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Dear Editors:

The manuscript “A Cross-Sectional Study of the Association of Age, Race and Ethnicity, and Body
Mass Index with Sex Steroid Hormone Marker Profiles among Men in the National Health and Nutrition
Examination Survey (NHANES III)” may be interest of The BMJ Open readers. In summary, this study
used a novel approach to investigate sex steroid hormones by building statistically determined hormone
profiles using cluster analysis with nationally representative US data. The association with these
hormone profiles by body mass index, race/ethnicity, and age groups were investigated in multinomial
logistic regression models. Body mass index, race/ethnicity, and age groups were more strongly
associated with different hormone profiles. Using hormone profiles instead of single hormone linear

models is a more complete way to model chronic disease risk and future work is forthcoming.

Note that this project is student dissertation work. This project is not funded by a grant or any other
source. The authors have no conflicts of interest or competing interests. The Corresponding Author
has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive

licence (or non exclusive for government employees) on a worldwide basis to the BMJ
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ABSTRACT

Objectives: Different levels of testosterone (T), 17-p estradiol (E), sex hormone binding
globulin (SHBG) and androstanediol glucuronide (3-a diol G) hormone markers have been
proposed to explain racial disparities in the rates of several chronic diseases. Epidemiologic
studies of hormones stratified by race/ethnicity have been mixed. Since these markers are
metabolically linked, assessing combined markers in multinomial logistic regression models may

provide superior information on racial disparities compared to linear regression models.

Design: Cross-sectional survey

Setting: United States Third National Health and Nutrition Examination Survey (NHANES III)

Participants: 1,538 men, >17 years

Primary outcome measure: sex hormone profiles

Results: Cluster analysis was used to identify four statistically determined profiles with Blom-
transformed T, E, SHBG, and 3-a diol G. We used these four profiles with multinomial logistic
regression models to examine differences by race/ethnicity, age and BMI. Mexican American
men >50 years were associated with the profile that had lowest T, E, and 3-a diol G levels
compared to other profiles (P<0.05). Non-Hispanic Black, overweight (25-29.9 kg/m2), and
obese (>30 kg/m2) men were most likely to be associated with the cluster with the lowest SHBG

(P<0.05).

Conclusion: The associations of hormone profiles by race/ethnicity are novel, while findings by
age and BMI groups are largely consistent with findings from single hormone studies. Future

studies should examine hormone profiles in relation to chronic disease risk.
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What is already known on this subject?

Past studies examining sex steroid hormones and their markers have been investigated in an
effort to explain disparities in chronic disease rates by race/ethnicity. Epidemiologic studies using
single hormones in linear models have been mixed, and it is still largely unclear if sex steroid
hormones contribute to the racial disparities observed in chronic disease rates.

What does this study add?

Examining hormones in relation to race/ethnicity in singly in linear models as done in past studies
does not account for the metabolic linkage between sex hormones and their markers. To account
for metabolic linkage of sex hormones and markers, we created statistically determined hormone
profiles by using cluster analysis. Then, we used these profiles as outcome variables in multinomial
logistic regression models to determine if there were differences by age, BMI and race/ethnicity
groups. Older men and Mexican American men were more likely to be associated with the profile
that had lowest T, E, and 3-a diol G levels compared to other profiles (P<0.05), and Non-Hispanic
Black, overweight (25-29.9 kg/mz), and obese (>30 kg/mz) men were most likely to be associated
with the cluster with the lowest SHBG (P<0.05). Using statistically determined hormone marker
profiles rather than hormones singly in models may better explain the relationship between sex
steroid hormones and race/ethnicity in relation to chronic disease risk.
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INTRODUCTION

Sex steroid hormones, testosterone (T) and 17-f estradiol (E), along with sex hormone
binding globulin (SHBG), a carrier protein of T and E, and androstanediol glucuronide (3-a diol
G) a metabolite used as a marker for T and dihydrotestosterone (DHT) metabolism, play critical
roles in sexual development and body function [1-5]. These hormone markers are involved in
muscle and bone growth, adipose tissue function and distribution [6-8]. Varying levels of these
markers may contribute to chronic diseases, including, cardiovascular disease, osteoporosis,
diabetes and cancers [5, 9-18]. It is well known that the incidence rates of these diseases differ
by age and race/ethnicity [19]. Increasing BMI has been found to be associated with type 11
diabetes and cardiovascular diseases, although the impact of BMI on certain disease rates, like
prostate cancer, is less clear [20-23]. Some differences in disease rates appear to be caused by
age, race/ethnicity, and BMI, yet the underlying reasons for these associations remains unknown
[19]. These underlying differences in disease rates by age, race/ethnicity, and BMI may be

accounted for, at least in part, by differences in sex steroid hormone markers [19, 24-26].

Previous studies have investigated hormone marker levels singly by age, race/ethnicity, and
BMI [5, 27-28]. Typically, with increasing age, T and E levels decline, and SHBG increases,
although there is evidence to suggest that older men have hormone levels similar to younger men
[29-36]. Higher hormone levels have been reported among Non-Hispanic Black men compared
to Non-Hispanic Whites, although this finding is not consistent, and information for other
racial/ethnic groups is scant [5, 8, 37-39]. With increasing BMI, T has been reported to decline
and E and SHBG increase, yet these findings are not consistent across studies either [8, 27-28,

40-41]. Since E, T, SHBG, and 3-a diol G are known to be related through sex steroid
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metabolism, investigating these markers combined may be more informative than investigating
these markers singly. Therefore, we used cluster analysis to statistically determine which mean
hormone marker levels cluster together to form specific profiles, and multinomial logistic
regression was used to determine whether age, BMI, and race/ethnicity groups are more likely to

be associated with different sex steroid hormone marker profiles.

MATERIALS AND METHODS

Study population

We utilized data from the National Health and Nutrition Examination Survey (NHANES) III
conducted by the National Center for Health Statistics (NCHS), and these methods have been
described previously [42-43]. Briefly, NHANES III is collected in two phases, and this study
used the phase I data from 1988-1991 [42-43]. This cross-sectional survey was designed as a
multistage stratified, clustered probability sample, the sampling frame includes U.S. residents >2
month of age, civilian, non-institutionalized population, and NHANES III over sampled those

>65 years, Non-Hispanic Blacks and Mexican Americans [42].

The NHANES III study population was used to derive the analysis cohort. A total of 16,295
men were interviewed of which n=14,781 completed a mobile examination component (MEC)
exam [42-43]. The NHANES III morning portion of the survey phase I (1988-1991), included
n=2,417 men and n=1,637 provided samples [42-43]. We removed the males that were under 17

years of age and outliers for a final analysis cohort of n=1,528 men.

Exposure variables
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Age, race/ethnicity and BMI are the exposures of interest. The NHANES III data obtained
age and race/ethnicity information from the US Census survey 1990 to draw the sampling frame,
so this information is 100% complete and was verified during the adult interview survey
screening by NHANES I1I field staff [42-43]. BMI (weight in kg divided by height in m
squared) was obtained from body measurements taken during the MEC [43]. BMI information is
available for 99.5% (n=1,524) of men in the analysis cohort [42-43]. We constructed categories
of BMI based on World Health Organization (WHO) guidelines: underweight <18.5, normal

weight 18.5-24.9, overweight 25.0-29.9, and obese >30 kg/m” [44].
Outcome variable

Laboratory measurement methods in NHANES III have been described previously [42-43].
Briefly, NHANES III selected a random subset of n=1,637 men over 12 years of age during the
1988-1991 phase I survey collection, where morning blood samples were collected to measure
serum levels of T, E, SHBG, and 3-a diol G using standard procedures [43]. As described
previously, samples were centrifuged, serum was aliquotted and stored at -70 C [43]. Samples
were randomly ordered and technicians were blinded to identity, age, and race/ethnicity [43].
The lowest detection limits by the electrochemiluminescence immunoassays on the 2010 Elecsys
autoanalyzer for the samples were: T 0.02 ng/ml, E 5.0 pg/mL, and SHBG 0.35 nmol/L [43].
Enzyme immunoassays were used for 3-a diol G and the lowest detection limits were 0.33
ng/mL [43]. The functional sensitivity, or the lowest analyte concentration that can be
reproduced with a coefficient of variation >=20% for T is 0.12 ng/mL and 12 pg/mL for E [43].
Control samples were run at the start of the day, after every 100 samples, at the end of the day,

once per reagent kit and after calibration [43]. Control samples fell within 2 Standard Deviations
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(SD) at the start of the sample runs, but 3 SD are tolerated at prior control points [43]. Hormone

marker data are included as continuous variables in the NHANES III dataset.

Blom-transformations of the laboratory results for T, E, SHBG, and 3-a diol G were used in
this analysis. The Blom-transformed hormone marker variables were chosen for cluster analysis
since these are rank approximations, and are unit-free, which makes the distribution of the four
markers comparable. The Blom-transformed marker variables were moderately correlated (r
spearman <0.50) indicating that the unweighted observations are independent, and can be used for

cluster analysis.

Model covariates

To adjust the regression models for lifestyle and dietary factors, we used data from the
NHANES III adult, examination, and laboratory files for alcohol intake, smoking status, exercise
amount, zinc, total calorie, total fat, total monosaturated fat, total polysaturated fat, total
saturated fat, fiber, and lycopene intake. Data on lifestyle characteristics were collected from
self-reported questionnaires and 24-hour dietary recalls [42-43]. Alcohol intake (grams) from
24-hour recalls was combined into three groups (Non-drinkers, drinkers, and missing). Smoking
status is categorized into four levels, as men who do not smoke, men who smoke, but not every
day, and men who are current everyday smokers of <35 cigarettes per day and >35 cigarettes per
day. The exercise variable combined the total days per month a person participated in the
following activities: walking/running, swimming, aerobic dance, other dance, calisthenics,
gardening and yard work, weights, and other exercise activities. Because activities were all
combined, it is possible to have multiple exercise events per day within one month. The count of

exercise events for individuals was categorized into quartiles. Dietary factors, such as total fat,
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monosaturated fat, polysaturated fat, saturated fat, fiber, total calories, and zinc intakes were
taken from 24-hour dietary recalls. Serum lycopene concentration was measured in blood
samples, and if levels were below detection (0.63 pg/ml) O was recorded. Lycopene

concentrations and other food intake variables were grouped into quartiles.

The medical exam variables used in the models, included fasting status, exam day of the
week, blood cholesterol level, aspartate aminotransferase, and alanine aminotransferase were
from the MEC data. Fasting compliance was determined prior to blood and urine collection via
questionnaire, and was not followed uniformly, for instance: <1% fasted for 20 hours or more,
91.8% fasted for 10.01-19.99 hours, 7.5% fasted for 10 hours or less, and <0.1% either did not
fast or no value was available. Fasting time was not included in the final multinomial logistic
model since additional analysis showed that fasting time did not change the odds ratios (ORs) of
age, race/ethnicity, or BMI more than 10%. No minimum detection limits were presented for
cholesterol, aspartate aminotransferase and alanine aminotransferase. Cholesterol, aspartate

aminotransferase and alanine aminotransferase were categorized into quartiles for analysis.

Data analysis

All data analysis was conducted using SAS 9.2 (Cary, NC). K-means cluster analysis was
chosen to create cluster profiles using Blom-transformed T, E, SHBG, and 3-a diol G over other
exploratory methods since it assigns each observation only to one group, is based on least
squares, tends to find clusters with roughly the same number of observations, and is robust to
outliers in the data. The k-means procedure calculates statistics that can be used to determine the

best number of k clusters, including: an approximate overall R-squared value, Pseudo F-Stat, and
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Cubic Clustering Criteria (CCC). These statistics were employed to compare exploratory cluster

solutions using 4 to 8 cluster groups on the unweighted data.

Multinomial logistic regression models using survey procedures were employed to examine
how age, race/ethnicity, and BMI were associated with sex hormone profiles. Low SHBG served
as the reference group since mean hormone values were most similar to the total population.
Models were reduced by investigating the exposure variables (age, race/ethnicity, and BMI) for a
10% change in the ORs. Covariates included in the full models included age, race/ethnicity,
BMI, exam day of the week, hours of fasting, aspartate aminotransferase, alanine
aminotransferase, exercise level, smoking and drinking status, total calories, total fat,

monosaturated fats, polyunsaturated fats, saturated fat, fiber, lycopene, and zinc intake.

RESULTS

We calculated the percentages (%) and 95% confidence intervals (CIs) for age, race/ethnicity,
and BMI (n=1,528) (table 1). The majority of men in the cohort are 30-49 yrs. (42.25%),
followed by 17-29 yrs. (29.05%), 50-69 yrs (21.18%), and over 70 yrs (7.52%). By
race/ethnicity, men self-reported to be, non-Hispanic White (77.36%), and non-Hispanic Blacks
(9.75%), Mexican American (5.25%), and all other races (7.64%). The highest proportions of
men were either overweight, BMI 25.0-29.9, (39.73%) or normal weight, BMI 18.5-24.9

(38.45%), while 20.38% of men were considered obese, BMI >30.

We used cluster analysis to create hormone profiles from Blom-transformed T, E, SHBG, and
3-a diol G laboratory values, and only the four and five level cluster solutions performed well

(data not shown). The pseudo F-statistic was improved over the five cluster solution, and the
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CCC value was positive (1.2) for the four cluster solution (data not shown). The four cluster

solution was used to create hormone profiles (table 2).

We examined the mean levels of Blom-transformed T, E, SHBG, and 3-a diol G for the
hormone profiles and the total population to determine how the mean levels differed (table 2).
The first cluster had lowest mean SHBG level of the groups, but the mean level of T, E, and 3-a
diol G was the most similar to the total cohort (hereafter referred to as the ‘low SHBG profile’).
The second cluster had the highest mean 3-a diol G level compared to the other clusters (referred
to as the ‘high 3-a diol G profile’). The third cluster had the highest mean levels of T, E and
SHBG (hereafter referred to as the ‘high T, E, and SHBG profile’). The fourth cluster had
lowest mean levels of T, E, and 3-a diol G compared to the other groups (‘low T, E, and 3-a diol

G profile’).

We examined the percentages (%) and the 95% confidence intervals (95% CI) for the four
hormone profiles by age, race/ethnicity, and BMI (table 3). The ‘low SHBG profile’ had a
higher proportion of younger men, aged 17-29 yrs (37.0%) and 30-49 yrs (47.3%), and the ‘low
T, E, and 3-a diol G profile’ had a statistically higher proportion of older men, 50-69 yrs (45.3%)
and >70 yrs (22.8%). All clusters were predominately comprised of non-Hispanic Whites. The
highest proportions of non-Hispanic Blacks were in the ‘high T, E, and SHBG profile’ (13.5%),
and Mexican Americans in the ‘low T, E, and 3-a diol G profile’. The ‘low SHBG profile’ had

the highest proportion of obese men (38.1%).

Associations with hormone profiles and age, race/ethnicity, and BMI groups using
multinomial logistic regression models were examined (table 4). The younger men (17-29 yrs)

were associated with the ‘low SHBG profile’ (table 4). Men in the ‘low T, E, and 3-a diol G
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profile’ were most associated with 50-69 yrs (OR =11.5, 95% confidence interval (CI): 4.74,
27.68) and 70 yrs or over (OR=24.3, 95% CI: 7.71, 76.82) (table 4). Non-Hispanic Black men
had higher odds of being in the ‘low SHBG profile’ (OR=2.5, 95% CI: 1.30, 4.35), and Mexican
American men were more strongly associated with the ‘low T, E, and 3-a diol G profile’
(OR=3.1,95% CI: 1.69, 5.68). Obese men (BMI >30) were most likely to be associated with the

‘low SHBG profile’ compared to men with a normal BMI (18.5-24.9).

DISCUSSION

This is the first study to examine statistically determined sex steroid hormone marker profiles
by age, BMI, and race/ethnicity groups. Applying our novel approach to studying sex steroid
hormone levels among US men, we created four statistically determined clusters, described as:
‘low SHBG’, ‘high 3-a diol G’, ‘high T, E, and SHBG’, and ‘low T, E, and 3-a diol G’. New
evidence was found supporting associations with sex steroid hormone profiles for non-Hispanic
Blacks and Mexican American men that differ from single hormone studies. Examining
hormone profiles by age and BMI, our results largely agree with single hormone studies [5, 11,

21, 38, 45-47].

Men in our study associated with the ‘low SHBG’ profile were more likely to be younger
(<17-29 yrs), obese (BMI >30), and non-Hispanic Black (table 4). Our findings indicate that the
‘low SHBG profile’ is more commonly associated with younger men (17-29 yrs) [5, 11, 38, 46],
and lower SHBG levels were reported among obese men in single hormone studies [21, 45, 47].
By contrast, the discovery that non-Hispanic Blacks are more likely to be associated with a ‘low

SHBG profile’ compared to non-Hispanic Whites and Mexicans is a novel. This result does not
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agree with previous single hormone studies, which have reported no difference or higher levels

of SHBG among non-Hispanic Blacks compared to non-Hispanic Whites [5, 11, 38, 46, 48].

The ‘high 3-a diol G profile’ associations with age and BMI are somewhat ambiguous
compared to other profiles, while the ‘high 3-a diol G profile’ is more strongly associated with
non-Hispanic Whites. Past studies investigating 3-a diol G have reported higher 3-a diol G
activity among older men with a higher BMI [8, 10, 39, 49-56]. However, much stronger
associations with older age and obesity are seen with other profiles compared to this profile [8,
10, 39, 49-56]. Among single hormone studies reported no difference in 3-a diol G levels by
race among younger men [39], yet, older men have reported higher 3-a diol G activity in non-
Hispanic Whites compared to non-Hispanic Blacks [5, 39, 51-53]. We found that Non-Hispanic
Whites were more likely to be associated with ‘higher 3-a diol G’, which agrees with single
hormone studies [5, 39, 51-53]. The reasons why hormone studies are largely consistent for
higher 3-a diol G levels seen among older non-Hispanic White men, yet findings for other

race/ethnicity groups are inconsistent is unclear [5, 11, 24, 38, 46, 48, 51-52, 57].

The men in the ‘high T, E, and SHBG profile’ are older than the first two profiles, are most

likely to have a normal BMI, and there are not any differences between the race/ethnicity groups.

Previous cross-sectional studies investigating T alone have reported high T levels among young
men, yet other studies have indicated that high T levels are not found exclusively among young
men [29-36, 58-60]. The results for the ‘high T, E, and SHBG’ profile are consistent with single
hormone studies that reported higher T and SHBG among men with a normal BMI [61-62]. It
has been hypothesized that higher sex steroid hormone levels are responsible for the racial
disparities in rates of prostate cancer and other chronic diseases [24, 34, 38, 46, 63]. Despite a

higher proportion of non-Hispanic Black men found in this profile (table 3), the lack of
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association of the ‘high T, E, and SHBG profile’ with race/ethnicity (table 4) does not support

this previously considered hypothesis [5, 24, 26, 34, 38, 46, 63].

The ‘low T, E, and 3-a diol G profile’ is more likely to be associated with men over 70 yrs
and Mexican American men, while findings by BMI are less defined compared to other profiles.
Previous studies have suggested that lowered T and E metabolism, and increasing SHBG levels
are associated with older ages [29-36]. This is in agreement with our results, since 74% of men
are over 50 yrs in this profile, and associations are strongest with older age groups (tables 3 and
4). Overweight and obesity have been associated with declines in T and SHBG, and despite the
low T levels in this profile, the ‘low SHBG profile’ was more strongly associated with obesity
[21, 61-62]. Past single hormone studies comparing T levels among Hispanics to non-Hispanics
have conflicted, two reported no differences, one reported lower, and another reported higher
levels [5, 24, 26, 51]. Although there were few studies comparing sex steroid hormones among
Mexican Americans compared to non-Hispanic Whites studies conflict [5, 11, 24, 38, 46, 48,

51].

Differences in sex steroid hormone levels have been hypothesized to account for the
differences in rates of chronic disease by age, BMI, and race/ethnicity. Lower SHBG levels have
been associated with cardiovascular disease, type II diabetes, and metabolic syndrome, and since
men in the ‘low SHBG’ profile tended to be obese, it is likely that they are at increased risk for
chronic diseases, or already have one [5, 9, 18, 22, 61, 64]. Older age is also a risk factor for
developing a number of chronic conditions, and the majority of older men (over 70 yrs) were in
the ‘low T, E, and 3-a diol G profile’ [30, 36]. Yet, whether this profile denotes increased risk of
disease or healthy aging is less clear. Past hypotheses have suggested higher hormone levels are

responsible for the racial disparity in reported rates of prostate cancer and other chronic diseases.
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However, our two profiles that had high hormone levels were not associated with non-Hispanic
Blacks, indicating that higher hormone levels are not likely to be responsible for the racial
disparities in reported rates [10, 24, 26, 39, 49-53, 55, 65-67]. Future investigations should
validate these findings for sex hormone profiles by age, BMI, and race/ethnicity, and use sex

steroid hormone profiles to assess chronic disease risk.

Our study has several strengths. NHANES III data is a nationally representative sample, so
selection bias is minimized [42-43]. The NHANES III oversampled minorities and men over 65
years ensuring adequate numbers of men for analysis [42-43]. Our exposure variables were 99%
complete [42-43]. Hormone levels were measured systematically using standard methods
available at the time which did employ testing against control samples [42-43]. We were able to
select only those men that provided samples in the morning to correct for daily hormone

fluctuations, and control for day of the week the blood was drawn and fasting time [42-43].

The study also has several limitations. The dietary information is from self-report from 24-
hour recall, and may not be an accurate consumption values [42-43]. Smoking status was also
self-reported [42-43]. The study was only based on a single hormone measurement among men,
which may not account for the daily complexity or serum hormone measurements over time.
While the hormone profiles combine two major sex steroid hormones, a carrier protein and a

metabolite, these profiles are still likely to be oversimplified.

In conclusion, specific sex steroid hormone marker profiles were more likely than others to be
associated with one or more age, race/ethnicity, or BMI groups. Our findings for non-Hispanic
Blacks and Mexican Americans are novel, since these groups have been hypothesized to be

associated with higher sex steroid hormone levels, yet we found the opposite. Our findings by
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age and BMI largely agreed with single hormone studies. Future work should investigate the
relationship between sex steroid hormone markers and race/ethnicity, and how these profiles

may influence racial disparities in chronic disease risk.
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Table 1. Demographic information among men, US NHANES III 1988-1991

Demographic information Total (n) Percentage (%)
Age
17-29 365 29.1
30-49 516 37.3
50-69 388 21.2
70 and over 259 7.5
Race/ethnicity
Non-Hispanic White 689 77.4
Non-Hispanic Black 378 9.8
Mexican American 402 5.3
Other 59 7.6
Body Mass Index (kg/m®)
<18.5 21 1.4
18.5-24.9 555 38.5
25.0-29.9 623 39.7
>30 328 20.4
Missing 1 <0.01

Abbreviations: US NHANES III, United States National Health and Nutrition

Examination Survey III
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Table 2. Blom-transformed sex steroid hormone marker mean levels in the total population and
hormone marker profiles among American men, US NHANES III 1988-1991

©CoO~NOUTA,WNPE

Hormone Marker Group Total Mean SD Absolute
(N) Difference”

Population Total
Testosterone 1527 0.13 0.04 N/A
17-B Estradiol 1524 0.06 0.06 N/A
Sex Hormone Binding Globulin 1517 -0.15 0.05 N/A
Androstanediol Glucuronide 1505 0.16 0.04 N/A
Low SHBG profile
Testosterone 415 -0.25 0.04 0.38
17-B Estradiol 417 0.32 0.06 0.26
Sex Hormone Binding Globulin 412 -1.10 0.06 1.25
Androstanediol Glucuronide 407 0.20 0.06 0.04
High 3-a diol G profile
Testosterone 327 -0.02 0.04 0.11
17-B Estradiol 326 -0.67 0.07 0.61
Sex Hormone Binding Globulin 324 -0.08 0.05 0.23
Androstanediol Glucuronide 324 0.78 0.06 0.94
High T, E, and SHBG profile
Testosterone 484 1.00 0.05 0.87
17-B Estradiol 480 0.68 0.05 0.62
Sex Hormone Binding Globulin 480 0.53 0.04 0.38
Androstanediol Glucuronide 476 0.15 0.05 0.01
Low T, E, and 3-a diol G
Testosterone 298 -0.79 0.07 0.92
17-B Estradiol 298 -0.71 0.10 0.77
Sex Hormone Binding Globulin 298 0.25 0.07 0.40
Androstanediol Glucuronide 295 -0.98 0.04 1.14

Abbreviations: US NHANES 111, United States National Health and Nutrition Examination

Survey III; SD, Mean Standard deviation; N/A, not applicable
* Absolute difference between population total mean value and the individual

hormone profile values
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1

2

2 Table 3. Prevalence of age, race/ethnicity, and body mass index (kg/m?) groups by hormone profiles among American men, US
5 NHANES III 1988-1991

6

7 Demographic characteristics ‘Low SHBG’ ‘High 3-a diol G’ ‘High T, E, SHBG’ ‘Low T, E, 3-a diol G’
8 % % % %
9

10 Age (years)

11 17-29 37.0 27.6 31.5 8.1
2 30-49 47.3 45.3 432 23.7
14 50-69 13.3 20.4 18.9 45.3
15 >70 2.4 6.6 6.4 229
16

17 Race/ethnicity group

18 Non-Hispanic White 76.3 83.1 73.5 74.6
19 Non-Hispanic Black 10.1 55 13.5 7.6
20 Mexican American 5.7 5.2 4.6 6.2
21 Other 2.9 3.2 2.4 3.6
22

23 Bod ind 2

24 ody mass index (kg/m~)

o5 <18.5 0.5 1.8 2.3 0.8
26 18.5-24.9 23.3 35.6 55.6 37.9
27 25-29.9 38.1 45.7 35.6 42.7
28 >30 38.1 16.9 6.5 18.6
29 Missing 0 0 0 <0.1
30 Abbreviations: US NHANES III, United States National Health and Nutrition Examination Survey III

31

32

33

34
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36
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Table 4. Hormone profile associations with age, race/ethnicity, and body mass index (kg/m’) in reduced multinomial regression
model®, US NHANES III

Demographic characteristics High 3-a diol G High T, E, SHBG Low T, E, 3-a diol G
OR 95% CI OR 95% CI OR 95% CI
Age (years)
17-29 0.4° (0.2-0.7) 0.4° (0.3-0.6) 0.3° (0.1-1.0)
30-49* 1.0 - 1.0 - 1.0 -
50-69 1.9 (0.9-4.1) 2.3° (1.3-4.2) 11.5° (4.7-27.7)
70 and over 22° (1.0-4.7) 42° (1.9-8.9) 243" (7.7-76.8)
Race/ethnicity group
non-Hispanic White” 1.0 - 1.0 - 1.0 -
non-Hispanic Black 04° (0.2-0.8) 1.0 (0.5-1.9) 0.7 0.4-1.4)
Mexican American 1.5 (0.7-3.4) 1.4 (0.8-2.7) 3.1° (1.7-5.7)
Other 0.8 (0.3-2.2) 0.4° (0.2-0.8) 1.8 (0.7-4.4)
Body Mass Index (kg/m?)
<18.5 2.1 (0.8-5.3) 1.9 (0.2-24.6) 1.0 (0.1-13.6)
18.5-24.9* 1.0 N/A 1.0 N/A 1.0 -
25-29.9 0.6 (0.3-1.1) 0.3° (0.2-0.5) 0.4° (0.2-0.7)
>30 0.2° (0.1-0.4) 0.05° (0.03-0.1) 0.1° (0.1-0.2)

Abbreviations: NHANES III, National Health and Nutrition Examination Survey III; 95% CI, 95% confidence interval; OR, odds
ratio; BMI, Body mass index.

*Low SHBG profile is the reference group for multinomial logistic regression models

® Statistically significant, P<0.05
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ABSTRACT

Objectives: Since sex hormone markers are metabolically linked, examining sex steroid
hormones singly may account for inconsistent findings by age, race/ethnicity, and body
mass index across studies. First, these markers were statistically combined into profiles to
account for the metabolic relationship between markers. Then, the relationships between
sex steroid hormone profiles and age, race/ethnicity and body mass index were explored in

multinomial logistic regression models.

Design: Cross-sectional survey

Setting: United States Third National Health and Nutrition Examination Survey (NHANES III)

Participants: 1,538 men, >17 years

Primary outcome measure: sex hormone profiles

Results: Cluster analysis was used to identify four statistically determined profiles with Blom-
transformed T, E, SHBG, and 3-a diol G. We used these four profiles with multinomial logistic
regression models to examine differences by race/ethnicity, age and BMI. Mexican American
men >50 years were associated with the profile that had lowest T, E, and 3-a diol G levels
compared to other profiles (P<0.05). Non-Hispanic Black, overweight (25-29.9 kg/m2), and
obese (>30 kg/m2) men were most likely to be associated with the cluster with the lowest SHBG

(P<0.05).

Conclusion: The associations of sex steroid hormone profiles by race/ethnicity are novel, while

the findings by age and BMI groups are largely consistent with observations from single
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hormone studies. Future studies should validate these hormone profile groups and investigate

these profiles in relation to chronic diseases and certain cancers.

Trial registration: N/A
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What is already known on this subject?

Past studies examining sex steroid hormones and their markers have been investigated in an
effort to explain disparities in chronic disease and cancer rates by race/ethnicity. Epidemiologic
studies using single hormones in linear models have been mixed. Presently, it is still largely
unclear if sex steroid hormones contribute to the racial disparities observed in chronic disease and
cancer rates.

What does this study add?

Examining hormones in relation to race/ethnicity in singly in linear models as done in past studies
does not account for the metabolic linkage between sex hormones and their markers. To account
for metabolic linkage of sex hormones and markers, we created statistically determined hormone
profiles by using cluster analysis. Then, we used these profiles as outcome variables in multinomial
logistic regression models to determine if there were differences by age, BMI and race/ethnicity
groups. Older men and Mexican American men were more likely to be associated with the profile
that had lowest T, E, and 3-a diol G levels compared to other profiles (P<0.05), and Non-Hispanic
Black, overweight (25-29.9 kg/mz), and obese (>30 kg/mz) men were most likely to be associated
with the cluster with the lowest SHBG (P<0.05). Findings by race/ethnicity groups and sex
steroid hormones are novel compared to using linear models, while findings by age and BMI
are largely consistent with single hormone studies. Using statistically determined hormone
marker profiles rather than hormones singly in models may be a better approach to use to explain
the relationship between sex steroid hormones and race/ethnicity and other potential risk factors
for disease.
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INTRODUCTION

Sex steroid hormones, testosterone (T) and 17-f estradiol (E), along with sex hormone
binding globulin (SHBG), a carrier protein of T and E, and androstanediol glucuronide (3-a diol
G) a metabolite used as a marker for T and dihydrotestosterone (DHT) metabolism, play critical
roles in sexual development and body function [1-5]. These hormone markers are involved in
muscle and bone growth, adipose tissue function and distribution [6-8]. Differences in the
levels of sex hormone markers have been hypothesized to contribute to differences in
several chronic diseases and prostate cancer rates observed by age, race/ethnicity, and BMI
[9-20]. Yet, differences in sex steroid hormone marker levels by age, race/ethnicity, and

BMI groups have yet to be fully clarified in the literature [21-35].

Many previous studies have investigated single sex hormone marker levels in linear
regression models by age, race/ethnicity, and BMI. Typically, with increasing age, T and E
levels decline, and SHBG increases, although there is evidence to suggest that some older men
have hormone marker levels similar to younger men [19, 21-22, 26, 28-29, 35-39]. By
race/ethnicity, higher hormone levels have been reported among non-Hispanic Black men
compared to non-Hispanic Whites, although this finding is not consistent across studies;
and, studies sex hormone markers among other racial/ethnic groups are scant [5, 8, 30, 34-
35, 40-42]. With increasing BMI, T has been reported to decline and E and SHBG increase, yet
these findings are not consistent across studies [8, 21, 24, 26-28, 40]. Based on somewhat
inconsistent findings across these studies, it is possible that investigating factors that

influence sex steroid hormone marker levels singly is inadequate.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Sex hormone markers E, T, SHBG, and 3-a diol G are known to be related through sex
steroid metabolism. Since sex hormone markers are related, then differing hormone levels
may be related to each other as well. Cluster analysis can identify underlying statistical
patterns among sex hormone markers, which may be indicative of general patterns of sex
steroid hormone markers among men. Investigating statistically related sex steroid
hormone profiles may produce different associations with age, race/ethnicity, and BMI
groups than investigating these markers singly in linear models. Therefore, we used cluster
analysis to statistically determine which mean hormone marker levels cluster together to form
specific hormone profiles, and multinomial logistic regression to determine whether age, BMI,
and race/ethnicity groups are more likely to be associated with different sex steroid hormone

marker profiles.

MATERIALS AND METHODS

Study population

We utilized data from the National Health and Nutrition Examination Survey (NHANES) III
conducted by the National Center for Health Statistics (NCHS), and these methods have been
described previously [43-44]. Briefly, NHANES III is collected in two phases, and this study
used the phase I data from 1988-1991. This cross-sectional survey was designed as a multistage
stratified, clustered probability sample, the sampling frame includes U.S. residents >2 month of
age, civilian, non-institutionalized population, and NHANES III over sampled those >65 years,

Non-Hispanic Blacks and Mexican Americans.

The NHANES III study population was used to derive the analysis cohort. A total of 16,295

men were interviewed of which n=14,781 completed a mobile examination component (MEC)
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exam [43-44]. The NHANES III morning portion of the survey phase I (1988-1991), included
n=2,417 men and n=1,637 that provided blood samples. We removed the males that were
under 17 years of age and four outliers identified by box and whisker plot analysis for a final

analysis cohort of n=1,528 men.

Exposure variables

Age, race/ethnicity and BMI are the exposures of interest. The NHANES III data obtained
age and race/ethnicity information from the US Census survey 1990 to draw the sampling frame,
so this information is 100% complete and was verified during the adult interview survey
screening by NHANES 111 field staff [43-44]. Continuous age (in years) was categorized into
the following groups: 17-29, 30-49, 50-69, and 70 and over. Race/ethnicity was categorized
as White non-Hispanic, Black non-Hispanic, Mexican Americans and All others. Asian,
American Indian/Alaskan Native, or Pacific Islanders are included in the other group.
Whites and Blacks in the analysis reported non-Hispanic ethnicity. Mexican American is
an ethnicity and may also report any race group (White, Black, Asian, American
Indian/Alaskan Native, or Pacific Islander). Hispanics other than Mexican Americans
were included in the other group, since there were few. BMI (weight in kg divided by height
in m squared) was obtained from body measurements taken during the MEC. BMI information
is available for 99.5% (n=1,524) of men in the analysis cohort. We constructed categories of
BMI based on World Health Organization (WHO) guidelines: underweight <18.5, normal weight

18.5-24.9, overweight 25.0-29.9, and obese >30 kg/m2[45].
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Outcome variable

Laboratory measurement methods in NHANES III have been described previously [43-44].
Briefly, NHANES III selected a random subset of n=1,637 men over 12 years of age during the
1988-1991 phase I survey collection, where morning blood samples were collected to measure
serum levels of T, E, SHBG, and 3-a diol G using standard procedures. As described previously,
samples were centrifuged, serum was aliquotted and stored at -70 C. Samples were randomly
ordered and technicians were blinded to identity, age, and race/ethnicity. The lowest detection
limits by the electrochemiluminescence immunoassays on the 2010 Elecsys autoanalyzer for the
samples were: T 0.02 ng/ml, E 5.0 pg/mL, and SHBG 0.35 nmol/L. Enzyme immunoassays
were used for 3-a diol G and the lowest detection limits were 0.33 ng/mL. The functional
sensitivity, or the lowest analyte concentration that can be reproduced with a coefficient of
variation >=20% for T is 0.12 ng/mL and 12 pg/mL for E. Control samples were run at the start
of the day, after every 100 samples, at the end of the day, once per reagent kit and after
calibration. Control samples fell within 2 Standard Deviations (SD) at the start of the sample
runs, but 3 SD are tolerated at prior control points. Hormone marker data are included as

continuous variables in the NHANES III dataset.

Blom-transformations of the laboratory results for T, E, SHBG, and 3-a diol G were used in
this analysis. Blom-transformed hormone marker variables were chosen for cluster analysis
since these are rank approximations, and are unit-free, which makes the distribution of the four
markers comparable [46]. The Blom-transformed marker variables were moderately correlated
(T spearman <0.50) indicating that the unweighted observations are independent, and can be used

for cluster analysis.
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Model covariates

To adjust the regression models for lifestyle and dietary factors, we used data from the
NHANES III adult, examination, and laboratory files for alcohol intake, smoking status, exercise
amount, zinc, total calorie, total fat, total monosaturated fat, total polysaturated fat, total
saturated fat, fiber, were taken from 24-hour recall and lycopene intake was from blood samples
[43-44]. Alcohol intake (grams) from 24-hour recalls was combined into three groups (Non-
drinkers, drinkers, and missing). Smoking status is categorized into four levels, as men who do
not smoke, men who smoke, but not every day, and men who are current everyday smokers of
<35 cigarettes per day or >35 cigarettes per day. The exercise variable combined the total days
per month a person participated in exercise activities. Serum lycopene concentration was
measured in blood samples, and if levels were below detection (0.63 pg/ml) 0 was recorded.
Exercise per month, lycopene concentrations, other food intake variables were grouped into

quartiles.

The medical exam variables used in the models, included fasting status, exam day of the
week, blood cholesterol level, aspartate aminotransferase, and alanine aminotransferase were
from the MEC data. Fasting compliance was determined prior to blood and urine collection via
questionnaire, and was not followed uniformly, for instance: <1% fasted for 20 hours or more,
91.8% fasted for 10.01-19.99 hours, 7.5% fasted for 10 hours or less, and <0.1% either did not
fast or no value was available. No minimum detection limits were presented for cholesterol,
aspartate aminotransferase and alanine aminotransferase. Cholesterol, aspartate

aminotransferase and alanine aminotransferase were categorized into quartiles for analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [dy uo /woo fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Data analysis

All data analysis was conducted using SAS 9.2 (Cary, NC). K-means cluster analysis was
chosen to create cluster profiles using Blom-transformed T, E, SHBG, and 3-a diol G over other
exploratory methods, since it assigns each observation only to one group, is based on least
squares, tends to find clusters with roughly the same number of observations, and is robust to
outliers in the data. The k-means procedure calculates statistics that can be used to determine the
best number of k clusters, including: an approximate overall R-squared value, Pseudo F-Stat, and
Cubic Clustering Criteria (CCC). These statistics were employed to compare exploratory cluster
solutions using 4 to 8 cluster groups on the unweighted data, since survey procedures are not

available for cluster analysis in SAS 9.2.

Multinomial logistic regression models using survey procedures (accounting for weighted
and stratified data) were employed to examine how age, race/ethnicity, and BMI were
associated with the constructed sex hormone profiles. Low SHBG served as the reference
group since mean hormone values were most similar to the total population. Models were
reduced by investigating the exposure variables (age, race/ethnicity, and BMI) for a 10% change
in the ORs. Covariates included in the full models included age, race/ethnicity, BMI, exam day
of the week, hours of fasting, aspartate aminotransferase, alanine aminotransferase, exercise
level, smoking and drinking status, total calories, total fat, monosaturated fats, polyunsaturated

fats, saturated fat, fiber, lycopene, and zinc intake.

RESULTS

We calculated the percentages (%) and 95% confidence intervals (Cls) for age, race/ethnicity,

and BMI (n=1,528) (table 1). The majority of men in the cohort are 30-49 yrs. (42.25%),
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followed by 17-29 yrs. (29.05%), 50-69 yrs (21.18%), and over 70 yrs (7.52%). By
race/ethnicity, men self-reported to be, non-Hispanic White (77.36%), and non-Hispanic Blacks
(9.75%), Mexican American (5.25%), and all other races (7.64%). The highest proportions of
men were either overweight, BMI 25.0-29.9, (39.73%) or normal weight, BMI 18.5-24.9

(38.45%), while 20.38% of men were considered obese, BMI >30.

We used cluster analysis to create hormone profiles from Blom-transformed T, E, SHBG, and
3-a diol G laboratory values, and only the four and five level cluster solutions performed well
(data not shown). The pseudo F-statistic was improved over the five cluster solution, and the
CCC value was positive (1.2) for the four cluster solution (data not shown). The four cluster

solution was used to create hormone profiles (table 2).

We examined the mean levels of Blom-transformed T, E, SHBG, and 3-o diol G for the
hormone profiles and the total population to determine how the mean levels differed (table 2).
The first cluster had lowest mean SHBG level of the groups, but the mean level of T, E, and 3-a
diol G was the most similar to the total cohort (hereafter referred to as the ‘low SHBG profile’).
The second cluster had the highest mean 3-a diol G level compared to the other clusters (referred
to as the ‘high 3-a diol G profile’). The third cluster had the highest mean levels of T, E and
SHBG (hereafter referred to as the ‘high T, E, and SHBG profile’). The fourth cluster had
lowest mean levels of T, E, and 3-a diol G compared to the other groups (‘low T, E, and 3-a diol

G profile’).

Associations with hormone profiles and age, race/ethnicity, and BMI groups using
appropriately weighted multinomial logistic regression models were examined (table 3). The

younger men (17-29 yrs) were associated with the ‘low SHBG profile’. Men in the ‘low T, E,
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and 3-a diol G profile’ were most associated with 50-69 yrs (OR =11.5, 95% confidence interval
(CI): 4.74, 27.68) and 70 yrs or over (OR=24.3, 95% CI: 7.71, 76.82). Non-Hispanic Black men
had higher odds of being in the ‘low SHBG profile’ (OR=2.5, 95% CI: 1.30, 4.35), and Mexican
American men were more strongly associated with the ‘low T, E, and 3-a diol G profile’

(OR=3.1,95% CI: 1.69, 5.68). Obese men (BMI >30) were most likely to be associated with the

‘low SHBG profile’ compared to men with a normal BMI (18.5-24.9).

DISCUSSION

This is the first study to examine statistically determined sex steroid hormone marker profiles
by age, BMI, and race/ethnicity groups. Applying our novel approach to studying sex steroid
hormone levels among US men, we created four statistically determined clusters, described as:
‘low SHBG’, ‘high 3-a diol G’, ‘high T, E, and SHBG’, and ‘low T, E, and 3-a diol G’.
Examining hormone profiles by age and BMI, our results largely agree with single
hormone studies [5, 16, 21, 24, 30, 40, 47]. This study also found new evidence supporting
differences in sex steroid hormone levels for non-Hispanic Blacks and Mexican American

men using hormone profiles, and these observations differed from single hormone studies.

Men in our study associated with the ‘low SHBG’ profile were more likely to be younger
(<17-29 yrs), obese (BMI >30), and non-Hispanic Black (table 3). Our findings indicate that the
‘low SHBG profile’ is more commonly associated with younger men (17-29 yrs) [35, 16, 30, 40],
and lower SHBG levels were reported among obese men in single hormone studies [21, 24, 47].
By contrast, the observations that non-Hispanic Blacks are more likely to be associated with a
‘low SHBG profile’ compared to non-Hispanic Whites and Mexicans are new. This result does

not agree with previous single hormone studies, which have dominantly reported no differences
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or higher levels of SHBG among non-Hispanic Blacks compared to non-Hispanic Whites [5, 16,

30-31, 40].

The ‘high 3-a diol G profile’ associations with age and BMI are somewhat ambiguous
compared to other profiles, while the ‘high 3-a diol G profile’ is more strongly associated with
non-Hispanic Whites. Past studies investigating 3-a diol G have reported higher 3-a diol G
activity among older men with a higher BMI [8, 32-33, 41-42, 48-53]. However, much stronger
associations with older age and obesity are seen with other profiles compared to this profile [8,
32-33,41-42, 48-53]. Among a single hormone studies that reported no difference in 3-a diol G
levels by race among younger men [41], and in other studies older men have reported higher 3-
a diol G activity in non-Hispanic Whites compared to non-Hispanic Blacks [5, 41-42, 50-51].
We found that Non-Hispanic Whites were more likely to be associated with ‘higher 3-a diol G,
which agrees with single hormone studies [5, 41-42, 50-51]. The reasons why hormone studies
are largely consistent for higher 3-a diol G levels seen among older non-Hispanic White men,
while findings for other race/ethnicity groups are inconsistent is still unclear [5, 9, 16, 30-31, 34,

40, 42, 50].

The men in the ‘high T, E, and SHBG profile’ are older than the first two profiles, are most

likely to have a normal BMI, and there are not any differences between the race/ethnicity groups.

Previous cross-sectional studies investigating T alone have reported high T levels among young
men, yet other studies have indicated that high T levels are not found exclusively among young
men [19, 22, 26, 36-39, 54-57]. The results for the ‘high T, E, and SHBG’ profile are consistent
with single hormone studies that reported higher T and SHBG among men with a normal BMI
[58-59]. It has been hypothesized that higher sex steroid hormone levels are responsible for the

racial disparities in rates of prostate cancer and other chronic diseases [9, 22, 30, 35, 40].
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Despite a higher proportion of non-Hispanic Black men found in this profile (data not shown),
the lack of association of the ‘high T, E, and SHBG profile’ with race/ethnicity (table 3) does not

support this previously considered hypothesis [5, 9, 22, 30, 35, 40, 46].

The ‘low T, E, and 3-a diol G profile’ is more likely to be associated with men over 70 yrs
and Mexican American men, while findings by BMI are less defined compared to other profiles.
Previous studies have suggested that lowered T and E metabolism, and increasing SHBG levels
are associated with older ages [19, 22, 26, 36-39, 54]. This is in agreement with our results,
since 74% of men are over 50 yrs in this profile, and associations are strongest with older age
groups (table 3). Overweight and obesity have been associated with declines in T and SHBG,
and despite the low T levels in this profile, the ‘low SHBG profile’ was more strongly associated
with obesity [24, 58-59]. Past single hormone studies comparing T levels among Hispanics to
non-Hispanics have conflicted, two reported no differences, one reported lower, and another
reported higher levels [5, 9, 42, 46]. Although there were few studies comparing sex steroid
hormones among Mexican Americans compared to non-Hispanic Whites studies conflict [5, 9,

16, 30-31, 40, 42].

This study has several strengths. NHANES III data is a nationally representative sample, so
selection bias is minimized [43-44]. The NHANES III oversampled minorities and men over 65
years ensuring adequate numbers of men for analysis [43-44]. Our exposure variables were 99%
complete [43-44]. Hormone levels were measured systematically using standard methods
available at the time which did employ testing against control samples [43-44]. We were able to
select only those men that provided blood samples in the morning to correct for daily hormone

fluctuations, and control for day of the week the blood was drawn and fasting time [43-44].
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The study also has several limitations. The dietary information is from self-report from 24-
hour recall, and may not be an accurate consumption values [43-44]. Smoking status was also
self-reported [43-44]. The study was only based on a single hormone measurement among men,
which may not account for the daily complexity or serum hormone measurements over time.
While the hormone profiles combine two major sex steroid hormones, a carrier protein and a
metabolite, these profiles are still likely to be an oversimplification compared to hormone

metabolism in the body.

In conclusion, specific sex steroid hormone marker profiles were more likely than others to be
associated with one or more age, race/ethnicity, or BMI groups. Our findings for non-Hispanic
Blacks and Mexican Americans are novel, since these groups have often been suggested to be
associated with higher sex steroid hormone levels, yet this study found the opposite. Our
findings by age and BMI largely agreed with most single hormone studies. Future work should

investigate the relationship between sex steroid hormone markers and chronic disease risk.
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Table 1. Demographic information among men, US NHANES III 1988-1991

Demographic information Total (n) Percentage (%)
Age
17-29 365 29.1
30-49 516 37.3
50-69 388 21.2
70 and over 259 7.5
Race/ethnicity
Non-Hispanic White 689 77.4
Non-Hispanic Black 378 9.8
Mexican American 402 5.3
Other 59 7.6
Body Mass Index (kg/m®)
<18.5 21 1.4
18.5-24.9 555 38.5
25.0-29.9 623 39.7
>30 328 20.4
Missing 1 <0.01

Abbreviations: US NHANES III, United States National Health and Nutrition

Examination Survey III
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1

2

2 Table 2. Blom-transformed sex steroid hormone marker mean levels in the total population and
5 hormone marker profiles among American men, US NHANES III 1988-1991
? Hormone Marker Group Total Mean SD
8 N)

9 Population Total

10 Testosterone 1527 0.13 0.04
11 17-B Estradiol 1524 0.06 0.06
12 Sex Hormone Binding Globulin 1517 -0.15 0.05
13 Androstanediol Glucuronide 1505 0.16 0.04
13 Low SHBG profile

16 Testosterone 415 -0.25 0.04
17 17-B Estradiol 417 0.32 0.06
18 Sex Hormone Binding Globulin 412 -1.10 0.06
19 Androstanediol Glucuronide 407 0.20 0.06
20 High 3-a diol G profile

g; Testosterone 327 -0.02 0.04
3 17-B Estradiol 326 -0.67 0.07
24 Sex Hormone Binding Globulin 324 -0.08 0.05
25 Androstanediol Glucuronide 324 0.78 0.06
26 High T, E, and SHBG profile

27 Testosterone 484 1.00 0.05
28 17-B Estradiol 480 0.68 0.05
29 Sex Hormone Binding Globulin 480 0.53 0.04
30 Androstanediol Glucuronide 476 0.15 0.05
31 Low T, E, and 3-a diol G

32 Testosterone 298 -0.79 0.07
gi 17-B Estradiol 298 0.71 0.10
35 Sex Hormone Binding Globulin 298 0.25 0.07
36 Androstanediol Glucuronide 295 -0.98 0.04
37 Abbreviations: US NHANES III, United States National Health and Nutrition Examination
38 Survey III; SD, Mean Standard deviation; N/A, not applicable

39 * Absolute difference between population total mean value and the individual
22 hormone profile values

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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Table 3. Hormone profile associations with age, race/ethnicity, and body mass index (kg/m®) in reduced multinomial regression
model® ", US NHANES III

Demographic characteristics High 3-a diol G High T, E, SHBG Low T, E, 3-a diol G
OR 95% CI OR 95% CI OR 95% CI
Age (years)
17-29 0.4¢ (0.2-0.7) 0.4¢ (0.3-0.6) 0.3¢ (0.1-1.0)
30-49* 1.0 - 1.0 - 1.0 -
50-69 1.9 (0.9-4.1) 2.31¢ (1.3-4.2) 11.5¢ (4.7-27.7)
70 and over 224 (1.0-4.7) 421 (1.9-8.9) 2431 (7.7-76.8)
Race/ethnicity group
non-Hispanic White” 1.0 - 1.0 - 1.0 -
non-Hispanic Black 0.4¢ (0.2-0.8) 1.0 (0.5-1.9) 0.7 0.4-1.4)
Mexican American 1.5 (0.7-3.4) 1.4 (0.8-2.7) 3.1¢ (1.7-5.7)
Other 0.8 (0.3-2.2) 0.4¢ (0.2-0.8) 1.8 (0.7-4.4)
Body Mass Index (kg/m?)
<18.5 2.1 (0.8-5.3) 1.9 (0.2-24.6) 1.0 (0.1-13.6)
18.5-24.9* 1.0 N/A 1.0 N/A 1.0 -
25-29.9 0.6 (0.3-1.1) 0.3¢ (0.2-0.5) 0.4¢ (0.2-0.7)
>30 0.2¢ (0.1-0.4) 0.05¢ (0.03-0.1) 0.1¢ (0.1-0.2)

Abbreviations: NHANES III, National Health and Nutrition Examination Survey III; 95% CI, 95% confidence interval; OR, odds
ratio; BMI, Body mass index.

*Low SHBG profile is the reference group for multinomial logistic regression models

® The reduced model is adjusted for: age, race/ethnicity, BMI, exam day of the week, exercise level, smoking and drinking status, total
calories, total fat, monosaturated fats, polyunsaturated fats, saturated fat, fiber, lycopene, and zinc intake

¢ Models used appropriate strata and weighting for national representation

¢ Statistically significant, P<0.05
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ABSTRACT

Objectives: Since sex hormone markers are metabolically linked, examining sex steroid
hormones singly may account for inconsistent findings by age, race/ethnicity, and body mass
index across studies. First, these markers were statistically combined into profiles to account for
the metabolic relationship between markers. Then, the relationships between sex steroid
hormone profiles and age, race/ethnicity and body mass index were explored in multinomial

logistic regression models.

Design: Cross-sectional survey

Setting: United States (U.S.) Third National Health and Nutrition Examination Survey

(NHANES 11I)

Participants: 1,538 men, >17 years

Primary outcome measure: sex hormone profiles

Results: Cluster analysis was used to identify four statistically determined profiles with Blom-
transformed T, E, SHBG, and 3-a diol G. We used these four profiles with multinomial logistic
regression models to examine differences by race/ethnicity, age and BMI. Mexican American
men >50 years were associated with the profile that had lowest T, E, and 3-a diol G levels
compared to other profiles (P<0.05). Non-Hispanic Black, overweight (25-29.9 kg/m2), and
obese (>30 kg/m2) men were most likely to be associated with the cluster with the lowest SHBG

(p<0.05).

Conclusion: The associations of sex steroid hormone profiles by race/ethnicity are novel, while

the findings by age and BMI groups are largely consistent with observations from single
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hormone studies. Future studies should validate these hormone profile groups and investigate

these profiles in relation to chronic diseases and certain cancers.

Trial registration: N/A

Article Summary

Article focus

1. Using cluster analysis, can unique groups of sex steroid hormones be formed among a nationally
representative sample of men which would take into account that these hormone marker levels are
related?

2. In multinomial logistic regression models rather than linear models, are age, race/ethnicity, and body
mass index groups more strongly associated with different statistically determined sex steroid hormone
clusters?

3. How do the associations from multinomial logistic regression models compare to findings between
sex steroid hormones and age, race/ethnicity, and BMI groups using linear regression models?

Key messages

1. To take into account the fact that sex steroid hormone marker levels are related, four distinct sex
steroid hormone profiles were statistically determined using cluster analysis, described as: ‘low SHBG’,
‘high 3-a diol G’, ‘high T, E, and SHBG’, and ‘low T, E, and 3-a diol G’ profiles.

2. Mexican American men >50 years were associated with the profile that had lowest T, E, and 3-a diol G
levels compared to other profiles (P<0.05). Non-Hispanic Black, overweight (25-29.9 kg/m2), and obese
(>30 kg/m2) men were most likely to be associated with the cluster with the lowest SHBG (P<0.05).

3. The associations of sex steroid hormone profiles by race/ethnicity are novel, while findings by age and
BMI groups are largely consistent with results from single hormone studies. Future studies should
examine hormone profiles in relation to chronic disease risk.

Strengths and Limitations

1. Nationally representative sample of men in the US where minority groups were oversampled to
ensure adequate representation in study analyses.

2. Hormone marker values were used from a single measurement and covariates like diet and smoking
were taken from self-reported data.
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INTRODUCTION

Sex steroid hormones, testosterone (T) and 17-P estradiol (E), along with sex hormone
binding globulin (SHBG), a carrier protein of T and E, and androstanediol glucuronide (3-a diol
GG) a metabolite used as a marker for T and dihydrotestosterone (DHT) metabolism, play critical
roles in sexual development and body function [1-5]. These hormone markers are involved in
muscle and bone growth, adipose tissue function and distribution [6-8]. Differences in the levels
of sex hormone markers have been hypothesized to contribute to differences in several chronic
diseases and prostate cancer rates observed by age, race/ethnicity, and BMI [9-20]. Yet,
differences in sex steroid hormone marker levels by age, race/ethnicity, and BMI groups have yet

to be fully clarified in the literature [21-35].

Many previous studies have investigated single sex hormone marker levels in linear
regression models by age, race/ethnicity, and BMI. Typically, with increasing age, T and E
levels decline, and SHBG increases, although there was evidence to suggest that some older men
have hormone marker levels similar to younger men [19, 21-22, 26, 28-29, 35-39]. By
race/ethnicity, higher hormone levels have been reported among non-Hispanic Black men
compared to non-Hispanic Whites, although this finding was not consistent across studies; and,
studies sex hormone markers among other racial/ethnic groups were scant [5, 8, 30, 34-35, 40-
42]. With increasing BMI, T has been reported to decline and E and SHBG increase, yet these
findings are not consistent across studies [8, 21, 24, 26-28, 40]. Based on somewhat inconsistent
findings across these studies, it is possible that investigating factors that influence sex steroid

hormone marker levels singly was inadequate.
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Sex hormone markers E, T, SHBG, and 3-a diol G are known to be related through sex
steroid metabolism. Since sex hormone markers are related, then differing hormone levels may
be related to each other as well. Cluster analysis can identify underlying statistical patterns
among sex hormone markers, which may be indicative of general patterns of sex steroid
hormone markers among men. Investigating statistically related sex steroid hormone profiles
may produce different associations with age, race/ethnicity, and BMI groups than investigating
these markers singly in linear models. Therefore, we used cluster analysis to statistically
determine which mean hormone marker levels cluster together to form specific hormone profiles,
and multinomial logistic regression to determine whether age, BMI, and race/ethnicity groups

were more likely to be associated with different sex steroid hormone marker profiles.

MATERIALS AND METHODS

Study population

We utilized data from the National Health and Nutrition Examination Survey (NHANES) III
conducted by the National Center for Health Statistics (NCHS), and these methods have been
described previously [43-44]. Briefly, NHANES III was collected in two phases, and this study
used the phase I data from 1988-1991. This cross-sectional survey was designed as a multistage
stratified, clustered probability sample, the sampling frame includes U.S. residents >2 months of
age, civilian, non-institutionalized population, and NHANES III over sampled those >65 years,

Non-Hispanic Blacks and Mexican Americans.

The NHANES III study population was used to derive the analysis cohort. A total of 16,295
men were interviewed of which n=14,781 completed a mobile examination component (MEC)

exam [43-44]. The NHANES III morning portion of the survey phase I (1988-1991), included
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n=2,417 men and n=1,637 that provided blood samples. We removed the males that were under
17 years of age and four outliers with high 17-f estradiol levels identified by box and whisker

plot analysis for a final analysis cohort of n=1,528 men.

Exposure variables

Age, race/ethnicity and BMI were the exposures of interest. The NHANES III data obtained
age and race/ethnicity information from the U.S. Census survey 1990 to draw the sampling
frame, so this information was 100% complete and was verified during the adult interview
survey screening by NHANES III field staff [43-44]. Continuous age (in years) was categorized
into the following groups: 17-29, 30-49, 50-69, and 70 and over. Race/ethnicity was categorized
as White non-Hispanic, Black non-Hispanic, Mexican Americans and All others. Asian,
American Indian/Alaskan Native, or Pacific Islanders were included in the other group. Whites
and Blacks in the analysis reported non-Hispanic ethnicity. Mexican American is considered an
ethnicity, and may also report any race group (White, Black, Asian, American Indian/Alaskan
Native, or Pacific Islander). Hispanics other than Mexican Americans were included in the other
group, since there were few. BMI (weight in kg divided by height in m squared) was obtained
from body measurements taken during the MEC. BMI information is available for 99.5%
(n=1,524) of men in the analysis cohort. Categories of BMI were constructed based on World
Health Organization (WHO) guidelines: underweight <18.5, normal weight 18.5-24.9,

overweight 25.0-29.9, and obese >30 kg/m” [45].

Outcome variable
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Laboratory measurement methods in NHANES III have been described previously [43-44].
Briefly, NHANES III selected a random subset of n=1,637 men over 12 years of age during the
1988-1991 phase I survey collection, where morning blood samples were collected to measure
serum levels of T, E, SHBG, and 3-a diol G using standard procedures. As described previously,
samples were centrifuged, serum was aliquotted and stored at -70 C°. Samples were randomly
ordered and technicians were blinded to identity, age, and race/ethnicity. The lowest detection
limits by the electrochemiluminescence immunoassays on the 2010 Elecsys autoanalyzer for the
samples were: T 0.02 ng/ml, E 5.0 pg/mL, and SHBG 0.35 nmol/L. Enzyme immunoassays
were used for 3-a diol G and the lowest detection limits were 0.33 ng/mL. The functional
sensitivity, or the lowest analyte concentration that can be reproduced with a coefficient of
variation >20% for T was 0.12 ng/mL and 12 pg/mL for E. Control samples were run at the start
of the day, after every 100 samples, at the end of the day, once per reagent kit and after
calibration. Control samples fell within 2 standard deviations (SD) at the start of the sample
runs, but 3 SD were tolerated at prior control points. Hormone marker data were included as

continuous variables in the NHANES 111 dataset.

Blom-transformations of the laboratory results for T, E, SHBG, and 3-a diol G were used in
this analysis. Blom-transformed hormone marker variables were chosen for cluster analysis
since these are rank approximations, and were unit-free, which makes the distribution of the four
markers comparable [46]. The Blom-transformed marker variables were moderately correlated
(T spearman <0.50) indicating that the unweighted observations are independent, and can be used

for cluster analysis.
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Model covariates

To adjust the regression models for lifestyle and dietary factors, we used data from the
NHANES III adult, examination, and laboratory files. Alcohol intake, smoking status, exercise
amount, zinc, total calorie, total fat, total monosaturated fat, total polysaturated fat, total
saturated fat, fiber, were taken from 24-hour recall surveys, which captured food intake from the
past twenty four hours [43-44]. Lycopene intake was from blood samples since it was not
available from 24-hour recall surveys. Alcohol intake (grams) was combined into three groups
(non-drinkers, drinkers, and missing). Smoking status was categorized into four levels, as men
who do not smoke, men who smoke, but not every day, and men who are current everyday
smokers of <35 cigarettes per day or >35 cigarettes per day. The exercise variable combined the
total days per month a person participated in exercise activities. Serum lycopene concentration
was measured in blood samples, and if levels were below detection (0.63 pg/ml) 0 was recorded.
Exercise per month, lycopene concentrations, other food intake variables were grouped into

quartiles.

The medical exam variables used in the models, included fasting status, exam day of the
week, blood cholesterol level, aspartate aminotransferase, and alanine aminotransferase were
from the MEC data. Fasting compliance was determined prior to blood and urine collection via
questionnaire, and was not followed uniformly, for instance: <1% fasted for 20 hours or more,
91.8% fasted for 10.01-19.99 hours, 7.5% fasted for 10 hours or less, and <0.1% either did not
fast or no value was available. No minimum detection limits were presented for cholesterol,
aspartate aminotransferase and alanine aminotransferase. Cholesterol, aspartate

aminotransferase and alanine aminotransferase were categorized into quartiles for analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 53

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [dy uo /woo fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 9 of 53

©CoO~NOUITA,WNPE

BMJ Open

Data analysis

All data analysis was conducted using SAS 9.2 (Cary, NC). K-means cluster analysis was
chosen to create cluster profiles using Blom-transformed T, E, SHBG, and 3-a diol G over other
exploratory methods, since it assigns each observation only to one group, is based on least
squares, tends to find clusters with roughly the same number of observations, and is robust to
outliers in the data. The k-means procedure calculates statistics that can be used to determine the
best number of k clusters, including: an approximate overall R-squared value, Pseudo F-Stat, and
Cubic Clustering Criteria (CCC). These statistics were employed to compare exploratory cluster
solutions using 4 to 8 cluster groups on the unweighted data, since survey procedures were not

available for cluster analysis in SAS 9.2.

Multinomial logistic regression models using survey procedures (accounting for weighted and
stratified data) were employed to examine how age, race/ethnicity, and BMI were associated
with the constructed sex hormone profiles. Low SHBG served as the reference group since mean
hormone values were most similar to the total population. Models were reduced by investigating
the exposure variables (age, race/ethnicity, and BMI) for a 10% change in the odds ratios (ORs).
Covariates included in the full models included age, race/ethnicity, BMI, exam day of the week,
hours of fasting, aspartate aminotransferase, alanine aminotransferase, cholesterol levels,
exercise level, smoking and drinking status, total calories, total fat, monosaturated fats,

polyunsaturated fats, saturated fat, fiber, lycopene, and zinc intake.

RESULTS

We calculated the percentages (%) and 95% confidence intervals (Cls) for age, race/ethnicity,

and BMI (n=1,528) (table 1). The majority of men in the cohort were 30-49 yrs. (42.25%),
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followed by 17-29 yrs. (29.05%), 50-69 yrs (21.18%), and over 70 yrs (7.52%). By
race/ethnicity, men self-reported to be, non-Hispanic White (77.36%), and non-Hispanic Blacks
(9.75%), Mexican American (5.25%), and all other races (7.64%). The highest proportions of
men were either overweight, BMI 25.0-29.9, (39.73%) or normal weight, BMI 18.5-24.9

(38.45%), while 20.38% of men were considered obese, BMI >30.

We used cluster analysis to create hormone profiles from Blom-transformed T, E, SHBG, and
3-a diol G laboratory values, and only the four and five level cluster solutions performed well
(data not shown). The pseudo F-statistic was improved over the five cluster solution, and the
CCC value was positive (1.2) for the four cluster solution (data not shown). The four cluster

solution was used to create hormone profiles (table 2).

We examined the mean levels of Blom-transformed T, E, SHBG, and 3-a diol G for the
hormone profiles and the total population to determine how the mean levels differed (table 2).
The first cluster had lowest mean SHBG level of the groups, but the mean level of T, E, and 3-a
diol G was the most similar to the total cohort (hereafter referred to as the ‘low SHBG profile’).
The second cluster had the highest mean 3-a diol G level compared to the other clusters (referred
to as the ‘high 3-a diol G profile’). The third cluster had the highest mean levels of T, E and
SHBG (hereafter referred to as the ‘high T, E, and SHBG profile’). The fourth cluster had
lowest mean levels of T, E, and 3-a diol G compared to the other groups (‘low T, E, and 3-a diol

G profile’).

Associations with hormone profiles and age, race/ethnicity, and BMI groups using weighted
multinomial logistic regression models were examined (table 3). The younger men (17-29 yrs)

were associated with the ‘low SHBG profile’. Men in the ‘low T, E, and 3-a diol G profile’ were
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most associated with 50-69 yrs (OR =11.5, 95% confidence interval (CI): 4.74, 27.68) and 70 yrs
or over (OR=24.3, 95% CI: 7.71, 76.82). Non-Hispanic Black men had higher odds of being in
the ‘low SHBG profile’ (OR=2.5, 95% CI: 1.30, 4.35), and Mexican American men were more
strongly associated with the ‘low T, E, and 3-a diol G profile’ (OR=3.1, 95% CI: 1.69, 5.68).
Obese men (BMI >30) were most likely to be associated with the referent ‘low SHBG profile’

compared to men with a normal BMI (18.5-24.9) in all other profiles.

DISCUSSION

This is the first study to examine statistically determined sex steroid hormone marker profiles
by age, BMI, and race/ethnicity groups. Applying our novel approach to studying sex steroid
hormone levels among U.S. men, we created four statistically determined clusters, described as:
‘low SHBG’, ‘high 3-a diol G, ‘high T, E, and SHBG’, and ‘low T, E, and 3-a diol G’.
Examining hormone profiles by age and BMI, our results largely agree with single hormone
studies [5, 16, 21, 24, 30, 40, 47]. This study also found new evidence supporting differences in
sex steroid hormone levels for non-Hispanic Blacks and Mexican American men using hormone

profiles, and these observations differed from single hormone studies.

Men in our study associated with the ‘low SHBG’ profile were more likely to be younger
(<17-29 yrs), obese (BMI >30), and non-Hispanic Black (table 3). Our findings indicate that the
‘low SHBG profile’ was more commonly associated with younger men (17-29 yrs) [5, 16, 30,
40], and lower SHBG levels were reported among obese men in single hormone studies [21, 24,
47]. By contrast, the observations that non-Hispanic Blacks were more likely to be associated
with a ‘low SHBG profile’ compared to non-Hispanic Whites and Mexicans were new. This

result does not agree with previous single hormone studies, which have dominantly reported no
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differences or higher levels of SHBG among non-Hispanic Blacks compared to non-Hispanic

Whites [5, 16, 30-31, 40].

The ‘high 3-a diol G profile’ associations with age and BMI were somewhat ambiguous
compared to other profiles, while the ‘high 3-a diol G profile’ was more strongly associated with
non-Hispanic Whites. Past studies investigating 3-a diol G have reported higher 3-a diol G
activity among older men with a higher BMI [8, 32-33, 41-42, 48-53]. However, much stronger
associations with older age and obesity were seen with other profiles compared to this profile [8,
32-33,41-42, 48-53]. Some single hormone studies reported no difference in 3-a diol G levels
by race among younger men [41], yet in other studies older men have reported higher 3-a diol G
activity in non-Hispanic Whites compared to non-Hispanic Blacks which agrees with the
findings in this study [5, 41-42, 50-51]. The reasons why hormone studies were largely
consistent for higher 3-a diol G levels seen among older non-Hispanic White men, while
findings for other race/ethnicity groups were inconsistent was still unclear [5, 9, 16, 30-31, 34,

40, 42, 50].

The men in the ‘high T, E, and SHBG profile’ were older than the first two profiles, were
most likely to have a normal BMI, and there were not any differences between the race/ethnicity
groups. Previous cross-sectional studies investigating T alone have reported high T levels
among young men, yet other studies have indicated that high T levels were not found exclusively
among young men [19, 22, 26, 36-39, 54-57]. The results for the ‘high T, E, and SHBG’ profile
were consistent with single hormone studies that reported higher T and SHBG among men with a
normal BMI [58-59]. Past studies have hypothesized that higher sex steroid hormones (T and E)
were responsible for the racial disparities observed in the rates of prostate cancer [9, 22, 30, 35,

40]. Despite a higher proportion of non-Hispanic Black men found in the ‘high T, E, and SHBG
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profile’, non-Hispanic Black men were not associated with this profile (data not shown). These
findings do not support this previously considered hypothesis that sex steroid hormone levels are
higher among non-Hispanic Black men compared to other race/ethnicity groups [5, 9, 22, 30, 35,

40, 46].

The ‘low T, E, and 3-a diol G profile’ was more likely to be associated with men over 70 yrs
and Mexican American men, while findings by BMI were less defined compared to other
profiles. Previous studies have suggested that lowered T and E metabolism, and increasing
SHBG levels were associated with older ages [19, 22, 26, 36-39, 54]. This was in agreement
with our results, since 74% of men are over 50 yrs in this profile, and associations were strongest
with older age groups (table 3). Overweight and obesity have been associated with declines in T
and SHBG, and despite the low T levels in this profile, the ‘low SHBG profile’ was more
strongly associated with obesity [24, 58-59]. Past single hormone studies specifically comparing
T levels among Hispanics to non-Hispanics have conflicted, two reported no differences, one
reported lower, and another reported higher levels [5, 9, 42, 46]. Although there were few
studies comparing sex steroid hormones among Mexican Americans compared to non-Hispanic

Whites these findings from these studies conflict [5, 9, 16, 30-31, 40, 42].

This study has several strengths. NHANES III data was a nationally representative sample,
so selection bias was minimized [43-44]. The NHANES III oversampled minorities and men
over 65 years ensuring adequate numbers of men for analysis [43-44]. Our exposure variables
were 99% complete [43-44]. Hormone levels were measured systematically using standard
methods available at the time which did employ testing against control samples [43-44]. We

were able to select only those men that provided blood samples in the morning to correct for
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daily hormone fluctuations, and control for day of the week the blood was drawn and fasting

time [43-44].

The study also has several limitations. The dietary information was from self-reported 24-
hour recall surveys, and may not reflect a man’s true dietary behaviors [43-44]. Smoking status
was also self-reported [43-44]. The study was only based on a single hormone measurement
among men, which may not account for the daily complexity or serum hormone measurements
over time. While the hormone profiles combine two major sex steroid hormones, a carrier
protein and a metabolite, these profiles are still likely to be an oversimplification compared to

hormone metabolism in the body.

In conclusion, specific sex steroid hormone marker profiles were more likely than others to be
associated with one or more age, race/ethnicity, or BMI groups. Our findings for non-Hispanic
Blacks and Mexican Americans are novel, since these groups have often been suggested to be
associated with higher sex steroid hormone levels, yet this study found the opposite. Our
findings by age and BMI largely agreed with most single hormone studies. The observed
race/ethnicity differences across the hormone profiles in the current analysis, suggest that when
accounting for the relationship between sex steroid hormone markers, race/ethnicity differences
become apparent. Further research is necessary to determine if sex steroid hormone profiles
contribute to the increased risk of several cancers and chronic diseases observed by

race/ethnicity.
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Table 1. Demographic information among men, U.S. NHANES III 1988-1991

Demographic information Total (n) Percentage (%)
Age
17-29 365 29.1
30-49 516 37.3
50-69 388 21.2
70 and over 259 7.5
Race/ethnicity
Non-Hispanic White 689 77.4
Non-Hispanic Black 378 9.8
Mexican American 402 53
Other 59 7.6
Body Mass Index (kg/m?)
<18.5 21 1.4
18.5-24.9 555 38.5
25.0-29.9 623 39.7
>30 328 20.4
Missing 1 <0.01

Abbreviations: U.S. NHANES III, United States National Health and Nutrition

Examination Survey III
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Table 2. Blom-transformed sex steroid hormone marker mean levels in the total population and
hormone marker profiles among American men, U.S. NHANES III 1988-1991

©CoOoO~NOUTA,WNPE

Hormone Marker Group Total Mean SD
()

Population Total
Testosterone 1527 0.13 0.04
17-p Estradiol 1524 0.06 0.06
Sex Hormone Binding Globulin 1517 -0.15 0.05
Androstanediol Glucuronide 1505 0.16 0.04
Low SHBG profile
Testosterone 415 -0.25 0.04
17-p Estradiol 417 0.32 0.06
Sex Hormone Binding Globulin 412 -1.10 0.06
Androstanediol Glucuronide 407 0.20 0.06
High 3-a diol G profile
Testosterone 327 -0.02 0.04
17-p Estradiol 326 -0.67 0.07
Sex Hormone Binding Globulin 324 -0.08 0.05
Androstanediol Glucuronide 324 0.78 0.06
High T, E, and SHBG profile
Testosterone 484 1.00 0.05
17-p Estradiol 480 0.68 0.05
Sex Hormone Binding Globulin 480 0.53 0.04
Androstanediol Glucuronide 476 0.15 0.05
Low T, E, and 3-a diol G
Testosterone 298 -0.79 0.07
17-p Estradiol 298 -0.71 0.10
Sex Hormone Binding Globulin 298 0.25 0.07
Androstanediol Glucuronide 295 -0.98 0.04

Abbreviations: U.S. NHANES III, United States National Health and Nutrition Examination

Survey III; SD, Mean standard deviation; N/A, not applicable

* Absolute difference between population total mean value and the individual

hormone profile values
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1

2

2 Table 3. Hormone profile associations with age, race/ethnicity, and body mass index (kg/m®) in reduced multinomial regression
5 model™" ¢, U.S. NHANES III

6

7 Demographic characteristics High 3-a diol G High T, E, SHBG Low T, E, 3-a diol G

8

9 OR 95% CI OR 95% CI OR 95% CI
10 Age (years)

11 17-29 0.4¢ (0.2-0.7) 0.4¢ (0.3-0.6) 0.3¢ (<0.1-1.0)
12 30-49° 1.0 - 1.0 - 1.0 -

13 50-69 1.9 (0.9-4.1) 2.3¢ (1.3-4.2) 11.5¢ (4.7-27.7)
1‘5‘ 70 and over 224 (1.0-4.7) 424 (1.9-8.9) 243¢ (7.7-76.8)
i? Race/ethnicity group

18 non-Hispanic White" 1.0 - 1.0 - 1.0 -

19 non-Hispanic Black 0.4¢ (0.2-0.8) 1.0 (0.5-1.9) 0.7 (0.4-1.4)
20 Mexican American 1.5 (0.7-3.4) 1.4 (0.8-2.7) 3.1¢ (1.7-5.7)
21 Other 0.8 (0.3-2.2) 0.4¢ (0.2-0.8) 1.8 (0.7-4.4)
5:23 Body Mass Index (kg/m?)

o4 <18.5 2.1 (0.8-5.3) 1.9 (0.2-24.6) 1.0 (0.1-13.6)
o5 18.5-24.9° 1.0 N/A 1.0 N/A 1.0 -

26 25-29.9 0.6 (0.3-1.1) 0.3¢ (0.2-0.5) 0.4¢ (0.2-0.7)
27 >30 0.2¢ (0.1-0.4) 0.05¢ (0.03-0.1) 0.1¢ (0.1-0.2)
28 Abbreviations: U.S. NHANES III, National Health and Nutrition Examination Survey III; 95% CI, 95% confidence interval; OR, odds
ég ratio; BMI, Body mass index.

g; *Low SHBG profile is the reference group for multinomial logistic regression models

33 " The reduced model is adjusted for: age, race/ethnicity, BMI, exam day of the week, fasting in hours, liver enzyme levels,
gg exercise level, smoking status, total calories, total fat, monosaturated fats, polyunsaturated fats, saturated fat, fiber, lycopene,
36 and zinc intake

37 . . . . .

38 “ Models used appropriate strata and weighting for national representation

39

20 I Statistically significant, P<0.05

41

42

43

44

45

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

47

48 “ybuAdod Ag paosioid 1sanb Ag 20z ‘0T [Mdy uo jwod fwg uadolwag//:dny wouy papeojumoq "ZTOZ 1840100 9 U0 STETO0-ZTOZ-uadolwag/9eTT 0T Sk paysignd 1s1y :usdo CING


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 18 of 53

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdoo Ag pajoaloid 1sanb Aq 720z ‘0T |Hdy uo jwod fwg uadolwd//:dny woiy papeojumoq "ZT0Z 1840i00 9 U0 STETO0-Z2T0Z-uadolwa/9eTT 0T Sse paysiignd isiy :uado rINg


http://bmjopen.bmj.com/

Page 19 of 53

©CoO~NOUITA,WNPE

BMJ Open

FUNDING

This project is part of a student dissertation and not funded by any source.
CONFLICTS OF INTEREST

The authors have no competing interests.

LICENCE

The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf
of all authors, an exclusive licence (or non exclusive for government employees) on a worldwide
basis to the BMJ Publishing Group Ltd and its Licensees to permit this article (if accepted) to be
published in JECH editions and any other BMJPGL products to exploit all subsidiary rights, as
set out in our licence: (http://group.bmj.com/products/journals/instructions-for-authors/licence-
forms/)

CONTRIBUTORSHIP STATEMENT
Each Author contributed to the study design, data analysis, and drafting of the final manuscript.

DATA SHARING STATEMENT

NHANES is publicly available data

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag palosloid 1senb Ag 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

REFERENCES

1. Muller M, den Tonkelaar I, Thijssen JH, ef al. Endogenous sex hormones in men aged
40-80 years. Eur J Endocrinol 2003;149:583-9.

2. Platz EA, Giovannucci E. The epidemiology of sex steroid hormones and their signaling
and metabolic pathways in the etiology of prostate cancer. J Steroid Biochem Mol Biol
2004;92:237-53.

3. Prins GS, Korach KS. The role of estrogens and estrogen receptors in normal prostate
growth and disease. Steroids 2008;73:233-44.

4. Rogol AD. Sex Steroids, Growth Hormone, Leptin and the Pubertal Growth Spurt.
Endocr Dev 2010;17:77-85.

5. Rohrmann S, Nelson WG, Rifai N, et al. Serum estrogen, but not testosterone, levels
differ between black and white men in a nationally representative sample of Americans. J Clin
Endocrinol Metab 2007;92:2519-25.

6. Gross M, Ramirez C, Luthringer D, et al. Expression of androgen and estrogen related
proteins in normal weight and obese prostate cancer patients. Prostate 2009;69:520-7.

7. Gapstur SM, Kopp P, Gann PH, et al. Changes in BMI modulate age-associated changes
in sex hormone binding globulin and total testosterone, but not bioavailable testosterone in
young adult men: the CARDIA Male Hormone Study. Int J Obes (Lond) 2007;31:685-91.

8. Ukkola O, Gagnon J, Rankinen T, ef al. Age, body mass index, race and other
determinants of steroid hormone variability: the HERITAGE Family Study. Eur J Endocrinol
2001;145:1-9.

0. Ellis L, Nyborg H. Racial/ethnic variations in male testosterone levels: a probable

contributor to group differences in health. Steroids 1992;57:72-5.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 53

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 21 of 53

©CoO~NOUITA,WNPE

BMJ Open

10.  Pascual-Figal DA, Tornel PL, Nicolas F, et al. Sex hormone-binding globulin: a new
marker of disease severity and prognosis in men with chronic heart failure. Rev Esp Cardiol
2009;62:1381-7.

1. Fink HA, Ewing SK, Ensrud KE, ef al. Association of testosterone and estradiol
deficiency with osteoporosis and rapid bone loss in older men. J Clin Endocrinol Metab
2006;91:3908-15.

12.  Weiss JM, Huang WY, Rinaldi S, ef al. Endogenous sex hormones and the risk of
prostate cancer: a prospective study. Int J Cancer 2008;122:2345-50.

13.  Roddam AW, Allen NE, Appleby P, et al. Endogenous sex hormones and prostate
cancer: a collaborative analysis of 18 prospective studies. J Nat/ Cancer Inst 2008;100:170-83.
14. Semple R, Savage DB, O'Rahilly S. Sex hormone-binding globulin and risk of type 2
diabetes. N Engl J Med 2009;361:2677; author reply -8.

15.  Muller M, van der Schouw YT, Thijssen JH, ef al. Endogenous sex hormones and
cardiovascular disease in men. J Clin Endocrinol Metab 2003;88:5076-86.

16.  Ettinger B, Sidney S, Cummings SR, ef al. Racial differences in bone density between
young adult black and white subjects persist after adjustment for anthropometric, lifestyle, and
biochemical differences. J Clin Endocrinol Metab 1997;82:429-34.

17.  Nestler JE. Sex hormone-binding globulin and risk of type 2 diabetes. N Engl J Med
2009;361:2676-7; author reply 7-8.

18.  Ding EL, Song Y, Malik VS, et al. Sex differences of endogenous sex hormones and risk
of type 2 diabetes: a systematic review and meta-analysis. JAMA 2006;295:1288-99.

19.  Yeap BB. Are declining testosterone levels a major risk factor for ill-health in aging

men? Int J Impot Res 2009;21:24-36.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

20. Calistro AL. Population differences in the testosterone levels of young men are
associated with prostate cancer disparities in older men. Am J Hum Biol 2010;22:449-55.

21. Goncharov NP, Katsya GV, Chagina NA, et al. Testosterone and obesity in men under
the age of 40 years. Andrologia 2009;41:76-83.

22. Orwoll E, Lambert LC, Marshall LM, et al. Testosterone and estradiol among older men.
J Clin Endocrinol Metab 2006;91:1336-44.

23.  Hsing AW, Chu LW, Stanczyk FZ. Androgen and prostate cancer: is the hypothesis
dead? Cancer Epidemiol Biomarkers Prev 2008;17:2525-30.

24. Derby CA, Zilber S, Brambilla D, ef al. Body mass index, waist circumference and waist
to hip ratio and change in sex steroid hormones: the Massachusetts Male Ageing Study. Clin
Endocrinol (Oxf) 2006;65:125-31.

25.  Field AE, Colditz GA, Willett WC, ef al. The relation of smoking, age, relative weight,
and dietary intake to serum adrenal steroids, sex hormones, and sex hormone-binding globulin in
middle-aged men. J Clin Endocrinol Metab 1994;79:1310-6.

26. Atlantis E, Martin SA, Haren MT, et al. Demographic, physical and lifestyle factors
associated with androgen status: the Florey Adelaide Male Ageing Study (FAMAS). Clin
Endocrinol (Oxf) 2009;71:261-72.

27.  Vermeulen A. Ageing, hormones, body composition, metabolic effects. World J Urol
2002;20:23-7.

28.  Vermeulen A, Goemaere S, Kaufman JM. Testosterone, body composition and aging. J
Endocrinol Invest 1999;22:110-6.

29.  Vermeulen A, Kaufman JM, Goemaere S, et al. Estradiol in elderly men. Aging Male

2002;5:98-102.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 53

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 23 of 53

©CoO~NOUITA,WNPE

BMJ Open

30.  Ross R, Bernstein L, Judd H, et al. Serum testosterone levels in healthy young black and
white men. J Natl Cancer Inst 1986;76:45-8.

31. Mazur A. The age-testosterone relationship in black, white, and Mexican-American men,
and reasons for ethnic differences. Aging Male 2009;12:66-76.

32.  Eaton NE, Reeves GK, Appleby PN, et al. Endogenous sex hormones and prostate
cancer: a quantitative review of prospective studies. Br J Cancer 1999;80:930-4.

33.  Suzuki R, Allen NE, Appleby PN, et al. Lifestyle factors and serum androgens among
636 middle aged men from seven countries in the European Prospective Investigation into
Cancer and Nutrition (EPIC). Cancer Causes Control 2009;20:811-21.

34.  Wu AH, Whittemore AS, Kolonel LN, ef al. Serum androgens and sex hormone-binding
globulins in relation to lifestyle factors in older African-American, white, and Asian men in the
United States and Canada. Cancer Epidemiol Biomarkers Prev 1995;4:735-41.

35.  Abdelrahaman E, Raghavan S, Baker L, ef al. Racial difference in circulating sex
hormone-binding globulin levels in prepubertal boys. Metabolism 2005;54:91-6.

36.  Stanworth RD, Jones TH. Testosterone for the aging male; current evidence and
recommended practice. Clin Interv Aging 2008;3:25-44.

37. Gooren L. Testosterone supplementation: why and for whom? Aging Male 2003;6:184-
99.

38.  Lapauw B, Taes Y, Goemaere S, et al. Anthropometric and skeletal phenotype in men
with idiopathic osteoporosis and their sons is consistent with deficient estrogen action during
maturation. J Clin Endocrinol Metab 2009;94:4300-8.

39.  Yeap BB. Testosterone and ill-health in aging men. Nat Clin Pract Endocrinol Metab

2009;5:113-21.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

40. Winters SJ, Brufsky A, Weissfeld J, et al. Testosterone, sex hormone-binding globulin,
and body composition in young adult African American and Caucasian men. Metabolism
2001;50:1242-7.

41.  Ross RK, Bernstein L, Lobo RA, et al. 5-alpha-reductase activity and risk of prostate
cancer among Japanese and US white and black males. Lancer 1992;339:887-9.

42. Cheng I, Yu MC, Koh WP, ef al. Comparison of prostate-specific antigen and hormone
levels among men in Singapore and the United States. Cancer Epidemiol Biomarkers Prev
2005;14:1692-6.

43.  National Center for Health Statistics (NCHS). Analytic and Reporting Guidelines: The
Third National Health and Nutrition Examination Survey, NHANES Il (1988-1994).
Hyattsville, MD: National Center for Health Statistics (NCHS), 2006.

44.  National Center for Health Statistics (NCHS). Documentation, Codebook, and
Frequencies Surplus Sera Laboratory Component: Racial/Ethnic Variation in sex steroid
hormone concentrations across age in US men. Hyattsville, MD: National Center for Health
Statistics; 1994.

ftp://ftp.cdc.gov/pub/Health_Statistics/ NCHS/Datasets/ NHANES/NHANESIII/25a/sshormon.pd

f(accessed July 9, 2010).

45.  Physical status: the use and interpretation of antropometry. Report of a WHO expert
committee. World Health Organization Tech Rep Ser. 1995;854:1-452.

46.  Litman HJ, Bhasin S, Link CL, et al. Serum androgen levels in black, Hispanic, and
white men. J Clin Endocrinol Metab 2006;91:4326-34.

47.  Svartberg J, Midtby M, Bonaa KH, et al. The associations of age, lifestyle factors and

chronic disease with testosterone in men: the Tromso Study. Eur J Endocrinol 2003;149:145-52.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 53

‘yBuAdod Ag palosloid 1senb Ag 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 25 of 53

©CoO~NOUITA,WNPE

BMJ Open

48. Gann PH, Hennekens CH, Ma J, et al. Prospective study of sex hormone levels and risk
of prostate cancer. J Natl Cancer Inst 1996;88:1118-26.

49.  Guess HA, Friedman GD, Sadler MC, ef al. 5 alpha-reductase activity and prostate
cancer: a case-control study using stored sera. Cancer Epidemiol Biomarkers Prev 1997;6:21-4.
50. Platz EA, Rimm EB, Willett WC, ef al. Racial variation in prostate cancer incidence and
in hormonal system markers among male health professionals. J Natl Cancer Inst 2000;92:2009-
17.

51.  Wu AH, Whittemore AS, Kolonel LN, et al. Lifestyle determinants of Salpha-reductase
metabolites in older African-American, white, and Asian-American men. Cancer Epidemiol
Biomarkers Prev 2001;10:533-8.

52. Giagulli VA, Kaufman JM, Vermeulen A. Pathogenesis of the decreased androgen levels
in obese men. J Clin Endocrinol Metab 1994;79:997-1000.

53. Joseph MA, Wei JT, Harlow SD, et al. Relationship of serum sex-steroid hormones and
prostate volume in African American men. Prostate 2002;53:322-9.

54.  Diver MJ. Laboratory measurement of testosterone. Front Horm Res 2009;37:21-31.

55.  Bremner WI. Testosterone deficiency and replacement in older men. N Engl J Med
2010;363:189-91.

56. Pierorazio PM, Ferrucci L, Kettermann A, et al. Serum testosterone is associated with

aggressive prostate cancer in older men: results from the Baltimore Longitudinal Study of Aging.

BJU Int 2010;105:824-9.
57. Page ST, Mohr BA, Link CL, ef al. Higher testosterone levels are associated with
increased high-density lipoprotein cholesterol in men with cardiovascular disease: results from

the Massachusetts Male Aging Study. Asian J Androl 2008;10:193-200.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

58.  Jones TH. Effects of testosterone on Type 2 diabetes and components of the metabolic
syndrome. J Diabetes 2010;2:146-56.
59.  Saad F, Gooren LJ. The role of testosterone in the etiology and treatment of obesity, the

metabolic syndrome, and diabetes mellitus type 2. J Obes 2011;2011.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 53

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 27 of 53

©CoO~NOUITA,WNPE

BMJ Open

TITLE

A Cross-Sectional Study of the Association of Age, Race and Ethnicity, and Body Mass Index
with Sex Steroid Hormone Marker Profiles among Men in the National Health and Nutrition

Examination Survey (NHANES III)
AUTHORS

Jamie Ritcheyl, MPH, PhD; Wilfried Karmausl, MD, DrMed, MPH; Tara Sabo-Attwoodl, PhD;
Susan E. Steckl’z, PhD, MPH, RD; Hongmei Zhangl, PhD; 1University of South Carolina, 800
Sumter Street, Columbia, SC, 29208; ?Cancer Prevention and Control Program, University of

South Carolina, 915 Greene Street, Columbia, SC 29208.

CORRESPONDING AUTHOR

Jamie Ritchey, MPH, PhD
University of South Carolina
800 Sumter Street, Columbia, SC, 29208

msritchey@hotmail.com

312-399-0241

WORD COUNT 3148

KEY WORDS cluster analysis, sex steroid hormones, race/ethnicity, body mass index, age

NHANES

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Ag 20z ‘0T [dy uo /woo fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

ABSTRACT

Objectives: Since sex hormone markers are metabolically linked, examining sex steroid
hormones singly may account for inconsistent findings by age, race/ethnicity, and body
mass index across studies. First, these markers were statistically combined into profiles to
account for the metabolic relationship between markers. Then, the relationships between
sex steroid hormone profiles and age, race/ethnicity and body mass index were explored in

multinomial logistic regression models.

Design: Cross-sectional survey

Setting: United States (U.S.) Third National Health and Nutrition Examination Survey

(NHANES I1I)

Participants: 1,538 men, >17 years

Primary outcome measure: sex hormone profiles

Results: Cluster analysis was used to identify four statistically determined profiles with Blom-
transformed T, E, SHBG, and 3-a diol G. We used these four profiles with multinomial logistic
regression models to examine differences by race/ethnicity, age and BMI. Mexican American
men >50 years were associated with the profile that had lowest T, E, and 3-a diol G levels
compared to other profiles (P<0.05). Non-Hispanic Black, overweight (25-29.9 kg/m?2), and
obese (>30 kg/m2) men were most likely to be associated with the cluster with the lowest SHBG

(p<0.05).

Conclusion: The associations of sex steroid hormone profiles by race/ethnicity are novel, while

the findings by age and BMI groups are largely consistent with observations from single
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hormone studies. Future studies should validate these hormone profile groups and investigate

these profiles in relation to chronic diseases and certain cancers.

Trial registration: N/A
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SUMMARY BOX

What is already known on this subject?

Past studies examining sex steroid hormones and their markers have been investigated in an
effort to explain disparities in chronic disease and cancer rates by race/ethnicity. Epidemiologic
studies using single hormones in linear models have been mixed. Presently, it is still largely
unclear if sex steroid hormones contribute to the racial disparities observed in chronic disease and
cancer rates.

What does this study add?

Examining hormones in relation to race/ethnicity singly in linear models as done in past studies
does not account for the metabolic linkage between sex hormones and their markers. To account
for metabolic linkage of sex hormones and markers, we created statistically determined hormone
profiles by using cluster analysis. Then, we used these profiles as outcome variables in multinomial
logistic regression models to determine if there were differences by age, BMI and race/ethnicity
groups. Older men and Mexican American men were more likely to be associated with the profile
that had lowest T, E, and 3-a diol G levels compared to other profiles (P<0.05), and Non-Hispanic
Black, overweight (25-29.9 kg/m?), and obese (>30 kg/m?) men were most likely to be associated
with the cluster with the lowest SHBG (P<0.05). Findings by race/ethnicity groups and sex
steroid hormones are novel compared to using linear models, while findings by age and BMI
are largely consistent with single hormone studies. Using statistically determined hormone
marker profiles rather than hormones singly in models may be a better approach to use to explain
the relationship between sex steroid hormones and race/ethnicity and other potential risk factors
for disease.
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INTRODUCTION

Sex steroid hormones, testosterone (T) and 17-P estradiol (E), along with sex hormone
binding globulin (SHBG), a carrier protein of T and E, and androstanediol glucuronide (3-a diol
GG) a metabolite used as a marker for T and dihydrotestosterone (DHT) metabolism, play critical
roles in sexual development and body function [1-5]. These hormone markers are involved in
muscle and bone growth, adipose tissue function and distribution [6-8]. Differences in the
levels of sex hormone markers have been hypothesized to contribute to differences in
several chronic diseases and prostate cancer rates observed by age, race/ethnicity, and BMI
[9-20]. Yet, differences in sex steroid hormone marker levels by age, race/ethnicity, and

BMI groups have yet to be fully clarified in the literature [21-35].

Many previous studies have investigated single sex hormone marker levels in linear
regression models by age, race/ethnicity, and BMI. Typically, with increasing age, T and E
levels decline, and SHBG increases, although there was evidence to suggest that some older men
have hormone marker levels similar to younger men [19, 21-22, 26, 28-29, 35-39]. By
race/ethnicity, higher hormone levels have been reported among non-Hispanic Black men
compared to non-Hispanic Whites, although this finding was not consistent across studies;
and, studies sex hormone markers among other racial/ethnic groups were scant [5, 8, 30,
34-35, 40-42]. With increasing BMI, T has been reported to decline and E and SHBG increase,
yet these findings are not consistent across studies [8, 21, 24, 26-28, 40]. Based on somewhat
inconsistent findings across these studies, it is possible that investigating factors that

influence sex steroid hormone marker levels singly was inadequate.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘yBuAdod Ag paloaloid 1senb Agq 20z ‘0T [dy uo /wod fwg uadolwa//:dny wouy papeojumod ‘ZTOZ 1800100 9 U0 GTETO0-ZT0Z-uadolwag/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Sex hormone markers E, T, SHBG, and 3-a diol G are known to be related through sex
steroid metabolism. Since sex hormone markers are related, then differing hormone levels
may be related to each other as well. Cluster analysis can identify underlying statistical
patterns among sex hormone markers, which may be indicative of general patterns of sex
steroid hormone markers among men. Investigating statistically related sex steroid
hormone profiles may produce different associations with age, race/ethnicity, and BMI
groups than investigating these markers singly in linear models. Therefore, we used cluster
analysis to statistically determine which mean hormone marker levels cluster together to form
specific hormone profiles, and multinomial logistic regression to determine whether age, BMI,
and race/ethnicity groups were more likely to be associated with different sex steroid hormone

marker profiles.

MATERIALS AND METHODS

Study population

We utilized data from the National Health and Nutrition Examination Survey (NHANES) III
conducted by the National Center for Health Statistics (NCHS), and these methods have been
described previously [43-44]. Briefly, NHANES III was collected in two phases, and this study
used the phase I data from 1988-1991. This cross-sectional survey was designed as a multistage
stratified, clustered probability sample, the sampling frame includes U.S. residents >2 months of
age, civilian, non-institutionalized population, and NHANES III over sampled those >65 years,

Non-Hispanic Blacks and Mexican Americans.

The NHANES III study population was used to derive the analysis cohort. A total of 16,295

men were interviewed of which n=14,781 completed a mobile examination component (MEC)
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exam [43-44]. The NHANES III morning portion of the survey phase I (1988-1991), included
n=2,417 men and n=1,637 that provided blood samples. We removed the males that were
under 17 years of age and four outliers with high 17-p estradiol levels identified by box and

whisker plot analysis for a final analysis cohort of n=1,528 men.

Exposure variables

Age, race/ethnicity and BMI were the exposures of interest. The NHANES III data obtained
age and race/ethnicity information from the U.S. Census survey 1990 to draw the sampling
frame, so this information was 100% complete and was verified during the adult interview
survey screening by NHANES III field staff [43-44]. Continuous age (in years) was
categorized into the following groups: 17-29, 30-49, 50-69, and 70 and over. Race/ethnicity
was categorized as White non-Hispanic, Black non-Hispanic, Mexican Americans and All
others. Asian, American Indian/Alaskan Native, or Pacific Islanders were included in the
other group. Whites and Blacks in the analysis reported non-Hispanic ethnicity. Mexican
American is considered an ethnicity, and may also report any race group (White, Black,
Asian, American Indian/Alaskan Native, or Pacific Islander). Hispanics other than
Mexican Americans were included in the other group, since there were few. BMI (weight in
kg divided by height in m squared) was obtained from body measurements taken during the
MEC. BMI information is available for 99.5% (n=1,524) of men in the analysis cohort.
Categories of BMI were constructed based on World Health Organization (WHO) guidelines:

underweight <18.5, normal weight 18.5-24.9, overweight 25.0-29.9, and obese >30 kg/m? [45].
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Outcome variable

Laboratory measurement methods in NHANES III have been described previously [43-44].
Briefly, NHANES III selected a random subset of n=1,637 men over 12 years of age during the
1988-1991 phase I survey collection, where morning blood samples were collected to measure
serum levels of T, E, SHBG, and 3-a diol G using standard procedures. As described previously,
samples were centrifuged, serum was aliquotted and stored at -70 C°. Samples were randomly
ordered and technicians were blinded to identity, age, and race/ethnicity. The lowest detection
limits by the electrochemiluminescence immunoassays on the 2010 Elecsys autoanalyzer for the
samples were: T 0.02 ng/ml, E 5.0 pg/mL, and SHBG 0.35 nmol/L. Enzyme immunoassays
were used for 3-a diol G and the lowest detection limits were 0.33 ng/mL. The functional
sensitivity, or the lowest analyte concentration that can be reproduced with a coefficient of
variation >20% for T was 0.12 ng/mL and 12 pg/mL for E. Control samples were run at the start
of the day, after every 100 samples, at the end of the day, once per reagent kit and after
calibration. Control samples fell within 2 standard deviations (SD) at the start of the sample
runs, but 3 SD were tolerated at prior control points. Hormone marker data were included as

continuous variables in the NHANES III dataset.

Blom-transformations of the laboratory results for T, E, SHBG, and 3-a diol G were used in
this analysis. Blom-transformed hormone marker variables were chosen for cluster analysis
since these are rank approximations, and were unit-free, which makes the distribution of the four
markers comparable [46]. The Blom-transformed marker variables were moderately correlated
(T Spearman <0.50) indicating that the unweighted observations are independent, and can be used

for cluster analysis.
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Model covariates

To adjust the regression models for lifestyle and dietary factors, we used data from the
NHANES III adult, examination, and laboratory files. Alcohol intake, smoking status,
exercise amount, zinc, total calorie, total fat, total monosaturated fat, total polysaturated
fat, total saturated fat, fiber, were taken from 24-hour recall surveys, which captured food
intake from the past twenty four hours [43-44]. Lycopene intake was from blood samples
since it was not available from 24-hour recall surveys. Alcohol intake (grams) was combined
into three groups (non-drinkers, drinkers, and missing). Smoking status was categorized into
four levels, as men who do not smoke, men who smoke, but not every day, and men who are
current everyday smokers of <35 cigarettes per day or >35 cigarettes per day. The exercise
variable combined the total days per month a person participated in exercise activities. Serum
lycopene concentration was measured in blood samples, and if levels were below detection (0.63
ug/ml) 0 was recorded. Exercise per month, lycopene concentrations, other food intake variables

were grouped into quartiles.

The medical exam variables used in the models, included fasting status, exam day of the
week, blood cholesterol level, aspartate aminotransferase, and alanine aminotransferase were
from the MEC data. Fasting compliance was determined prior to blood and urine collection via
questionnaire, and was not followed uniformly, for instance: <1% fasted for 20 hours or more,
91.8% fasted for 10.01-19.99 hours, 7.5% fasted for 10 hours or less, and <0.1% either did not
fast or no value was available. No minimum detection limits were presented for cholesterol,
aspartate aminotransferase and alanine aminotransferase. Cholesterol, aspartate

aminotransferase and alanine aminotransferase were categorized into quartiles for analysis.
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Data analysis

All data analysis was conducted using SAS 9.2 (Cary, NC). K-means cluster analysis was
chosen to create cluster profiles using Blom-transformed T, E, SHBG, and 3-a diol G over other
exploratory methods, since it assigns each observation only to one group, is based on least
squares, tends to find clusters with roughly the same number of observations, and is robust to
outliers in the data. The k-means procedure calculates statistics that can be used to determine the
best number of k clusters, including: an approximate overall R-squared value, Pseudo F-Stat, and
Cubic Clustering Criteria (CCC). These statistics were employed to compare exploratory cluster
solutions using 4 to 8 cluster groups on the unweighted data, since survey procedures were not

available for cluster analysis in SAS 9.2.

Multinomial logistic regression models using survey procedures (accounting for weighted
and stratified data) were employed to examine how age, race/ethnicity, and BMI were
associated with the constructed sex hormone profiles. Low SHBG served as the reference
group since mean hormone values were most similar to the total population. Models were
reduced by investigating the exposure variables (age, race/ethnicity, and BMI) for a 10% change
in the odds ratios (ORs). Covariates included in the full models included age, race/ethnicity,
BMI, exam day of the week, hours of fasting, aspartate aminotransferase, alanine
aminotransferase, cholesterol levels, exercise level, smoking and drinking status, total calories,

total fat, monosaturated fats, polyunsaturated fats, saturated fat, fiber, lycopene, and zinc intake.

RESULTS

We calculated the percentages (%) and 95% confidence intervals (Cls) for age, race/ethnicity,

and BMI (n=1,528) (table 1). The majority of men in the cohort were 30-49 yrs. (42.25%),
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followed by 17-29 yrs. (29.05%), 50-69 yrs (21.18%), and over 70 yrs (7.52%). By
race/ethnicity, men self-reported to be, non-Hispanic White (77.36%), and non-Hispanic Blacks
(9.75%), Mexican American (5.25%), and all other races (7.64%). The highest proportions of
men were either overweight, BMI 25.0-29.9, (39.73%) or normal weight, BMI 18.5-24.9

(38.45%), while 20.38% of men were considered obese, BMI >30.

We used cluster analysis to create hormone profiles from Blom-transformed T, E, SHBG, and
3-a diol G laboratory values, and only the four and five level cluster solutions performed well
(data not shown). The pseudo F-statistic was improved over the five cluster solution, and the
CCC value was positive (1.2) for the four cluster solution (data not shown). The four cluster

solution was used to create hormone profiles (table 2).

We examined the mean levels of Blom-transformed T, E, SHBG, and 3-a diol G for the
hormone profiles and the total population to determine how the mean levels differed (table 2).
The first cluster had lowest mean SHBG level of the groups, but the mean level of T, E, and 3-a
diol G was the most similar to the total cohort (hereafter referred to as the ‘low SHBG profile”’).
The second cluster had the highest mean 3-a diol G level compared to the other clusters (referred
to as the ‘high 3-a diol G profile’). The third cluster had the highest mean levels of T, E and
SHBG (hereafter referred to as the ‘high T, E, and SHBG profile’). The fourth cluster had
lowest mean levels of T, E, and 3-a diol G compared to the other groups (‘low T, E, and 3-a diol

G profile’).

Associations with hormone profiles and age, race/ethnicity, and BMI groups using
weighted multinomial logistic regression models were examined (table 3). The younger men

(17-29 yrs) were associated with the ‘low SHBG profile’. Men in the ‘low T, E, and 3-a diol G
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profile’ were most associated with 50-69 yrs (OR =11.5, 95% confidence interval (CI): 4.74,
27.68) and 70 yrs or over (OR=24.3, 95% CI: 7.71, 76.82). Non-Hispanic Black men had higher

odds of being in the ‘low SHBG profile’ (OR=2.5, 95% CI: 1.30, 4.35), and Mexican American

men were more strongly associated with the ‘low T, E, and 3-a diol G profile’ (OR=3.1, 95% CI:

1.69, 5.68). Obese men (BMI >30) were most likely to be associated with the referent ‘low

SHBG profile’ compared to men with a normal BMI (18.5-24.9) in all other profiles.

DISCUSSION

This is the first study to examine statistically determined sex steroid hormone marker profiles
by age, BMI, and race/ethnicity groups. Applying our novel approach to studying sex steroid
hormone levels among U.S. men, we created four statistically determined clusters, described as:
‘low SHBG’, ‘high 3-a diol G’, ‘high T, E, and SHBG’, and ‘low T, E, and 3-a diol G’.
Examining hormone profiles by age and BMI, our results largely agree with single
hormone studies [5, 16, 21, 24, 30, 40, 47]. This study also found new evidence supporting
differences in sex steroid hormone levels for non-Hispanic Blacks and Mexican American

men using hormone profiles, and these observations differed from single hormone studies.

Men in our study associated with the ‘low SHBG’ profile were more likely to be younger
(<17-29 yrs), obese (BMI >30), and non-Hispanic Black (table 3). Our findings indicate that the
‘low SHBG profile’ was more commonly associated with younger men (17-29 yrs) [5, 16, 30,
40], and lower SHBG levels were reported among obese men in single hormone studies [21, 24,
47]. By contrast, the observations that non-Hispanic Blacks were more likely to be associated
with a ‘low SHBG profile’ compared to non-Hispanic Whites and Mexicans were new. This

result does not agree with previous single hormone studies, which have dominantly reported no
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differences or higher levels of SHBG among non-Hispanic Blacks compared to non-Hispanic

Whites [5, 16, 30-31, 40].

The ‘high 3-a diol G profile’ associations with age and BMI were somewhat ambiguous
compared to other profiles, while the ‘high 3-a diol G profile’ was more strongly associated with
non-Hispanic Whites. Past studies investigating 3-a diol G have reported higher 3-a diol G
activity among older men with a higher BMI [8, 32-33, 41-42, 48-53]. However, much stronger
associations with older age and obesity were seen with other profiles compared to this profile [8,
32-33,41-42, 48-53]. Some single hormone studies reported no difference in 3-a diol G
levels by race among younger men [41], yet in other studies older men have reported higher
3-a diol G activity in non-Hispanic Whites compared to non-Hispanic Blacks which agrees
with the findings in this study [5, 41-42, 50-51]. The reasons why hormone studies were
largely consistent for higher 3-a diol G levels seen among older non-Hispanic White men, while
findings for other race/ethnicity groups were inconsistent was still unclear [5, 9, 16, 30-31, 34,

40, 42, 501.

The men in the ‘high T, E, and SHBG profile’ were older than the first two profiles, were
most likely to have a normal BMI, and there were not any differences between the race/ethnicity
groups. Previous cross-sectional studies investigating T alone have reported high T levels
among young men, yet other studies have indicated that high T levels were not found exclusively
among young men [19, 22, 26, 36-39, 54-57]. The results for the ‘high T, E, and SHBG’ profile
were consistent with single hormone studies that reported higher T and SHBG among men with
a normal BMI [58-59]. Past studies have hypothesized that higher sex steroid hormones (T
and E) were responsible for the racial disparities observed in the rates of prostate cancer

19, 22, 30, 35, 40]. Despite a higher proportion of non-Hispanic Black men found in the
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‘high T, E, and SHBG profile’, non-Hispanic Black men were not associated with this
profile (data not shown). These findings do not support this previously considered
hypothesis that sex steroid hormone levels are higher among non-Hispanic Black men

compared to other race/ethnicity groups [S, 9, 22, 30, 35, 40, 46].

The ‘low T, E, and 3-a diol G profile’ was more likely to be associated with men over 70 yrs
and Mexican American men, while findings by BMI were less defined compared to other
profiles. Previous studies have suggested that lowered T and E metabolism, and increasing
SHBG levels were associated with older ages [19, 22, 26, 36-39, 54]. This was in agreement
with our results, since 74% of men are over 50 yrs in this profile, and associations were strongest
with older age groups (table 3). Overweight and obesity have been associated with declines in T
and SHBG, and despite the low T levels in this profile, the ‘low SHBG profile’ was more
strongly associated with obesity [24, 58-59]. Past single hormone studies specifically comparing
T levels among Hispanics to non-Hispanics have conflicted, two reported no differences, one
reported lower, and another reported higher levels [5, 9, 42, 46]. Although there were few
studies comparing sex steroid hormones among Mexican Americans compared to non-Hispanic

Whites these findings from these studies conflict [5, 9, 16, 30-31, 40, 42].

This study has several strengths. NHANES III data was a nationally representative sample,
so selection bias was minimized [43-44]. The NHANES III oversampled minorities and men
over 65 years ensuring adequate numbers of men for analysis [43-44]. Our exposure variables
were 99% complete [43-44]. Hormone levels were measured systematically using standard
methods available at the time which did employ testing against control samples [43-44]. We

were able to select only those men that provided blood samples in the morning to correct for
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daily hormone fluctuations, and control for day of the week the blood was drawn and fasting

time [43-44].

The study also has several limitations. The dietary information was from self-reported
24-hour recall surveys, and may not reflect a man’s true dietary behaviors [43-44].
Smoking status was also self-reported [43-44]. The study was only based on a single hormone
measurement among men, which may not account for the daily complexity or serum hormone
measurements over time. While the hormone profiles combine two major sex steroid hormones,
a carrier protein and a metabolite, these profiles are still likely to be an oversimplification

compared to hormone metabolism in the body.

In conclusion, specific sex steroid hormone marker profiles were more likely than others to be
associated with one or more age, race/ethnicity, or BMI groups. Our findings for non-Hispanic
Blacks and Mexican Americans are novel, since these groups have often been suggested to be
associated with higher sex steroid hormone levels, yet this study found the opposite. Our
findings by age and BMI largely agreed with most single hormone studies. The observed
race/ethnicity differences across the hormone profiles in the current analysis, suggest that
when accounting for the relationship between sex steroid hormone markers, race/ethnicity
differences become apparent. Further research is necessary to determine if sex steroid
hormone profiles contribute to the increased risk of several cancers and chronic diseases

observed by race/ethnicity.
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Table 1. Demographic information among men, U.S. NHANES III 1988-1991

Demographic information Total (n) Percentage (%)
Age
17-29 365 29.1
30-49 516 37.3
50-69 388 21.2
70 and over 259 7.5
Race/ethnicity
Non-Hispanic White 689 77.4
Non-Hispanic Black 378 9.8
Mexican American 402 53
Other 59 7.6
Body Mass Index (kg/m?)
<18.5 21 1.4
18.5-24.9 555 38.5
25.0-29.9 623 39.7
>30 328 20.4
Missing 1 <0.01

Abbreviations: U.S. NHANES III, United States National Health and Nutrition

Examination Survey III
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1

2

2 Table 2. Blom-transformed sex steroid hormone marker mean levels in the total population and
5 hormone marker profiles among American men, U.S. NHANES III 1988-1991
? Hormone Marker Group Total Mean SD
8 ™)

9 Population Total

10 Testosterone 1527 0.13 0.04
11 17-B Estradiol 1524 0.06 0.06
12 Sex Hormone Binding Globulin 1517 -0.15 0.05
13 Androstanediol Glucuronide 1505 0.16 0.04
13 Low SHBG profile

16 Testosterone 415 -0.25 0.04
17 17-B Estradiol 417 0.32 0.06
18 Sex Hormone Binding Globulin 412 -1.10 0.06
19 Androstanediol Glucuronide 407 0.20 0.06
20 High 3-a diol G profile

g; Testosterone 327 -0.02 0.04
3 17-B Estradiol 326 -0.67 0.07
24 Sex Hormone Binding Globulin 324 -0.08 0.05
25 Androstanediol Glucuronide 324 0.78 0.06
26 High T, E, and SHBG profile

27 Testosterone 484 1.00 0.05
28 17-B Estradiol 480 0.68 0.05
29 Sex Hormone Binding Globulin 480 0.53 0.04
30 Androstanediol Glucuronide 476 0.15 0.05
31 Low T, E, and 3-a diol G

32 Testosterone 298 -0.79 0.07
gi 17-B Estradiol 298 0.71 0.10
35 Sex Hormone Binding Globulin 298 0.25 0.07
36 Androstanediol Glucuronide 295 -0.98 0.04
37 Abbreviations: U.S. NHANES III, United States National Health and Nutrition Examination
38 Survey III; SD, Mean standard deviation; N/A, not applicable

39 * Absolute difference between population total mean value and the individual
22 hormone profile values
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Table 3. Hormone profile associations with age, race/ethnicity, and body mass index (kg/m?) in reduced multinomial regression
model™ ™ ¢, U.S. NHANES III

Demographic characteristics High 3-a diol G High T, E, SHBG Low T, E, 3-a diol G
OR 95% CI OR 95% CI OR 95% CI
Age (years)
17-29 0.4¢ (0.2-0.7) 0.4¢ (0.3-0.6) 0.3¢ (<0.1-1.0)
30-49° 1.0 - 1.0 - 1.0 -
50-69 1.9 (0.9-4.1) 2.3¢ (1.3-4.2) 11.5¢ (4.7-27.7)
70 and over 224 (1.0-4.7) 421 (1.9-8.9) 2431 (7.7-76.8)
Race/ethnicity group
non-Hispanic White" 1.0 - 1.0 - 1.0 -
non-Hispanic Black 0.4¢ (0.2-0.8) 1.0 (0.5-1.9) 0.7 (0.4-1.4)
Mexican American 1.5 (0.7-3.4) 1.4 (0.8-2.7) 3.1¢ (1.7-5.7)
Other 0.8 (0.3-2.2) 0.4¢ (0.2-0.8) 1.8 (0.7-4.4)
Body Mass Index (kg/m?)
<18.5 2.1 (0.8-5.3) 1.9 (0.2-24.6) 1.0 (0.1-13.6)
18.5-24.9° 1.0 N/A 1.0 N/A 1.0 -
25-29.9 0.6 (0.3-1.1) 0.3¢ (0.2-0.5) 0.4¢ (0.2-0.7)
>30 0.2¢ (0.1-0.4) 0.05¢ (0.03-0.1) 0.1¢ (0.1-0.2)

Abbreviations: U.S. NHANES III, National Health and Nutrition Examination Survey III; 95% CI, 95% confidence interval; OR, odds
ratio; BMI, Body mass index.

*Low SHBG profile is the reference group for multinomial logistic regression models

" The reduced model is adjusted for: age, race/ethnicity, BMI, exam day of the week, fasting in hours, liver enzyme levels,
exercise level, smoking status, total calories, total fat, monosaturated fats, polyunsaturated fats, saturated fat, fiber, lycopene,
and zinc intake

“ Models used appropriate strata and weighting for national representation

I Statistically significant, P<0.05
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