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a vertebral fracture was defined in terms of the ratio of the anterior height of
vertebral body to the posterior height (below 0.75) or the ratio of the center hei ghtto
the anterior or posterior height (below 0.8). In all cases, the vertebral fractures were
evaluated by two groups of radiologists and geriatricians in each institute.

Sex Steroid Assay

The serum levels of testosterone (7) and estradiol (£,) were measured by mass
spectrophotometry (LC-MS/MS). Bioavailable testosterone and estrogen, which
includes the free form and the albumin-binding form, were measured by LC-MS/
MS (Arai et al. 2010). Serum samples were stored at —70°C until analyzed. For
statistical analysis, the values were transformed into logarithmic form, since the
values are exponential and the distributions of T and E, levels were skewed using
the raw data. '

Genotype Analysis

We examined four polymorphisms of CYP9: rs1062033, a G/C SNP located at
around exon 1.2 (at position chromosome 15, 49335230): rs10046, a T/C SNP
located in the 3" UTR (at position chr.15, 49290276); rs4775936, a C/T SNP located
in the vicinity of exon 1.6 (at position chr.13, 49323314); and rs2470152, a T/C
SNP located in intron 1 (at position chr.15, 49382254). These SNPs were identified
by searching the National Center for Biotechnology Information (NCBI) database
because they are analyzable by the readily available TagMan assays used for disease
association studies (Applied Biosystems). Polymorphisms in genomic DNA were
measured by the TagMan assay. Age, body mass index, and years since menopause
were examined in three SNP genotypes among four CYP19 markers.

Statistical Analyses

Chi-square analysis was used to compare the numbers of osteoporosis, osteopenia,
and normal patients by 7 scores of L2-4 BMD with and without fractures. Similarly,
each parameter was compared among the three genotypes in four CYP19 markers
using ANOVA. The correlation between estradiol levels and L2-4 BMD was shown
using Pearson’s coefficients. The associations between aromatase gene polymor-
phisms and veriebral fracture risk were compared by Chi-square analysis using
SPSS software.

Results
Bone Density Data
There were significantly more women with fractures than without among patients

with osteoporosis (T < —2.5; P < 0.05), and there was no significant increase in
fractures among normal patients or those with osteopenia. There were no differences
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in the log estradiol (Log E,) or log testosterone (Log T) values between women
with fractures and those without fractures (Table 1).

Relationship Between L2-4 BMD and Estrogen level

Log E, levels in postmenopausal women were significantly associated with L2-4
BMD (r = 0.21, p = 0.03; Fig. 1), whereas log T levels showed no association
(data not shown).

Genotype Analysis

When we examined the correlation between the four polymorphisms (rs2470152,
151062033, rs4775963, and rs10046) and vertebral fractures in postmenopausal
women, we found a significant correlation for rs2470152 (P = 0.04) but not for the

Table 1 Bone mineral density

A o . T score® & sex Women without Women with P

of postmenopausal women with """ |

and without fractures steroids fractures (137) fractures (138)
T<-25 18 37 0.015
-25<T<I0 12 13 NS

? Bone mineral density was ~1.0<T 4 5 NS

miifsufed in 89 of the 275 Log £» (pg/ml)  0.335 + 0.383 0327 4£0330 NS

s 15

subjects Log 7 (ng/dl) 2.033 % 0.367 2067 £0247 NS

NS not significant
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Fig. 1 Correlation between log E, and L2-4 BMD in postmenopausal women. Estrogen levels were
significantly correlated with L2-4 BMD (r = 0.21, p = 0.03)

@_ Springer

214



Biochem Genet

T R S j
Author's personal copy

Table 2 Correlation of four CYPI9 SNPs with vertebral fractures

SNP Genotype Premenopause P Postmenopause P
Control Case Control Case
(n=19) (n=86) (n=136) {(n = 138)
rs2470152 cc 9 I 0.408 44 47 0.040"
TC 8 4 56 71
TT 2 1 36 20
rs4775936 CC 5 1 0.712 48 59 0.416
CT 9 4 68 59
T 5 I 20 20
rs1062033 ccC 4 1 0.693 47 56 0.507
CG 9 4 64 62
GG 6 1 25 20
rs10046 TT 7 1 0.550 31 26 0.324
TC 8 4 67 62
CcC 4 1 38 56

* Only rs2740152 polymorphisms of the aromatase gene showed a significant correlation with vertebral
fractures (P = 0.04)

Table 3 Characteristics of postmenopausal Japanese women and three SNPs of rs2470152

Characteristic Genotype P
cC CT TT

Age (years) 72.8 £9.3 73.6 + 8.3 743 +£ 68 NS
Body mass index (kg/m®) 224+ 4.6 218 45 211 4+ 43 NS
Years since menopause 242495 243 £103 254 4+ 11.6 NS
Log E» (pg/ml) 0.302 £+ 0.319 0.330 & 0.280 0.307 £ 0.357 NS
Log T (ng/dl) 2.001 £ 0.347 2067 £ 0.269 2.050 £ 0313 NS
L2-4BMD (110) 0.753 £+ 0.135 0.739 = 0.157 0.729 + 0.118 NS
LT score (89) ~2.6 4 1.2 ~2.6+ 1.3 —-33£08 NS

NS not significant

other three polymorphisms (Table 2). There were no differences in age, body mass
index, or years since menopause among the three SNP types in the four CYPJ9
markers (Table 3).

Discussion

We examined the relationship between aromatase-related genes and vertebral
fractures by analyzing CYPI9 gene polymorphisms in Japanese women. Among
four markers, no differences were found in serum 7 and E, concentrations in the
Japanese postmenopausal women. It is possible that local E, concentrations are
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more important in local tissues rather than serum levels. Bone cells are able to
express aromatase and other enzymes required for estrogen synthesis locally
(Janssen et al. 1999; Shouzu and Simpson 1998; Watanabe et al. 2004), and
aromatase activity in cultured osteoblasts is quantitatively similar to that in adipose
stromal cells (Shouzu and Simpson 1998). Thus, estrogen synthesized in bone cells
might be important in postmenopausal bone metabolism.

Eriksson et al. (2009) found that genetic variants of rs2470152 in aromatase are
associated with E; levels, showing that G alleles were correlated with higher serum
E, levels and BMD in Swedish men than other alleles. Our results, however, showed
that the C allele of rs2470152 is associated with vertebral fractures, a finding that
suggests that ethnicity, race, and sex differences might influence the results of SNP
studies in osteoporosis. The SNP rs2470152 is located in the region of the 1.4
promoter (Bulun and Simpson 1994), and it is interesting that the G— A transition of
rs2470152 is likely to alter a potential binding site for the binding protein of the
transcription factor cAMP response element. The major reason for the discrepancy
between our results and those of the Swedish study may be gender differences. The
Swedish study focused only on male cohorts. We could not detect any disequilib-
rium between rs2470152 and the other three markers viewed in HapMap.

CYP19 SNPs (rs10046) were found 1o be associated with differences in E, levels
in the European Prospective Investigation of Cancer-Norfolk (EPIC-Norfolk) cohort
study (Dunning et al. 2004). SNP rs10046 explains 1.6% of the variance in the
E,:T ratio; however, this SNP is not associated with breast cancer risk (Dunning
et al. 2004). The rs10046, a T/C SNP located in the 3’ UTR, 19 nucleotides
downstream from the translation terminus, has been reported to be associated with
increased levels of aromatase mRNA expression in tumors (Gruber et al. 2002). In
our study, rs10046 was correlated with neither serum E, levels nor vertebral
fractures. The CYPI9 genotypes demonstrated higher mRNA levels at the
rs1062033 locus in postmenopausal osteoporosis. CYPJ9 is regulated in a different
manner and in different tissues by a hormonally controlled promoter or adipose
stromal cell promoter (Mahendroo et al. 1993; Harada et al. 1993). Genetic
polymorphisms of CYP/9 might be involved in other processes, such as mRNA
stabilization, transcription enhancement, or the post-translational regulation of
expression. Neither SNP 1062033 nor rs4775936 was significantly correlated with
either serum E, levels or vertebral fractures.

We could not detect lower levels of bicavailable serum E; by LC-MS/MS in
rs2470152; however, another group has shown differences in E- levels as measured
by RIA according to CYP19 genotype in a study that included both premenopausal
and postmenopausal women (Somner et al. 2004). The discrepancy between the two
studies seems to be due to the assay systems used. Bioavailable estrogen levels in
postmenopausal women are more relevant than total estrogen levels, which include
E, bound by sex hormone-binding globulin (SHBG), for bone metabolism, Despite
the absence of differences in estrogen levels among the various genotypes, we found
that vertebral fracture rates are associated with the CYPI9 genotype in postmen-
opausal Japanese women -in this study. There is much evidence for the role of
aromatase activity in bone homeostasis (Miyaura et al. 2001; Oz et al, 2000), and, as
previously described, the pharmacological inhibition of aromatase is also associated
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with a decrease in BMD and increased risk of {ractures (Eastell and Hannon 2005).
This indicates thal aromatase in local tissues plays roles, both physiologically and
pathologically, in bone metabolism.

In conclusion, we provide statistical evidence that the C allele in rs2470152 of
the CYP]9 gene is associated with an increased risk of vertebral fractures in
postmenopausal Japanese women. Further studies are necessary to detect functional
SNPs that induce differences in bone metabolism. Furthermore, we need more
participants o detect differences in £, levels based on the CYPI9 SNPs of
aromatase genes.
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ey 2814 2814 3012 3310 36=08 38=x04 33=x11 27+13 < .001
AR VI £SD 100+36 103+32 111%27 118+21 123=13 124=11 113+28 100+34 < 001
EHFEERCIT ST ORETEZY 2EMT 25.2% 28.1% 21.6% 19.3% 10.8% 9.1% 25.29% 30.4% 001
LT
GDS MrodHY 6 Bl 39.6% 47 4% 38.7% 24.5% 15.3% 7.5% 34.7% 304% < .001
TRRANOREHRT REkEw 16 JAEL I 64.7% 70.7% 53.9% 46.1% 33.6% 24.5% 57.6% 54.5% < .001
BEOLME (n=1435)
ElE N R %o Ehn kg o %2 JEHIC e il 25
THLTHS  EHLTODE WAL BEDBHL  DEHPHL 2 fil *
n 122 311 621 326 39 16
UiRid 43.6% 52.5% 48.5% 50.2% 54.9% 31.3% 365
i Pl SD 722 +£58 73057 72858 726=65 752+70 758 =63 < 001
g FIg= S0 10829 112%34 114+33 125=31 113=32 105=32 < 001
: HY 84.4% 86.5% 88.6% 91.1% 92.3% 88.4% 246
L ity Hb 70.5% 71.4% 76.7% 74.8% 69.2% 68.8% < .001
EHEGEEREDIREE P E W SD  44+13  45x11  46%12 4710 44+12 41+18 202
A REBh e SD 3310 34+09 35+09 36+08 3609 34+11 < .00l
s WL SD  27+13  30=%13 32=12 34%10 33=10 31+13 <001
ARA N PR ESD 103 +£28 109=28 113+27 11.8+24 114=26 106 =38 < .001
TR LR HFEDEHBECTHRY 2 BT 38.0% 26.3% 20.0% 13.6% 17.2% 21.4% < 001
LR
GDS iHodh 6 L 52.1% 41.3% 32.1% 16.0% 12.8% 43.8% < 001
FERANDRERFR REERKE W 16 JRL 1 80.2% 64.4% 53.4% 30.5% 20.5% 68.8% <001

GDS 7 Geriatric Depression Scale, SD ; Jii
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Cross-sectional relationships between social determi-
nants of health

— Annual income or subjective economic status and psychological variables ——

Yoshinori Fujiwara™!, Erika Kobayashi*!, Taro Fukaya*', Mariko Nishi*!, Masashige Saito*®,
Kumiko Nonaka™', Yoji Inaba™, Fujiko Fukushima**, Tanji Hoshi*3, Shoji Shinkai**

* 1 Research Team for Social Participation and Commumnity Health, Tokyo Metropolitan Institute of Geron-
tology

* 2 Research Promotion Center for Community Care, Nihon Fukushi University

* 3 College of Law, Nihon University

* 4 National Institute of Public Health

* 5 Urban Environment Sciences, Tokyo Metropolilan University

The purpose of this study was to explore cross-sectional relationships between social
determinants of health such as annual income or subjective economic status and psychological
variables. A questionnaire survey was distributed to 2,528 randomly selected from a total of 9,300
community-dwellers aged 65 years and over in Wako City, Saitama Prefecture in 2008. 1,773
(70.1%) people responded to the self-administered questionnaire which assessed annual
income, subjective economic status, age, gender, years of schooling, family members, higher-
level functional capacity (Tokyo Metropolitan Institute of Gerontology Index of Competence),
and psychological variables such as Geriatric Depression Scale, anxiety about the future, and
self-rated health.

Multiple logistic regression models adjusted for compound factors demonstrated that
depressive mood and stronger anxiety about the future were significantly associated with annual
incomes of *~1,799,999 yen"and/or * 1,800,000-2,999,999 yen’, compared to ‘3,000,000 yen-". After
the additional entry of subjective economic status, they were associated with ‘bad’ and
“average compared to’good’; on the other hand, association with annual income came to be not
significant. Poor self-rated health was associated with bad economic status.

In conclusion, subjective economic status was more strongly associated with psychological
variables, compared to objective economic status such as annual income.

Key words : depressive mood, anxiety about the future, self-rated health, annual income, sub-
jective economic status
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