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Context: The causal relationship between metabolic syndrome and reproductive hormones is
unclear.

Objective: This study sought to examine the cross-sectional, longitudinal, and predictive associa-
tions between reproductive hormones and SHBG and metabolic syndrome in older men.

Design, Setting, and Participants: Men ages 70 years and older from the Concord Health and
Ageing in Men Project study (n � 1705) were assessed at baseline and 2-year follow-up. At baseline,
T, dihydrotestosterone (DHT), estradiol, and estrone were measured by liquid chromatography-
tandem mass spectrometry, and SHBG, LH, and FSH by immunoassay. Metabolic syndrome was
defined using the P National Cholesterol Education Program (NCEP) Adult Treatment Panel III
criteria.

Results: In cross-sectional data, significant associations between each of T, SHBG, DHT, and cal-
culated free testosterone (cFT) with the metabolic syndrome remained significant after multivar-
iate adjustment. In longitudinal analyses, however, only lower SHBG was significantly associated
with incident metabolic syndrome over the 2-year follow-up (P for linear trend � .04).

Conclusions: Although low serum T, DHT, SHBG, and cFT were associated cross-sectionally with
metabolic syndrome among community-dwelling older men, over a 2-year follow-up period only
SHBG remained significant after multivariate adjustment. This suggests that lowered circulating
androgens (T and DHT) may be biomarkers rather than causally related to incident metabolic
syndrome. (J Clin Endocrinol Metab 99: E2686–E2691, 2014)

Low levels of T and SHBG are associated with metabolic
syndrome and its risk factors, including hyperten-

sion, obesity, insulin resistance, and dyslipidemia (1–3);
however, the relationship is less clear in older men and the
T measurements used immunoassays rather than mass
spectrometry (4). It is important to determine whether
observed associations between T, SHBG, and other repro-

ductive hormones with metabolic syndrome represents a
causal relationship, or rather biomarkers of risk.

An unproven belief in the “andropause” hypothesis
that modest decreases in circulating T cause somatic fea-
tures of aging, rather than representing a nonspecific
adaptive hypothalamic response to chronic disease, has
led to a dramatic increase in T prescribing in Australia and
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elsewhere (5). This has been accompanied by an excess of
cardiovascular events reported in a randomized, placebo-
controlled trial as well as some but not all observational
cohort studies (6–8).

Our study aimed to examine the relationships between
circulating reproductive hormones and SHBG with the
metabolic syndrome in older men both cross-sectionally
and longitudinally over a 2-year follow-up period.

Materials and Methods

Study subjects
The Concord Health and Ageing in Men Project

(CHAMP) is a longitudinal, observational study of aging
conducted among Australian men (9). Baseline measure-
ments were collected between 2005 and 2007 and 2-year
follow-up between 2007 and 2009 (9).

Reproductive hormone measurement
Serum from an early morning fasting blood sample was

stored at �80°C until assay. Serum T, DHT, estradiol (E2),
and estrone (E1) were measured by a validated liquid chro-
matography-tandem mass spectrometry (LC-MS/MS)
method (10). Serum LH, FSH, and SHBG were measured by
automated immunoassays with coefficients of variation of
1.0–2.0% (11). Calculated free testosterone (cFT) levels
were computed using a validated empirical (12).

Outcome measurement
Metabolic syndrome was defined using the National

Cholesterol Education Program (NCEP) Adult Treatment
Panel III criteria, which involves the presence of at least
three or more of waist circumference � 102 cm, fasting
glucose � 5.6 mmol/L and/or on diabetes treatment, trig-
lycerides � 1.7 mmol/L, high-density lipoprotein choles-
terol � 1.03 mmol/L, and systolic blood pressure � 130
mm Hg and/or diastolic blood pressure � 85 mm Hg
and/or on antihypertensive treatment (3).

Statistical analysis
Of the 1705 men who completed the baseline assess-

ments, 1299 men were included in cross-sectional analy-
ses, after excluding men on either androgen or antiandro-
gen treatments (n � 20), or missing data for one or more
risk factors (n � 386) and/or reproductive hormones (n �
25). Most missing data were for baseline fasting glucose
(n � 369) due to technical laboratory failures. For the
longitudinal analyses, loss to follow-up was for death (n �
99) and declining to attend (n � 222).

Cross-sectional and longitudinal associations between
prevalent and incident metabolic syndrome and baseline
hormone quartiles were assessed by logistic regression. Of

the 978 men with longitudinal data, 400 with metabolic
syndrome at baseline were excluded from the longitudinal
analyses. The model building for all analyses included rel-
evant covariates notably age, body mass index (BMI), and
smoking status.

All categorical (quartile) analyses were verified by fit-
ting the reproductive hormones and SHBG as continuous
variables. Models were fitted using SPSS software version
20 (IBM) and SAS software 9.3 (SAS Institute).

Ethics approval
The CHAMP study was approved by the Concord Hos-

pital Human Research Ethics Committee, and partici-
pants provided written informed consent.

Results

The 1299 men included in the baseline cross-sectional
analyses (age, 76.7 � 5.4 y; range, 70–97 y; BMI, 28 � 4.1
kg/m2; Table 1) were predominantly Caucasian (49%
Australians, 20% Italians, 4% Greek, 4% British, 3%
Chinese) with 37% (n � 481) having metabolic syndrome.

Of 578 men in the longitudinal analyses (age, 76.4 �

5.1 y; BMI, 27 � 3.4 kg/m2; Table 1) 106 (18%) developed
incident metabolic syndrome over the 2-year follow-up
period.

There were no differences in age, BMI, T, or SHBG, and
all the individual risk factors of metabolic syndrome in
men excluded from analyses due to missing fasting glucose
(n � 369) compared with the men included (data not
shown).

In cross-sectional unadjusted analyses, lower quartiles
of androgens (T and DHT) and SHBG but not E2 and E1
were associated with presence of metabolic syndrome (Ta-
ble 2) and remained associated after multivariate-adjust-
ment. Significant linear trends (P � .001) were observed
across T, DHT, SHBG and cFT quartiles, with men having
lower levels more likely to have metabolic syndrome. The
association with E1 (but not E2) was significant after mul-
tivariate adjustment despite not being significant in uni-
variate model.

In the longitudinal analyses, T, DHT, SHBG, and cFT
were associated with incident metabolic syndrome in
unadjusted models (Table 2) but only SHBG remained
a statistically significant predictor of new metabolic
syndrome in multivariate-adjusted models (significant
linear trend, P � .04) whereby men with lower circu-
lating SHBG levels more likely to develop metabolic
syndrome (Table 2). Subanalyses adjusting for self-re-
ported hypothyroidism, hyperthyroidism, liver disease,
and renal diseases in further multivariate models did not
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modify the findings for hormones or SHBG (data not
shown).

Forty-five percent of men were on hypolipidemic med-
ication, mostly statins; another subanalysis stratified by
either treated with statins or free of statins revealed similar
findings between the two groups and similar findings as
the main analyses (data not shown).

The findings using hormone levels as continuous (lin-
ear) variables confirmed the findings using quartiles.
For each 1-SD reduction in hormones and SHBG level,
men had adjusted odds ratios for prevalent metabolic
syndrome at baseline of 1.10 (95% confidence interval
[CI], 1.04 –1.16) for T, 1.12 (95% CI, 1.07–1.18) for
DHT, and 1.16 (95% CI, 1.10 –1.28) for SHBG. In the
longitudinal analyses, for each 1-SD reduction in SHBG
there was an odds ratio of 1.09 (95% CI, 1.00 –1.18) for
development of metabolic syndrome over the 2-year fol-
low-up period.

The interaction term between SHBG and BMI in the
overall analyses was P � 0.02, suggesting possible effect
modification. However, in the subgroup analyses strati-
fied by BMI (�25, 25–30, and �30 kg/m2), there were no
differences in the associations between SHBG and incident
metabolic syndrome in any group (data not shown).

Discussion

To our knowledge, this study provides the first compre-
hensive examination of cross-sectional and longitudinal
associations between all the major bioactive reproductive
hormones and metabolic syndrome in older men based on
LC-MS steroid analyses. In cross-sectional analyses, men
with low levels of androgens (T and DHT) and SHBG, but
not estrogens (E2, E1) had more than 2-fold higher odds
of exhibiting metabolic syndrome. In longitudinal analy-
ses, however, only lower circulating levels of SHBG were
predictive of incident metabolic syndrome over a 2-year
follow-up period. This suggests that androgens (T and
DHT) may be biomarkers of risk and/or reflect the un-
derlying changes in SHBG but in any case not likely to
predict or explain incident metabolic syndrome in older
men.

Our CHAMP data revealed longitudinal findings
consistent with the Framingham Heart Study in which
SHBG, but not T, was associated with incident meta-
bolic syndrome (1). In contrast with CHAMP and Fra-
mingham, other prospective studies have all found lon-
gitudinal associations between T and metabolic
syndrome (2). The discrepancies between studies may
be due to different steroid assays, with most using direct

Table 1. Baseline Characteristics of Subjects in the Cross-Sectional Analytic Sample and in the Longitudinal
Analytic Sample

Characteristic

Cross-Sectional Analytic
Sample
(n � 1299)

Longitudinal Analytic
Sample
(n � 578)

Age, y 76.7 (5.4) 76.4 (5.1)
BMI, kg/m2 27.9 (4.1) 26.5 (3.4)

�25 313 (24%) 197 (34%)
25–�30 623 (48%) 305 (53%)
�30 363 (28%) 75 (13%)

Smoking status
Non-smoker 475 (37%) 237 (41%)
Ex-smoker 748 (58%) 313 (54%)
Current smoker 76 (6%) 28 (5%)

T, ng/ml 4.2 (1.9) 4.6 (1.9)
DHT, ng/ml 0.4 (0.3) 0.4 (0.3)
SHBG, nmol/L 49.5 (21.0) 51.8 (20.0)
E2, pg/ml 24.8 (9.1) 24.8 (8.6)
E1, pg/ml 40.0 (16.0) 40.4 (15.1)
LH, IU/L 9.4 (8.1) 9.1 (8.3)
FSH, IU/L 14.4 (14.5) 13.9 (14.4)
cFT, pmol/L 59.5 (22.9) 63.1 (21.9)
No. of metabolic syndrome criteria

0 64 (5%) 26 (5%)
1 346 (27%) 237 (41%)
2 408 (31%) 209 (36%)
3 288 (22%) 83 (14%)
4 149 (12%) 19 (3%)
5 44 (3%) 4 (1%)

Incident metabolic syndrome 106 (18%)

Data are presented as either Mean (SD) or N (%).

E2688 Hsu et al Hormones and SHBG and Metabolic Syndrome J Clin Endocrinol Metab, December 2014, 99(12):E2686–E2691

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/99/12/E2686/2833454 by guest on 20 August 2022



sex steroid immunoassays, which have poorer accuracy,
especially at low circulating T levels such as those pre-
vailing among older men (13). Other studies also used
different measures and definitions for metabolic syn-
drome such as a higher boundary cutoff for fasting glu-
cose of � 6.1 mmol/L, using nonfasting glucose levels,
or have used antidiabetes medication to define hyper-
glycemia (2). The men in previous longitudinal studies
were also much younger than in CHAMP, with a mean
age of approximately 50 years. Nevertheless, our study

has a shorter follow-up period (2-years) which may un-
derestimate an association reported in previous studies
with longer follow-up.

Interestingly, our study is the first to report a strong
association, albeit cross-sectional, between DHT and met-
abolic syndrome. Although DHT a pure (nonaromatiz-
able) androgen is mainly produced by the conversion of T
if may also be produced by the alternative (backdoor)
pathway that bypasses T, under some pathophysiological
circumstances thereby varying independently of T (14).

Table 2. Unadjusted, Age-Adjusted, and Multivariate-Adjusted Odds Ratios for Cross-Sectional and Longitudinal
Associations Between Reproductive Hormones Quartiles and Metabolic Syndrome

Hormone
Quartile

Cross-Sectional (n � 1299) Longitudinal (n � 578)

Unadjusted Age Adjusted
Multivariate
Adjusteda Unadjusted Age Adjusted

Multivariate
Adjusteda

T
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 1.80 (1.26–2.57) 1.81 (1.27–2.58) 1.67 (1.13–2.47) 1.15 (0.64–2.07) 1.20 (0.66–2.17) 1.20 (0.64–2.23)
Second 2.86 (2.02–4.03) 2.86 (2.02–4.05) 2.01 (1.37–2.95) 1.24 (0.68–2.26) 1.21 (0.66–2.22) 0.91 (0.48–1.74)
Lowest 3.81 (2.69–5.40)b 4.03 (2.83–5.73)b 2.30 (1.55–3.41)b 2.06 (1.13–3.75)b 2.16 (1.18–3.97)b 1.32 (0.68–2.56)

DHT
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 1.53 (1.06–2.19) 1.53 (1.06–2.20) 1.23 (0.83–1.82) 1.07 (0.59–1.93) 1.06 (0.58–1.92) 1.07 (0.57–1.98)
Second 3.21 (2.27–4.55) 3.15 (2.22–4.47) 2.29 (1.56–3.35) 1.40 (0.77–2.54) 1.30 (0.71–2.38) 1.16 (0.61–2.20)
Lowest 4.29 (3.03–6.08)b 4.47 (3.15–6.34)b 2.37 (1.61–3.49)b 2.28 (1.26–4.12)b 2.31 (1.27–4.21)b 1.55 (0.81–2.97)

SHBG
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 1.69 (1.17–2.44) 1.66 (1.15–2.41) 1.32 (0.86–1.99) 1.31 (0.67–2.57) 1.26 (0.64–2.48) 1.10 (0.54–2.24)
Second 2.66 (1.87–3.79) 2.57 (1.79–3.69) 1.70 (1.14–2.54) 2.48 (1.33–4.60) 2.12 (1.13–4.01) 1.76 (0.91–3.44)
Lowest 5.01 (3.53–7.09)b 4.81 (3.36–6.89)b 3.10 (2.09–4.59)b 2.98 (1.58–5.62)b 2.47 (1.28–4.77)b 1.89 (0.96–3.74)‡

E2
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 0.96 (0.70–1.33) 0.95 (0.69–1.32) 1.13 (0.78–1.63) 0.52 (0.28–0.97) 0.50 (0.26–0.93) 0.49 (0.25–0.96)
Second 0.85 (0.62–1.17) 0.84 (0.61–1.16) 1.07 (0.74–1.55) 0.91 (0.52–1.60) 0.86 (0.49–1.51) 0.99 (0.54–1.83)
Lowest 1.10 (0.80–1.52) 1.11 (0.80–1.53) 1.35 (0.93–1.97) 0.65 (0.36–1.19) 0.61 (0.33–1.12) 0.67 (0.35–1.28)

E1
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 0.96 (0.70–1.33) 0.97 (0.70–1.34) 1.22 (0.84–1.77) 0.74 (0.39–1.39) 0.74 (0.39–1.40) 0.87 (0.43–1.73)
Second 1.02 (0.74–1.41) 1.01 (0.73–1.39) 1.34 (0.92–1.93) 1.20 (0.68–2.12) 1.11 (0.62–1.98) 1.51 (0.80–2.84)
Lowest 1.13 (0.82–1.55) 1.15 (0.83–1.58) 1.50 (1.03–2.18) 1.17 (0.64–2.13) 1.13 (0.62–2.07) 1.49 (0.77–2.90)

LH
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 1.20 (0.87–1.64) 1.08 (0.78–1.49) 1.09 (0.76–1.57) 1.45 (0.76–2.75) 1.27 (0.66–2.43) 1.48 (0.75–2.95)
Second 0.99 (0.72–1.37) 0.86 (0.62–1.20) 0.84 (0.58–1.23) 1.17 (0.62–2.22) 0.94 (0.49–1.81) 0.84 (0.41–1.69)
Lowest 0.84 (0.60–1.16) 0.72 (0.52–1.01) 0.67 (0.46–0.99) 1.49 (0.80–2.78) 1.16 (0.61–2.21) 1.07 (0.54–2.12)

FSH
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 1.05 (0.76–1.44) 0.99 (0.72–1.36) 0.98 (0.68–1.42) 1.59 (0.84–3.03) 1.45 (0.75–2.77) 1.28 (0.64–2.56)
Second 1.16 (0.84–1.59) 1.05 (0.75–1.45) 1.10 (0.76–1.60) 1.30 (0.66–2.56) 1.12 (0.56–2.22) 1.14 (0.55–2.35)
Lowest 0.84 (0.61–1.17) 0.75 (0.54–1.05) 0.74 (0.51–1.09) 1.59 (0.84–3.02) 1.33 (0.69–2.56) 1.33 (0.67–2.65)

cFT
Highest 1.00 1.00 1.00 1.00 1.00 1.00
Third 2.01 (1.42–2.84) 2.00 (1.41–2.83) 1.73 (1.18–2.53) 1.28 (0.71–2.28) 1.30 (0.72–2.33) 1.26 (0.68–2.33)
Second 2.32 (1.66–3.24) 2.36 (1.68–3.30) 1.61 (1.11–2.34) 1.11 (0.62–2.02) 1.10 (0.60–2.00) 0.81 (0.43–1.53)
Lowest 3.16 (2.22–4.37)b 3.55 (2.51–5.02)b 1.90 (1.29–2.80)b 1.95 (1.08–3.54) 2.27 (1.24–4.18) 1.33 (0.69–2.59)

Prevalent metabolic syndrome was defined as having three or more risk factors.

Incident metabolic syndrome was defined as free of metabolic syndrome at baseline and having three or more risk factors at follow-up.
a Model was adjusted for age, BMI and smoking status.
b Linear trend, P � .05.
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Further longitudinal studies are warranted to investigate
the role of DHT in male aging.

A previous study reported the associations between
metabolic syndrome and SHBG were strongly modified by
BMI, which was not confirmed in our analyses (2). The
role of SHBG and/or aging in mediating metabolic syn-
drome of older men remains incompletely understood
(15). Although obesity has prominent and reversible ef-
fects in lowering circulating SHBG (16), recent genetic
studies also suggest that SHBG may mediate apparently
independent effects on risk of diabetes and cardiovascular
disease (17–18). Nevertheless, these effects may be medi-
ated via modulation of sex steroid action, given that all
bioactive sex steroids are bound strongly to circulating
SHBG (19). Thus, there remain doubts as to the causal
relevance and/or mechanism of action of SHBG in medi-
ating metabolic syndrome.

The lack of statistically significant longitudinal associ-
ations with T in men regardless of BMI status suggests that
androgen levels in older men may be biomarkers of met-
abolic syndrome rather than causal factors. This supports
the possibility that low T may be caused by metabolic
syndrome, not the other way around. Hence, the present
findings provide no support for the “andropause” hypoth-
esis that proposes that T treatment may be beneficial for
older men.

A major strength of our study is that we were able to
compare cross-sectional and longitudinal findings, which
enabled us to investigate the possible causal direction. An-
other strength is that we used LC-MS/MS, the current gold
standard for steroid assays, together with comprehensive,
multianalyte steroid profiling rather than the single-ana-
lyte focus of steroid immunoassays, especially becasue an-
drogen status is mediated by two bioactive androgens, not
just T (20). CHAMP includes a large and representative
group of older Australian men, as demonstrated by similar
sociodemographic and health characteristics in the na-
tionally representative Men in Australia Telephone Survey
(MATeS) study (21).

Limitations of our study include the short follow-up
period and the 20% loss to follow-up, mostly due to in-
evitable high mortality rate of an older male population.
Another limitation was the lost data for fasting glucose,
which was due to laboratory error but, as it was unrelated
to any characteristics of the men, represents a form of data
missing at random, making it unlikely to cause bias (22).
Diurnal variation and seasonal variation in hormone con-
centrations are unlikely to have influenced our results be-
casue blood was sampled consistently in the morning and
seasonal variations in men are minimal (23). In our mul-
tivariate model analyses, we have adjusted for BMI, but
not insulin resistance, which may be a potential modifiable

risk factor. Another limitation is that in using fasting
blood glucose to define metabolic syndrome, diabetes, or
impaired glucose tolerance could not be defined by using
an oral glucose tolerance test and/or HbA1C.

Our findings add to evidence that low circulating levels
of T, DHT, and SHBG are strongly associated cross-sec-
tionally with metabolic syndrome in older men but that
only SHBG was longitudinally associated with incident
metabolic syndrome over 2-year follow-up period. Our
longitudinal study suggests that androgens, T, and DHT
may be biomarkers of metabolic syndrome and not caus-
ally related to onset of metabolic syndrome over time.
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