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Our previous case—control study suggested that equol, a metabo-
lite of isoflavone, has a preventive effect on prostate cancer. To
examine the prostate cancer risk based on isoflavone intake and
equol production, we carried out a phase I, randomized, double-
blind, placebo-controlled trial of oral isoflavone (60 mg/day) for
12 months. The inclusion criteria were Japanese men between 50
and 75 years of age, a serum prostate-specific antigen level of 2.5-
10.0 ng/mL, and a single, negative prostate biopsy within
12 months prior to enrollment. The study included 158 men in eight
Japanese centers. Their median age was 66.0 years, and the num-
bers of equol producers and non-producers were 76 (48%) and 82
(52%), respectively. The majority of adverse events were mild or
moderate in severity, and the scheduled intake of tablets was com-
pleted by 153 patients (96.8%). The prostate-specific antigen value
showed no significant difference before and after treatment. Of
the 89 patients evaluated by central pathological review, the inci-
dence of biopsy-detectable prostate cancer in the isoflavone and
placebo groups showed no significant difference (21.4% vs 34.0%,
P = 0.140). However, for the 53 patients aged 65 years or more,
the incidence of cancer in the isoflavone group was significantly
lower than that in the placebo group (28.0% vs 57.1%, P = 0.031).
These results support the value of isoflavone for prostate cancer
risk reduction. A large-scale phase Ill randomized study of isoflav-
one tablets in men with different hereditary factors and living
environments is warranted. Registered with the UMIN Clinical
Trials Registry (UMIN-CTR) for clinical trials in Japan (C000000446).
(Cancer Sci 2012; 103: 125-130)

P rostate cancer is the second most common cancer in men
and the third most common cause of male cancer death
worldwide.""” The incidence of clinical cancer in Japan is low,
however, the incidence of total clinical and latent prostate can-
cer is the same between Japanese and American populatlons @
Diet is thought to play an 1mportant role in the progression from
microscopic to clinical cancer.""> Fat and calcium have been
reported to be risk factors for prostate cancer. Conversely, lyco-
pene, selenium, soy 1soﬂav0ne and vitamin E were reported to
be preventive factors.“"® However, the SELECT (Selenium and
Vitamin E Cancer Prevention Trial) study,”’ a recent large-
scale, double-blind study, was unable to show a preventive
effect for selenium or vitamin E on prostate cancer.

Basic research, including epidemiologic studies, suggested
that soy isoflavone exerts an anticarcinogenic effect on prostate

doi: 10.1111/j.1349-7006.2011.02120.x
© 2011 Japanese Cancer Association

cancer.®? Our case—control study of the serum isoflavone lev-
els in patients with prostate cancer and healthy volunteers®
found that some individuals were able to degrade daidzein
into equol (equol producers) whereas others were not (non-
producers).

In another case—control study involving residents in Japan,
Korea, and the USA,” we found that the percentage of equol
producers in patients with prostate cancer was significantly
lower than in the healthy controls (30.3% vs 49.5%; P = 0.013).
The percentage of equol producers in patients and controls was
29% and 46% in Japan (P = 0.004) and 30% and 59% in Korea
(P =0.001), respectively. The serum isoflavone level was mark-
edly lower and the percentage of equol producers was also lower
(17% for patients and 14% for controls) for Americans as com-
pared to the J apanese and Koreans.

In another study,'” we carried out an age-stratified dietary sur-
vey of soybean food consumption and measured the serum isoflav-
one levels in healthy Japanese and Korean men. The daily intake of
genistein and daidzein in the teenage group was significantly lower
than in the age group =230 years (P < 0.05). In the Japanese cohort,
the proportion of equol producers in the teenage group was only
10%, which was significantly the lowest among all age-strata.
Those results suggest that equol or equol-producing ability may be
deeply involved in prostate cancer risk, and decreased intake of
isoflavones in the young generation may lead to an increase in the
prostate cancer incidence in Japan and Korea.

Recently, we clarified the mechanism of blodegradatlon from
daidzein into equol by two kinds of intestinal bacteria.'" As a
strategy for chemoprevention of prostate cancer, clinical inter-
vention by changing equol non-producers to producers, as well
as by ingesting equol-containing supplements, are anticipated.

Considering this background, we carried out a phase II, ran-
domized, double-blind, placebo-controlled trial of oral isoflav-
one (60 mg/day) for 12 months.

Patients and Methods

Patients. This was a phase II, randomized, double-blind, pla-
cebo-controlled trial of isoflavone (60 mg/day), given orally for
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12 months. The inclusion criteria were Japanese men between
50 and 75 years of age, a serum PSA level of 2.5-10.0 ng/mL
(50-60 years) or 3.0-10.0 ng/mL (>60 years), and a single,
negative prostate biopsy (6—12 cores) within 12 months prior to
enrollment. Men with HG-PIN or ASAP in the baseline biopsy,
or a history of prostate cancer, were excluded from the study.
None of the patients were using a steroidal or non-steroidal anti-
androgen. The protocol was approved by the Institutional
Review Board of each study site. The study was carried out in
accordance with the Helsinki Declaration, and all participants
signed informed consent forms.

Study design. The ingredients in the soy isoflavone tablet are
shown in Table 1. Eligible patients were randomized to receive
10 isoflavone tablets (isoflavone 6 mg/tablet, totally
60 mg/day) or 10 placebo tablets for 12 months. Six-core trans-
rectal ultrasound-guided biopsies were planned to be carried out
at 12 months. The investigator was allowed to carry out ‘‘proto-
col-independent’” (for-cause) biopsies whenever deemed clini-
cally necessary. Protocol-mandated biopsies and for-cause
biopsies were to be submitted for confirmation by central patho-
logical review (University of Kyushu, Fukuoka, Japan). How-
ever, central pathological review was not the essential
requirement for registration. No biopsy samples were collected
at baseline. The negative biopsy prior to enrolment was con-
firmed by local pathological review only.

Because this study was planned as a pilot phase II study of
the large-scale clinical trial, the primary endpoints were the tol-
erability of the soy isoflavone tablet and the changes in PSA and
sex hormones including testosterone, DHT, SHBG, and estra-
diol. The secondary endpoints were the incidences of biopsy-
detectable prostate cancer, HG-PIN, and ASAP at 12 months.

Measurement of serum isoflavone levels. Blood samples were
drawn at 0, 3, and 12 months (serum isoflavones and sex hor-
mones) or 0, 3, 6, 9, and 12 months (PSA). They were drawn
before breakfast, and the sera were separated and stored at
—10°C or less. The frozen samples were transported to the labo-
ratory of SRL (Tokyo, Japan). The details of the measurement
of serum isoflavone levels have been described elsewhere.®
The assayed isoflavones were genistein, daidzein, and equol.
Equol producers were defined as having a baseline serum equol
concentration above the lower limit of detection of the present
assay system, that is, 0.5 ng/mL.®

Statistical analyses. The efficacy analysis population con-
sisted of patients who ingested the study medication for
12 months, in accordance with the study protocol. The safety
analysis population included all randomized patients.

Table 1. Ingredients of soy
participants for 12 months

isoflavone tablet given to study

Component mg/10 tablets (%)
Daidzin 19.1 (31.9)
Genistin 3.5 (5.8)
Glycitin 10.4 (17.3)
Malonyl daidzin 8.1 (13.5)
Malonyl genistin 2.2 (3.7)
Malonyl glycitin 3.4 (5.7)
Acetyl daidzin 7.3 (12.2)
Acetyl genistin 1.9 (3.2)
Acetyl glycitin 3.6 (6.0)
Daidzein 0.2 (0.3)
Genistein 0.1 (0.1)
Glycitein 0.2 (0.3)
Total 60.0 (100.0)

Ten isoflavone tablets (6 mg/tablet, totally 60 mg/day) are divided
twice.
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Statistical analyses were carried out using Wilcoxon’s test
(non-parametric), the chi-square-test and Fisher’s exact test. For
the individual changes of laboratory tests we used the paired
t-test. A P-value of <0.05 was defined as representing a statisti-
cally significant difference. Data were analyzed using SAS
version 8 software (SAS Institute, Cary, NC, USA).

Results

Baseline patient characteristics. The study enrolled 158 men
in eight Japanese centers. Their median age at the first blood
collection was 66.0 years (range, 50-75 years). The number of
equol producers and non-producers was 76 (48%) and 82 (52%),
respectively. These patients were randomized into an isoflavone
group (n = 78) and a placebo group (n = 80).

Table 2 shows data on the baseline patient characteristics.
These baseline characteristics, age, family history of prostate
cancer, total PSA, prostate volume, and equol production, were
generally similar in each treatment group to those of the overall
study population.

Safety and tolerability. The planned intake of tablets was
completed in 153 of 158 patients (96.8%). Of the five patients
who did not complete the treatment course, three decided for
themselves to quit taking the tablets. The other two patients had
grade 3 adverse events: one in the isoflavone group suffered iliac
artery stenosis, and the other in the placebo group suffered ileus.
However, the majority of adverse events were mild in severity.
The completion rates in the isoflavone and placebo group were
96.2% (75/78) and 97.5% (78/80), respectively. No significant
changes in laboratory data were observed during the study (data
not shown).

Serum isoflavone levels. Figures 1 and 2 show the median
serum levels of daidzein and equol, stratified by treatment and
baseline equol production. Daidzein was significantly increased
in the isoflavone groups, and its level was lower in the isoflav-
one/producer group compared with the isoflavone/non-producer
group (Fig. 1).

In Figure 2, equol producers who received isoflavone greatly
increased equol production and showed the highest equol level.
Equol producers given the placebo showed no change in the
serum equol level from before treatment. The two groups of
non-producers, given either isoflavone or placebo, showed the
lowest equol levels.

Table 2. Baseline patient characteristics

Total Isoflavone Placebo pvalue
(n = 158) (n =78) (n = 80)
Age (years)
Median 66.0 66.5 65.0 0.974+
Range 50.0-75.0 52.0-75.0 50.0-75.0
Family history, 3(2) 1(1) 2(3) 0.873%
no. (%)
Total PSA (ng/mL)
Median 5.75 5.83 5.73 0.784+
Range 2.76-10.20 2.76-9.77 3.00-10.20
Prostate volume (mL)
Median 37.7 37.6 37.6 0.349+
Range 0.5-93.5 12.3-93.5 0.5-84.0
Equol production,
no. (%)
Producer 76 (48) 38 (49) 38 (48) 0.502%
Non-producer 82 (52) 40 (51) 42 (53)

Non-producers, individuals unable to degrade daidzein into equol;
producers, individuals able to degrade daidzein into equol.
tWilcoxon's test; tFisher’s exact test.
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Fig. 1. Median serum levels of daidzein in Japanese men given oral isoflavone (60 mg/day) or placebo for 12 months (n = 158). Daidzein was
significantly increased in the isoflavone groups, and its level was lower in individuals who could also degrade daidzein into equol
(isoflavone/producer group) compared with those who could not (isoflavone/non-producer group).
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Fig. 2. Median serum levels of equol in Japanese men given oral isoflavone (60 mg/day) or placebo for 12 months (n = 158). Individuals who
could degrade daidzein into equol (equol producers), who received isoflavone, greatly increased equol production and showed the highest
equol level. Equol producers given the placebo showed no change in the serum equol level from before treatment. The two groups of non-

producers (those unable to degrade daidzein into equol), treated with either isoflavone or placebo, showed the lowest equol levels.

Prostate-specific antigen and sex hormones. The serum PSA
value showed no significant change during the study (Fig. 3).
There were also no differences among the treatment groups.

The interval changes in testosterone, DHT, and SHBG were
not significant. In the non-producer groups, estradiol decreased
significantly, independent of treatment (Table 3).

Pathologic endpoints. Of the 153 patients who completed the
planned intake of tablets, 121 underwent needle biopsy of the
prostate at 12 months. The remaining 32 patients did not agree
to undergo the needle biopsy.

Of the 121 patients, 89, consisting of 42 in the isoflavone
group and 47 in the placebo group, were evaluated by central
pathological review, and 112 patients, consisting of 55 in the
isoflavone group and 57 in the placebo group, were evaluated by
local pathological review (Table 4). The specimens for 23 of the
112 patients were not approved to be sent to the central pathol-
ogy laboratory by the Institutional Review Board. Thus, 89 were
evaluated by both central and local pathological reviews. There
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were no significant differences between the results of central
pathology and local pathology (data not shown). The following
discussion focuses on the central pathology results.

The incidence of biopsy-detectable prostate cancer in the isof-
lavone and placebo groups was 21.4% (9/42) and 34.0%
(16/47), respectively. These incidences of cancer detection were
not statistically significantly different. However, for the patient
stratum aged 65 years or more, the incidence of cancer in the
isoflavone group was significantly lower than that in the placebo
group (28.0% [7/25] vs 57.1% [16/28], P = 0.031).

The incidence of a Gleason score of 6 or less and HG-PIN
were numerically lower in the isoflavone group compared with
the placebo group, but the difference was not statistically signifi-
cant.

Table 5 presents the central pathology results for prostate
cancer incidence based on isoflavone intake and equol produc-
tion. The incidence of prostate cancer in the isoflavone group
was significantly lower than that in the placebo group for the
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Fig. 3. Serum prostate-specific antigen (PSA) levels in Japanese men
given oral isoflavone (60 mg/day) or placebo for 12 months (n = 158).
The PSA value showed no significant change during the study. There
were also no differences among the treatment groups. Non-
producers, individuals unable to degrade daidzein into equol;
producers, individuals able to degrade daidzein into equol.

Table 3. Changes in hormone levels in Japanese men given oral
isoflavone (60 mg/day) or placebo for 12 months (n = 158)

0 month (pre) 3 months 12 months P-valuet
Testosterone
Isoflavone 5.45 5.12 5.31 0.131
Producer 5.33 4.92 5.28 0.405
Non-producer 5.57 5.33 5.34 0.200
Placebo 5.12 5.36 5.07 0.286
Producer 5.25 5.22 5.19 0.508
Non-producer 5.01 5.48 4.99 0.411
DHT
Isoflavone 0.94 0.95 1.01 0.533
Producer 0.92 0.89 1.00 0.708
Non-producer 0.96 1.01 1.02 0.619
Placebo 0.91 0.99 0.98 0.337
Producer 1.02 1.09 1.04 0.869
Non-producer 0.83 0.91 0.94 0.207
Estradiol
Isoflavone 28.56 27.41 26.53 0.027*
Producer 27.44 26.39 26.29 0.416
Non-producer 29.59 28.46 26.76 0.023*
Placebo 27.20 26.65 25.27 0.0002*
Producer 26.71 26.97 25.70 0.122
Non-producer 27.61 26.36 24.94 0.007*
SHBG
Isoflavone 52.00 55.43 55.97 0.064
Producer 52.76 52.70 57.00 0.261
Non-producer 51.31 58.17 54.95 0.138
Placebo 50.11 48.82 51.71 0.321
Producer 53.98 50.11 53.48 0.511
Non-producer 46.89 47.64 50.32 0.468

DHT, dihydrotestosterone; non-producers, individuals unable to
degrade daidzein into equol; producers, individuals able to degrade
daidzein into equol. SHBG, sex hormone binding protein. tPaired
t-test (0 vs 12 M); *P < 0.05.
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patient stratum aged 65 years or more and equol non-produc-
tion.

Discussion

Because of the high incidence of microscopic prostate cancer
and the long latency period from microscopic lesions to clinical
disease, development of strategies for reducing the risk of pros-
tate cancer is a reasonable and promising approach. Clinical
research has been carried out regarding the preventive effect of
isoflavones on prostate cancer, including dietary supplement
intervention trials for prostate cancer patients."*'® Tn those
studies, patients were given isoflavone-containing drugs and the
serum PSA was examined as a surrogate marker. Kumar
et al."? gave a soy isoflavone beverage for 12 weeks to men
with prostate cancer on watchful waiting, randomizing 59
patients to a soy group and a placebo group. Serum total PSA
decreased or was unchanged in 69% of the subjects in the
isoflavone-treated group compared to 55% in the placebo group.
Schroder et al.'¥ gave an isoflavone-containing drug to men
with prostate cancer with increasing PSA after primary treat-
ment. Forty-two patients were examined in a placebo-controlled,
double-blind, crossover study that involved 10 weeks of inter-
vention, followed by a 4-week washout period prior to cross-
over. Although no statistically significant difference was found
in either total (P = 0.076) or free (P = 0.988) PSA between the
two groups, the free PSA doubling-time was significantly
increased in the supplement group compared with the control
group: 1150 vs 445 days (2.6-fold, P = 0.041). These studies
establish the need to further explore the effects of prolonged and
consistent soy consumption.

In the present study, pure isoflavone was administered to 158
patients over a comparatively long period of 12 months. In an
interventional study, if some patients more aggressively con-
sume foods containing isoflavones, such as tofu, miso, and natto,
the influence on intervention was supposed. In the present study,
however, the plasma isoflavone concentrations in the isoflavone
groups were clearly higher than in the placebo control groups.
Therefore, such influence to the results is able to be excluded.

The incidence of prostate cancer was lower in the isoflavone
group, but not significantly. However, for the patient stratum
aged 65 years or more, the incidence of cancer in the isoflavone
group was significantly lower than that in the placebo group
(28.0% vs 57.1%, P =0.031). The reason why a significant
difference was not shown in the total patient cohort might be
related to the fact that the incidence of prostate cancer was
small.

One of the primary endpoints, the effect on PSA level, was
not proven. However, one of the secondary endpoints, the inci-
dence of biopsy-detectable prostate cancer, was confirmed to
have been significantly reduced in the group aged =65 years.
Serum PSA is well-established as a biomarker of prostate can-
cer, but it is not specific to neoplasia, and the data do not suggest
that the level is related directly to the extent of neoplastic
progression.

The incidence of Gleason scores of 6 or less and HG-PIN
were numerically lower in the isoflavone group compared with
the placebo group, but not significantly. Based on this result,
isoflavone may suppress small and low-grade cancers. This may
be one of the reasons why an effect of isoflavone on the serum
PSA level was unable to be proven.

We are also interested in prostate cancer risk reduction based
on isoflavone administration and equol production. Unfortu-
nately, because of the insufficient number of enrolled men, we
were unable to analyze for a relationship between isoflavone
intake and equol production.

Although intake of isoflavone suppressed the incidence of pros-
tate cancer, the hormonal data did not show significant changes.

doi: 10.1111/j.1349-7006.2011.02120.x
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Table 4. Numbers and proportions of men with prostate cancer and high-grade prostatic intraepithelial neoplasia (HG-PIN) who participated
in this study (n = 158)

Central pathology Local pathology

Is((i;ﬂ:v:zr;e Placebo (n = 47) P-valuet Isg;fl:v;sr;e Placebo (n = 57) P-valuet

No. of patients with tumors 9/42 (21.4%) 16/47 (34.0%) 0.140 8/55 (14.6%) 14/57 (24.6%) 0.137
Age (years)

<64 2/17 (11.8%) 0/19 (0.0%) 0.220 2/27 (7.4%) 0/26 (0.0%) 0.255

>65 7/25 (28.0%) 16/28 (57.1%) 0.031* 7/31 (22.6%) 14/31 (47.1%) 0.035*
Equol production

Producer 5/22 (22.7%) 8/22 (36.4%) 0.255 5/29 (17.2%) 6/19 (24.0%) 0.390

Non-producer 4/20 (20.0%) 8/25 (32.0%) 0.288 3/26 (11.5%) 8/32 (25.0%) 0.168
No. of positive cores

1 6 11 0.713 5 10 0.510

2-4 3 5 (1 vs 2-4) 3 4 (1 vs 2-4)
Gleason score

5 0 0 0 1

6 5 12 4 8

7 3 4 3 2

8 0 0 1 3

9 1 0 0 0

5-6 5/9 (55.6%) 12/16 (75.0%) 0.287 4/8 (50.0%) 9/14 (64.3%) 0.416

7-9 4/9 (44.4%) 4/16 (25.0%) (G5-6 vs 7-9) 4/8 (50.0%) 5/14 (35.7%) (G5-6 vs 7-9)
HG-PIN 2/42 (4.8%) 8/47 (17.0%) 0.660 NE NE NE

The Gleason score is the sum of the two most common histological patterns. NE, not evaluated; non-producers, individuals unable to degrade
daidzein into equol; producers, individuals able to degrade daidzein into equol. tFisher’s exact test; *P < 0.05.

Table 5. Numbers and proportions of men with prostate cancer and high-grade prostatic intraepithelial neoplasia (HG-PIN), based on an
isoflavone intake administration and equol production (central pathology)

Equal producer Equal non-producer

Isoflavone Placebo Pvaluet Isoflavone Placebo pvaluet
(n =22) (n=22) (n =20) (n = 25)

No. of patients with 5/22 (22.7%) 8/22 (36.4%) 0.255 4/20 (20.0%) 8/25 (32.0%) 0.288
tumors
Age (years)

<64 1/9 (11.1%) 0/6 (0.0%) 0.600 1/8 (12.5%) 0/13 (0.0%) 0.381

>65 4/13 (30.8%) 8/16 (50.0%) 0.293 3/12 (25.0%) 8/12 (66.7%) 0.049*
No. of positive cores

1 4 7 0.641 2 2 0.727

2-4 1 1 (1 vs 2-4) 4 4 (1 vs 2-4)
Gleason score

6 2 6 3 6

7 2 2 1 2

8 0 0 0 0

9 1 1 0 0

5-6 2/5 (40.0%) 6/8 (75.0%) 0.250 3/4 (75.0%) 6/8 (75.0%) 0.764

7-9 3/5 (60.0%) 2/8 (25.0%) (G6 vs 7-9) 1/4 (25.0%) 2/8 (25.0%) (G6 vs 7-9)
HG-PIN 1/22 (4.6%) 4/22 (18.2%) 0.172 1/20 (5.0%) 4/25 (16.0%) 0.251

The Gleason score is the sum of the two most common histological patterns. tFisher’s exact test; *P < 0.05.

These results suggest that isoflavone exerts a cancer chemopre-
vention effect through an action other than hormonal. In pub-
lished reports, effects such as apoptosis induction, tyrosine kinase
inhibition, anti-angiogenic action, anti-oxygenation, and antipro-
motion have been regorted for isoflavones based on in vitro and
in vivo studies."*'> In the non-producer groups, estradiol
decreased significantly, independent of treatment. We are not able
to definitely interpret the phenomenon. Estrogen may decrease if
the body weight tends to increase in non-producer groups. In this
study, the change in body weight was not measured.

This study was carried out in Japanese patients. Isoflavone
intake showed an effect on prostate cancer, even though

Miyanaga et al.

Japanese ordinarily ingest considerable isoflavone in daily
life. It can be expected that this effect would become even
greater in Europe and America, who ordinarily ingest little
isoflavone. A global study including Europe and America is
recommended.

In the PCPT"® and REDUCE"” studies, which used 5AR
inhibitors, the incidence of prostate cancer was reduced by
25%."® However, this treatment strategy is high in cost and
leads to complications such as sexual dysfunction."® Therefore,
its suitability can be considered to be limited to men at very high
risk of prostate cancer. However, foods and supplements includ-
ing isoflavones would be suitable for men in general, because of
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their safety, low cost, and high feasibility. In addition, iso-
flavones are effective not only against prostate cancer but also
cardiovascular diseases, osteoporosis, and hyperlipidemia.

The isoflavone tablets used in the present study showed no
specific safety problems and were well tolerated, with 96.2%
(75/78) of the patients in the isoflavone group completing the
treatment regimen. Equol binds specifically with 5a-DHT and
sequesters it from the androgen receptor.™ The end result is
similar to that achieved with SAR inhibitors. We are able to
obtain a similar effect to SAR inhibitors, and safely, using
isoflavone.

In conclusion, the incidence of prostate cancer in the isoflav-
one group was lower than that in the placebo group. In addition,
the safety and tolerability of isoflavone intake were proven.
These results support the value of isoflavone treatment for pros-
tate cancer risk reduction. A large-scale phase III randomized
study, preferably international, that takes into account different
hereditary factors and living environments is warranted.
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