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Abstract

Objectives: Circulating concentrations of endogenous steroids have systemic implications Key Words
on health in elderly. However, population-based age- and ethnicity-specific data are
scarce. The aim was to report sex-specific plasma concentrations of endogenous sex
and adrenal steroids in elderly Swedish Caucasians, to examine the impact of BMI and to
present concentrations in apparently healthy subjects.

Methods: A population-based observational study of 70-year olds, including 684 liquid chromatography-
community-dwelling men and women enrolled in the PIVUS study, Sweden. Median tandem mass

plasma concentrations were determined using liquid chromatography-tandem mass spectrometry
spectrometry (LC-MS/MS) for pregnenolone, 17-hydroxypregnenolone, 17-hydroxy-
progesterone, 11-deoxycortisol, DHEA, androstenedione, testosterone, estrone and
estradiol.

Results: Plasma concentrations were significantly higher in men (n = 452) than in women
(n=232) for estradiol: median 61.3 pmol/L (95% Cl, 11.4, 142.7) vs 18.4 (4.0, 127.3),

for estrone: 92.8 (33.3, 206) vs 71.6 (17.8, 209) pmol/L, and for testosterone 13.8 (5.7,
28.0) vs 0.7 (0.2, 2.0) nmol/L. Higher concentrations of estrone and estradiol were
observed in obese than non-obese women. Compared to non-obese men, obese men

had lower concentrations of testosterone and its precursors: 17-hydroxypregnenolone,
17-hydroxyprogesterone, androstenedione and DHEA. The subgroup of apparently
healthy individuals had median values > 20% lower for estrone and estradiol in women
but slightly higher for testosterone in both sexes.

Conclusions: Concentrations of estradiol, estrone and testosterone were higher in 70-year-
old men than in women. BMI associated positively to estradiol and estrone in women

and negatively to testosterone in men. Apparently healthy women had lower median
concentrations of estradiol and estrone and men had higher median testosterone
compared to all individuals.
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Introduction

Sex hormones have traditionally been considered
most important during early and reproductive periods
of life, as they play an important role in regulating
growth, development of the gonads, and reproduction
(1). However, recent epidemiological studies suggest
that sex hormones may have an impact on various
body functions and diseases in older individuals, for
example, bone mineral density (2, 3), diabetes (4) and
development of cardiovascular disease (5, 6, 7) as well
as Alzheimer’s disease and impaired cognitive function
(8). The levels of sex hormones may also be related to
BMI), and diabetes status (4), prevalent cardiovascular
disease (CVD) (9), and vascular aging in elderly women
and men (10). Higher testosterone concentrations in
older men have been associated with reduced all-cause
mortality and higher dihydrotestosterone (DHT) with
reduced ischemic heart disease mortality (11). Estrone
is the most prevalent estrogen in menopause and has
less intra- and inter-variation than estradiol (7, 12),
which declines with the onset of menopause. Estradiol
levels are very low in postmenopausal women (7) but
play an important role for physiological functions.
Although data on endogenous sex steroid concentrations
have been presented for children (13, 14, 15, 16, 17),
adolescents (18) and adults (13, 14, 16, 17, 19, 20), sex-
specific and age-specific population-based concentration
are scarce, especially for elderly. In addition, there are
very few studies aimed on measurement of bioactive
sex hormones and their precursors in elderly apparently
healthy individuals (21) and individuals with pathology
(22, 23).

Accurate quantification of the low concentrations
of sex steroids present in elderly is
Immunoassays (IAs) are often used to quantify sex
hormones (19), however, due to their low specificity and
assay-specific bias (19, 20, 24), IAs have been shown to
be inaccurate to quantify the low steroid concentrations
seen in elderly (25, 26, 27). We recently developed highly
sensitive and specific liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methods to identify
and quantify a large number of steroids in small sample
volumes (13, 14, 16, 17, 28).

The aim of this study was to evaluate distributions of
concentrations of endogenous steroids in a population-
based sample of 70-year-old Swedish Caucasian men
and women, evaluate association of the concentrations
with BMI, and to assess distribution of concentrations in
apparently healthy 70-year-old men and women.

important.
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Subjects and methods
Study population

The Prospective Investigation of the Vasculature in
Uppsala Seniors (PIVUS) is a population-based study in
Uppsala community, Sweden (www.medsci.uu.se/pivus/
pivus.htm). Eligible for the study were all Caucasian
individuals aged 70 years and living in the community
at enrolment between April 2001 and June 2004. The
participants were randomly chosen from the national
register of residence and received an invitation by letter
within 2 months of their 70th birthday. Of the invited
2025 subjects, a total of 1016 individuals participated
in the PIVUS (participation rate 50%). A comparison
with non-respondents has been described (29). All the
study participants underwent a physical examination;
information on history of coronary heart disease (CHD)
and menopausal hormone therapy (MHT) was available,
as previously described (29).

Study design

CVD was defined as the self-reported data on the
presence or history of heart failure, hospital-treated
myocardial infarction or stroke, coronary artery bypass
graft (CABG) surgery or percutaneous transluminal
coronary angioplasty (PTCA) but excluding subjects with
hypertension alone. Respiratory disease was defined as the
self-reported data on the presence or history of asthma,
chronic bronchitis, COPD or emphysema. For this
study, diabetes was defined as fasting blood sugar > 6.2
mmol/L or if there is history of diabetes. Lipid lowering
treatment was defined as the current treatment with
statins or other lipid-lowering medication. Common
cardiovascular disease-related drugs were defined as any
regular pharmaceutical treatment. All participants were
investigated in the morning after an over-night fast with
blood drawn between 08:00 and 10:00 h. No medication
or smoking was allowed after midnight. BMI was defined
as body weight in kilograms divided by the squared
body height in meters and was based on measurements
performed at the enrolment. Smoking status was defined
based on the self-report and categorized into current,
former and never-smokers (30). Plasma samples were
stored at —70°C until analysis and transported between
the participating centere on dry ice. Each participant
provided an informed consent form, and the study was
approved by the human ethics committee of Uppsala
University, Sweden.
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Reagents and standards

Testosterone, estrone, estradiol, pregnenolone,
17-hydroxypregnenolone, 17-hydroxyprogesterone,
11-deoxycortisol, hydroxylamine, formic acid,

trifluoroacetic acid, dansyl chloride, and sodium carbonate
were purchased from MilliporeSigma. Androstenedione
and DHEA were purchased from Steraloids (Newport, RI).
The internal standards were deuterium-labeled analogs
of the steroids dj-testosterone, d,-pregnenolone, d,-
11deoxycortisol, dg-17-hydroxyprogesterone, and d;-
17-hydroxypregnenolone (purchased from Cambridge
Isotope Laboratories, Andover, MA) and d,-estrone and
d;-estradiol (purchased from CDN Isotopes, Toronto, ON,
Canada). Methanol, acetonitrile, and methyl-tert-butyl
ether were all high-performance LC grade (purchased
from VWR, West Chester, PA). All other chemicals were of
the highest purity commercially available.

Methods

Nine endogenous steroids were quantified in plasma
samples using high-sensitivity LC-MS/MS assays at ARUP
Laboratories (Salt Lake City, UT) (13, 14, 16, 17). In short,
estrogens were analyzed as dansyl derivatives (13) and
ketosteroids were analyzed as oxime derivatives (14, 17).
The HPLC system consisted of series 1200 HPLC pumps
(Agilent), six-port switching valve, a vacuum degasser, and
an autosampler HTC PAL (LEAP Technologies, Carrboro,
NC). An API 5500 (AB SCIEX, Foster City, CA) tandem
mass spectrometer was used in the positive ion mode
with Turbolonspray ion source. The analytic procedures
are described in details elsewhere (13, 14, 17, 28, 31). The
quadrupoles Q1 and Q3 were tuned to unit resolution,
and the mass spectrometer conditions were optimized
for maximum signal intensity and specificity. Two mass
transitions were monitored for each steroid and its IS.
Concentrations of each steroid were determined using
the primary mass transitions; specificity of the analysis for
each steroid was evaluated by comparing concentrations
determined using the primary and the secondary mass
transitions of each steroid and its IS (32). Quantitative data
analysis was performed using Analyst 1.5.2 software (AB
SCIEX). The assays had a within-run coefficient of variation
(CV) less than 10% and a between-run CV less than 12%
(13, 14, 17, 28). Calibration curves were generated for
every batch of samples, using six calibration standards;
three quality control samples were included with every
batch of samples. The analytical sensitivity of the assays
for the nine endogenous steroids is presented in Table 1.
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Table 1 Limit of quantification of the LC-MS/MS assays.

Limit of quantitation,

Analyte pmol/L
Estrone 4
Estradiol 4
11-deoxycortisol 145
Testosterone 35
DHEA 170
Androstenedione 35
17-hydroxypregnenolone 750
Pregnenolone 150
17-hydroxyprogesterone 150
SHBG  levels were measured using an

immunofluorometric assay (DELFIA-Wallac, Inc., Turku,
Finland) (32, 33). Inter-assay coefficient of variations
were 8.3, 7.9, and 10.9%, and intra-assay coefficient of
variations 7.3, 7.1, and 8.7%, respectively, in the low,
medium, and high pools. The analytical sensitivity of the
assays was 0.5 nmol/L.

Statistical analyses

Subjects on current corticosteroid treatment and on previous
or current hormone therapy were excluded. Demographic
data are presented as median and range, or percentage.
Steroid concentrations are presented as median and 2.5 and
97.5 percentiles (i.e. central 95%) by sex and by sex and
BMI category (normal weight (BMI < 25 kg/m?), overweight
(25 < BMI < 30 kg/m?) or obese (BMI > 30 kg/m?)).
Individuals without prevalent cardiovascular disease and
diabetes, not taking lipid-lowering medications, and non-
smokers were considered as apparently health subjects.
Normality of distributions for the continuous variables
was evaluated using the skewness and kurtosis tests for
Normality. Comparison of concentrations for binary
variables (e.g. sex) was performed using the non-parametric
Wilcoxon rank-sum test as concentrations of all steroids
were non-normally distributed. For three level categorical
variable (i.e. BMI), sex comparisons were made applying the
non-parametric Kruskal-Wallis test. To adjust for multiple
testing, the conservative Bonferroni correction of the P-value
for statistical significance was applied and set to 0.05/10 (i.e.
P < 0.005) when evaluating among-groups differences in
the steroid concentrations. Concentrations of the measured
steroids in apparently healthy subjects are presented
excluding statistical outliers, based on the conventional
percentile method to exclude extreme values according to
Tukey (34). STATA 12 (StataCorp, College Station, TX, USA)
was used for most data management and analysis, and
Medcalc statistical software (v.14.8.1, Frank Schoonjans,
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Mariakerke, Belgium) was used to assess distribution of
concentrations in apparently healthy individuals.

Results

The selection of participants in this study from the PIVUS
sample of 1016 men and women is shown in Fig. 1. After
exclusions the total number included was 684 (232
women, 34%). The characteristics of the study population
are presented in Table 2. The steroid concentrations and
the continuous demographic variables (except height)
were non-normally distributed. The prevalence of CVD
was statistically significantly higher in men (20%) than
in women (8%), as was alcohol intake (median 6.6 vs 2.7
g per day). There was a higher proportion of overweight
men and a higher proportion of obese women, whereas
the exercise habits were similar in both sexes.

Out of the measured endogenous steroids,
concentrations in men were significantly higher
than women for estrone, estradiol, testosterone,

androstenedione, 17-hydroxypregnenolone, 17-hydroxy-
progesterone and sex hormone binding globuline (Table
3). The distribution of the steroid concentrations by sex
are presented in Fig. 2 as median and 50th percentile.
Steroid concentrations in a subgroup of apparently
healthy individuals (56 women and 135 men) are shown
in Table 3. The median values for estrone and estradiol
were >20% lower in healthy women than the median in
all women, whereas median concentration of testosterone
was 5-6.5% higher in healthy women and men, as
compared to the entire study population (Table 3).
Distribution of steroid concentrations by BMI category
are presented in Tables 4 (women) and Table 5 (men);
individuals on hormone replacement and glucocorticoid
therapy or on lipid-lowering medication were excluded.
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In both sexes, BMI was negatively associated with SHBG
concentrations. In women, higher BMI category had
higher concentrations of estrone and estradiol (Table 3); in
men, the higher BMI category had higher concentrations
of estrone and lower concentrations of testosterone as well
as lower concentrations of the precursors of sex steroids;
DHEA, androstenedione, 17-hydroxypregnenolone, and
17-hydroxyprogesterone (Table 4).

Discussion

Measurement of low endogenous concentrations of sex
steroids, characteristic of elderly, requires use of sensitive
and specific methods (27). During the last decade, LC-MS/
MS has become the method of choice for quantitative
analysis of endogenous steroids in biological samples (24).
This study provides information on concentrations of
multiple endogenous steroids in a population-based sample
of elderly of a certain age and ethnicity in Uppsala, Sweden.

In general, lower concentrations of DHEA,
androstenedione and testosterone at advanced age are
expected as an effect of reduced adrenal and gonadal
function with aging (10, 19).

Table 3 summarizes data of this study on distribution
of the measured steroid concentrations in all men and
women and in the subgroups of apparently healthy men
and women, respectively, the distributions are presented as
central 95thpercentile, which is often used for establishing
age-appropriate reference values for healthy individuals
(35). We applied a rather strict definition of healthy and
excluded individuals with prevalent CVD, on lipid-lowering
medication, on sex hormone therapy, on corticosteroids,
diabetics and current smokers, as some of these conditions
have been reported to be associated with concentrations of
plasma estrone, estradiol, testosterone (36, 37, 38), SHBG
concentrations (37, 38), DHEA and androstenedione (38).

Y /7\
Participationin Eligible for
PIVUS |:> participation, |:>
N=1,016 n=959

Included in the study.
Women, n=232; men,

n=452

g U

\-

Women:
erroneous lab Men: current or
Insufficient results (n=3); past hormone
current or past therapy (n=19),
sample volume, h
-57 ormone or
n (n=243) or glucocorticoid
glucocorticoid therapy (n=4)
(n=4) therapy

b >

Figure 1
Selection of the study participants (exclusion
criteria shown in the lower three boxes).
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Table 2 Characteristics of the study population including 232 women and 452 men after removing observations with no
available sex steroid data (n = 57), observations with known erroneous laboratory test results (n = 3, all women), persons on
hormone replacement therapy (n,,omen = 243, Nien = 19) and persons on glucocorticoid therapy (Nyomen = 6, Nmen = 4). Statistical
significant difference between men and women as evaluated by chi-squared test (categorical variables) and two-sample Wilcoxon

rank-sum (Mann-Whitney) test (continuous variables).

Women Men
n Median (range) or percentage n Median (range) or percentage

Weight (kg) 232 72 (42,126)* 452 82(57,138)
Height (cm) 232 162 (149, 184)* 452 176 (155, 198)
Waist circumference (cm) 228 88 (62, 134)* 447 94 (64, 134)
BMI (kg/m?) 232 26.9 (17.7,49.8) 452 26.8(19.2,43.4)
BMI < 25.0 kg/m? 79 34T 143 32
BMI > 25.0-<30 kg/m? 89 38+t 230 51
BMI > 30 kg/m? 64 28*T 79 17
Diabetes 23 10 57 13
Cardiovascular disease 18 8* 90 20
Respiratory disease 16 7 28 6
Hypertension 180 78%* 314 69
Lipid lowering therapy 39 17 81 18
Cardiovascular disease therapy 162 70 284 63
Alcohol intake (g/day) 192 2.7 (0, 32.1)* 384 6.6 (0, 61.3)
Current smoker 31 13 42 9
Exercise habits, per week

Very light, <2 times 21 9 54 13

Light, twice per week 152 68 262 62

Moderate (sweat), 1-2times 42 19 81 19

Heavy exercise (sweat) > 2 per week 8 4 25 6

"BMI categories were evaluated in total, not pairwise. *indicates statistical significance after adjusting P values for multiplicity using Bonferroni correction

(0.05/10); P=0.005.

As there is evidence of sex, age, geographical, and
ethnic variation in sex hormone levels (33), reports on
specific populations are necessary to contrast and evaluate
clinical relevance, thus, varying data is to be expected
across studies. Distributions of the steroid concentrations
reported in this study differed between women and
men, with generally higher concentrations of estrone,
estradiol, testosterone, androstenedione, 17-hydroxy-
pregnenolone, and 17-hydroxy-
progesterone in men. Compared to a recent large
community-based study reporting the distribution of sex
steroids in women over 70 years of age, using LC-MS/MS
methods (39), levels of estrone were considerably higher
and median concentrations of testosterone were lower in
the sub-group of 70-74-year-old women than observed in
our study. Further, they reported that the concentrations
of estradiol were below the limit of quantitation of
the assay in 66% of the participants indicating lack of
sensitivity for the quantification method or very low
concentrations in the study population. When comparing
a population-based sample of 20 to 80+ year-old men and
women in the United States to our data, the central 95%
concentrations for testosterone observed in our study were

pregnenolone

similar to their central 80% concentrations in all men and
women, respectively (40), which is somewhat surprising
considering the different demographic characteristics
of the study populations. Furthermore, they reported
higher testosterone concentrations in fasting than non-
fasting individuals, which has been confirmed in a more
recent study on Australian men (41) but did not report
data by fasting/non-fasting status. Thus, lack of detailed
information on testosterone levels by age, ethnicity and
fasting status prevents further analysis of the higher
variation seen in their data and detailed comparison with
our data. A study of elderly men in Australia (4) reported
a mean value of testosterone comparable to the median
value reported in the present study but considerably
higher mean estradiol concentration than the median
value reported here. Similar median levels of testosterone
were also reported in >10,000 men of 35-99 year of age
(median 70.9 year) but higher median E2 levels (42)
compared to our study.

Increase in BMI had comparable effect on
concentrations of the measured steroids in men and
women, while less pronounced in women. The lower
concentrations of total testosterone in overweight/obese
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men reported here are in concordance with two
Australian studies including 76 + 3 year-old men (4)
and 10,900 men 35-99 year of age (median 70.9 year)
(42). On the contrary, we observed significantly higher
concentrations of estradiol and estrone in women
with higher BMI, which was in agreement with earlier
findings (3, 39). However, an association between
overweight and obese women and higher testosterone
levels has been reported previously (39) but was not seen
in our data. Difference in the observed distributions of
concentration may be related to the study population,
inclusion and exclusion criteria applied during the
recruitment, BMI of the participants and the methods’

errorbars extending to the adjacent values for
452 men and 232 women. (B) Median
concentrations of estrone, estradiol (in pmol/L),
and SHBG (in nmol/L) with the outline of the
boxes representing the interquartile range and
the errorbars extending to the adjacent values for
452 men and 232 women.

specificity. In our study, women with normal BMI
showed higher of the precursors
dihydroepiandrosterone, 17-hydroxypregnenolone and
pregnenolone compared to the obese groups. A similar
pattern was present in men regarding testosterone
concentrations with higher concentrations among men
with normal BMI than in the overweight and obese,
most likely explained by consumption of the precursors
for biosynthesis of estrogens in the fat tissue.

It has not been established in what way sex steroids
are associated with cardiovascular disease. However,
lower levels of androgens and higher levels of estrogens
have been associated with a more unhealthy artery wall

concentrations
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Table 4 Concentrations of steroids in 70-year-old women (n = 193) (after excluding observations with no available sex steroid
data (n=57), observations with known erroneous test results (n = 3, all women), on hormone replacement therapy (n = 243)), on
glucocorticoid therapy (n = 6) and/or lipid lowering medication (n = 39), by BMI categories normal weight (BMI < 25 kg/m?),
overweight (BMI 25-30 kg/m?) and obese (BMI > 30 kg/m?), presented as median and the 2.5 and 97.5 percentile values (i.e. the
central 95%). BMI category comparisons were made applying the non-parametric Kruskal-Wallis test.

Normal weight

Over weight Obese

Median (2.5th, 97.5th

Median (2.5th, 97.5th Median (2.5th, 97.5th

Variable n_ percentiles) n_ percentiles) n_ percentiles) P-value®
Estrone (pmol/L) 74 64.9 (18.1, 235) 68 70.4(14.4,177) 51 86.1(30.0, 246) <0.005*
Estradiol (pmol/L) 74 16.4(3.67,131) 68 18.4(4.63,151) 51 24.7 (9.58, 120) <0.005*
11-deoxycortisol (nmol/L) 74 0.723(0.201,3.57) 68 0.770(0.141,3.68) 51 0.835(0.173, 2.10) 0.53
Testosterone (nmol/L) 74 0.729(0.242,1.70) 68 0.694(0.232,2.61) 51 0.729(0.382, 1.98) 0.84
Dehydroepi-androsterone (nmol/L) 74 8.42(2.71,21.7) 68 7.37(0.746,30.2) 51 7.11(2.95, 16.3) 0.28
Androstenedione (nmol/L) 74 1.49(0.590,3.47) 68  1.40(0.555,3.61) 51 1.49 (0.486, 3.12) 0.80
17-hydroxypregnenolone (nmol/L) 74 1.99(0.21,8.61) 68 1.67(0.205,11.2) 51 1.48 (0.33, 5.15) 0.17
Pregnenolone (nmol/L) 74 3.14(1.45,5.56) 68 2.58(1.21,7.43) 51 2.65(1.36, 4.04) 0.016
17-hydroxyprogesterone (nmol/L) 74 0.773(0.261,2.36) 68 0.715(0.203,3.27) 51 0.757(0.212,1.757) 0.94
Sex hormone-binding globulin (nmol/L) 72 68.8 (27.4,127) 66 55.7(31.5,103) 47  39.7(18.8,79.7) <0.005*

aKruskal-Wallis test was used to test differences between BMI categories; *indicates statistical significance after adjusting the P-values for multiplicity

using Bonferroni correction (0.05/10); P-value for significance 0.005.

and prevalent cardiovascular disease (9) suggested to be
caused by an endogenous response to the arteriosclerotic
inflammatory process rather than a causal relationship
between endogenous steroid concentrations and prevalent
CVD. On the contrary, no association between blood
pressure and sex steroids was reported in adults from the
HERITAGE Family Study, Canada (43).

This study included only 70-year-old Caucasian
subjects in Sweden, and, therefore, caution should be
raised about the representativeness of the data to other
geographic, ethnic and age groups. The definition of
prevalent CVD was conservative as it was based on self-
reported data. On the other hand, hypertension data was

measured and the definition used for CVD (hospitalization
due to myocardial infarction or stroke or doctor’s diagnosis
of heart failure) can be expected to be well-remembered
by the subjects, thus, reducing the risk of the recall bias.

Conclusions

This population-based study provides LC-MS/MS-based
concentrations of endogenous adrenal and sex steroids in
70-year-old Caucasian men and women. Concentrations
were often lower in women than men. Higher BMI
category associated with higher
concentrations of estrone and estradiol and lower SHBG

in women was

Table 5 Concentrations of steroids in 70-year-old men (n = 371) after excluding persons on glucocorticoid therapy (n = 4),
hormone treatment (n = 19) and/or lipid lowering medication (n = 81), by BMI categories normal weight, (BMI < 25 kg/m?)
overweight (BMI 25-30 kg/m?) and obese (BMI > 30 kg/m?), presented as median and the 2.5 and 97.5 percentile values (i.e. the
central 95%). BMI category comparisons were made applying the non-parametric Kruskal-Wallis test.

Normal weight Over weight Obese
Median (2.5th, 97.5th Median (2.5th, 97.5th Median (2.5th, 97.5th
Variable n_ percentiles) n percentiles) n_ percentiles) P-value?
Estrone (pmol/L) 122 94.3(31.4,184) 191 89.9(28.5, 192) 58 112 (44.4, 261) <0.005*
Estradiol (pmol/L) 122 62.0(21.5, 141) 191 57.9(15.8, 147) 58 75.4(11.2,131) 0.03
11-deoxycortisol (nmol/L) 121 0.979(0.317,2.51) 191 0.749(0.259,2.94) 57 0.95(0.253,3.43) <0.005*
Testosterone (nmol/L) 121 16.9(9.37, 29.4) 191 13.1(6.91, 28.0) 57 11.3(4.20, 18.7) <0.005*
Dehydroepi-androsterone (nmol/L) 121 9.02 (2.05, 25.3) 191 7.08 (2.46, 21.0) 57 7.60(1.90, 22.6) <0.005*
Androstenedione (nmol/L) 121 2.12(1.15, 3.61) 191 1.87(0.832,4.03) 57 1.84(0.892,5.76) <0.005*
17-hydroxypregnenolone (nmol/L) 121 2.98(0.810,8.52) 191 2.02 (0.696,8.70) 57 2.08(0.686, 10.4) <0.005*
Pregnenolone (nmol/L) 121 3.35(1.51,7.33) 191 3.00(1.29, 6.45) 57 3.03(1.05, 6.38) 0.02
17-hydroxyprogesterone (nmol/L) 121 2.55(1.24, 4.64) 191 1.93(0.788,5.18) 57 1.97(0.757,10.5) <0.005*
Sex hormone-binding globulin (nmol/L) 118 52.9(22.4,99.7) 184  39.1(19.1,91,5) 58 37.8(17.9,59.1) <0.005*

aKruskal-Wallis test was used to test differences between BMI categories; *indicates statistical significance after adjusting the P-values for multiplicity

using Bonferroni correction (0.05/10); P-value for significance 0.005.
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whereas in men, higher BMI was associated with lower
concentrations of testosterone as well as lower precursors
(except pregnenolone) and SHBG but higher estrone
levels. In both sexes, apparently healthy individuals had
comparable median concentrations compared to all men
and women, respectively, but with narrower central 95%
distributions indicating reduction of variation in data
when including only apparently healthy subjects.
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