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Abstract

Association of serum dehydroepiandrosterone sulfate (DHEAS) levels with insulin resistance and impairment of insulin secretion have been
reported. We here examined the association of serum DHEAS levels with type 2 diabetes mellitus (DM) and the progression to DM. The serum
DHEAS levels at baseline (from 1995 to 1997) were evaluated in 1709 individuals (998 women and 711 men) from a cohort population (n =
3706) of the Funagata Study. Glucose tolerance was evaluated at baseline as well as at 5-year follow-up examinations (n = 970, follow-up rate,
56.8%) according to the 1985 World Health Organization criteria. The statistical significance of the difference between any 2 groups was
determined by the Student ¢ test. Multiple logistic regression analysis determined the association of the traits with the progression to DM at the
S-year follow-up examinations. P <.05 was accepted as statistically significant. The serum DHEAS levels were significantly lower in DM than
in normal glucose tolerance. However, this difference was not significant when adjusted for age. In men, the decrease in serum DHEAS levels by
the 5-year follow-up examinations was significantly larger in the subjects who became diabetic than in the subjects who remained normal
glucose tolerance, even when adjusted for age (P = .0003). Multiple logistic regression analysis revealed a significant association of the
decrease in serum DHEAS levels with the progression to DM, with an odds ratio (per 0.1 log ng/mL) of 1.410 (95% confidence interval [CI],
1.020-1.948, P = .038), independently from age, height, and 2-hour plasma glucose in men. A decrease in serum DHEAS levels seems to be
associated with the progression to DM in Japanese men.
© 2005 Elsevier Inc. All rights reserved.

DHEAS levels decline with advancing age, and their mean
concentration is reduced progressively from a peak at age
25 years to less than 20% of that peak before the age of
7 years [5]. Insulin action is also known to decline with
advancing age [6,7], and thus, serum DHEAS levels may be
related to age-related insulin resistance. Indeed, the associ-
ation of serum DHEAS levels with insulin resistance has
been shown in many human and animal studies [8-16]. A
negative correlation of serum DHEAS levels with fasting
plasma insulin levels has been reported in nondiabetic men
[10,11]. An increase in insulin binding to its own receptor
by DHEAS has also been reported [12]. Furthermore,
administration of DHEAS improved glucose tolerance and

1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfate ester
(DHEAS) are the major steroidal products secreted from the
adrenal gland [1]. DHEAS binds to albumin and represents
a circulating reservoir for DHEA, which is the most active
form of these hormones [1]. Serum DHEAS levels are 300
to 500 times higher and have a less diurnal variation than
serum DHEA levels [1]. The implications of serum DHEAS
levels have been reported in several pathophysiological
conditions. Low serum DHEAS levels were found to be
associated with coronary artery disease in men [2-4]. Serum
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insulin sensitivity in diabetic rodents [13,14]. Moreover, the
enhancement of glucose-induced insulin secretion by
DHEAS has been also reported [17]. These facts indicated
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that low serum DHEAS levels seem to be related to insulin
resistance and impairment of insulin secretion and, thus,
may be associated with type 2 diabetes mellitus (DM) and/or
the progression to DM.

Because serum DHEAS levels have been reported as
correlated or associated with many clinical and lifestyle
traits or medical conditions, we first reevaluated the
correlations and the associations of serum DHEAS levels
with these factors in a large population-based Japanese
sample. We then used those factors, which were found as
significantly correlated or associated with serum DHEAS
levels, as the covariables in the analysis to determine the
independent association of serum DHEAS levels with DM.
Next, we examined similarly whether serum DHEAS levels
are associated with the progression to DM by 5-year follow-
up examinations.

2. Subjects and methods
2.1. Subjects

The Funagata Study is a population-based study to
clarify the risk factors, related conditions, and consequences
for DM from an epidemiological point of view [18] All
individuals younger than 35 years residing in Funagata, an
agricultural area located about 400 km north of Tokyo,
Japan (n = 4183 in 1995), were considered registered for
the study. However, individuals (n = 377) with cerebrovas-
cular diseases or other disabilities who were unable to attend
the study and 100 residents who had been identified by
public health nurses and through contacts with outpatient
clinics as having diabetes were excluded. Therefore, the
number of residents registered for the study from 1995 to
1997 was 3706. Among them, 2013 residents attended the
study, and 1709 were enrolled for the present study; the
participation rate was 40.9%. Five years later (from 2000 to
2002) after the baseline examination, 970 of the subjects
attended to 5-year follow-up examinations; the follow-up
rate was 56.8%. This study was approved by the Ethical
Committee of Yamagata University School of Medicine, and
informed consent to participate in this study was obtained
from the participants.

2.2. Traits examined

The correlations of the following clinical traits with
serum DHEAS levels were examined: height, body weight,
body mass index (BMI), fasting and 2-hour plasma glucose
in a 75-g oral glucose tolerance test, HbAlc, waist
circumference, hip circumference, waist/hip ratio (WHR),
percent body fat, fasting serum insulin, an insulin resistance
index assessed by homeostasis model assessment (HOMA-
IR), systolic blood pressure, diastolic blood pressure, total
serum cholesterol, serum triglycerides, and serum HDL
cholesterol. The association of serum DHEAS levels with
several lifestyle traits and medical conditions, including
DM, evaluated by the use of a questionnaire was also

examined. The questionnaire included questions about
medical conditions, current medications, and habits of
smoking (categorized as not smoking, formerly smoking,
or currently smoking) and alcohol consumption (categorized
as not drinking or drinking once, 2-3 times, or more than
4 times per week), degree of food consumption (categorized
as consuming less than, as much as, or more than subjects
who are of same sex, of similar age, and who live in the
same area), and physical activity (categorized as exercising
less than once, 2-3 days, or more than 4 days per week).
Hypertension was defined as present if the subject had a
systolic blood pressure of 160 mm Hg or higher, a diastolic
pressure of 95 mm Hg or higher, or was undergoing medical
treatment of hypertension. Percent body fat was assessed on
the principles of bioelectrical impedance [19]. Glucose
tolerance was diagnosed according to the 1985 World
Health Organization criteria and classified as normal
glucose tolerance (NGT), impaired glucose tolerance
(IGT), and DM [20]. The sera obtained at the baseline and
the 5-year follow-up examinations were kept at —20°C, and
were used in 2003 to measure DHEAS levels. Serum
DHEAS levels were measured by enzyme-linked immuno-
sorbent assay in a commercial laboratory (Biomedical
Laboratory, Tokyo, Japan).

2.3. Statistical analysis

Data are given as the means + SD. The statistical
significance of the differences in the trait values between
2 groups was assessed by the Student ¢ test and that among
more than 3 groups was assessed by analysis of variance.
The Scheffé post hoc test was used after analysis of
variance. The statistical significance of the lifestyle traits
between men and women was analyzed by the > test.
Simple and stepwise linear regression analyses with the
traits as covariates were performed to examine the correla-
tion of the traits with the serum DHEAS levels. The
statistical significance of the differences in the trait values
between subjects who became diabetic and those who
remained nondiabetic at the S-year follow-up examinations
was assessed by the Student ¢ test. Multiple logistic
regression analysis was used to determine the independent
associations of age, height, 2-hour plasma glucose, and a
decrease in serum DHEAS levels in 5 years with the
progression to DM by the 5-year follow-up examination.
For regression analysis, the serum DHEAS levels were log-
transformed (log;() to approximate a normal distribution. A
value of P < .05 was accepted as statistically significant,
and a value of correlation coefficient (») of less than —0.3 or
more than 0.3 was considered as biologically relevant.

3. Results
3.1. No relation of the serum DHEAS levels with DM

Sex is a major factor affecting serum DHEAS levels
[21,22]. Thus, this study was conducted in consideration of
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Table 1
Baseline characteristics of the study groups
Trait Men Women
DM IGT NGT DM IGT NGT
Mean + SD P Mean = SD P Mean = SD  Mean = SD P Mean = SD P Mean + SD
Number 41 - 99 - 571 45 - 137 - 815
Age (y) 624 £ 129 .043* 655+ 9.5 <.001** 574 + 128 669 £ 86 <.001** 635+ 10.5 <.001** 56.9 + 12.1
Height (cm) 157.6 £ 52 <.001** 1585 £ 5.8 <.001** 162.0 £ 73 1464 £ 50 <.001** 1479 + 6.0  <.001** 1509 + 6.4
Body weight (kg) 62.1 £10.5 969 61.0 £ 10.7  .829 61.7 £ 9.9 562 £93 .150 548 £ 9.3 414 53.8 £ 8.0
Waist circumference  84.2 + 8.3 .068 84.1 £ 8.7 .005%*  81.2 + 8.1 83.0 £ 99 <.001** 802+ 9.1 <.001** 755 + 85
(cm)
Hip circumference 925 + 6.5 465 91.9 + 5.7 709 913 £ 55 96.0 £ 6.7 <.001** 934 + 6.8 112 922 + 6.1
(cm)
WHR 0.910 &+ 0.049 .061 0.914 + 0.058 <.001** 0.883 + 0.058 0.864 + 0.070 <.001** 0.857 + 0.065 <.001** 0.817 + 0.065
BMI (kg/m?) 249 + 34 .010% 242 £ 3.1 .078 234+ 29 262 £ 42 <.001*¥* 250+ 3.6 <.001** 23.6 £ 3.4
Percent body fat 254 + 6.1 .005** 234 + 6.4 191 223+ 56 339 £ 76 <.001** 31.1 +74 .001** 289 + 6.3
Fasting plasma 129.3 + 30.6 <.001** 101.4 + 10.8 <.001** 94.1 £ 99 1238 £ 18.0 <.001** 99.9 + 10.9 <.001** 90.5 + 8.4
glucose (mg/dL)
2-Hour plasma 259.4 £ 58.1 <.001** 159.9 + 17.0 <.001** 953 + 23.3 2553 £ 59.6 <.001** 160.3 + 16.6 <.001** 102.4 + 19.9
glucose (mg/dL)
HbAlc (%) 6.8 £ 12 <.001** 58 +£05 <.001** 54+04 6.6 £09 <.001** 57+ 04 <.001** 53 +03
Fasting serum 54 +5.0 .070 4.5 £ 3.1 942 4.1 £33 73 +£59 <.001** 58 +3.8 <.001** 44+ 28
insulin («U/mL)
HOMA-IR 1.769 £ 1.763 <.001** 1.154 + 0.830 .180  0.967 £ 0.834 2.198 + 1.788 <.001** 1.458 £ 0.951 <.001** 1.006 + 0.694
Systolic blood 130.7 £ 20.7 283 1373 + 16.8 <.001** 1264 + 16.6 1409 £ 182 <.001** 130.8 + 16.8 <.001** 122.5 + 17.3
pressure (mm Hg)
Diastolic blood 75.6 £ 122 969 77.8 £ 9.7 .062 752 +£99 78.0 £ 11.8 <.001** 749 + 8.8 .002**  71.7 £ 9.7
pressure (mm Hg)
Total cholesterol 2052 £ 322 486 208.1 + 344  .037* 1985 + 344 2134 £ 259 648 220.1 + 38.6 .002** 208.0 + 37.6
(mg/dL)
Triglyceride (mg/dL) 219.6 + 297.1 <.001** 120.1 + 68.9  .730  131.3 + 1183 121.6 + 56.2 .017*  119.5 £ 60.0 <.001** 979 + 52.7
HDL cholesterol 49.5 £ 162 .063 544 £ 140 942 549 + 141 554 £+ 13.8 .198 56.1 £ 14.8 .050% 593 £ 14.2
(mg/dL)
DHEAS (log ng/mL) 2.966 + 0.234 .091 2967 £+ 0.306 .005** 3.062 + 0.266 2.714 + 0.352 .048* 2.799 + 0.317 .591 2.827 + 0.294

P values compared the DM or the IGT groups with the NGT group.
* P <.05.
** P <.01.

sex differences. Baseline characteristics are shown in Table 1.
As expected, the subjects in the DM and the IGT groups were
more obese, more insulin-resistant, and more dyslipidemic
than those in the NGT group. In men, the serum DHEAS
levels were significantly lower in the IGT group and tended to
be lower in the DM group than in the NGT group. In women,
the serum DHEAS levels were significantly lower in the DM
group than in the NGT group. Simple regression analyses
revealed significant negative correlation of serum DHEAS
levels with 2-hour plasma glucose and HbAlc (Table 2).
However, the correlation coefficients were not as high as
biologically relevant. These results seemed to indicate a
weak, if at all, correlation and an association of serum
DHEAS levels with DM.

Serum DHEAS levels are known to be correlated and
associated with many clinical and lifestyle traits and medical
conditions. Therefore, the observed correlation and associ-
ation of the serum DHEAS levels with DM might not be due
to the impairment of glucose tolerance per se, but, rather, to
other factors seen more in the DM and the IGT groups. To
examine this possibility, we reevaluated the correlations and
the associations of serum DHEAS levels with these factors

in the study sample. Simple regression analyses revealed
age, height, and body weight as the only traits significantly

Table 2
Clinical characteristics correlated with the serum DHEAS levels determined
by regression analysis

Trait Men Women
Simple Stepwise Simple Stepwise

7 of the test - 0.365 - 0.215

Age (y) —0.594%* —0.544* —0.456* —0.448*

Height (cm) 0.425% NA 0.320* NA

Body weight (kg) 0.377* 0.102%* 0.163* NA

Fasting plasma 0.072 - —0.015 -
glucose (mg/dL)

2-Hour plasma —0.087**  NA —0.065%*  NA
glucose (mg/dL)

HbAlc (%) —0.062 - —0.107* NA

Correlation coefficients (7) are shown. » more than 0.3 and less than —0.3
are in italics. — indicates traits that were not included in the multiple
regression analysis; NA, not accepted as significant for stepwise multiple
regression analysis.

* P <.05.

** P <.01.
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Table 3
Serum DHEAS levels of the subgroups defined by the traits related to lifestyle and medical conditions
Trait Men Women
Mean + SD (n) P Age-adjusted P Mean + SD (n) P Age-adjusted P
Drinking alcohol (number of days per week)
0 2.938 £+ 0.304 (172) Ref Ref 2.804 + 0.293 (790) Ref Ref
1 3.024 £ 0.261 (109) 73 351 2.869 + 0.297 (127) .149 .687
2-3 3.047 £ 0.293 (67) 42 .105 2.987 + 0.288 (38) .003* .013%*
z4 3.101 £ 0.238 (360) <.001* <.001* 2.989 + 0.326 (21) 301 125
Diabetes
NGT 3.062 + 0.266 (571) Ref Ref 2.827 + 0.294 (815) Ref Ref
IGT 2.967 £+ 0.306 (99) .005%* 728 2.799 £+ 0.317 (137) 591 .057
DM 2.966 + 0.234 (41) .090 335 2.714 + 0.352 (45) .048%* .880
Age-adjusted P was obtained by analysis of covariance with age as a covariate. Ref indicates reference category for each analysis.
* P < .05.
*¥* P <.01.

and biologically relevantly correlated with the serum
DHEAS levels (Table 2, Appendix Table Al). However, a
stepwise multiple regression analysis using all of these
factors together with 2-hour plasma glucose and HbAlc as
the covariables reveled that age was the only traits
significantly and biologically relevantly correlated with
the serum DHEAS levels (Table 2).

The stepwise multiple regression analysis further
revealed a significant, although not biologically relevant,
correlation of serum DHEAS levels with WHR and systolic
blood pressure in women (data not shown). These traits
were also used as the covariates for adjustment in women.

Table 4

Next, we examined associations of serum DHEAS levels
with several lifestyle traits and medical conditions. Signif-
icant associations of serum DHEAS levels with several
lifestyle traits such as habitual alcohol consumption and
medical conditions such as hypertension and current
medication were also found (Table 3, Appendix Table A2).
However, habitual alcohol consumption in both sexes was
the only trait significantly associated with serum DHEAS
levels after adjustment for age, which was the independent
factor significantly and biologically relevantly correlated
with serum DHEAS levels (Table 3). Thus, we used these
factors to determine the independent association of serum

Baseline characteristics of the subjects who became diabetic and who remained nondiabetic by the 5-year follow-up examination and the change in serum

DHEAS levels in the 5-year period

Trait Men Women
NGT-to-DM NGT-to-IGT NGT-to-NGT NGT-to-DM NGT-to-IGT NGT-to-NGT
Mean + SD P Mean + SD P Mean + SD Mean £ SD P Mean £+ SD P Mean + SD
Number 13 - 54 - 275 3 - 57 - 428
Age (y) 63.8 £ 7.9 .067 62.6 + 11.2 .001* 562 + 11.6 513+ 172 .750 61.5+ 85 .002%*%  56.1 £ 11.0
Height (cm) 158.5 £ 5.7 11 1589 + 6.9 .002%  162.7 £ 7.2 1513 £ 5.1 999 148.6 £ 6.0 .004%*% 151.5 £ 6.2
Body weight 60.6 £ 9.5 .850 614 + 95 .862 62.2 £ 10.0 52756 958 54.0 &+ 83 999 541 +£ 78
(kg)
Fasting plasma  102.5 + 14.6 <.001*  99.6 £ 9.0 <.001* 92.6 + 8.5 92.3 + 6.1 901 952 £+ 109 <.001* 90.2 + 7.5
glucose
(mg/dL)
2-Hour plasma  115.2 £ 21.6 .001* 107.0 £ 22.0 <.001* 92.0 £ 21.9 1113 £ 181 .779 1163 £ 16.5 <.001*  103.0 = 20.7
glucose
(mg/dL)
HbAlc (%) 5.7+ 0.6 .002* 56+ 03 <.001* 53+04 54+ 03 924  55+04 .003 53 +03
DHEAS 2.970 £ 0.2190  .343 3.030 £ 0.221 .731 3.072 £ 0.250 2.735 £ 0.380 .864 2.851 £ 0.278 .774 2.823 £ 0.281
(log ng/mL)
ADHEAS —0.169 + 0.355 .008* 0.0004 £ 0.163 816 —0.015 £ 0.146 0.095 + 0.307 .662 0.046 £ 0.136 .210  0.0007 % 0.183
(log ng/mL)
Age-adjusted  — .003* — 446 — 286 — 277 -
P for
ADHEAS

P values compared the NGT-to-DM or the NGT-to-IGT groups with the NGT-to-NGT group. ADHEAS means the change in serum DHEAS levels from the

baseline levels at the 5-year follow-up examination.
* P <.05.
*¥* P <.01.
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DHEAS levels with DM. As shown in Table 3, age
adjustment made the observed association of the serum
DHEAS levels with IGT in men and DM in women
insignificant. Further adjustment for body weight and
alcohol consumption in men did not make the association
of the serum DHEAS levels with IGT significant (the
P values of the adjustment for age and body weight and age,
body weight, and alcohol consumption were .945 and .658,
respectively). Similarly, further adjustment for WHR,
systolic blood pressure, and habitual alcohol consumption
in women did not make the association of the serum
DHEAS levels with DM significant either (the P values of
the adjustment for age, WHR, and systolic blood pressure
and age, WHR, systolic blood pressure, and alcohol
consumption were .804 and .465, respectively). These re-
sults indicate no independent association of serum DHEAS
levels with DM.

3.2. Association of the decrease in serum DHEAS levels
with the progression to DM

We reevaluated the glucose tolerance of 970 subjects at
the S-year follow-up examinations. The subjects were
divided as follows based on the changes in glucose tolerance
(change, number): NGT to NGT, 704; NGT to IGT, 111;
NGT to DM, 16; IGT to NGT, 28; IGT to IGT, 46; IGT to
DM, 35; DM to NGT, 5; DM to IGT, 5; DM to DM, 20. To
examine the association of factors with the progression to
DM, the subjects who were NGT at baseline and remained
NGT (NGT to NGT) or became IGT (NGT to IGT) or DM
(NGT to DM) by the 5-year follow-up examinations were of
interest. It has to be noted here that the subjects of the NGT
group who were examined at the 5-year follow-up
examinations were similar to those not examined at the
S-year follow-up examinations, because most clinical traits
such as fasting plasma glucose (92.1 £ 8.7 vs 91.9 £ 9.9,
P = .77), 2-hour plasma glucose (100.2 + 20.9 vs 98.3 +
22.8, P = .11), and HbAlc (5.34 = 0.36 vs 5.34 £ 0.36,
P = .87) were not significantly different between them.
This fact seems to indicate no significant selection bias in
this setting. The baseline characteristics of the NGT-to-

NGT, the NGT-to-IGT, and the NGT-to-DM groups are
shown in Table 4 and Appendix Table A3. In men, the
serum DHEAS levels at baseline were not significantly
different among the groups. However, the changes in serum
DHEAS levels in 5 years (ADHEAS) were significantly
larger in the NGT-to-DM group than in the others. Namely,
the serum DHEAS levels decreased significantly more in the
NGT-to-DM group than in the others. In women, there was
no significant difference among the groups in terms of
serum DHEAS and ADHEAS levels.

The results above indicate an association of the decrease
in serum DHEAS levels by the 5-year follow-up examina-
tions with the progression to DM in men. Therefore, using
multiple logistic regression analysis, we then examined
whether the decrease in serum DHEAS levels was
associated with the progression to DM independently of
the other traits that were different among the groups in men.
Age, height, and 2-hour plasma glucose, which were the
factors significantly different among the groups, were used
as the covariates for this analysis. Two-hour plasma glucose
was chosen as a representative of the traits related to
glycemic levels. As shown in Fig. 1, this analysis revealed
that an increase in 2-hour plasma glucose (odds ratio [OR],
per 10 mg/dL, 1.707, 95% confidence interval [CI], 1.177-
2.477, P = .0048) and a decrease in serum DHEAS levels
(OR, per 0.1 log ng/mL, 1.410, 95% CI, 1.020-1.948, P =
.0375) were independently associated with the progression
to DM.

4. Discussion

The participation rate and the follow-up rate in the study
do not seem to be so high. Therefore, selection bias may
have some influences in the results. The study is composed
of a cross-sectional study at the baseline and a follow-up
study (cohort study) of the subjects who were NGT at the
baseline. For the cross-sectional study, all registered
subjects were equally solicited to attend the examination.
Thus, although it is possible, there may be no significant
selection bias affecting the results in the cross-sectional

Vs NGT to IGT Vs NGT to DM
Age (per 2 year) l{- =4
0.810} 0.625 |
Height (per 5 cm) <
1 !
i 1.334 i 1.707
2-hr plasma glucose (per 10 mg/dl) -t i
0.942! i 1.410
Decrease in DHEAS (per 0.1 log ng/ml) —2‘-— —f——
I | I | I | [ I I
05 10 15 20 05 10 15 20 25

Fig. 1. Factors associated with the progression to type 2 diabetes by the 5-year follow-up examination in men. The results of multiple logistic regression
analysis are shown. ORs are shown above the vertical bars. Horizontal bars are 95% Cls.
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study. The follow-up examination also does not seem to
have selection bias, because the subjects of the NGT group
who were examined at the 5-year follow-up examinations
were similar to those not examined at the 5-year follow-up
examinations. Therefore, the results obtained here seem to
be reliable.

To examine the correlations of serum DHEAS levels
with DM precisely, we reevaluated the correlations of serum
DHEAS levels with many clinical and lifestyle traits and
medical conditions known to be correlated with serum
DHEAS levels [2,22-29] in the study sample. Simple
regression analyses showed significant correlations of
serum DHEAS levels with many traits examined, as
previously reported [2,22-29]. However, multiple stepwise
regression analyses revealed that most of the correlations
except for those of age (standardized coefficients were
—0.544 and —0.448 for men and women, respectively) were
either not independent from the others or not biologically
relevant. Therefore, in a clinical setting, age seems to be the
only trait independently and biologically relevantly corre-
lated with serum DHEAS level. The associations of lifestyle
traits and medical conditions were also reevaluated. Among
those examined including DM, only habitual alcohol
consumption in men was significantly associated with
serum DHEAS levels even when adjusted for age.
Therefore, age and habitual alcohol consumption seem to
be the traits, which have to be considered for adjustment,
when the correlations and the associations of serum DHEAS
levels with DM are examined.

As described previously, low serum DHEAS levels have
been shown to be related to insulin resistance and
impairment of insulin secretion, which seem to lead to
the development of DM. However, the association of
serum DHEAS levels with DM has not been examined
thoroughly. Therefore, this study was conducted with the
hypothesis that low serum DHEAS levels might be
associated with DM. Indeed, the serum DHEAS levels
were significantly lower in the subjects with DM than in
those without in both sexes. However, this association was
not significant when adjusted for age, as some reports have
indicated [2,22-24]. This result indicates that the low
serum DHEAS levels in the subjects with DM (and IGT)
are not caused by the condition itself but, rather, by the
fact that the subjects were older than those without DM
(and IGT). Adjustment for habitual alcohol consumption
did not affect the status of the insignificant association of
serum DHEAS levels with DM either. We then examined
the association of the change in serum DHEAS levels by
the 5-year follow-up examinations with the progression to
DM. We found that the decrease in serum DHEAS levels
by the 5-year follow-up examinations was larger in the
NGT-to-DM group than in the others in men and that this
difference was still significant after age adjustment.
Furthermore, multiple logistic regression analysis revealed
that the decrease in serum DHEAS levels by the S-year
follow-up examinations was associated with the progres-

sion to DM independently of age, height, and 2-hour
plasma glucose in men. This association was not found in
women. This fact seems to be in good concordance with
previous studies, which showed no association of serum
DHEAS levels with diabetes and insulin resistance in
women [30,31]. Moreover, increased serum DHEAS levels
were observed together with increased insulin resistance in
women with polycystic ovary syndrome [32,33], suggest-
ing that increased serum DHEAS levels may not be
protective for the progression to DM in women.

The low serum DHEAS levels at the baseline examina-
tions were not associated with current DM and were not
with the progression to DM either. However, the decrease in
serum DHEAS levels by the 5-year follow-up examinations
was associated with the progression to DM in men. These
results indicate that low serum DHEAS levels do not
precede the progression to DM and, thus, are not an
indicator for future DM, and that not a particular serum
DHEAS level at one time, but a decrease in serum DHEAS
levels over a period is the factor that is significantly
associated with the progression to DM and thus can be an
indicator for future DM in men. In other words, in men, not
serum DHEAS levels per se, but decrease in serum DHEAS
levels seems to be a factor that may indicate future DM and
be related to the pathophysiology of DM. These findings
appear to support the possible involvement of DHEAS or
serum DHEAS levels in the pathophysiology of DM and,
thus, seem to suggest that further studies would be
warranted. In conclusion, a decrease in serum DHEAS
levels is associated with the progression to DM in men of a
Japanese population.

Appendix A

Table Al
Additional data for Table 2: Clinical characteristics correlated with the
serum DHEAS levels determined by regression analysis

Trait Men Women
Simple Stepwise  Simple Stepwise

BMI (kg/m?) 0.190*  NA —0.002 -

WHR 0.044 — —0.220* —0.090**

Percent body fat 0.247* NA 0.020 -

Fasting serum 0.194* NA 0.038 -
insulin (©U/mL)

HOMA-IR 0.187* NA 0.025 -

Systolic blood —0.159* NA —0.127* 0.092%**
pressure (mm Hg)

Diastolic blood <0.001 - —0.056 -
pressure (mm Hg)

Total cholesterol 0.076*%*  NA —0.065%*  NA
(mg/dL)

Triglyceride (mg/dL) 0.132%* NA —0.075%*  NA

HDL cholesterol —0.117* NA —0.020 -

(mg/dL)

Correlation coefficients () are shown. Traits indicated by — and NA are
those not included and not accepted as significant for stepwise multiple
regression analysis, respectively.

* P <.05.

¥ P < .01.
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Table A2
Additional data for Table 3: Serum DHEAS levels of the subgroups defined by the traits related to lifestyle and medical conditions
Trait Men Women
Mean + SD (n) P Age-adjusted P Mean + SD (n) P Age-adjusted P
Smoking
No 3.042 £ 0.259 (201) Ref Ref 2.822 + 0.293 (913) Ref Ref
Former 3.003 £ 0.272 (164) .389 .662 3.002 £ 0.179 (8) 236 331
Current 3.066 £ 0.279 (342) .614 245 2.780 + 0.386 (40) 672 .033*
Food consumption
Less 2.927 £ 0.307 (75) Ref Ref 2.748 £ 0.278 (95) Ref Ref
Equal 3.052 £ 0.265 (578) .00 1%* .900 2.825 £ 0.299 (832) .061 .895
More 3.139 £ 0.227 (49) <.001** .587 2.846 *+ 0.363 (55) 153 .548
Exercise (number of days per week)
=1 3.036 + 0.335 (201) Ref Ref 2.857 £ 0.299 (243) Ref Ref
2-3 3.060 £ 0.258 (173) 762 .089 2.794 £ 0317 (171) .031%* 553
Z4 3.044 £ 0.253 (298) 958 745 2.814 + 0.275 (186) .186 613
Coronary artery disease
No 3.044 £ 0.275 (661) Ref Ref 2.822 + 0.301 (926) Ref Ref
Present 3.024 £ 0.270 (27) 707 768 2.780 + 0.253 (35) .656 .539
Hypertension
No 3.068 £ 0.268 (522) Ref Ref 2.854 £ 0.287 (676) Ref Ref
Present 2.979 + 0.262 (166) <.001** .397 2.751 + 0.311 (285) <.001** AlS
Stroke
No 3.044 £ 0.275 (682) Ref Ref 2.821 £ 0.299 (953) Ref Ref
Present 2.952 + 0.218 (6) 413 .654 2.879 + 0.337 (8) .585 715
Current medication
No 3.112 + 0.231 (394) Ref Ref 2.883 £ 0.272 (504) Ref Ref
Present 2.953 + 0.298 (302) <.001** .187 2.757 + 0.309 (459) <.001** .805

Age-adjusted P was obtained by analysis of covariance with age as a covariate. Ref indicates reference category for each analysis.

* P <.05.
*¥* P < .0l

Table A3

Additional data for Table 4: Baseline characteristics of the subjects who became diabetic and who remained nondiabetic by the 5-year follow-up examination
and the change in serum DHEAS levels in the 5-year period

Trait Men ‘Women
NGT-to-DM NGT-to-IGT NGT-to-NGT NGT-to-DM NGT-to-IGT NGT-to-NGT
Mean + SD Mean = SD P Mean + SD Mean = SD P Mean = SD P Mean + SD
Waist circumference  83.1 £ 5.4 692 829 £ 83 314 81.1 £83 723 £ 59 852 774 + 82 .161 75.1 £ 85
(cm)
Hip circumference 90.5 £ 42 734 919 £ 5.1 982 917 % 5.6 913 £ 32 .954 932 + 5.7 .676 924 + 6.1
(cm)
WHR 0.918 £ 0.051 102 0.901 £ 0.063 .101 0.883 + 0.058 0.792 + 0.038 .860 0.830 + 0.061 .133  0.812 * 0.064
BMI (kg/m?) 241 £29 754 243 £33 150 234 £ 3.0 23.0 £ 1.0 .949 244 £ 3.1 .153 23.6 £ 3.1
Percent body fat 215+ 75 892 235+ 59 352 223 +5.6 293 £ 1.9 .995 30.6 £52 .139 289 + 6.1
Fasting serum 3.7+ 43 .960 45 +£26 514 39+32 53+27 .897 50+ 33 .586 45 £29
insulin (¢ U/mL)
HOMA-IR 0.924 + 1.145 >.999 1.114 £ 0.632 259 00917 £ 0.806 1.219 + 0.610 911 1.187 + 0.867 .376  1.035 + 0.717
Systolic blood 134.8 £ 21.3 125 1292 £ 148 320 1257 £ 155 116.7 £ 7.0 .879  127.7 £ 14.7 .038* 121.6 = 17.0
pressure (mm Hg)
Diastolic blood 759 £ 13.0 1.000 764 £ 105 920 758 £9.3 78.0 £ 9.2 468 745 £ 9.6 .044* 71.1 £ 9.6
pressure (mm Hg)
Total cholesterol 206.5 + 41.0 .600 208.9 £ 345 .057 196.5 + 34.6 212.0 £ 39.7 986 222.8 + 37.6 .027* 208.3 £ 38.3
(mg/dL)
Triglyceride 151.7 £ 134.0 581 1209 £ 61.0 995 1224 + 1032 109.7 £ 499 889 109.8 £ 539 .133 949 + 524
(mg/dL)
HDL cholesterol 583 + 16.0 777 537 £ 137 633 556 £ 133 66.7 £ 21.9 .734 59.14 £ 159 891 60.11 £ 14.1
(mg/dL)

P values compared the NGT-to-DM or the NGT-to-IGT groups with the NGT-to-NGT group, respectively.
ADHEAS indicates the change in serum DHEAS levels from the baseline levels at the 5-year follow-up examination.

* P <.05.
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