1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Sex Med. Author manuscript; available in PMC 2018 September 01.

-, HHS Public Access
«

Published in final edited form as:
J Sex Med. 2017 September ; 14(9): 1095-1103. doi:10.1016/j.jsxm.2017.06.015.

Low Plasma Testosterone is Associated with Elevated
Cardiovascular Disease Biomarkers

Alexander W. Pastuszak®P”*, Taylor P. Kohn®", Joel Estisd, and Larry I. LipshultzP
aCenter for Reproductive Medicine, Baylor College of Medicine, Houston, TX

bScott Department of Urology, Baylor College of Medicine, Houston, TX
¢Baylor College of Medicine, Houston, TX

dSingulex, Inc. Alameda, CA

Abstract

Background—The relationship between testosterone (T) plasma concentration and
cardiovascular risk is unclear, with evidence supporting increased risk in men with both low and
high T levels. Few studies have assessed cardiovascular (CV) risk as a function of plasma T levels
using objective biomarkers.

Aim—To determine the relationship between T levels and high-sensitivity (hs) CV risk
biomarkers.

Methods—10,041 male patients were identified in the database of a commercial clinical
laboratory performing biomarker testing. Patients were grouped by total T concentration and
associations with the following biomarkers were determined: cardiac troponin | (cTnl),
endothelin-1 (ET-1), interleukin-6 (IL-6), tumor necrosis factor-a (TNF-a), interleukin-17A
(IL-17A), N-terminal pro-B-type natriuretic peptide (NTproBNP), high-density lipoprotein
(HDL), hs c-reactive protein (CRP), hemoglobin Alc (HbA1c), and leptin.

Outcomes—The association of CV risk markers with levels of T in men.

Results—The median (interquartile range) age in the cohort was 58 (48, 68) years, and the
median plasma T level was 420 (304, 565) ng/dL; T levels did not vary with patient age. An
inverse relationship between plasma T levels and CV risk was observed for 9 of 10 cardiovascular
markers: ¢Tnl, ET-1, IL-6, TNF-a, NTproBNP, HDL, hsCRP, HbAlc, and leptin. Even after
adjusting for age, BMI, HbAlc, hsCRP, and HDL levels, the CV markers IL-6, ET-1, NTproBNP,
and leptin were significantly associated with T <250 ng/dL.
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Clinical Implications—Men with low T levels may be at increased risk for increased CVD as
seen by elevated CV risk markers.

Strength & Limitations—This study is performed in a group of 10,041 men and is the first
study to exam CV risk associated with circulating T levels using a large panel of 10 objective
biomarkers. This study is limited by an absence of clinical data indicating if men had preexisting
CVD or other CV risk factors.

Conclusion—Men with low plasma T levels exhibit elevations in CV risk markers, consistent
with a potential increased risk of cardiovascular disease.

MeSH Keywords
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INTRODUCTION

Men begin to experience a decline in testosterone (T) levels after age 30.1 This decline in
plasma T levels can be a harbinger of declining health; hypogonadal men have nearly twice
the mortality risk of men with normal T levels.2 Studies have found that hypogonadism is
associated with an increased risk of cardiovascular disease (CVD).3 4 The relationship
between T level and CV risk has been a controversial topic in recent years — several studies
have shown that testosterone therapy (TTh) is associated with an increase in CV events,>~’
whereas the majority of meta-analyses have demonstrated no association between
testosterone and CV events.8-14 While multiple studies have observed that TTh in
hypogonadal men decreases the risk of all-cause mortality when compared with untreated
hypogonadal men, 21516 gther studies have found no relationship between testosterone
therapy and CVD.17: 18 still other studies support the conclusion that untreated hypogonadal
men can have an increased risk of CV events.3: 19. 20

While most studies investigating the relationship between T levels and CV risk have used
CV outcomes such as myocardial infarction and stroke to determine risk, none have linked
CV risk with a panel of high-sensitivity biomarkers. High-sensitivity (hs) immunoassays can
quantify circulating levels of cardiac troponin | (cTnl), interleukin-6 (IL-6), tumor necrosis
factor-a (TNF-a), interleukin-17A (IL-17A), and endothelin-1 (ET-1). Small elevations in
hs cTnl levels, even in the absence of clinical symptoms, are a sign of underlying
cadiomyocyte injury and cardiac disease.2! Studies have shown that asymptomatic men and
women with cTnl levels above the 99t percentile of the reference range have a significantly
increased risk of CVD, coronary heart disease, and all causes of death.?? Elevated plasma
IL-6 levels are observed in men with atherosclerosis and are associated with a 3-fold
increased risk of death from CV causes.23 Elevated levels of TNF-a in asymptomatic men
are associated with clinical and subclinical CVD, as well as heart failure.2* Another
cytokine, IL-17A, mediates immune and inflammatory responses, and high levels in
asymptomatic men are associated with worse atherosclerosis and vessel wall plaque
instability.23: 25 26 Finally, elevated levels of ET-1 accelerate development of atherosclerotic
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disease by inducing smooth muscle cell hyperplasia,?” and is a predictor of increased 10-
year mortality in otherwise asymptomatic individuals.28

In addition to these novel biomarkers, traditional CV risk biomarkers including N-terminal
pro-brain natriuretic peptide (NTproBNP), high-density lipoprotein (HDL) cholesterol, high-
sensitivity C-reactive protein (CRP), leptin, and hemoglobin Alc (HbAlc) can also facilitate
detection of subclinical heart disease including myocardial cell damage, vulnerable vessel
wall plaque, and vascular inflammation.2%-33 Elevated NTproBNP, a peptide released with
myocardial stretching, can predict up to 6-fold higher mortality and hospitalization for CV
reasons in asymptomatic patients.34 Low HDL levels are a known health risk, and for every
10% reduction in HDL, the risk of CVD increases by 13%.3% Apparently healthy men with
elevated hs CRP levels are at 1.5-3-fold increased risk of cardiovascular events.3¢ Finally,
HbA1c also predicts future CVD. Every 1% increase in HbALc is associated with a 20-30%
increase in CV events and all-cause mortality.3” Together, these 10 biomarkers can facilitate
determination of CV risk.

Several studies have found associations between the above CV biomarkers and
hypogonadism. Dhindsa ef a/. found an increase in TNF-a, as well as CRP and leptin, in
hypogonadal men.38 Elevated 1L-6 and CRP levels have also been reported in men with low
T levels.3? Finally in a study of over 3,000 men, Colangelo et a/. observed that men with low
T levels are at increased risk for diabetes mellitus and elevated HbAlc levels when
compared to eugonadal men.#% While several studies have examined the relationship
between T levels and CV risk using individual biomarkers, in this study we present our
findings examining the association between T levels and CV risk using a large panel of 10
objective biomarkers, all of which have previously been linked to CV health.

METHODS

Study Design and Subject Identification

In collaboration with Singulex Clinical Laboratories (SCL, a CLIA-certified and CAP-
accredited laboratory), we accessed de-identified patient data from the SCL database
between January 2013 and September 2014. Laboratory tests found in this database are
marketed for patients with or at risk for CVD, as determined by his or her community-based
physician. All male patients >18 years of age with data regarding circulating levels of Total
T, hs cTnl, hs IL-6, hs TNF-a, and hs IL-17A were included for analysis, a total of 10,041
subjects. Biomarker results for Leptin, NTproBNP, HDL, hsCRP, ET-1 and HbAlc, were
included when available (92%, 95%, 88%, 93%, 28%, and 75%, respectively). For each
patient, all samples for all 10 biomarkers were drawn on a single day; 47% of tests were
ordered by primary care providers, 22% of tests were ordered by cardiologists, 17% of tests
were ordered by internists, 7% of tests were ordered by osteopathic providers, and 7% were
ordered by other specialists.

Testing Methods

Immunoassays for hs cTnl, hs IL-6, hs TNF-a, hs IL-17A, and hs ET-1 were used to
quantify plasma concentrations. Leptin was measured using a plate-based sandwich
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immunoassay and a standard plate spectrophotometer. Total T, NTproBNP, HDL, hsCRP,
and blood HbA1c were measured on the Roche cobas® 6000 analyzer. The total T
reportable range was 2.5-7500 ng/dL, functional sensitivity 12 ng/dL, standardized via ID-
GC/MS, repeatability CV range from 1.5% to 10.2%, and day-to-day CV range from 2.4%
to 18.5% based on samples at 1450 ng/dL and 4.5 ng/dL respectively.

Reference Limits

The hs cTnl, hs IL-6, hs TNF-a,, hs IL-17A, hs ET-1, and leptin assays were Lab Developed
Tests with reference limits (RLs) determined as the 99t percentile from a reference
population of apparently healthy subjects without CVD (95™ percentile for leptin). The RL
for T in the SCL, derived from internal standardization testing, is 250 ng/dL. The RLs for
NTproBNP, HDL, hsCRP, and HbA1c were based upon the manufacturer-determined
standards for the instrument.

Statistical Analysis

To investigate the co-variable effect on the relationship between T levels and biomarkers,
patients were partitioned into groups based on age and body mass index (BMI). Median T
levels were determined for these age and BMI groups, and a p-value for trend was
determined using an analysis of variance (ANOVA) linear contrast model. Age and BMI
levels were compared between men with T levels < 250 ng/dL and men with levels = 250
ng/dL using the Wilcoxon Rank Sum test.

To examine the association between T and CV risk, patients were grouped into 100 ng/dL
increments of plasma T levels. The fraction of the patient population that exceeded the RLs
for all CV biomarkers was determined for each T group. The Jonckheere-Terpstra (JT) test
was used to determine the p-value for ordered percentile trends.

For logistic regression models, T levels were dichotomized at 250 ng/dL to define men with
low T levels, while blood biomarkers were dichotomized at their respective reference limits.
Maximum likelihood estimation point was used to determine the odds ratio of increased CV
biomarker risk for T levels < 250 ng/dL with 95% Wald confidence intervals. Models were
controlled initially for age and BMI only. We also constructed CV risk models controlled for
age, BMI, HbAlc, hsCRP, and HDL. Only patients with all 5 covariates were used in
logistic regression models, a total sample size of 4,265 for cTnl, IL-6, TNF-a, and IL-17A
(ET-1, leptin, and NTproBNP were modeled with 1,359, 4,220, and 4,257 patients
respectively). BMI was only available for 53% of the patient population.

Distribution of all variables was assessed by the Kolmogorov-Smirnov Test for normality.
All variables were found to be statistically different than a Gaussian (normal) distribution,
and thus all data are represented as median and interquartile range. Statistical significance
was assessed at the p=0.05 level. All analyses were performed using SAS v9.3.
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Patient Characteristics

The patient population age, BMI, hsCRP, HDL, HbAlc, cTnl, IL-6, IL-17A, TNF-a, ET-1,
leptin, and NTproBNP levels are presented in Table 1. Median age was 58 years (range 18—
97 years). Interestingly, men with T < 250 ng/dL were not significantly older than eugonadal
men (p = 0.2104). The median (IQR) BMI was 28 (25, 32). Men with T < 250 ng/dL had
significantly higher BMIs when compared with eugonadal men (median BMI 31 vs. 27,
respectively, p < 0.0001). Additionally, men with T levels < 250 ng/dL had elevated hsCRP,
HDL, HbAlc, cTnl, IL-6, IL-17A, TNF-a, leptin, and NTproBNP levels when compared
with men with T levels = 250 ng/dL (p < 0.01 for all). The overall median (IQR) T
concentration was 421 (305, 565) ng/dL and 1,518 patients (15%) had T levels < 250 ng/dL
(Figure 1a). Figure 1b and Figure 1c display the median T concentrations for patient subsets
by age (grouped by every 10 years) and by BMI (normal, overweight, or obese per the NIH
definition). T levels were similar across age groups (p=0.71) and decreased linearly with
increasing BMI (p<0.0001).

Cardiovascular Risk and Testosterone Levels

Cardiovascular risk was defined the as percent of the patient population with an elevated
plasma concentration that exceeded the biomarker 99%-tile reference limit. When stratified
by T levels, a significant ordered relationship between low T levels and each CV biomarker
was observed, with the exception of IL-17A. The proportion of men with elevated hs cTnl,
hs IL-6, hs TNF-a, hs ET-1, leptin, NTproBNP, HDL, hsCRP, and HbAlc increased as T
concentrations decreased (p<0.05 for all markers) (Table 2). Interestingly, while patients
with low T levels were at an increased CV risk according to all biomarkers, hs cTnl, HDL,
hsCRP, and HbAlc exhibited a U-shape risk distribution, suggesting additional CV risk at
very high T levels (Figure 2).

Men with Low Testosterone Have Increased Likelihood of CV Biomarker Elevations

The likelihood of CV risk in patients with T < 250 ng/dL was determined using adjusted
logistic regression models. Models were first adjusted for two covariates, age and BMI, both
of which have been consistently associated with hypogonadism. Models were then adjusted
for three biomarkers traditionally associated with hypogonadism, HbAlc, HDL, and
hsCRP.38-40 Our adjusted logistic regression models demonstrated that T levels <250 ng/dL
predict increased CV risk based on an increased likelihood of elevated cTnl, IL-6, TNF-a,
IL-17A, ET-1, leptin, and NTproBNP after adjusting for age and BMI (Figure 3a). When
further adjusted for elevated HbAlc, HDL, and hs CRP levels, T levels <250 ng/dL still
predicted an increased likelihood of elevated of IL-6, ET-1, leptin, and NTproBNP (Figure
3b).

CV Biomarkers and Testosterone Levels = 1000 ng/dL

All biomarkers demonstrate a clear relationship between increased CV risk and low T levels.
However, cTnl, HDL, hs CRP, and HbAlc appeared to also follow a U-shaped risk pattern
(Table 2). To examine the relationship between CV biomarkers and high T levels, patients
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with T = 1000 ng/dL were compared with those with T levels between 250-999 ng/dL.
Patients < 250ng/dL were not included in this analysis. Among the 4 biomarkers that had a
U-shaped risk pattern, only hs cTnl concentrations were significantly higher in the T = 1000
ng/dL group versus the T 250-999 ng/dL group. Median (IQR) cTnl concentration was 1.6
(1.0, 2.6) vs. 1.2 (0.7, 2.2) pg/mL, respectively (p < 0.0001). Despite the elevated hs cTnl
concentrations in patients with T = 1000 ng/mL, the proportion of patients with cTnl
concentrations exceeding the cTnl reference limit was not significantly higher in the T =
1000 ng/dL group vs. the T 250-999 ng/dL group. These data support a significant
association between supraphysiologic plasma T levels and elevations in cTnl.

DISCUSSION

In this study, we observe a significant association between elevated CV risk biomarkers and
low plasma T levels. As T levels rose outside the hypogonadal range in the patient cohort,
the proportion of men with elevated CV risk marker levels decreased. Elevated CV
biomarker levels were associated with plasma T levels < 250 ng/dL even after adjustment for
age and BMI, further supporting a relationship between low plasma T levels and increased
CV risk. These results are consistent with published work supporting an increased CV risk
among hypogonadal men.3: 19 Our study, however, adds valuable new information, since we
report CV risk as a function of plasma T levels using a large panel of both high-sensitivity
and standard biomarkers. These results suggest that men with T levels > 1000 ng/dL are at
increased CV risk; a higher proportion of men in this group had elevated cTnl, HDL, hsCRP,
and HbA1c than men with T levels of 250-999 ng/dL. Biomarker elevations in the subgroup
of men with T = 1000 ng/dL are not as dramatic as those observed in men with T <250
ng/dL; this apparent bimodal CV risk may be due to physiologic effects of both
hypogonadism and supraphysiologic T levels, though additional study is needed to more
definitively define this relationship.

While prior studies have examined single or limited sets of biomarkers, the panel of 10
biomarkers used in this study integrates a spectrum of inflammatory and CV pathologies.
Dhindsa et al. observed both increased inflammation and insulin resistance as evidenced by
increased levels of CRP, TNF-a, and leptin in 44 hypogonadal men.38 Gianatti et a/. found
increased levels of NT-proBNP and hs ¢Tnl in 88 hypogonadal men, supporting an increased
risk of coronary artery disease and heart failure.#1 Other studies have utilized biomarkers to
demonstrate dyslipidemia or an increased risk of developing diabetes.? Interestingly, other
studies have reported a correlation between hypogonadal men and elevated CRP levels, but
also report that, as CRP levels increase, erectile function decreases.*2 Our study of more
than 10,000 men supports previous findings that hypogonadal men are at risk for developing
CV disease; moreover, this panel of biomarkers implies that hypogonadal men are
specifically at risk for ischemia, heart failure, atherosclerosis, inflammation, and
dyslipidemia.*3

The molecular mechanisms linking T and CV risk have yet to be precisely defined. Several
studies suggest that androgens directly inhibit the development of atherosclerotic plaques
through reducing lipid lesions, preventing foam cell formation, preventing endothelial injury,
modulating the coagulation pathway, and inhibiting inflammation.38: 44 These studies have
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found that T and estrogen work synergistically to prevent endothelial injury. Thus, when
plasma T levels are too high or too low, the T to estrogen ration is altered, contributing to
atherosclerotic plaque formation.** An alternative hypothesis is that low T may be provoked
by an overall worse health status and thus low T could be an important early warning sign of
future CVD.*

Strengths of our study include the large sample size and the inaugural use of a large panel of
both high-sensitivity and traditional CV risk biomarkers to examine the relationship between
CV risk and plasma T levels. Limitations included the absence of clinical data on most
patients (including accurate records of the number of men with preexisting CVD or CV risk
factors), the lack of a control group of healthy men, unknown timing of blood draws, and
variable availability of results for all 10 biomarkers. Due to the retrospective design of this
study, reverse causality is a possibility. Additionally, unknown T therapy status at time of
laboratory draws is a limitation of the study, as several randomized controlled trials
demonstrated that TTh increases T levels and also improves several of the biomarkers
examined in this panel; however, we were unable to assess TTh status. The patient
population consisted of men referred to the Singulex Clinical Laboratory, patients who
already had CVD, or were at risk for CVD, therefore these findings can only be extended to
this population. However, the study patient population had BMI levels similar to the average
American male and most patients were not at risk for low HDL or high HbAlc levels. Data
were not available for free T, sex hormone binding globulin, estradiol, follicle-stimulating
hormone, luteinizing hormone, and triglyceride levels during the study period.

Information from these biomarkers could lend further clarity about the observed association
between the CV biomarker panel and low plasma T, however, in general, total T is
satisfactory for screening potential male hypogonadism and is still useful to monitor T
treatment. This association between T level, CVD, and diabetes implies that an initial
presentation with symptoms of low T may be an important entry point into the healthcare
system, prompting screening for CVD and diabetes. Clinicians should be aware of the
potential adverse CV risks associated with low T levels in men and should further evaluate
these men using validated screening calculators, such as the Framingham Coronary Heart
Disease Risk Score, or refer men to a cardiologist for a more extensive workup.46

CONCLUSION

The present study supports the conclusion that there is an association between plasma T
levels <250 ng/dL elevated CV risk compared to men with normal T levels. To further
elucidate the relationship between CV risk biomarkers and T levels, future studies are
required.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Plasma testosterone levels within the cohort. A) Distribution of T levels of men included in

the study. T < 250 ng/dL was used to define hypogonadism. B) T concentrations are similar
across age groups, p-value for trend = 0.5601. C) T concentrations decrease linearly with
worsening BMI, p-value for trend < 0.0001.
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Fraction of patients at increased cardiovascular risk.
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Relationship between low testosterone and increased cardiovascular risk. A) Cardiovascular
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risk adjusted for age and BMI. B) Cardiovascular risk adjusted for age, BMI, HbAlc,
hsCRP, and HDL.
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