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Inverse Association of Testosterone and the
Metabolic Syndrome in Men Is Consistent across
Race and Ethnic Groups
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Context: Low sex hormone levels have been associated with the metabolic syndrome (MetS).

Objectives: Our objective was to determine whether the association between sex hormone levels
and MetS varies by race/ethnicity among men and to investigate the relationship of sex hormones
and individual components of MetS.

Design: We conducted a population-based observational survey.

Participants: A multistage stratified design was used to recruit a random sample of 2301 racially/
ethnically diverse men age 30-79 yr. Blood samples were obtained on 1899 men. Analyses were
conducted on 1885 men with complete data on total testosterone (T), free T, and SHBG.

Interventions: There were no interventions.

Main Outcome Measure: MetS was defined using a modification of the Adult Treatment Panel lll
guidelines. The association between MetS and sex hormone levels was assessed using odds ratios
and 95% confidence intervals estimated using logistic regression models.

Results: A strong inverse association was observed, in both bivariate and multivariate analyses,
between hormone levels and MetS. The odds of MetS increased about two-fold with a 1 sp decrease
in hormone levels. The association between sex hormones and MetS was statistically significant
across racial/ethnic groups. Although the magnitude of this association was largest among White
men, racial/ethnic differences were not statistically significant. The strength of the association of
sex hormones with individual components of MetS varied; stronger associations were observed
with waist circumference and dyslipidemia and more modest associations with diabetes and ele-
vated blood sugar.

Conclusions: A robust, dose-response relationship between sex hormone levels and odds of the
metabolic syndrome in men is consistent across racial/ethnic groups. (J Clin Endocrinol Metab 93:
3403-3410, 2008)

he metabolic syndrome (MetS), a constellation of cardiovascular
T risk factors thought to be linked by insulin resistance (1), is char-
acterized by dyslipidemia, hyperglycemia, hypertension, and central
obesity. MetS has been established as a precursor state in which
patients are at a significantly increased risk of developing
cardiovascular disease (2, 3).
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Aging is associated with a gradual decline in testosterone (T) levels
in men (4, 5). This decrease is accompanied by changes in body com-
position including increases in fat mass and decreases in lean body
mass, dyslipidemia, insulin resistance, and glucose metabolism dys-
regulation (6-10). Epidemiological evidence has shown that sex hor-
mones are related to type 2 diabetes and cardiovascular disease in men

Abbreviations: ATP, Adult Treatment Panel; BACH, Boston Area Community Health; BMI,
body mass index; Cl, confidence interval; HDL, high-density lipoprotein; MetS, metabolic
syndrome; OR, odds ratios; T, testosterone.
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in some, but not all, studies (7, 11-14). Low serum T and SHBG have
been associated with MetS both cross-sectionally and longitudinally
(15-19). However, whether this association varies by race/ethnicity has
not been reported previously.

Using data from the Boston Area Community Health (BACH) sur-
vey, the relationship between sex hormones and MetS can be investi-
gated in a large population-based racially and ethnically diverse sam-
ple. The objectives of this analysis are to determine whether the
associations between sex hormones and MetS vary by race/ethnicity
and to investigate the relationship of sex hormones and individual com-
ponents of MetS.

Subjects and Methods

Overall design

The BACH survey is a population-based epidemiological survey of a
broad range of urological symptoms and risk factors in a randomly
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selected sample. Detailed methods have been described elsewhere (20).
In brief, BACH used a multistage stratified random sample to recruit
approximately equal numbers of subjects according to age (30-39, 40—
49, 50-59, 60-69, and 70-79 yr), gender, and racial and ethnic group
[African-American (Black), Hispanic, and Caucasian (White)]. The
BACH sample was recruited from April 2002 through June 2005. In-
terviews were completed with 63.3% of eligible subjects, resulting in a
total sample of 5503 adults (2301 men, 3203 women, 1767 Black, 1877
Hispanic, and 1859 White respondents). All protocols and informed
consent procedures were approved by the New England Research Insti-
tutes’ Institutional Review Board.

Data collection

Data were obtained during a 2-h in-person interview, conducted by
a trained (bilingual) phlebotomist/interviewer, generally in the subject’s
home. After written informed consent, a venous blood sample (20 ml)
was obtained, and height, weight, and hip and waist circumference were
measured along with self-reported information on medical and repro-
ductive history, major comorbidities, lifestyle and psychosocial factors,
and symptoms of urogynecological conditions. Two blood pressure mea-

TABLE 1. Descriptive characteristic of analysis sample, overall and by race/ethnicity

n (weighted %)

Overall, White, Black, Hispanic, P
Variable n = 1885 n = 706 n =530 n = 649 value®
Age (yn)
30-39 509 (38.3) 174 (37.2) 126 (36.4) 209 (47.1) <0.001
40-49 548 (26.7) 185 (25.4) 169 (28.9) 194 (29.2)
50-59 435 (18.0) 167 (17.7) 129 (20.7) 139 (14.9)
60-69 257 (10.7) 109(12 2) 72 (9.6) 76 (5.6)
70-79 136 (6.2) 1(7.5) 34 (4.5) 133)
BMI (kg/m?)
<25 490 (26.7) 192 (26.9) 143 (26.4) 155 (26.4) 0.132
25-29 735 (39.8) 281 (41.8) 185 (33.6) 268 (41.3)
=30 658 (33.5) 231 (31.3) 202 (40.0) 225(32.2)
Smoking
Never 808 (45.9) 302 (45.2) 207 (44.7) 299 (51.7) 0.003
Former 538 (28.4) 228 (31.9) 119 (21.9) 191 (23.2)
Current 538 (25.6) 176 (22.9) 204 (33.3) 158 (25.1)
Physical activity (PASE)
Low (<100) 530 (25.0) 209 (26.2) 142 (22.2) 179 (24.7) 0.552
Medium (100-250) 895 (48.3) 333(49.0) 243 (46.6) 317 (48.1)
High (>250) 459 (26.6) 163 (24.8) 144 (31.3) 151 (27.2)
Alcohol consumption
None 633 (25.7) 187 (21.4) 188 (33.1) 258 (33.0) <0.001
<1/d 688 (40.4) 280 (42.4) 175 (35.3) 233 (40.0)
1-3/d 359 (24.8) 177 (28.3) 89 (19.3) 93(17.6)
3+/d 203 (9.1) 1(7.9) 78(12.2) 64 (9.4)
Sex hormones, mean (sb)
Total T (ng/dl) 436 (183) 432 (175) 444 (197) 441 (189) 0.718
Free T (ng/dl) 9.1(3.8) 8.9 (3.6) 9.2 (4.1) 9.5(4.1) 0.193
SHBG (nmol/liter) 34.1(17.8) 34.1 (16.6) 35.4(21.1) 31.9(16.2) 0.045
Log SHBG 3.41(0.48) 3.42 (0.47) 3.42 (0.53) 3.36 (0.45) 0.146
MetS components
Diabetes/elevated blood sugar/diabetes 281 (11.5) 71(9.4) 92 (15.2) 117 (14.5) 0.026
medication use
Hypertension? 997 (46.8) 351(42.2) 339 (61.1) 307 (41.8) <0.001
HDL < 40 mg/d! or lipid medication use 771 (39.8) 306 (41.7) 174 (35.8) 291 (38.5) 0.368
Triglycerides > 150 mg/d| 860 (41.9) 330 (44.6) 164 (30.0) 366 (51.7) <0.001
Waist > 102 cm 619 (33.4) 256 (34.9) 169 (32.8) 194 (27.0) 0.095
MetS 607 (29.0) 220 (28.6) 157 (30.5) 230 (28.4) 0.805

PASE, Physical Activity Scale for the Elderly.

2 Systolic blood pressure = 130 mm Hg or diastolic blood pressure = 85 mmHg or antihypertensive use.

b For categorical variables, P values are from x? tests of independence between the racial/ethnic groups, and for continuous variables, P values are from F tests

comparing means by the racial/ethnic groups.
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surements were obtained during the interview and were averaged. BACH
participants were asked to gather all prescription, over-the-counter, and
alternative medications in the home used by them over the past 4 wk for
recording of the label information by the interviewer. Additionally, par-
ticipants were asked separately whether they were taking medication for
specific indications, such as high cholesterol and high blood pressure.

Hormones

Nonfasting blood samples were collected close to waking time (me-
dian time since awakening, 3 h 38 min) to control for diurnal variation
in hormone levels. T and SHBG were measured by competitive electro-
chemiluminescence immunoassays on the 2010 Elecsys system (Roche
Diagnostics, Indianapolis, IN). All assays were previously approved by
the Food and Drug Administration for clinical use. The lower limits of
detection for testosterone and SHBG were 2 ng/dl (0.07 nmol/liter) and
3 nmol/liter, respectively. Reference ranges are 260-801 ng/dl (9-27.8
nmol/liter) for T and 14.5-48.4 nmol/liter for SHBG. The interassay
coefficients of variation for T at concentrations of 24,275, and 700 ng/dl
(0.8,9.5, and 24.3 nmol/liter) were 7.4, 2.2, and 1.7%, respectively. For
SHBG at 16.5, 25, and 64 nmol/liter, interassay coefficients of variation
were 3.9, 2.4, and 2.2%, respectively. Free T concentrations were cal-
culated from total T and SHBG concentrations using mass action equa-
tions (21, 22).

MetS definition

The concept of the MetS refers to a constellation of cardiovascular
risk factors. The components of MetS, including dyslipidemia, elevated
blood pressure, impaired glucose tolerance, and central obesity, are
thought to be linked by insulin resistance (1). MetS was first operation-
ally defined by a World Health Organization Consultant Group (23) and
subsequently refined by a National Institutes of Health Expert Panel
[National Cholesterol Education Program (NCEP) Adult Treatment
Panel (ATP) Il guidelines] (24). Modifications of MetS criteria have been
proposed by the European Group for Study of Insulin Resistance (EGIR)
(25), the American Association of Clinical Endocrinologists (26), and the
International Diabetes Foundation (27). A recent joint statement from
the American Heart Association (AHA) and the National Heart, Lung,
and Blood Institute (NHLBI) upheld the ATP III criteria with minor
modifications (28). Available BACH data permit close adherence to the
ATP III guidelines with the major exception that usually nonfasting
blood samples were available for analyses, impacting analyses of trig-
lycerides and fasting glucose. For the purpose of this analysis, MetS was
defined, using a previously published modification of the ATP III guide-
lines (15, 16), as the presence of three or more of the following: 1) waist
circumference more than 102 cm; 2) systolic blood pressure at least 130
mm Hg or diastolic blood pressure at least 85 mm Hg or antihypertensive
medication use; 3) high-density lipoprotein (HDL) cholesterol less than
40 mg/dl or lipid medication use; 4) self-reported type 2 diabetes or
elevated blood sugar or diabetes medication use; and ) triglycerides
more than 150 mg/dl.

Covariates

Potential confounders included in the analysis include sociodemo-
graphic and lifestyle factors, in addition to comorbid conditions and sex
hormone levels. The following covariates were considered as categorical
variables. Age was categorized by decade: 30-39, 40-49, 50-59, 60—
69, and 70-79 yr. Self-reported race/ethnicity was defined as Black,
Hispanic, or White. Body mass index (BMI) was categorized as less than
25,25-29, and 30 kg/m? or higher, Physical activity was measured using
the Physical Activity Scale for the Elderly (PASE) and was categorized as
low (<100), medium (100-250), and high (>250). Alcohol consump-
tion was defined as alcoholic drinks including beer, wine, and hard liquor
consumed per day: zero, fewer than one, one to three, or more than three
drinks per day. Smoking was defined as never smokers (smoked fewer
then 100 cigarettes lifetime and not currently smoking), former smokers
(smoked >100 cigarettes lifetime and currently nonsmoker), and current
smokers (smoked >100 cigarettes and currently a smoker).
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Statistical analysis

Descriptive statistics, proportions for categorical variables, and mean
and sD for continuous variables were used to describe the analysis sample.
Serum hormone levels were analyzed both as continuous variables and
were grouped into quartiles of their distributions. Because the distribu-
tion of SHBG concentrations was skewed, log-transformed values of
SHBG levels were used. Multiple logistic regression models were used to
assess the association between sex hormones and MetS and to adjust for
potential confounders. Odds ratios (OR) and 95% confidence intervals
(95% CI) were estimated to describe the magnitude of the association.
OR were reported per change in 1 sD for hormone levels. Of the 2301
male participants, blood samples were obtained for 1899 (82.5%). After
excluding men with missing or extreme values for T and SHBG, 1885
men were included in the analysis. A multiple imputation technique was
used to obtain plausible variables for missing data (29). Of the 1885 men
included in the analysis, 43 (2.2%) had missing data on one or more
covariates, with the largest amount of missing data reported for the
physical activity measure for 17 (0.9%) men. Twenty-five multiple im-
putations were performed separately by race/ethnicity using all relevant
variables. Observations were weighted as inversely proportional to their
probability of selection (30). Weights were post-stratified to the Boston
population according to the 2000 census. Analyses were conducted in
version 9.1 of SAS (SAS Institute, Cary, NC) and version 9.0.1 of
SUDAAN (Research Triangle Institute, Research Triangle Park, NC).

Results

Characteristics of the 1885 men in the sample are presented in
Table 1 by racial/ethnic groups. Hispanic men were younger
[mean age 44.2 = 10.8 yr (mean * 1 sp)] compared with both
White men (48.1 = 13.0 yr) and Black men (47.7 = 12.0 yr),

TABLE 2. Association of potential confounders and the MetS:
OR and 95% ClI

OR? P
Variable (95% ClI) value
Age (yr)
30-39 1.00 <0.001
40-49 1.64 (0.95-2.85)
50-59 2.41 (1.45-4.02)
60-69 4.08 (2.48-6.72)
70-79 2.51(1.34-4.69)
Race/ethnicity
White 1.00 0.737
Black 1.12 (0.78-1.60)
Hispanic 1.16 (0.79-1.70)
Physical activity (PASE)
Low (<100) 1.00 <0.001
Medium (100-250) 0.52 (0.35-0.79)
High (>250) 0.35(0.21-0.58)
Alcohol consumption
None 1.00 <0.001
<1/d 0.89 (0.62-1.29)
1-3/d 0.35(0.22-0.55)
3+/d 0.79(0.34-1.81)
Smoking
Never 1.00 0.454
Former 1.28 (0.87-1.87)
Current 1.16 (0.73-1.84)

PASE, Physical Activity Scale for the Elderly.

2 OR for race/ethnicity, physical activity, alcohol consumption, and smoking are
adjusted for age.
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reflecting the age distribution by race/ethnicity in the Boston
population. Prevalence of obesity (BMI =30 kg/m?) was higher
among Black men (40%) compared with White men (31.3%)
and Hispanic men (32.2%). A larger proportion of Black men
were current smokers (33.3%) compared with White (22.9%)
and Hispanic men (25.2%), whereas physical activity levels were
comparable by race/ethnicity. As previously reported (31), se-
rum hormone levels did not differ by race/ethnicity. Prevalence
of MetS was 29% overall and did not differ by race/ethnicity.
Prevalence of type 2 diabetes or self-reported elevated blood
sugar was higher among Black (15.2%) and Hispanic men
(14.5%) compared with White men (9.4%), whereas hyperten-
sion (as described in MetS definition) was higher among Black
men (61.1%) compared with White (42.2%) and Hispanic men
(41.8%). In contrast, prevalence of elevated triglycerides was
lower among Black men (30%) compared with White (44.6 %)
and Hispanic Men (51.7%).

The association of potential risk factors and MetS are pre-
sented in Table 2. Age was a strong predictor of MetS with OR
increasing with age, except for the oldest age group. OR for
race/ethnicity, smoking, alcohol consumption, and physical ac-
tivity were adjusted for age. Race/ethnicity and smoking were
not associated with MetS, whereas higher physical activity and
moderate alcohol consumption were associated with lower odds
of MetS.
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Figure 1 shows the adjusted means with 95% CI for total T,
free T, and SHBG for zero, one, two, or three or more compo-
nents of MetS. A significant trend in decreasing levels of circu-
lating sex hormones with increasing number of MetS compo-
nents was observed. For both total T and SHBG, the largest
decrease in mean hormone concentrations was observed be-
tween the presence of one vs. the presence of two components of
MetS with changes from 474 ng/dl (95% CI, 451-498) to 389
ng/dl (95% CI, 366—412) for total T and from 37.4 nmol/liter
(95% CI,35.5-39.4) to 30.6 nmol/liter (95 % CI, 28.9-32.3) for
SHBG. Means were adjusted for age, race/ethnicity, physical
activity, smoking, and alcohol consumption (Fig. 1).

A strong inverse association was observed, both in bivariate
and multivariate analyses, between hormone levels and MetS,
with odds of MetS increasing with decreasing levels of total T,
free T,and SHBG (Table 3). Odds of MetS increased about 2-fold
with a 1 sp decrease in hormone levels. Adjusted OR for the
lowest quartiles compared with the highest quartiles of the dis-
tribution of sex hormone levels were 8.35 (95% CI, 4.68-14.90)
for total T, 5.74 (95% ClI, 3.14-10.51) for free T, and 10.53
(95% CI, 5.64-19.65) for SHBG. Stratified analyses by racial/
ethnic groups show that results are consistent across racial/ethnic
groups with statistically significant associations between sex
hormones and MetS within each group (Fig. 2). Although the
magnitude of the sex hormone and MetS association was largest
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FIG. 1. Adjusted means and 95% ClI for sex hormone levels by number of components of MetS. Mean hormone levels were adjusted for race, age, physical activity,

alcohol consumption, and smoking.
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TABLE 3. Association of sex hormones and the metabolic
syndrome. OR and 95% Cl

Unadjusted OR
(95% ClI)

Adjusted® OR
(95% ClI)

Total T (ng/dl)
—1sp(183)
Quartiles

>75%
50-75%
25-50%
<25%

Free T (ng/dl)
—15s0(3.8)
Quartiles

>75%
50-75%
25-50%
<25%

Log SHBG (nmol/liter)

—1 50 (0.48)

Quartiles
>75%
50-75%
25-50%
<25%

2.36(1.91-2.91)

1.00
2.33(1.32-4.12)
3.63(2.21-5.99)
8.23(4.79-14.12)

2.09(1.66-2.63)

1.00
2.69 (1.63-4.44)
4.32 (2.56-7.29)
6.81(3.97-11.7)

1.57 (1.33-1.84)

1.00
1.26 (0.81-1.96)
1.42(0.93-2.19)
3.25(2.07-5.09)

2.37(1.88-2.97)

1.00
2.24(1.31-3.86)
3.61(2.15-6.06)
8.35 (4.68-14.9)

1.87 (1.45-2.41)

1.00
2.64(1.58-4.4)
3.46 (2.04-5.87)
5.74 (3.14-10.51)

2.46(1.95-3.1)

1.00
1.53(0.94-2.49)
3.35(1.95-5.77)

10.53 (5.64-19.65)

2 Adjusted for age, race/ethnicity, physical activity, smoking, and alcohol

consumption.

among White men, racial/ethnic differences were not statistically

significant.

The relationship of sex hormones and components of MetS is
presented in Table 4. The strongest associations with sex hor-
mones were observed for triglycerides higher than 150 mg/dl and
waist circumference more than 102 cm with OR ranging between
1.5 and 2.4 per 1 sp decrease, whereas OR were more modest
with hypertension (OR ranging between 1.27 and 1.35). Total T
and free T were associated with diabetes/elevated blood sugar
(OR of 1.50 and 1.70, respectively, per 1 sp decrease), but SHBG
wasnot (OR =1.22;95% CI, 0.91-1.64). Increased odds of low
HDL (<40 mg/dl) were observed with lower total T levels (OR =

45

25 A

OR (35%CI) per -1 SD
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1.53) and SHBG (OR = 2.13) but not with free T (OR = 1.17;
95% CI, 0.94-1.46). Further adjusting for BMI, observed asso-
ciations of sex hormones and MetS were attenuated but re-
mained statistically significant with the exception of the associ-
ations observed with hypertension. Because waist circumference
and BMI are strongly correlated (linear correlation of 0.87),
the association of sex hormones and waist circumference was not
adjusted for BMI. These results were largely consistent by race/
ethnicity with the exception of T levels (both total and free)
among Hispanic men not being associated with both diabetes/
elevated blood sugar and hypertension.

Discussion

Results from the BACH survey, in a large population-based ran-
dom sample of 1885 men, show a strong dose-response relation-
ship between decreased levels of sex hormones and increased
odds of MetS, consistent with findings from other studies. This
robust effect was observed across all three race/ethnic groups
assessed, a finding that to our knowledge has not been reported
previously. The increased odds of MetS with lower T and SHBG
levels was consistent by racial/ethnic groups and persisted after
adjusting for age, physical activity, smoking, and alcohol
consumption.

Low levels of circulating sex hormones have been associated
with risk factors for MetS such as central adiposity (18, 32),
insulin resistance (33, 34), and unfavorable lipid profile (10, 35).
In a cross-sectional study, Muller ez al. (18) found a decrease in
the odds of MetS with increasing levels of total T and SHBG after
controlling for important risk factors. These results were repli-
cated in a longitudinal study by Laaksonen et al. (17) with a
2-fold increase in the risk of incident MetS for the lowest quar-
tiles of T compared with the highest quartiles independent of
major risk factors. Results of longitudinal analyses of the Mas-
sachusetts Male Aging Study over a period of 15 yr showed that
low serum T and SHBG levels were predictive of incident MetS

particularly among men with BMI less than
25 with adjusted relative risks of 1.41 (95%
CI, 1.06-1.87) for a decrease of 1 sp in total
T and 1.65 (95% CI, 1.12-5.65) for SHBG
(15). More recently, data from the Balti-
more Longitudinal Study of Aging have re-
ported similar results with increasing levels
of both total T and SHBG being associated
with decreased risk of incident MetS (19).
Because BACH is presently a cross-sec-
tional study, the temporal sequence between
low hormone levels and development of
MetS cannot be established. However, as il-
lustrated in Fig. 1, a larger decrease in both

S+

total Tand SHBG levels is observed between
having one component of MetS vs. two com-

I I T 1 ) 1
white  black hispanic white  black hispanic

1 1 1
white black hispanic

ponents. In contrast, the decrease is smallest

Total T Free T

FIG. 2. Association of sex hormones and MetS by racial and ethnic groups. OR and 95% Cl are shown per
decrease in 1 sp, adjusted for age, physical activity, smoking, and alcohol consumption.

Log(SHEG)

going from two components to actual MetS
with the presence of three or more compo-
nents. This suggests that sex hormone levels
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TABLE 4. Association of sex hormones with components of the metabolic syndrome. Adjusted odds ratios and 95% confidence

intervals

Model

Type 2

diabetes/elevated

blood sugar/
diabetes
medication use

Hypertension/
antihypertensive
medication
use

HDL <
40 mg/dl/lipid
medication use

Triglycerides >
150 mg/dl

Waist >
102 cm

Total T (ng/dl), —1 sp = 183
Aa
Bb
Free T (ng/dl), —1 sp = 3.8
Aa
Bb
Log SHBG (nmol/liter), —1 sp = 0.48
Aa
Bb

1.50(1.14-1.96)
1.30(1.00-1.69)

1.70(1.38-2.09)
1.50(1.20-1.88)

1.22 (0.91-1.64)
1.08 (0.80-1.45)

1.35(1.13-1.61)
1.06 (0.89-1.27)

1.33(1.10-1.61)
1.12 (0.93-1.34)

1.27 (1.06-1.52)
1.00 (0.83-1.21)

1.53(1.26-1.87)
1.33(1.10-1.62)

1.17 (0.94-1.46)
1.03(0.84-1.27)

2.13(1.74-2.61)
1.92 (1.58-2.34)

1.50 (1.19-1.91)
1.34(1.08-1.68)

2.03(1.67-2.46)
1.80(1.49-2.17)

2.40(1.97-2.93)

1.97 (1.58-2.44)

2.13(1.79-2.53)

2 OR adjusted for age, race/ethnicity, physical activity, smoking, and alcohol consumption.

b OR adjusted for age, race/ethnicity, physical activity, smoking, alcohol consumption, and BMI. BMI was not included in the model for waist >102 cm because waist

circumference and BMI are very strongly correlated.

may decrease substantially before the development of MetS. Ex-
amination of the relationship between sex hormone levels and
individual components of MetS indicate that lower hormone
concentrations are more strongly associated with abdominal
obesity and dyslipidemia, whereas the association with diabetes/
elevated blood sugar was more modest and the association with
hypertension did not hold after adjusting for BMI. A similar
pattern was reported by Muller et al. (18) for the associations
between testosterone levels and components of MetS. Although
weightloss and weight maintenance have been shown to increase
free and total T and SHBG levels in obese men and men with
MetS and abdominal obesity (36, 37), interventional studies of
exogenous T supplementation in men with low serum T levels
have shown increases in lean mass and decreases in fat mass, total
cholesterol, and low-density lipoprotein (38-41). Thus, it is
likely that the relationship of sex hormones and MetS is to some
degree bidirectional with low sex hormone being predictive of
the development of MetS, which in turn is associated with further
decline in sex hormone levels.

Experimental studies have shown an impact of T on fat metab-
olism mediated largely by stimulation of B-adrenergic-induced li-
polysis. In vitro, T enhances lipolysis by increasing the number
of B-adrenergic receptors on rat adipocyte precursor cells (42).
Similarly, castration of male rats causes a decrease in lipolysis
thatis reversed by physiological T replacement (43). In two small
studies conducted in men with central adiposity, T has been
shown to inhibit lipoprotein lipase activity in abdominal adipose
tissue, leading to decrease triglyceride uptake in central fat de-
pots (44, 45). In addition, studies using radiolabeled oleic acid
indicate that T increases triglyceride turnover in abdominal but
not femoral tissue (44).

The relationship between sex hormones and MetS among
minority populations has not been reported previously. Previous
analyses of BACH data have shown no difference in sex hormone
levels by race and ethnic groups (31). Results from the present
analysis show that there is a statistically significant association
between sex hormones and MetS across racial/ethnic groups; the
magnitude of the observed OR was larger among White men

compared with minority populations, although the difference
was not statistically significant (Fig. 2). A similar pattern was
observed in the associations between sex hormones and individ-
ual components of MetS. These results were largely consistent by
race/ethnicity with the exception of T levels (both total and free)
among Hispanic men not being associated with diabetes/elevated
blood sugar.

Several potential study limitations should be noted. Because
fasting blood samples were not obtained, available data permit
close approximation, but not perfect adherence, to the ATP III
guidelines for the definition of MetS (15, 16). Despite this rec-
ognized limitation, the approach used in this paper has scientific
merit because 1) the ATP IIl components have always been sug-
gested guidelines, not an immutable clinically validated defini-
tion; 2) there is continuing debate over which components of
MetS should be included, removed, or added; 3) it is employed
as a concept for purposes of epidemiological analysis rather that
for clinical purposes. The feasibility of mandating fasting blood
samples is cost and resource prohibitive given the original BACH
design. The benefits of using data from a large population-based
sample outweigh the recognized limitation associated with the
measurement of some components of MetS. The BACH study
was limited geographically to the Boston area. However, com-
parison of sociodemographic and health-related variables from
the BACH survey with other large regional [Boston Behavioral
Risk Factor Surveillance System (BRFSS)] and national (Na-
tional Health Interview Survey, National BRFSS) surveys have
shown the BACH estimates are comparable on health-related
variables. Strengths of the BACH study include a community-
based random sample across a wide age range (30-79 yr), in-
clusion of large numbers of minority participants representative
of both the Black and Hispanic populations, and collection of a
broad number of covariates on sociodemographic, lifestyle, and
health factors that can be adjusted for in the analysis.

In summary, results from the BACH study demonstrate an
inverse association between sex hormones and MetS, with a
strong dose-response relationship between decreasing levels of T
and SHBG and increased odds of MetS. This association is con-
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sistent across racial/ethnic groups and persists after controlling
for important confounding factors. Association of sex hormones
with individual components of MetS was stronger with abdom-
inal obesity and dyslipidemia and was more modest with
diabetes.
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