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Abstract

Atms: While steroidogenic factor 1 (SF-1) is traditionally an essential nuclear receptor for steroido genic tissues, cwirent emerging
studies revealed that the receptor is also closely implicated in metabolism. Mutations of SF-J gene cause metabolic disorders like
obesity in both human and mice. The aim of the present study is to examine whether the Gly1464la variation in the gene for SF-1,
that is known to impair SF-1 function and related to adrenal disorders, affects susceptibility to type 2 diabetes.

Methods: Hundred and fifty-one type 2 diabetic subjects and 141 non-diabetic control subjects of Han Chinese were recruited and
the SF-1 genotype were analyzed by PCR-RFLP method.

Results: The Gly146Ala variation occurs frequently in the Han Chinese. Allele Ala frequency in the control subjects (27.3%) was
significantly lower than that in type 2 diabetic subjects (37.1%, x* = 6.37.p = 0.01). The Gly/Ala and Ala/Ala genotypes frequencies
were also higher in diabetic subjects. In both the diabetic and control populations, subjects carrying allele Ala, as compared to those
not, had higher fasting insulin levels and higher HOMA values.

Conclusions: The SF-1 Glyl46Ala variation may constitute a susceptible factor for development of type 2 diabetes and impairment
of insulin actions.

) 2006 Elsevier Ireland 1Ltd. All rights reserved.

Keywords: Steroidogenic factor 1: Type 2 diabetes; Single nucleotide polymorphism; HOMA

1. Introduction

Abbreviations: AgRP. agouti-relaed peptide; BMI, body mass
index: DBP. diastolic blood pressure: f-IRI: fasting immunoreactive Steroidogenic factor 1 (SFE-1), also known as adrenal
insulin: FPG, fasting plasma glucose: HDL-C, high-density lipopro- 4 binding protein and form ally designed as nuclear

tein cholesterol: HOMA, homeostasis model assessment: HPA, . \
: g - I
hypothalamic-pituitary-adrenal: LDL-C. low density lipoprotein cho- receptor subfamily 5 group A number 1 (NR3AL), is a

lesterol; NPY, neuropeptide Y: PCR-RFLP. polymerase-chain reaction monomeric nuclear receptor, that transcriptionally
plus restriction fragment length polymorphism: POMC. pro-opiome- regulates a vast array of genes involved in adrenal
lanocortin; SBP, systolic blood pressure: SF-1. steroidogenic factor 1 _ and gonadal development, sex differentiation, steroid-

TC, total cholesterol; TG. wiglyceride: VMH, ventromedial hypotha- cenesis and re production through out the hypothalamic-
lamic; WHR, waist-to-hip ratio = = M

o . . o }
* Corresponding author. Tel: +86 21 5875 2345x3447: PlttllFar} adrenal/gonad axis [1]. Disruption of sf-] gepe
fax: +86 21 5839 4262 in mice leads to complete adrenal and gonadal agenesis.
E-mail address: fan_wq@yahoo.com (W, Fan). impaired function of pituitary gonadatropes and
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abnormalities of ventromedial hypothalamic nucleus
(VMH) [1,2]. Mutations of the gene in human cause
congenital adrenal and gonadal disorders as well [3-7].
While SF-1 plays vital roles in steroidogenesis,
emerging studies linked the gene to metabolic dis-
homeostasis. Recent discovery of phospholipids as
endogenous ligands for SF-1. make the receptor as a
possible nuclear lipid sensor [8.9]. sf-1 knockout mice
develop late-onset obesity when rescued by adrenal
transplantation [10]. All the three adult human SF-J
gene mutation patients have mild to severe obesity
(3.6.7]. Thus impaired SF-I function may cause
metabolic disorders in both mouse and human.
Functional alterations of human SF-1 caused by
mutations may have limited clinical significance since
mutations occur very rarely. In contrast, a nonsynon-
ymous single nucleotide polymorphism variation,

Glyl46Ala of human SF-1. which bears a slightly .

impaired transactivation. was found occurring fre-
quently in a Japanese population, and had potential
clinical importance [11].

To further clarify potential implications of SF-] gene
function in human metabolic disorders, we analyzed the
relationship between human SF-I Glyl46Ala poly-
morphism and type 2 diabetes and insulin action in Han
Chinese.

2. Materials and methods
2.1. Subjects

A total of 202 Chinese subjects were enrolled in the study.
They included 151 subjects with type 2 diabetes and 141 non-
diabetic normal control subjects. The diabetic subjects were
randomly recruited from patients attending the outpatient
clinic of the department of Medicine and Endoerinology,
Renji Hospital, Shanghai 2nd Medical University. The diag-
nosis of type 2 diabetes was based on World Health Organiza-
tion [12]. Non-diabetic subjects were recruited from an un-
selected population undergoing routine health checkups at the
Renji Hospital. To enhance statistical power to detect associa-
tion, inclusion criteria as follows were used for non-diabetic
subjects: (1) >55 yeass of age; (2) HBAIC values <6.0%: (3)
no family history of type 2 diabetes. All the subjects enrolled
in this study were of full Chinese Han ethnicity. The study
complied the recommendations of the Declaration of Helsinki,
and was performed after obtaining the written informed
consent from all the subjects and was approved by the ethics
committee of the Shanghai 2nd Medical University.

2.2. Biological measurements

Whole blood samples were drawn in the fasting state. and
the fasting plasma glucose (FPG) levels. concentrations of

serum lipids. fasting plasma immiunoreactive insulin (-IRD
concentrations (or, C-peptide alternatively, for those who are
receiving any sorts of insulin therapy), and HbA lc levels were
determined in each subject by standard laboratory techniques
calibrated by the uniform standerds. Genomic DNA was
extracted by kit of QlAamp Blood Maxi Kit (QIAGEN,
CA), following the manufacture’s protocol. Insulin resistance
HOMA: homeostasis model assessment of insulin resistance
(HOMA-IR) =fasting insulin (p.U/ml) x fasting glucose
(mmol/L}22.5; B-cell function (HOMA-B)=20 x fasting
insulin (WU/Mml)/[fasting glucose (mmol/L)-3.5] [13].

2.3. Genotyping of the Glyl46Ala polymorphism in SF-1

gene

The Glyl46Ala polymorphism in human SF-I gene was
genotyped by the polymerase-chain reaction plus restriction
fragment length polymorphism (PCR-RFELP) method [11]. In
brief, leukocyte genomic DNA was amplified by polymerase-
chain reaction with primer flanking exon 4 of human SF-I
gene, and the PCR products were then digested overnight at
37 °C with the restriction enzyme of Sphl The sequences of
the primers are: forward: 5’ CTT AGA GAG GGT GAG TCT
GA 3. reverse: 5’ CTG AAG CCA GTG GGA AGG AT 3.
The annealing temperature was 60 *C. Sphl recognizes only
the Ala allele and the digestion give rise to one (773 bp)
fragment for the Gly allele and two (541 and 232 bp) frag-
ments for the Ala allele. Digest products were resolved by 2%
ethidium bromide stained-agarose gel electrophoresis.

2.4. Sratistical analysis

Clinical variables are expressed as mean - standard eror
of the mean (S.EM.). Differences in the clinical character-
istics between subjects with and without the polymorphism
were evaluated by two-tailed Student’s r-test. The proportions
of genotype or alleles were compared by x° analysis. Odds
ratio (OR) and 95% confidence interval (CI), on-adjusted and
adjusted for age, gender and body mass index (BMI) were
calculated by logistic regression analysis. A p value <0.05
was considered as statistically significant. All statistics were
analyzed using SPSS for Windows Version 11.0.

3. Results

The characteristics of the type 2 diabetic and non-
diabetic control subjects are summarized in Table 1.
The clinical features of the type 2 diabetic subjects and
non-diabetic control subjects classified according to SF-
1 genotype were shown in Tables 3 and 4. respectively.

The Glyl46Ala human SF-1 polymorphic variation
was relatively frequent in'the Han Chinese. 66 of the
141 (46.8%) non-diabetic control subjects contained
one or two allele Ala (55 Glv/Ala, 11 Ala/dla). The total
allele Ala frequency was 27.3%, which is much higher
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Table 1

Characteristics of the type 2 diabetic (T2DM) and non-diabetic (NDM) subjects enrolled

Characteristics T2DM NDM D

n 151 141 -
Gender {male/female) 61/90 34/107 0.003
Age (years) 61.17 £ 0.86 6731 £0.76 0.001
Diabetes onset age 5495+ 1.15 - -

Family history (+/—) 115/36

BMI (kg/m?) 26.60 + 0.37
Waist-to-hip ratio 0.89 £ 0.004
FPG (mmol/l) 9.43 +£0.49
£-IRT (pmol/l) 21.84 +2.34
HOMA-IR 929+ 1.83
HOMA-B 105.19 +:8.92

136.03 £ 1.80
3.39 + 0.84

SBP (mmHg)
DBP (mmHg)

TC (mmol/l) 4.934:0.09
TG (mumol/l) 1.73 £ 0.09
HDL-C (mmol/l) 1.35+0.03

LDL-C {mmol/l) 3.18+0.08

21.30£0.19 1.13B-28
0.82 £ 0.005 6.03E—~20
4.54 +0.03 6.12E-22
1071 £ 042 2.80E—-03
2.23 £ 0.09 4.27E~04
25347 £ 48.09 1.24E-03
128.00 £ 1.33 4.70E—04
$§1.70 £ 0.80 0.15

5.06 £0.07 0.067
1.52 £ 0.09 0.099

1.81 £ 0.04 7.38E—-18
3.06 +0.08 0.32

than that observed in a healthy Japanese population
[11]. Table 2 shows that the allele frequency for the Ala
variant of the Giyl46 — Ala polymorphism of SF-1 was
significantly higher in the type 2 diabetes group (37.1%)
than that in the control group (27.3%. x*=6.37.
p=0.01). A consistent higher genotype frequency of
Gly/Ala (42.4% in diabetic group versus 39.0% in non-
diabetic group) and AlafAla (15.9% in diabetic group
versus 7.8% in non-diabetic group) were also observed
O =622, p=0.04).

These data indicates that the Alal46 SF-1 variant is
asgsociated with increased risk for the development of
type 2 diabetes. The OR is 1.57; and 95% Clis 1.11-
2.23. The relative risk value is 1.23. This association
still exists after adjustment for age. sex, and BMI (OR:
1.56: 95% CI: 1.10-2.31),

The genotypic distribution of the SF-1 Glyl46Ala
polymorphism were in Hardy—Weinberg equilibrium
both in the non-diabetic and the type 2 diabetic subjects.

In both diabetic and non-diabetic populations,
subjects with and without the Gly146A/a polymorphism
were assessed for insulin resistance and R-cell function
by the homeostasis model assessment (HOMA-IR and
HOMA-B) as described in the Methods. Values
obtained from HOMA have been shown to correlate

Table 2

well with those from the glucose clamp technique [14].
For diabetic patients who are receiving any kinds of
insulin therapy, fating C-peptide was alternatively
measured to assess the endogenous insulin secretion.

Among diabetic patients, although fasting glucose
levels were not different between the two sub-groups
subjects who camry the Alal46 variant or not
respectively (Table 3), fasting insulin levels were
noticed significantly elevated in the subjects carrying
one or two Alal46 allele (25.94 + 3.60) as compared to
those Gly/Gly subjects (15.01 & 0.88, p =0.02). The
high fasting insulin levels led to significantly higher
HOMA-IR and HOMA-B values in subjects carrying
the Alal46 variant (Table 3).

Type 2 diabetes per se affects on insulin and glucose
level, and overt diabetic patients received treatments in
forms of diet. oral hypoglycemic agent and/or insulin.
Although the treatment profiles are not significantly
different between the Ala carrying and non-carrying
T2DM subjects (Table 3), those treatments might still to
some extent impact on the secretion or sensitivity (or
both) of insulin. Therefore we carried out a further
analysis to investigate any possible effect of the
Glyl46Ala polymorphism on insulin resistance in
non-diabetic subjects as well. As shown in Table 4,

Genotypic and allelic prevalence of the SF-1 Glv146Ala polymorphism in type 2 diabetic (T2DM) and non-diabetic (NDM) subjects

Genotype [n. (%)) P Alleles [r, (%)) b »
G Gly Glv/Ala Alaldla Glv Alu
T2DM [151) 63 {41.7) G (42.4) 24 (15.9) 0.04 190 (62.9) 112 (37.1) 6.37 0.01
NDM [141] 75 (53.2) 55 (39.0) 11¢7.8; 205 472.7) 77 (27.3)
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Table 3
Clinical characteristics of those type 2 diabetic subjects with and
without Ala146 variant of the Givi46A/a polymorphism of SF-

Characteristics Gliy/Gly GlylAla+ AlalAla  p
n 63 88 -
Gender {male/female)  24/39 37/51 0.63
Age (years) 62.07 £ 0.81 60.51 +1.17 0.37
Diabetes onset age 5474 +180 355.12+1.50 0.87
Family history (+/—)  49/14 65723 0.38
BMI (kg/m®) 26204057  26.90+049 0.35
WHR 0.904+0.007 0.89 £ 0.006 0.47
FPG (mmol/) 9.10 + 0.47 9.68 +0.79 0.57
£-IRT (pmol/) 1501 088  25.94 £3.60 0.02
HOMA-IR 538 4+ 043 11.78 £2.95 0.04
HOMA-8 76.78 £5.56  123.32 4 13.69 0.01
SBP (mmHg) 139374240 13368 +2.57 0.12
DBP (mmHg) 84.65 4+ 1.31 82.51+1.11 0.22
TC (mmol/l) 494 +0.15 4.93 +0.13 0.93
TG (mmol/h 1754+ 0.14 1.73+£0.12 0.90
HDL-C (mmol/D 1.37+£0.05 1.33 + 0.04 0.53
LDL-C (mmol/}) 3214014 3.16 £0.11 0.76
Treatments 0.50

Diet only 0 1

Oral agent only 32 49

Insulin only 8 15

Oral agent + insulin 23 24

while the differences haven’t reached statistical
significance due to relative large S.E.M. values, the
tendency of higher fasting insulin levels, higher
HOMA-IR and HOMA-B values are obvious in those
Alal46 camrying subjects; suggesting the Alazl46
variation of SF-/ may confer resistance to insulin
action in healthy subjects as well.

Table 4
Clinical characteristics of those non-diabetic subjects with and with-
out Alal46 variant of the Gly146Ala polymorphism of SF-]

Characteristics Gly/Glv GlylAla + AlafAla p

n 75 66 -

Gender (male/female)  21/54 13/53 0.25
Age (years) 6751 £1.07 67.0341.05 0.76
BMI (kg/m™) 21204027 214003 0.74
WHR 0.83 +:0.007 0.81 £0.008 0.06
FPG (mmmol/) 449+ 0.08 4.60 4= 0.06 0.32
{-IRI (pmol/l) 10.17 £0.91 1126 £0.72 0.20
HOMA-IR 2.11 +£0.09 235+0.15 0.10
HOMA-B 209.82 £16.19  308.61 & 97.69 0.15
SBP (mmHg) 130,19 £ 1.73 12552 £2.03 0.08
DBP (mmHg) 8253+ 1.12 8074+ 1.15 0.27
TC (mmol/l) 5.09 £0.11 524 £0.11 0.18
TG (mmol/l) 1.66 £ 0.15 137 £0.09 0.12
HDL-C (mmol/1j 1.81 £ 0.06 1.82 £ 0.05 0.83
LDI-C {mmol/1) 296 £0.11 318 +0.12 0.09

While mutations of SF-1 gene cause obesity both in
human and mice, a predicted effect of Glyl464la
polymorphism on obesity was not observed. In both
the diabetic group and the non-diabetic group, body
mass index (BMI), as well as waist-to-hip (WHR).
was not affected by the presence of Alal46 allele
(Tables 3 and 4).

Although SF-1 Gly146Ala affected the susceptibility
to type 2 diabetes, it appears that the variation is not
related with an early onset of diabetes, the diabetes
onset age was similar between subjects with and
without the Alal46 allele, neither the prevalence of
family history differed between the two subgroups
(Table 3).

Among both diabetic and control subjects, there were
no significant differences in age, sex, blood pressure and
plasma lipid profile between the two subgroups with
and without the Alal46 variation (Tables 3 and 4).

4. Discussion

While SF-1 is traditionally a key factor for
steroidogenic processes and is crucial for development
and function of adrenal and gonads in both sexes,
accumulating findings are linking the nuclear receptor
to metabolism disorders. Mutations of the gene cause
obesity in both human and rodents. Added to these
findings, the present study, to our knowledge, for the
first time revealed a higher Gly1464la polymorphism
frequency in type 2 diabetes population as compared
with a non-diabetic control population, and thus further
suggests a potential implication of SF-I gene in
metabolic diseases.

The effects of SF-1 on metabolism might firstly rely
on its vital role in the hypothalamus, especially the
nucleus of ventromedial hypothalamic nucleus (VMH).
Hypothalamus is believed to be the center of energy
homeostasis and metabolism regulation [15]. This area
of science became one of the most dramatically
progressing field since the discovery of leptin [16].
Body fat is regulated by a complex neuroendocrine
system through which information about the status of
stored energy is converted to key CNS circuit using
changing levels of hormones such as leptin and insulin.
Leptin, which is in proportion to body fat muass,
circulates to hypothalamus, stimulates PMOC neurons
and represses AgRP/NPY neurons. and results in
inhibited appetites and increased energy burning.
Added to this well established hypothalamic role in
energy homeostasis and body weight control, Rossetti
and colleagues recently have proposed that, in addition
to hormones (leptin and insulin), fuels such as glucose



(53]

and lipid are also afferent endocrine factors that
regulate neuronal activity in the hypothalamus, and
play critical roles in controlling blood glucose [17,18].
Thus hypothalamus is crucial for both energy and
glucose homeostasis, and might be directly involved in
cnset of both obesity and diabetes. Among various
nuclei of hypothalamus, VMH is one of the most
important that plays vital roles in regulation of appetite
and body weight. Lesions in VMH cause hyperphagia
and obesity. sf-] KO mice have marked abnormalities
in the VMH [19], which persists in the adult animals
and contributes to the onset of obesity of those mice
[10]. SF-1 is the most definitive molecular marker for
the VMH, and has a distinct role in the VMH terminal
differentiation and development [20.21]. SF-1 may also
impact on either hormone (Ieptin and insulin) or fuels
induced hypothalamic neuro-endocrine circuits, and
functional alterations of the receptor caused by
mutations or polymeorphic variations may thus con-
tribute to metabolism disorders by interfering with
central regulation of energy and glucose homeostasis.
Intriguingly, specific knockout of sf-I gene in
hypothalamus is sufficient to induce obesity in mice
[22].

A recent discovery of phospholipids as endogenous
ligands for SF-1 [8,9] is very striking; important
moleculars involved in insulin signaling, like PIP3, is
thus a cognate ligand for SF-1. Given the dominant
hypothalamic expression of SF-1 and eritical role of
hypothalamic insulin signaling in both energy and
glucose homeostasis [23], this becomes particularly
significant. Insulin. as above-mentioned, is a major
afferent humoral information regarding the sufficiency
of body fat stores to central nervous system (CNS).
Reduced CNS insulin signaling contributes to the
pathogenesis of metabolic disorders [23]. SF-1 in
hypothalamus may works as a sensor of local insulin
signaling. Phospholipids as SF-1 ligand also makes the
receptor a possible nuclear lipid sensor, and potentially
have important role in intracellular metabolism
regulation.

Another possible way via which SF-1 exert its role in
metabolism might rely on its well-known role in
steroidogenesis. One identified cause of obesity,
especially visceral obesity and metabolic complications
like diabetes and dyslipidemia is exposure to excessive
levels of glucocorticoids. Systematic glucocorticoid
excess in Cushing syndrome causes visceral obesity,
hyperglycemia and the metabolic syndrome [24,25].
Local overproduction of glucocorticoids in adipose
tissue causes visceral obesity. insulin-resistant diabetes,
and hyperlipidemia [26]. Gly1464/a SF-I variation may
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affect the diabetes onset via its role on adrenal
steroidogenesis function, since the polymorphism is
associated with pathological background of the adrenal;
it produces a more susceptible state to adrenal disorders,
and was evidenced to related with occurrence of these
disorders in human being {11].

SF-1 critically regulates a big cluster of genes
through out the hypothalamic-pituitary-adrenal (HPA)
axis [27]; is critical for a functional HPA axis. A normal
HPA axis is not only a prerequisite for proper
glucocorticoid production (which affects insulin
action), but also important for a normal circadian
thythm. HPA maintains consciousness and modulates
sleep [28]. A recent study with the CLOCK transcrip-
tional factor mutant mice showed that altering circadian
rhythm also results in pathophysiological changes
resembling the metabolic syndrome [29]. And impor-
tantly, disturbance of HPA axis function in human is
associated with not only sleep diseases, but metabolic
syndrome as well [28,30]. In this regard, a caveat to be
considered in the interpretation of our present. clinical
data arising here is that, we, in the present study,
couldn’t include the analysis for the adrenal functional
statuses (glucocorticoidogenesis), and especially the
HPA functions status for subjects with different SF-7
genotype. The issue is the major subject of one of our
ongoing studies. ,

The higher fasting insulin levels and HOMA values
observed in both diabetic and non-diabetic subjects
carrying Alal46 allele is likely, secondary due to SF-/
Glyl46Ala’s role in metabolism, although a direct effect
of the receptor on islet B-cell function is not excludable.
Our data warrants careful evaluations of issues of
hyperinsulinemia and insulin resistance in the pre-
viously reported human subjects and mice model of SF-
{ mutations, where mild to severe obesity was observed.
The data also suggest that diabetic individuals with
Alal46 variant are likely to experience a worse insulin
action and severe form of the disease.

In conclusion, the present study revealed a sig-
nificant higher frequency of human SF-I gene
Glyl46Ala variation in type 2 diabetes subjects as
compared to the non-diapetic subjects in Han Chinese;
the allele Ala146 is associated with an elevated risk for
the development of type 2 diabetes. The variation isalso
related with a higher level of plasma insulin, and severer
insulin resistance. While the Chinese Han ethic group is
more homogenous than Caucasians [31], and the
influence of population stratification is likely smaller
in the present study, studies with larger populations and
those carried out in various races are definitely of great
essentiality to further clarify the relationship between
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the Glyl46Ala SF-1 polymorphism and type 2 diabetes
and insulin resistance.
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Serum concentrations of
dehydroepiandrosterone sulfate
(DHEA-S) in oldest old Japanese
women correlate with cognitive
activity rather than activities of

daily living
Toshihiko Yanase,! Kazuo Muta® and Hajime Nawata®

'Department of Medicine and Bioregulatory Science, Graduate School of Medical Sciences, Kyushu
University, *Muta Hospital, and > Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Background: Dehydroepiandrosterone (DHEA) and its interconvertible sulfate ester,
DHEA sulfate (DHEA-S), mainly produced by the adrenal glands, are progressively
decreased with aging and are proven markers of longevity. Although serum level of DHEA -
(-S) has been shown to be decreased in dementing diseases, the issue remains controver-
sial. We investigated the physiological significance of DHEA-S in oldest old Japanese
women in respect of activities of daily living (ADL) or cognitive activities.

Methods: Cross-sectional study of 50 women aged 90-103 years old. Serum concentra-
tions of DHEA-S levels were measured by radioimmunoassay. ADL and cognitive activity
were evaluated by the Bathel index and revised Hasegawa’s dementia rating scale (HDS-R),
respectively. Univariate or multivariate regression analyzes were used for statistics.

Results: Of the SO subjects, 80% exceeded the lowest level of the normal range for
women in their forties. Serum concentrations of DHEA-S were significantly correlated
with HDS-R but not with the Barthel index.

Conclusion: Relatively higher levels of serum DHEA-S in oldest old women may reflect
the longevity of this population and the levels might be associated with cognitive activity
rather than ADL.

Keywords: activities of daily living (ADL), aging, dementia, dehydroepiandrosterone-
sulfate (DHEA-S).

Introduction

Dehydroepiandrosterone (DHEA) and its interconvert-
ible sulfate ester, DHEA sulfate (DHEA-S) are mainly
produced by the adrenal glands, with production
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decreasing progressively with aging. After the age of
80 years, DHEA-S levels drop to 10-20% of the peak
levels of women in their second decade.! DHEA and
DHEA-S have recently received much attention
because their serum levels were shown to be an impor-
tant marker for longevity? and because a number of
beneficial or anti-aging effects of DHEA-S on, for
example, dementia, obesity, lipid metabolism, diabetes
mellitus, atherosclerosis, osteoporosis, carcinogenesis
and immune responses have been clarified.”” Indeed,
several preliminary trials to treat aged people with
DHEA within a year appear promising; replacement of
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DHEA (50 mg) in men and women (S0 years old) for
6 months in a double-blind trial showed a significant
increase in the sense of well-being both in men and
women.* Baulieu et al. performed a large scale double-
blind study in which 280 healthy individuals (women
and men, 60-79 years old) were daily given orally either
50 mg DHEA or a placebo for a year; a significant
increase in most libido parameters and bone mineral
density and the improvement of skin status was noted in
the women.’

As for dementia, Sunderland etal. first reported
decreased serum concentration of DHEA-S in Alzhe-
imer’s disease (AD) patients compared to controls.®
However, subsequent similar trials revealed that serum
DHEA or DHEA-S appeared inconstant as a biological
marker for AD.” Other reports, including a pervious one
of ours, have reported that not only with AD patients,
but also patients with cerebrovascular dementia (CVD)
have lower concentrations of DHEA-S compared with
age- and gender-matched controls.®® Further, a recent,
randomized, double-blind study involving 6 month’s
DHEA treatment of AD showed no significant improve-
ment of cognitive function.'® On the other hand, studies
regarding the relationship between serum DHEA-S
levels and activities of daily living (ADL) performances
in elderly people are also conflicting.!"™™ Therefore,
the physiological significance of DHEA-S in the elderly
remains controversial. There are no reports investigat-
ing whether serum DHEA-S levels are closely associ-
ated with either or both of ADL performance or
cognitive activity.

The oldest old people are a good model to study the
association of DHEA-S with longevity in respect of
mental and physical activities. However, DHEA-S levels
in the Japanese oldest old population have not been well
studied. In the present study, to ascertain more about
the significance of serum DHEA-S in oldest old women,
we evaluated the relationship between the serum con-
centration of DHEA-S and ADL and cognitive activity
of this population; here, aged more than 90 years old.

Materials and methods

Subjects

Fifty women over 90 years old, who resided in the nurs-
ing ward of Muta Hospital (Fukuoka, Japan) partici-
pated in this study. The blood samples were collected
with subjects in a supine position at 8§ AM on the day
when regular check-ups of blood chemistry were under-
taken. Functional independence in respect of ADL was
evaluated by the Barthel index score (full score, 100)."* A
higher score indicates greater independence. Cognitive
activity was evaluated by revised Hasegawa’s dementia
rating scale (HDS-R; full score, 30).”* A higher score
indicates less dementia. These evaluations are routine

© 2006 Japan Geriatrics Society

work for elderly patients in Muta Hospital. ADL evalu-
ators were blind to hormonal levels and those who per-
formed hormone assays were blind to ADL scores.

Based on clinical diagnoses, the 50 oldest old women
consisted of 10 with hypertension, five with mild heart
failure, nine with after-effect of cerebrovascular disease,
16 with various degrees of dementia (13 with senile
dementia of Alzheimer’s type, one with relatively early
onset AD, and two with cerebrovascular dementia) and
10 with disease-free state, However, by HDS-R evalua-
tions, 45 women who scored less than 20 were assumed
to have actual dementia.

Radioimmunoassay

The concentrations of DHEA-S and DHEA in serum
were measured by SRL (Tokyo, Japan) using Coat-A
Count DHEA-SO4 and DHEA (Diagnostic Products
Corporation, Los Angels, CA, USA) kits, respectively, as
previously reported.” Normal ranges of serum DHEA-S
concentration by decade in females based on SRL's
evaluation were 85-299 (20-29 years old), 64-203 (30~
39 years old), 25-195 (40-49 years old), 11-116 (S0~
59 years old) and 5-100 pg/dL (over 60 years old; see
Fig. 1).

Statistics

Correlations among age, serum concentrations of
DHEA-S (or DHEA), Barthel index score and HDS-R
were evaluated by univariate or multivariate regression
analyses. Statistical evaluation was performed using
SPSS 11.5 software (Windows; SPSS, Chicago, IL, USA)
with the level of significance set at 5%.

Results

Serum concentrations of DHEA-S in the oldest old
women subjects ranged 2-141 pg/dL (Fig. 1). A signifi-
cant age-associated change of serum DHEA-S level was
not observed (r =-0.0174, P = 0.91). Furthermore, 80%
(40/50) of all women exceeded the lowest level of the
normal range of women in their forties, while five sub-
jects exceeded even the lowest level of the normal range
of women in their twenties.

In the Bathel index, 10 subjects scored 0/100, whereas
the other 40 subjects scored from 12/100 to 100/100.
On the other hand, on HDS-R, 16 subjects scored 0/30
while the other 34 subjects scored from 1/30 to 24/30.
Indeed, the 45 women who scored less than 20 were
assumed to have actual dementia. Interestingly, univari-
ate regression anatysis revealed that the serum DHEA-
S level significantly correlated with HDS-R (R = 0.392,
P <0.05) but not with the Barthel index (R = -0.009;
Fig.2). We also measured serum concentrations of
DHEA because DHEA is expected to be an active form
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of DHEA-S and pass through the blood brain (B-B)
barrier,'¢ unlike DHEA-S.Y The results for DHEA were
the same as those of DHEA-S; namely, that DHEA sig-
nificantly correlated with HDS-R (R = 0.367, P < 0.05)
but not with Bathel’s index (R= —-0.017). DHEA and
DHEA-S-values showed good correlation with each
other as expected (R = 0.792, P < 0.001).

Multivariate regression analysis also revealed that
only HDS-R was a factor significantly correlated to
DHEA-S or DHEA at a significance level of 5%. There
was no significant correlation between the Barthel index
and HDS-R on both univariate and multivariate regres-
sion analyses, suggesting that dementia did not essen-
tially affect the ADL performance scales.
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Figure 2 Correlation between
DHEA-S concentrations and Barthel
index scores (left), and Hasegawa’s
dementia rating scale (right).

Discussion

In the present study, we measured serum concentra-
tions of DHEA-S in 50 oldest old females and evaluated
the relationships with ADL and mental activity, esti-
mated by the Barthel index and HDS-R, respectively.
Most of our subjects, all over 90 years of age, showed
levels above the lowest normal levels for serum DHEA-
S in women in their forties. The relatively higher level of
serum DHEA-S levels in the oldest old female popula-
tion may provide a plausible basis for the longevity of
our subjects since Roth et al. has reported that relatively
higher serum DHEA-S levels are associated with a sig-
nificantly higher survival rate in humans.?

© 2006 Japan Geriatrics Society
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The de novo synthesis of DHEA in the brain has
been demonstrated in the presence of steroidogenic
enzymes'® and by the fact that brain DHEA content is
not affected by adrenalectomy or even castration.”
Administration of DHEA or DHEA-S to mice has been
shown to enhance memory retention® and to block the
memory-impairing effects of scopolamine or benzodi-
azepine.’**? Also, DHEA has a trophic effect on cholin-
ergic neurons and cultured neurological cells***
DHEA binds specifically to synaptosomal membranes
and acts as an allosteric antagonist of GABA (y-ami-
nobutyric acid) receptors* Although the relationship
between such neuromodulatory functions and neuronal
excitability or memory enhancement by DHEA is not
well understood, these findings suggest the functional
importance of DHEA-S on the central nervous system,
and possibly in the prevention of dementia. Decreased
concentrations of DHEA may fail to protect partly
degenerated or at-risk brain cells, which might thus dis-
turb memory retention. However, the role of serum
DHEA-S levels in dementing diseases including AD is
controversial.>” Well-Engerer et al. directly determined
steroid concentrations in various regions of the aged
human brain by gas chromatography-mass spectrome-
try; demonstrating that high levels of key proteins were
implicated in the formation of plaques and neurofibril-
lary tangles and were correlated with decreased brain
levels of DHEA-S suggesting a possible neuroprotective
role for DHEA in AD.* Moreover, the presence of
DHEA, DHEA-S and their metabolites such as 7a-, 78,
or 16a~hydroxy DHEA in human cerebrospinal fluid
(CSF) has been reported.* Although the physiological
significance of this remains unclear, relatively higher
DHEA and lower DHEA-S levels in CSF were observed
in patients with AD and CVD compared with levels in
controls.*

Further investigations are required to ascertain
whether such reductions of brain DHEA content in
patients with AD can be linked with decreases of serum
DHEA-S. At present, whatever the causes of variations
in serum DHEA-S levels are, it is evident that it would
be convenient if we could accurately estimate cognitive
and physical activities of elderly people by serum
DHEA-S levels. Our results showing a relatively good
correlation between serum DHEA-S concentrations
and HDS-R might support the hypothesis that DHEA-
S protects against dementia.

On the other hand, DHEA-S levels were not corre-
lated with ADL evaluated by the Barthel index. In
respect to our study, dementia did not appear to affect
ADL estimations because the Barthel index and HDS-R
were statistically independent of each other. Ravaglia
et al. reported that in healthy men over 90 years of age,
there was a positive relationship between serum DHEA-
S levels and functional independence as evaluated by
the Katsz scale of ADL." In contrast, several other stud-
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ies have reported an inverse relation between serum
DHEA-S levels and functional independence (ADL) in
nursing home men' and women."” While reasons for
these conflicting results remain unclear, it might depend
on differences in contents of ADL estimation scales or
differences in study populations.

In summary, while further studies are needed to elu-
cidate these relationships, our results suggest that
DHEA-S levels in serum in oldest old Japanese females
may be more related with cognitive function than with
ADL. Trials involving DHEA treatment using different
doses to groups of oldest old Japanese would test this
hypothesis.
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Evaluation of a New Carotid

Intima-Media Thickness Measurement

by B-Mode Ultrasonography Using an
Innovative Measurement Software, Intimascope
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Carotid intima-media thickness (IMT), an indicator of
atherosclerosis and coronary heart disease (CHD) is usu-
ally evaluated by eye measurement under B-scope carotid
artery ultrasonography. However, the axial resolution of
this system is =0.1 mm, which causes difficulties in re-
spect to accuracy and reproducibility. We evaluated a
newly developed B-scope carotid artery ultrasonography
programmed by an innovative measurement software, In-
timascope (Media Cross Co. Ltd., Tokyo, Japan), which
measures IMT with 10 times higher axial resolution at an
estimated scale of 0.01 mm. Intraobserver or interobserver
coefficient of variation (CV) of the computer-based aver-
age IMT (aver-IMT) value and 3-point IMT value were
much smaller than the corresponding value by conven-
tional eye-measurement method (3-point value). We mea-
sured IMT of 427 asymptomatic subjects undergoing
medical checkups (243 men and 184 women, 23 (o 73
vears of age). Although the mean values of aver-IMT and
3-point IMT of 427 subjects were comparable with that of

the eye measurement method, the aver-IMT showed the
smallest SD (standard deviation) and CV values. In both
men and women, multivariate regression analysis revealed
significant contributions of age and LDL-C to the aver-
IMT value. Univariate regression analysis revealed that
the aver-IMT value of total subjects showed the highest
correlation coefficient values with most risk factors and
risk assessment score, Framingham Risk Assessment, or
Prospective Cardiovascular Munster study (PROCAM)
Risk Score. These results may suggest superiority of com-
puter-based aver-IMT over 3-point IMT by either comput-
er-based or eye measurement method. Carotid aver-IMT
measuremnent using the new Intimascope software may
provide a more precise and reproducible index of athero-
sclerosis than does counventional IMT measurement.

Am ] Hypertens 2006:19:1206-1212 © 2006 American
Journal of Hypertension, Ltd.

Key Words: IMT, carotid, software.

ultrasonography is comparable to the thickness of in-

tima-media complexes as determined by histologic
examination.’? The extent of carotid atherosclerosis is
strongly associated with the presence of coronary heart
disease (CHD) and is a marker for the early phase of the
atherosclerotic process % thus carotid IMT has now be-
come a convenient and noninvasive method for evaluating

structural changes in the arterial wall. However, it has

I ntima-media thickness (IMT) determined by B-mode

usually been evaluated by the eye-measurement (fnanual)
method using a devices such as slide calipers, making it
somewhat difficult to obtain reproducible results by mul-
tiple observers or indeed even by a single observer. Fur-
thermore the axial resolution of this system is at least in
the order'! of (0.1 mm, thus presenting further difficulties
in respect to precision and reproducibility.

To resolve these problems of accuracy and reproduc-
ibility, a new ultrasonic diagnostic equipment (SDU-2200,
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Shimadzu) programmed by an innovative measurement
software for IMT (Intimascope, Media Cross Co. Lid.,
Tokyo. Japan) was developed. This system was designed
to avoid errors in the smooth estimation of the boundary of
the intima and adventitia. It also enables the averaging of
approximately 250 points of IMT values in the measure-
ment segment with a high axial resolution in the order of
0.01 mm.

In the present study, we report the high utility of this
computer-antomated measurement System as an evalua-
tion tool for atherosclerosis based on a comparative study
with manual method and an extensive study of 427 asymp-
tomatic subjects. In addition, we examined the relation-
ships between carotid IMT and risk assessment scores for
CAD and with various atherosclerosis-related parameters.

Subjects and Methods
Subjects

For intraobserver variation, 10 examiners measured IMT
of three different subjects (all male; 35, 37 and 38 years of
age). For interobserever variation, IMT of 11 volunteers
(nine men, 33 to 48 years of age; and two women, 25 and
35 years of age) were evaluated by 10 different measurers
to assess interobserver variations by methods using com-
puter-automated IMT measurement and conventional eye-
measurement IMT measurement.

The subject group comprised 427 individuals (243 men,
age 23 to 73 years, average 48%9 (mean * SD; 184
women, 25 to 73 years, average 46 = 8) who consulted the
Human Dry Dock Center, Wellness (Fukuoka, Japan) for
a routine health evaluation. A summary of the subject
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profiles is shown in Table 1. Evaluations included mea-
surement of body mass index (BMI), body fat ratio, blood
chemistry analyses, electrocardiography, chest cardiogra-
phy. evaluations of serum chemistry and carotid artery
ultrasonography. By interview, smoking index (number of
cigarettes/day), and family history of myocardial infarc-
tion were also evaluated. All studies were undertaken as
part of routine examinations, with the consent of all sub-

jects. Blood samples were obtained from subjects in a

fasting state at 8:30 am. Serum concentrations of total
cholesterol (TC), triglyceride (TG), HDL cholesterol
(HDL-C), fasting blood sugar (FBS), glycosylated hemo-
globin (HbA,.), uric acid (UA), and high-sensitivity
C-reactive protein (nCRP) were measured. Serum concen-
trations of LDL-cholesterol (LDL-C) were calculated by the
Friedewald formula.'? The Framingham Risk Score (FRS)*?
and the Prospective Cardiovascular Munster study
(PROCAM) score,'* both useful markers in predicting
CHD within the next 10 years, were also evaluated. The
PROCAM score is different from the FRS in that the
PROCAM score has two more scores regarding the pres-
ence or absence of diabetes mellitus and family history of
myocardial infarction.

Ultrasound Protocol

The IMT was measured by ultrasonic diagnosis equipment
(Shimadza SDU-2200) that was programmed by the IMT
measurement software, Intimascope (Media Cross Co.
Ltd.). In a manual method, the IMT value was conven-
tionally measured by the eye-measurement method with-
out this software. Intimascope is an innovative software

Table 1. Subject profile by decade of age

Characteristic =39y 40-49y 50-59y 60-69 y 70-79 y
Number 91 172 132 30 2
Age (y) 35.5 (3.5) 44.4 (3.0) 53.8 (2.7) 63.1 (2.3) 73.0 (0.0)
Men/women 45/46 96/76 81/51 20/10 1/1
Smoker/nonsmoker 25/66 447128 33/99 3/27 0/2
BMI 21.6 (3.5) 22.8 (3.5) 23.0(2.8) 23.9 (2.5) 205 (2.2)
% Body fat 23.6 (5.8) 24.6 (5.6) 24.4 (4.9) 24.8 (4.9) 20.0 (0.1)
SBP (mm Hg) 107.5 (13.2) 112.0 (13.7) 116.6 (15.5) 123.1 (14.8) 115.0 (7.1)
DBP {mm Hg) 64.4 (9.4) 67.1 (10.3) 70.4 (11.0) 72.5(10.0) 66.0 (5.7)
FBS (mg/dL) 91.1 (8.0) 95.5 (14.8) 100.7 (26.3) 100.4 (21.2) 99.0 (4.2)
HbA, . (%) 4.67 (0.33) 4.88 (0.61) 5.04 (0.81) 5.07 (0.69) 5.05 (0.07)
TC (mg/dL) 192.1 (32.0) 207.4 (30.5) 213.0 (33.4) 196.4 (33.9) 253.0 (1.4)
TG (mg/dL) 103.2 (76.4) 132.0 (137.4) 123.0 (81.1) 111.7 (80.3) 95.0 (43.8)
HDL-C (mg/dL) 60.1 (14.4) 58.2 (14.8) 56.5 (15.0) 53.6 (10.9) 65.0 (21.2)
LDL-C (mg/dL) 111.3 (25.1) 121.9 (28.9) 131.9 (28.5) 120.5 (35.1) 165.0 (28.6)
UA (mg/dL) 5.28 (1.49) 5.32 (1.58) 5.72 (1.52) 5.61 (1.35) 4.90 (0.85)
Smoking index 87.8% (155.5)  169.8%(325.4) 229.31(389.9) 151.2§ (421.2) 0.0 (0.0)

BMI = body mass index; DBP = diastolic blood pressure; FBS = fasting blocd sugar; HDL-C = HDL-cholesteroi; LDL-C = LDL-cholesterol;
SBP = systolic blood pressure; TC = total cholesterol; TG = triglyceride; UA = uric acid,
Values are given as mean (SD).

*N =81,
TN = 150.
t N =103

§N =21
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FIG. 1. Schematic representation of the carotid artery segment as
measured in this study and the three methods used for measuring
intima-media thickness (IMT): 3-point, maximal, and computer-
based average (aver-IMT),

developed for IMT measurement to minimize measure-
ment errors, which are nsually caused by the meandering
of blood vessels and differences in the skill levels of
measurers. This software was devised to determine the
perpendicular distance to the external membrane of the
blood vessel. The software makes it possible to recognize
automatically the edges of the internal and the external meimn-
branes of the blood vessels and to measure automatically the
distance at a sub-pixel level (estimated to be 0.01 mm), using
a three-dimensional polynomial measurement formula.
Carotid ultrasonography was performed using a 10-MHz
scanning frequency in B mode. One skilled observer, blinded
to the clinical data, scanned the vessel in transverse planes.
Subjects were examined in a supine position. Images were
obtained in the 20 mm proximal to the origin of the bulb at
the far wall of the right common carotid artery (CCA) (Fig.
1). It is easy for examiners to access the origin of the bulb
with echography, thus facilitating the correct positioning of
-the segment to be measured. In all subjects examined in this
study, no plague was observed in this segment. Thus, in this
plague-free region, computer-based IMT was evaluated by
three methods: 3-point, maximal, and average evaluations
(Fig. I). Three-point evaluation refers to the average value of
3-point IMT, including two end points and the middle point
in the >2 cm region. Maximal (max) evaluation was ob-
tained by the IMT value at a maximal point of the region.
Average IMT (aver-IMT) is the average value of 250 com-
puter-based points in the region. In a manual method, IMT
was measured by eye-measurement based on the average
value of 3-point IMT,

- Statistical Analysis

Agreement between different IMT measurement methods
was assessed by a simple plot of the difference between the
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methods against their mean. as previously described by
Bland and Altman.'® The Kolmogorov-Smirnov test was
used to examine whether respective IMT values of the 427
subjects measured by the ditferent methods show normal
distribution pattern. As a result, all IMT values by four
different methods including computer-based methods
(max IMT, 3-point IMT, and aver-IMT methods) and
manual 3-point IMT did not show a normal distribution
pattern (P < .001). The difference among the methods
against their mean was then statistically examined using a
nonparametric method, the Mann-Whitney test. Correla-
tions between IMT values and various parameters inclod-
ing BMI, body fat ratio, systolic blood pressure (SBP),
diastolic blood pressure (DBP), and smoking index were
evaluated. Linear univariate regression and linear multiple
regression analyses were performed using the SPSS ver-
sion 1L.5 for Windows software package (SPSS Inc.,
Chicago, IL), with significance for both set at P < .05. In
the linear multivariate regression analysis, aver-IMT was
adjusted as a dependent (response) variable whereas age,
FBS, TC, HDL-C, TG, LDL-C, UA, HbA,,, BMI, per-
centage of body fat, SBP, DBP, hCRP, smoking index,
FRS, and PROCAM score were adjusted as independent
variables and extracted by stepwise method using for-
ward-backward selection. In this selection, F values as
inclusion criteria were <0.05, whereas F values as exclu-
sion criteria were =0.10. To compare the effectiveness of
variables on the aver-IMT, a standardized regression co-
efficient was also calculated.

Results

Comparison of
IMT Values Between Computer-
Automated and Manual Methods

The intraobserver variation for IMT measurements (10
different examiners for three subjects) was calculated as
mean (£SD) of coefficient of variation (CV; SD/mean X
100%) of the IMT. Mean (£ SD) values of such CV
values for manual 3-point IMT, computer-based 3-point
IMT, and aver-IMT were 7.7% +1.0% . 7.0% +1.2%, and
5.6% * 0.8%, respectively. The interobserver variation
for IMT by 3-point IMT and aver-IMT methods were
evalnated using the computer-based methods and these
values were compared with those by the 3-point IMT using
the manual method. The interobserver CV computer-
automated 3-point IMT method findings ranged from
2.2% to 13.5%, and the average value of the 11 subjects
was 8.5% In comparison the findings by the aver-IMT
method ranged from 2.5% to 10.9%, and the average value
of the 11 subjects was 5.9 %. On the other hand, the
interobserver variation by 3-point IMT based on the man-
ual method ranged from 13.5% to 28.4%, and the average
value of the 11 subjects was 20.6%. From these findings,
the computer-automated aver-IMT evaluations by 3-point
or aver-IMT methods were shown to be more reliable than
manual 3-point method.
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Table 2. Mean = SD (mm) and coefficient of vari-
ation (CV, %) of intima-media thickness (IMT) val-
ues of 427 healthy subjects

Value Mean (mm) SD (mm) CV (%)
Max IMT 0.7331 0.1565 21.3
Aver IMT 0.5700 0.1053 18.5
3-Point IMT 0.5852 0.1180 20.2
Eye-M IMT 0.5832 0.1467 25.2

Maximal (Max) IMT, average (Aver) IMT, and 3-point IMT are com-
puter-generated values, Eye-M IMT indicates conventional eye-
measurement 3-point IMT,

Next we also compared the values of the computer-
automated IMT values by the three methods (max-IMT,
3-point IMT, aver-IMT and eye-measurement 3-point
methods) and the IMT values by conventional method in
427 asymptomatic subjects presenting for a regular med-
ical check-up (Table 2). By mean value, the maximal IMT
value was the highest, followed by the 3-point IMT value,
the aver-IMT value, and manual 3-point IMT value.
Agreement between different IMT measurement methods
based on a simple plot of the difference between the
computer-based method and manual method against the
mean®® revealed that only the difference between max
IMT and manual IMT (0.1499 * 0.132 mm, mean = SD)
was quite large compared with those between aver-IMT and
manual IMT (—0.0135 = 0.1049) and between 3-point IMT
and mannal IMT (0.0020 = 0.1145). Figure 2 provides an
example of the agreement between aver-IMT and manual
IMT against the mean, indicating the methods to be com-
parable with each other. Agreement between different IMT
measurement methods was also tested by 4 statistical anal-
ysis using a nonparametric method, the Mann-Whitney U
test. The mean value of computer-based aver-IMT and
3-point IMT matched the value of the eye-measurement
IMT, respectively, but the max IMT did not. With regard
to SD and CV values of IMT in the 427 subjects by the
four methods mentioned above, the values of computer-
based aver-IMT and 3-point IMT were much smaller than
those of the eye-measurement methods (Table 2).

Correlation Between
aver-IMT and Other Parameters

In linear multivariate regression analyses using the step-
wise method (forward-backward selection), age, BMI,
and LDL-C were factors significantly correlated with aver-
IMT in men (P < .05). In men, standardized regression
coefficient values of age, BMI, and LDL-C were 0.502.
0.182, and 0.109, respectively, indicating that age had the
strongest effect on IMT. Similarly age, SBP, and LDL-C
were factors significantly correlated with aver-IMT in
women (P < .01). In women, standardized regression
coefficient values of age, LDL-C, and SBP were 0.448,
0.155, and 0.142, respectively. In addition, in univariate
analysis, the aver-IMT values showed a positive correla-
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tion with FRS both in men (n = 243, r = 0.389, P < 001)
and in women (n = 184, r = 0.470, P < .001). Similarly
the IMT values showed a similar significant correlation
with the PROCAM risk score both in men (7 = 0.387,P <
0.001) and in women (r = 0.406, P < 0.001). As the
results of multivariate analyses, the FRS and PROCAM
score were quite similar for both sexes, univariate regres-
sion analyses between IMT and each parameter were per-
formed in a combined group of both men and women.

We evaluated the correlations between the IMT values
and various parameters, which are closely associated with
the metabolic syndrome and atherosclerosis (Table 3).
Parameters that positively correlated with aver-IMT val-
ues in the total group of subjects (n = 427) with a
significance of P < .03, were age, FBS, TC, LDL-C, UA,
HbA,., BMI, SBP, DBP, smoking index, FRS, and
PROCAM risk scores. As previously reported in a number
of studies,'® aver-IMT was largely age dependent in nor-
mal subjects. The actual aver-IMT values with aging are
shown in Fig. 3, and the rate of increase of aver-IMT with
aging was 0.007 mun/year. On the other hand, HDL-C was
negatively correlated with aver-IMT values. Importantly,
computer-based IMT values by aver-IMT and 3-point IMT
always showed higher coefficient values with the above
parameters except TC than did conventional eye-measure-
ment IMT. However, it was difficult to conclude which
was superior between computer-based aver-IMT and
3-point IMT, because the difference of coefficient values
between these two methods were not particularly evident
apart from the parameter age.

Discussion

Carotid IMT is a very useful marker of coronary athero-
sclerosis in terms of the presence and extent of atheroscle-
rosis as well as of coronary events.>™'° However there
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FIG. 2. Difference between means for intima-media thickness;
Aver-IMT - Eye-M-IMT). The 95% confidence intervals (CI) range
from —0.2233 to 0.1963. Aver-IMT = computer-based average in-
tima-media thickness; Eye-M = eye-measurement method (3-point
value).
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Table 3. Coefficient values between carctid intima-
media thickness (IMT) and various parameters in
total group of subjects (n = 427)

Computer-based

values

Aver 3-Point Eve-M

Risk factor IMT IMT IMT
Age 0.544%* 0.501* 0.433%
FBS 0.207* 0.215%* 0.187%*
TC 0.182* 0.174%* 0.187%*
HDL-C -0.187* -0.172% -0.106*
TG 0.076 0.046 0.137¢
LDL-C 0.241%* 0.246%* 0.162%*
UA 0.167* 0.163* 0.152%*
HDA, . 0.248%* 0.264%* 0.195%*
BMI 0.280* 0.262*  0.224%
% Body fat 0.090 0.066 0.040
SBP 0.293* 0.289* 0.254%*
DBP 0.274%* 0.272% 0.217%*
hCRP 0.085 0.067 0.069
Smoking index 0.120¢ 0.117¢ 0.109¢%
FRS 0.444%* 0.418%* 0.372%*
PROCAM score 0.386* 0.357* 0.317*

hCRP = high-sensitivity C-reactive protein; other abbreviations as
in Table 1.

Only the numbers of examinees for simoking index are 357 (see
Table 1).

* p < .01,

t P < .05.

remains a problem in that eye-measurement methods using
devices such as slide calipers do not always allow preci-
sion and reproducibility of the IMT value, especially when
measured by inexperienced observers. Many studies have
adopted max IMT as a predictor of CHD>%?; however,
the measurement of max IMT does not necessarily typify
the whole character of carotid atherosclerosis. A reason-
dble approach to'increase the accuracy and reproducibility
would be to extend measurements of IMT in respect of
numbers of points and locations 0 as many as possible.
For example, average IMT measurements by 10 points in
both carotid arteries including common and internal arter-
ies'® or even at 80 points in common carotid artery® have
been reported to be very useful for such evaluations.
However there is a physical limitation to the numbers of
the points that can be measured manually, because the
measurements consume much time and require a large
expenditure of resources.

For these reasons, a more sensitive and handy method
for such measurements has long been sought. In the
present study, we evaluated a newly developed B-scope
carotid artery ultrasonography device programmed by an
innovative measurement software, Intimascope, which en-
ables measurement of IMT with an axial resolution 10
times higher than previously possible, at an estimated
scale of 0.01 mm. The IMT values based on this software
were highly reliable in that the average interobserver vari-
ation was much superior to values obtained by the manual

AJH-December 2006-VOL. 19, NO. 12

method. The difference analysis between the methods
against their mean IMT values in 427 healthy subjects
revealed that the computer-based aver-IMT and 3-point
IMT values were statistically equivalent to the manual
IMT value, respectively. Under these conditions, the com-
puter-based aver-IMT evaluations were much more reli-
able than the 3-point IMT by either computer-based or
manual methods, in respect to precision from the findings
of the smallest values of SD and CV in the 427 subjects
and from the highest positive correlation with various risk
factors. This is reasonable because aver-IMT measurement
takes advantages of the power of computer software, thus
making it possible to measure an average value from 250
computer-based points of IMT in a 2-cm segment. The
system also saves an exarminer's time because the aver-
IMT values can be automatically measured and calculated
by the software. The total time for getting a result includ-
ing measurement is usually <5 min per single subject.
This software also produces easy to read reports of the
IMT measurements. Thus the quickness and the easy ap-
plicability of IMT measurements using this software pro-
vides many advantages, especially when used in multiple
locations and on different vessels or when used in a large
numbers of patients. However a limitation of this software
is that it is sometimes difficult to trace correctly the edges
of the internal and the external membranes of blood ves-
sels in some images containing many plaques or reverber-
ation.

It is noteworthy that aver-IMT values in the healthy
subjects in our study were positively correlated with age,
BMI, SBP, DBP, FBS, HbA,, TC, LDL-C, and UA, and
were negatively correlated with HDL-C in univariate re-
gression analysis, and also positively correlated with age
and LDL-C in multivariate regression analysis. Similar

(mm) y=0.252+0.007x
| N=427
L2077 120,540
p<0.001
1.007

Aver-IMT

0.307

0.607

0.4077

Age
FIG. 3. Significant correlation between computer-based average

intima-media thickness (aver-IMT) and age in the total population
of subjects (n = 427).
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results have been reported in a number of other IMT
studies,’®~*! but most of these were reported in popula-
tions that included patients with CAD, hypercholesterol-
emia, cerebrovascular disease, diabetes mellitus, and
hypertension. Reasonable correlations between aver-IMT
values and several risk factors for CAD, even in our
asymptomatic and healthy subjects undergoing routine
health examination, suggest not only the validity of our
study but also the high sensitivity of our method using this
computer-automated measurement system.

The Framingham study stresses the importance of a
multivariate risk profile in the prediction and prevention of
CAD.* Indeed the traditional risk factors for CAD are
associated with carotid artery IMT.>*2* The utility of the
ERS for predicting CHD in an person within the next 10
vears has been demonstrated in individnals of white and
nonwhite ethnicity, and in middle-aged and older popula-
tions.****** PROCAM score is another type of multivar-
iate risk score, and has also been shown to be useful in
predictions of probability of CAD within the next 10
years.”® We observed a positive correlation between aver-
IMT values and those scores, indicating the impact of
multiple risk factors on atherosclerosis even in a healthy,
asymptomatic population. Similarly it is reported that a
positive correlation between IMT and FRS in a young (age
20 to 38 years), population®” supported the usefulness of
ERS for guiding intervention in CAD risk factors from an
early age.

In conclusion, our method for measurement of carotid
IMT using the Intimascope software was found to be
useful for evaluations of atherosclerosis, showing accu-
racy and reproducibility measurements in healthy subjects.
This system is a powerful o0l for the assessments of IMT
in either the progression or regression of atherosclerosis in
patients with risk factors for CHD as well as in studies
evaluating various drug therapies.
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