine decreased as the
number of CAG repeats increased. Since the mean num-
ber of CAG repeats was 22.8, we designated CAG),<22
and (CAG),>23 alleles as short (5) and long (L) alleles,
respectively.

The distributions of §S, SL, and LL genotypes of AR
were in Hardy-Weinberg equilibrum, and age, height,

300

200

Number of Alleles

100

o-
1213141516 1718192021 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37
Number of Repeats '

Fig. 1 Distribution of the number of CAG repeats in AR in 1,101
women (2,202 alleles)
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Fig. 2 Relationship between
the number of CAG repeats in
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Table 1 BMD and other characteristics of all women (a=1,101) according to the CAG repeat genotype of AR, BMD values are adjusted

for age, height, and body weight

855 (n=238, 21.6%) SL (n=533, 48.6%)}

LL (n=328, 29.8%)

35S + SL (n=773,702%) SL+ LL (n=863, 78.4%)

Age (years) 58.9+0.7 59.120.5 59.9+0.6 39.120.4 55.4+0.4

Height (cm) 151.820.4 151.2+0.3 151.00.3 151.4+0.2 151.1£0.2

Body weight (kg}  52.3:0.5 52.40.4 52,6405 52.440.3 52.5:0.3

BMD (g/fcm?) '
Total body 0.97220.006 0.965+0.004 0.961£0.005 0.967+0.003 0.963£0.003
L2-L4 0.8840.008 0.8610.005* 0.860+0.007 0.868+0.005 0.850+0.004**
Femoral neck 0.68620.006 0.6770.004 0.6750.005 0.680+0.003 0.676+0.003
Trochanter 0.5760.005 0.570+0.004 0.568+0.005 0.57220.003 0.569+0.003
Ward's triangle 0.514£0.008 0.506x0.005 0.505+0.006 0.508+0.004 0.506+0.004

* P<0.05, **P<0.01 vs. $5 (statistical power to detect differences in BMD among women with S5, SL, or LL genotypes is 0.1% of the

largest value)

and body weight did not differ among genotypes, for all
women (Table 1). BMD for the lumbar spine with ad-
justment for age, height, and body weight tended to be
lower in the combined group of women with the SL or LL
genotypes or in women with the SL genotype than in those
with the S5 genotype; the P values for these differences,
however, did not achieve statistical significance.

To examine the possible influence of menopause on
the relationship between genotype and BMD, we ana-
lyzed BMD and other characteristics for premenopausal
and postmenopausal women independently. Becanse of
their small number {(n=17) perimenopausal women were
excluded from the analysis. The distributions of SS, SL,
and LL genotypes of AR were in Hardy-Weinberg equi-
librium, and age, height, and body weight did not differ
among genotypes, for premenopausal or postmenopausal
women (Table 2). For premenopausal women, BMD for
the total body was significantly (P<0.005) lower in those
with the LL genotype than in those with the §S genotype
or those in the combined group of S§ and SL genotypes.
The difference in BMD for the total body between the 5§
genotype and the LL genotype was 3.9% (expressed as a
proportion of the larger value). In contrast, BMD was not
associated with AR genotype in postmenopausal women.

The distribution of —-395G—A genotypes of KL was in
Hardy-Weinberg equilibrium, and age, height, and body
weight did not differ among genotypes for all women
(Table 3). BMD for the lumbar spine was significantly
(P<0.005) lower in women with the GG genotype than in
those with the AA genotype; the difference in L2-L4
BMD between these two groups (expressed as a per-
centage of the larger value) was 7.9%.

We also analyzed the relationship of BMD and other
characteristics to KL genotype for premenopausal and
postmenopausal women independently (Table 4). The
distributions of -395G—A genotypes of KL were in
Hardy-Weinberg equilibrium, and age and body weight
did not differ among genotypes in premenopausal or
postmenopausal women. Height did not differ among KL
genotypes in premenopausal women, but postmenopausal
women with the GG genotype were taller than were those
with the GA genotype or those in the combined group of
GA and AA genotypes. In premenopausal women, BMD
was not associated with -395G—A genotype. In post-
menopausal women, although there was a trend (P<0.05)
for BMD for the total body or lumbar spine to be lower in
subjects with the GG genotype than in those with the AA
genotype or those in the combined group of GA and AA
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Table 5 Effects of the CAG o o and XL cenotypes
repeat genotype of AR, the AR genotype KL genotype AR genowe
-395G—A genotype of KL, or B P R P R P
both genotypes on BMDzin all Toral body
= ) d
\‘:’33{11?‘5::;31 ‘;:I?\);eghfio}fn ?-2. d AR 0.0023 0.1255 0.0015 0.2151 0.0026 0.1016
gression analysis of AR geno- LS:LM 0.0015 0.2157
— L=u' -
%’fgﬁisgg,cl P Ay Y 00045 00307 00045 00287  0.0048 0.0256
1=AA) KL 0.0046 0.0281
Femoral neck
AR 0.0031 00735 0.0008 0.3457 0.0034 0.0621
KL 0.0008 0.3464
Trochanter
AR 0.0013 0.2399 0.0027 0.0921 0.0016 0.1991
KL 0.0027 0.0958
Ward’s trian- '
gle
AR 0.0015 0.2124 0.0013 0.2382 0.0017 0.1856
KL 0.0013 0.2432

genotypes, the P values for these relationships did not
achieve statistical significance.

Finally, the effects of the CAG repeat genotype of AR,
the —395G—A genotype of KL, or both genotypes on
BMD at various sites in all women were evaluated by
regression analysis (Table 5). Although there was a trend
(P <0.05) that AR genotype and KL genotype affected
BMD for the lumbar spine, this difference was not sta-
tistically significant. The effects of the two polymor-
phisms on BMD were statistically independent.

Discussion

The CAG repeat polymorphism of AR has previously
been shown to be associated with osteoporosis in men. In
a study of white men, repeat length was inversely corre-
lated with BMD, with long repeats [(CAG)z;] being
associated with lower phalangeal BMD, higher bone
turnover, and increased bone loss {21]. A study of Finnish
men, however, did not detect an association between this
polymorphism of AR and BMD [26]. In women over-
representation of certain AR genotypes (combinations of
alleles with 22, 23, 24, or 25 repeats) was found among
pre- or perimenopausal individuals with low BMD [11]. A
Danish study demonstrated a higher frequency of long
alleles in women with osteoporotic fractures and a neg-
ative correlation between allele size and BMD [22]. In
contrast, no association was observed between the AR
polymorphism and BMD in a study of Finnish women
[25]. The effects of the CAG repeat polymorphism of AR
on BMD have not previously been determined for pre-
menopausal and postmenopausal women independently in
the same ethnic group.

We have now shown that the number of CAG repeats
in AR is inversely correlated with BMD for the lumbar
spine in premenopausal Japanese women, and that BMD
for the total body is significantly lower in premenopausal
women with two (CAG),»23 alleles than in those with one
or two (CAG),<2 alleles. Our observation that long re-
peat alleles are associated with reduced BMD is consis-

tent with the similar previous observation in Danish
women [22].

This association between BMD and the CAG repeat
polymorphism is possibly attributable to the fact that the
transactivation activity of the AR is inversely correlated
with the number of CAG repeats {17, 18, 19]. In vitro
observations thus suggested that a decrease of six CAG
repeats results in a 12% increase in ligand-dependent
transactivation activity of the AR [18]. This relationship
between repeat length and transactivation activity is due
in part to variation in the basal activity of the AR and to
functional interaction of the polyglutamine tract with
coactivators [35, 36). In addition, the serum concentration
of androgens is related to the CAG repeat polymorphism
of AR, with short alleles being associated with higher
levels of androgens in premenopausal women [37]. This
finding supports our observation that the AR polymor-
phism is associated with BMD in premenopausal, but not
postmenopausal, women, aithough the definition of short
alleles differed between this previous study [(CAG).<19]
{37] and our study [(CAG)p<22] and postmenopausal
women were not examined in the previous study [37].

The mean number of CAG repeats for the AR in our
population (22.8) was greater than that previously re-
ported in Danish women (21.9) [24] or in Danish normal
(20.5) or osteoporotic (21.0) women [22]. Furthermore,
the mean number of CAG repeats in African-American
men (20.1) was smaller than that in white men (22.1) or
Asian men (22.1) [15]. These differences in repeat num-
ber may account at least in part for the differences in
BMD or in the prevalence of osteoporosis among ethnic
groups. Since the mean number of CAG repeats was 22.8
in our study population, we designated (CAG),<2 and
(CAG)n»23 alleles as short (S) and long (L) alleles, re-
spectively, The cutoff value for the CAG repeat number
in our study was thus greater than that in previous studies:
(CAG),c21 {24), (CAG)agap [22], (CAG)ng1s [37], and
(CAG) <15 [25] for the S allele.

The somatic cells of most females contain two X
chromosomes, only one of which is active. The process of
X chromosome inactivation, which occurs early in de-
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velopment, is usually random, resulting in the generation
of tissues with approximately equal numbers of cells in
which the active X chromosome is of maternal or paternal
origin [38]. Deviation from such an equal distribution of
the two cell types can occur, however. A skewed pattern
of X chromosome inactivation affecting the CAG repeat
polymorphism of AR has been associated with other
hormone-related diseases in women [38, 39, 40]. Given
that no information is available on the relative extents of
inactivation of the § and L alleles of AR in the present
study, the evaluation of BMD in individuals with the SL
genotype requires caution.

The -395G—A and 1818C—T polymorphisms of XL
have previously been associated with BMD for the total
body in white women aged 65 years or older and with that
for the distal radius in Japanese women of the same age
group, with BMD decreasing according to the rank orders
of genotypes GG >GA >AA for the -395G—A polymor-
phism and CC >CT >TT for the 1818C—T polymorphism
[12]. In the present study we examined the relationship of
BMD at various sites to the —395G— A polymorphism but
not to the 1818C—T polymorphism, since the latter is a
synonymous polymorphism (His—His) and appears not to
have a functional effect. We found that the —395G—A
polymorphism of KL is significantly associated with
BMD for the lumbar spine in all women, with the GG
genotype representing a risk factor for reduced BMD.
However, when premenopausal and postmenopausal
women were analyzed separately, this polymorphism was
not significantly related to BMD in either group, although
there was a trend for the GG genotype to be associated
with low BMD in postmenopausal women. The alleles of
the -395G—A polymorphism associated with reduced
BMD thus differ between the present study (G allele) and
the previous study (A allele) {12]. Although the reason for
this discrepancy is unclear, there are two major differ-
ences between the two studies: (a) The number of subjects
in which the association was detected was greater in our
study (r=1,110) than in the previons study (n=55 for
white women, n=215 for Japanese women). (b) BMD was
compared among KL genotypes with adjustment for age,
height, and body weight in our study, but BMD was not
adjusted in the previous study. However, it is possible that
the —395G—A polymorphism of KL is in linkage dis-
equilibrium with other polymorphisms of XL or of nearby
genes that are actually the determinants of BMD. Al-
though we adopted a strict criterion of statistical signifi-
cance (P<0.005) for the association of genotypes with
BMD, we cannot completely exclude the possibility of
statistical errors such as false positives.

Evidence suggests that the —395G—A polymorphism
of KL affects promoter function [12]. Electrophoretic
mobility-shift analysis revealed that the amount of DNA-
protein complex formed by the G allele of the promoter
was greater than that formed by the A allele, suggesting
that the binding of one or more proteins to the promoter is
impaired by the G—+A substitution, which may affect the
expression of KL. The effect of this polymorphism on the

transcriptional activity of KL, however, remains to be
determined.

There were no subjects with clinical vitamin D defi-
ciency such as osteomalacia in the present population.
However, National Nutrition Survey in 2001 suggested
that in approximately 25% of Japanese individuals, the
amount of vitamin D taken was smaller than that of daily
requirement (100 IU). Serum concentrations of free thy-
roxine in three subjects (0.3%) slightly exceeded the
normal range (0.77-1.93 ng/dl). It is thus possible that
subclinical vitamin D deficiency or thyrotoxicosis af-
fected the results obtained in the present study.

In conclusion, our present results suggest that AR is a
determinant of BMD in premenopausal Japanese women,
with the (CAG),>23 allele representing a risk factor for
reduced BMD. KL is also a determinant for bone mass in
Japanese women, with the G allele being a risk factor for
reduced BMD. The effects of both polymorphisms on
BMD were statistically independent.
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Cholecystokinin A Receptor Gene Promoter Polymorphism

and Intelligence

HIROSHI SHIMOKATA, MD, PuD, FUJIKO ANDO, MD, PuD, NAOAKIRA NIINO, MD, PuD,
KYOKO MIYASAKA, MD, PuD, AND AKIHIRO FUNAKOSHI, MD, PiD

PURPOSE: To study the association between Cholecystokinin A receptor (CCKAR} genotypes and
intelligence in community-living men and women.

METHOD: Subjects were 2251 community-dwelling Japanese men and women aged 40 to 79 yeats. The
CCKAR gene promoter polymorphisms A-81G and G-128T were determined. Intelligence was assessed by
Japanese Wechsler Adult Intelligence Scales — Revised Short Forms (JWAIS-R SF). The difference in
intelligence between wild type and mutation was tested.

RESULTS: There were no subjects with AA/GT, AA/TT, or AG/TT genotypic combinations. Both A-
81G and G-128T genotypes were related to intelligence quotient (IQ) estimated by JWAIS-R SF. The
mean and SE of IQ levels of subjects with the wild-type allele and the mutation allele at nucleotide -128
were 103.4 + 0.3 and 101.6 £ 0.6, respectively. There was a significant difference in IQ) for G-128T
{p = 0.008). The difference in IQ for A-81G was also significant {p = 0.011), The I(Q fevel was 103.6 &
0.4 in the subjects with the wild-type allele and 102.0 4+ 0.5 in the subjects with the muration. Differences
in I levels by haplotypes for combinations of A-81G/G-128T were examined. I significantly decreased
with an increasing number of mutation alleles {p = 0.018).

CONCLUSION: There were statistically significant differences in 1QQ for CCKAR gene promoter
polymorphisms A-81G and G-128T in communirty-living Japanese,
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INTRODUCTION

It is suspected that various genes influence intelligence, but
the association between gene polymorphism and intelli-
gence is still unclear. Cholecystokinin (CCK) is one of the
major physiologic substances of gallbladder contraction and
pancreatic erzyme secretion. OCK also plays an important
role in the central nervous system {CNS} by interacting
with dopamine and other neurotransmitters (1}. CCK
receptors have been classified into two subtypes, CCK
type-A receptor (CCKAR) and type-B receptor (CCKBR).
CCKAR has been found in the CNS (2). Associations with
feeding disorders (3), anxiety (4), and schizophrenia (5)
have been reported. It was also reported that learning and
memory functions were impaired in CCKAR gene-knock-
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out (OLETF) rats (6, 7). The CCKAR gene may be related
to intelligence in humans. We examined the association
between CCKAR gene promoter polymorphisms and intel-
ligence in a group of 2251 community-dwelling Japanese
men and women.

METHODS
Subject Selection

The subjects in this study were participants in the National
Institute for Longevity Sciences — Longitudinal Study of
Aging (NILS-LSA) (8). The NILS-LSA started in Novem-
ber 1997. The first phase of examinations was finished
by the end of March 2000, and followed-up every 2 years.
Participants in the NILS-LSA were independent residents
in Obu city and Higashiura town in Aichi prefecture,
central Japan. Data on all residents in the area are
maintained in a Resident Registration System by local
governments. Residents aged 40 to 79 years old were
selected using Resident Registration. Samples of 7790 males
and females were selected by age and gender stratified
random sampling and invited to an explanatory meeting by
mail. The number of replies was 3434. Of these, 881 refused
to attend the meeting, 2553 agreed to attend, and 2513
actually attended. After the meeting, 2267 participated in
the first phase examination. At the meeting, the procedures

£047-2797/05/$-see front matter
doi:10.1016fj.annepidem.2004.06.007
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Selected Abbreviations and Acronyms

BM] = body mass index

CCK = cholecystokinin

COCKAR = cholecystokinin A receptor

CNS = central nervous system

DNA = deoxyribonucleic acid

GLM = general linear model

IQ = intelligence quotient

TWAIS-R-SF = Japanese Wechsler Adult Intelligence Scales - Revised
Short Forms

NILS-LSA = National Insticute for Longevity Sciences — Longitudinal
Study of Aging

PCR-RFLP = polymerase chain reaction - restriction fragment length
polymorphism

OLETF = Otsuka Long-Evans Tokushima Fatty

SE = standard error

WAIS-R = Wechsler Adult Intelligence Scales — Revised

for each examination and follow-up schedule were fully
explained. Written informed consent to participate in all
procedures was obtained from each subject. All persons in
the Resident Registration list had Japanese nationality, and
there were no persons who had a foreign name among the
subjects. The subjects in this study were supposed to be
ethnically homopenous Japanese.

Among the 2267 participants in the first phase
examination, 2251 men and women wete evaluated for
CCKAR genotypes and intelligence. These subjects were
analyzed for cross-sectional associations between genotype
and intelligence. The number of the subjects by gender and
ape was almost equal (Table 1). The mean and standard
deviation for age was 59.2 + 10.9 years. Among the
subjects, 26.7% had an educational background of college or
greater. The Ethical Committee of Chubu National
Hospital approved all procedures of the NILS-LSA.

Evaluation of Intelligence and Other Variables

The Wechsler Adult Intelligence Scales — Revised (WAIS-
R) is one of the most popular tools used to assess intelligence
(9). A Japanese version of the WAIS-R (JWAIS-R) has
been developed and is widely used in Japan (10). In this
study, intelligence was assessed by the Japanese Wechsler
Adult Intelligence Scales - Revised - Short Forms (JWAIS-
R-SF) (11). The JWAIS-R-SF consists of the following four
subtests: Information, Similarities, Picture Completion, and

TABLE 1. Distribution of the subjects by gender and age

Age (years)
Gender 4049 50-59 6069 70-79 Total
Males 29§ 282 131 280 1134
Females 278 278 283 278 1117
Total 569 560 564 558 2251
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Digit Symbol. Scaled scores of subtests were used in the
analysis. The intelligence quotient (IQ) was estimated from
the combination of these four subtests. Psychologists
conducted the interviews and JWAIS-R-SF tests. Height
and weight were measured while wearing lightweight
clothes, and body mass index (BMI) was calculated as
weight (kg) divided by height (m) squared. Life-style and
medical history including annual income, education, and
smoking status were checked by questionnaires. The
questionnaires were checked by a physician at the medical
examination. All drugs used during the previous 2 years were
to be documented by participants; the physician confirmed
them at an interview and coded the drugs used during the
last 2 weeks. Among the 2251 subjects in the study, 213 had
used drugs acting on the CNS, that is, hypnotic sedative
agents, antianxiety agents, antiepileptic agents, stimulant
drugs, antihypnotic drugs, anti-Parkinson drugs, and anti-
psychotic drugs during the previous 2 weeks. The IQQ was less
than 70 in 11 subjects, and only one of them used drugs
acting on the CNS.

CCKAR Genotype Analysis

Genomic DNA was extracted from peripheral blood
lymphocytes by a standard procedure. A mismatch PCR-
RFLP method was used to analyze polymorphisms in the
upstream region of the CCKAR gene [GenBank Accession
No. U23427 {5)]. One pair of primers, sense primer = 5'-
GCATATGTACACATGTGTGTAAAAAGCAGCCA
GAC-¥, anti-sense primer = 5'-GCCCTTTCCTGGGC
CAGACT-3) was designed to amplify a 103-base pair
product, digested with restriction enzyme Hinf I, and
analyzed by 3% agarose gel electrophoresis. Two sequence
changes were detected: a G to T change at nucleotide -128,
and an A to G change at nucleotide -81 (12).

Statistical Analysis

All values were expressed as the mean £ SE, if not specified.
Both polymorphisms at nucleotides -128 and -81 were
divided into two groups; as wild-type and mutation. Hetero
groups were classified as mutation. The difference between
wild-type and mutation groups was tested by the t-test for
continuous variables and the 2 X 2 chi-square test for
categorical variables. The difference in IQ and JWAIS-R
subtests score by genotype was also tested by the t-test
excluding subjects who had used drugs acting on the CNS or
subjects with 1Q less than 70. The trend among the three
groups was tested by the general linear model (GLM) and
the probability for trend (p for trend) was shown. Statistical
analyses were performed using the SAS system (SAS
Institute Inc., Cary, NC}). All p-values were two-tailed.
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RESULTS
Distribution of CCKAR Promoter Genotypes

The distributions of CCKAR promoter single nucleotide
polymorphisms A-81G and G-128T were both in Hardy-
Weinberg equilibrium. The distribution of genotype com-
bination was examined (Table 2). These polymorphisms
were in linkage disequilibrium. There were no subjects with
AA[GT, AAITT, or AG/TT genotypic combinations. Thus,
subjects with a mutation at -128 always had a mutation
at -81.

Background Characteristics and CCKAR Genotype

Figure 1 shows the IQ distribution. The distribution was
slightly skewed to the left (lower IQ) and close to a normal
distribution. The mean value of the I of the all subjects was
103.0, and the median was also 103. The difference between
the mean and median was very small. The lowest I was 43

and the highest IQ was 142 among the subjects. The number

of subjects with IQQ less than 70 was 11, and those with IQ
135 or over was 13. Background characteristics were
compared by CCKAR G-128T and A-81G genotypes
(Table 3). Age, body weight, body mass index, annual
income, education, and smoking status did not differ
between wild-type {GG) and mutation (GT or TT) for
the CCKAR G-128T genotype. These variables also did not
differ for the CCKAR A-81G genotype except for education
status. Education status in the wild-type (AA) group was
significantly higher than that in the mutation-type {AG or
GG) group (p = 0.009). The I was significantly different
by education status (p < 0.001). The IQQ for the low
education group was 100.3 + 0.3 and that for the high
education group was 110.6 £ 0.5

Inteliigence and CCKAR Genotype

The 1Q levels in subjects with wild-type and mutation
alleles at nucleotide -128 were 103.4 + 0.3and 101.6 + 0.6,
respectively. There was a significant difference in IQ for the
(G-128T genotype {p = 0.008). The score of Digit Symbol
was lower in subjects with a mutation (p = 0.003). There

TABLE 2. Distribution of CCKAR G-81T and A-128G
genotypes

CCKAR A-81G
CCKAR
G-128T AA AG GG Total
GG 1317 {58.5%) 307 (13.6%)  26(1.2%) 1650(73.3%)
GT 0{0.0%) 491 (21.8%) 61(2.7%)  552(24.5%)
TT 0 {0.0%) 0 (0.0%) 49 (2.2%) 49(2.2%)

Total 1317 (58.5%) 798 (35.5%) 136 (6.0%) 2251 {100.0%)
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FIGURE 1. Distribution of I levels in the subjects.

was no difference in the scores of Information, Picture
Completion, and Similarities subtests for polymorphism
G-128T. The IQ level was 103.6 + 0.4 in subjects with
wild-type (AA) and 102.0 £ 0.5 in subjects with mutation
(AG or GG) at nucleotide -81. The difference in 10 for the
A-81G polymorphism was significant (p = 0.011). The
Picture Completion and Digit Symbol subtest scores were
significantly lower in subjects with the mutation (p = 0.043
and p = 0.008, respectively). The Similarities subtest score
was marginally lower for a mutation at nucleotide -81
(p = 0.051).

In the low educatien group, IQQ was 100.5 + 0.4 in the -
128 wild-type group and 99.5 + 0.6 in the -128 mutation-
type group. There was no significant difference in IQ
between the wild- and mutation-type of G-128T genotype.
However, the IQ for the -81 wild-type group was 100.8 +
0.4, which was significantly higher than that for the
mutation group (99.4 + 0.4) (p = 0.038). In the high
education group, the IQ was 111.5 % 0.6 in the -128 wild-
type group and 107.9 + 1.1 in the -128 mutation-type
group. There was a significant difference between the wild
and mutation groups {p = 0.004). The I{} in the -8] wild-
type group (111.1 + 0.7) did not differ from that in the
mutation group (109.8 + 0.9).

Intelligence was compared excluding subjects who had
used drugs acting on the CNS and subjects with 10 less than
70 (Table 4). The number of excluded subjects was 223.
Differences in I{) between in the wild-type and mutation
groups were still significant both for A-81G and G-128T
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