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Lund University, Malmö, Sweden, 3Department of Clinical Chemistry, School of Medicine, University of Crete, Medical School,Heraklion, Crete, Greece, 4Molecular Genetic

Reproductive Medicine, Department of Clinical Sciences Malmö, Lund University, Malmö, Sweden

Abstract

Objective: Low grade systemic inflammation (LGSI) as well as androgen deficiency has in older men been associated with
several pathologies, including cardiovascular disease (CVD). We wanted to investigate whether low testosterone levels are
linked to biomarkers of LGSI already in young age, before any concurrent manifestations of CVD or other systemic diseases.

Design: Nested cross-sectional study.

Methods: Forty subfertile biochemically hypogonadal (n = 20) or eugonadal (n = 20) men (mean age 37 years, SD = 4.3) and
20 age-matched controls were randomly selected from an ongoing study on male subfertility. Subjects comprised male
partners in infertile couples in whom also subnormal sperm concentration was present. Blood sampling, interviews, and
anthropometric measures were undertaken. Serum levels of testosterone, LH, estradiol, SHBG, and 21 LGSI-markers were
assessed.

Results: Among 21 inflammatory markers, macrophage inflammatory protein 1-alpha (MIP1a) (ß =20.025; p = 0.028), 1-beta
(MIP1B) (ß =20.015; p = 0.049) and tumor necrosis factor alpha (TNFa) (ß =20.015; p = 0.040) showed negative association
to total testosterone (TT) levels. MIP1a (ß =21.95; p = 0.001) and TNFa (ß =20.95; p = 0.014) showed negative association to
calculated free testosterone (cFT) levels. Compared to men with normal TT and cFT levels, TNFa levels were higher in men
with subnormal levels of TT (mean ratio 1.61; p = 0.006) and cFT (mean ratio 1.58; p = 0.007). Also, MIP1a levels were higher
in men with subnormal levels of TT (mean ratio 1.84; p = 0.030).

Conclusions: Subnormal testosterone may already in young age associate to LGSI, which might be a part of the mechanism
underlying adverse health outcomes of male hypogonadism.
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Introduction

Androgen deficiency in older men has been associated with the

occurrence of cardiovascular disease (CVD) [1], type 2 diabetes

[2], dyslipidemia [3] and the metabolic syndrome (MetS) [4].

These conditions have also been linked to low grade systemic

inflammation (LGSI), characterized by increased levels of pro-

inflammatory cytokines and chemokines in serum [5]. These

inflammatory mediators participate in the activation of innate and

adaptive immune cells and contribute to tissue damage, insulin

resistance [6] and atherosclerosis. LGSI is partly the result of

sustained activation of monocytes in the periphery that differen-

tiate to macrophages, adsorb oxidized lipoproteins [7], migrate

through the endothelial barrier to the intima-media layer of

arteries and form foam cells - the primary component of

atherosclerotic lesions [8]. Stimulation from cytokines also leads

to activation of endothelial cells and enhanced expression of

adhesion molecules that facilitates attachment of macrophages.

In elderly men, low levels of endogenous androgens increase the

risk of atherosclerosis [9] and is related to the progression of

intima-media thickness of the common carotid artery [10].

Furthermore, testosterone levels inversely correlate to degree of

coronary atherosclerosis [11]. Based on a meta-analysis including

19 studies, Ruige et al found weak association between endogenous

testosterone and risk for CVD in elderly but not middle-aged men

and raise the question whether low androgens are a cause of CVD

or, rather, a marker of a poor general health [12].

Whether low androgen levels contribute to LGSI and eventually

CVD or whether general metabolic dysregulation leading to both
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LGSI and hypogonadism, has been a matter of discussion [13].

Higher prevalence of autoimmune diseases in women and

androgen deficient men suggests an immunosuppressive action

of testosterone [14], as do experimental studies in which

testosterone was found to attenuate inflammatory cytokines [15]

and to up-regulate anti-inflammatory cytokines [16]. Moreover,

significant improvement in the levels of inflammatory markers

following androgen replacement therapy in hypogonadal men and

hypogonadal men with MetS has been shown [17,18].

However, previous studies linking CVD, MetS, LGSI and

hypogonadism have exclusively focused on older men and a limited

number of inflammatory mediators. We hypothesized that men

with low testosterone, but without manifestations of systemic

disease, already in young age may have higher levels of

inflammatory markers. To investigate this, we analyzed an array

of cytokines and chemokines in sera from 60 young men, who

were either hypogonadal or eugonadal.

Subjects and Methods

Ethics Statement
The study was approved by the regional ethical review board at

Lund University, Sweden. All subjects provided written informed

consent.

Study Design
Subjects for this nested study were selected among participants

of an ongoing case-control study on hypogonadism among men

seeking medical care due to subfertility. A free online random

number generator (random.org) was used to identify 20 hypogo-

nadal subfertile men, 20 eugonadal subfertile men and 20 controls.

Hypogonadism was strictly biochemically defined according to our

laboratory’s normal levels as testosterone ,8.0 nmol/L and/or

LH .8.6 IU/L [19]. No men, in any of the groups, received

androgen replacement therapy. Mean levels of the hormones

analyzed are presented in table 1.

The primary subfertility cohort comprised a consecutive group

of men from couples unable to conceive after one year of regular

sexual activity, in the absence of an explanatory female factor

(ovulatory disturbance, tubal obstruction and/or endometriosis).

Furthermore, following inclusion criteria were applied: age 18–

50 years at inclusion and sperm concentration ,20 million/mL.

Of the 286 eligible men, 115 (40%) did not reply despite

a reminder by letter, 52 (18%) declined to take part in the study,

and 119 (42%) gave their consent.

The control group was selected from the Swedish Population

Register by matching their date of birth with that of the subfertile

men. One hundred men were included at the time of selection of

subjects for the present study. None of the selected controls were

receiving any fertility treatment.

Inclusion
Physical examination including assessment of height (without

shoes, with a stadiometer to the nearest 1 mm) and weight (in light

clothing, with an electronic scale to the nearest 0.1 kg) was

undertaken. Information on other diseases as well as active

medication was retrieved from interviews at inclusion. None of the

participants reported any serious medical illness, apart from the

subfertility problem. One subjected had Klinefelter syndrome, one

reported two previous occasions of epididymitis, one had had

mumps orchitis as a child and yet one was unilateral orchidecto-

mized due to tuberculosis in childhood. One subject was on

current lipid lowering therapy and two were on antihypertensive

treatment. Neither therapy was discontinued prior to inclusion.

None of the subjects or controls was on any anti-diabetic/insulin

therapy, opioids, glucocorticoids or other anti-inflammatory drugs.

Hormone Assessment
Fasting blood samples were drawn between 8 and 10 am from

all participants. Hormone levels in plasma were assessed at the

Dept. of Clinical Chemistry, Skåne University Hospital, Malmö,

Sweden.

Serum values of total testosterone (TT) were assessed by a two-

step competitive immunoassay with a luminometric technique

(Electro Chemi Luminiscence Immunoassay (ECLI); lower de-

tection level 0.087 nmol/L; imprecision (CV%), 2.4% at

1.9 nmol/L and 4.0% at 25.5 nmol/L). Luteinizing hormone

(LH) and sex hormone binding globulin (SHBG) concentrations

were determined with a one-step immunometric sandwich assay

with a luminometric technique (ECLI); (P-LH) lower detection

level 0.10 IU/L; CV%, 2.0% at 5.0 IU/L and 2.2% at 55.2 IU/

L; (SHBG) LDL 0.35 nmol/L; CV%, 1.0% at 22.0 nmol/L and

1.1% at 49.5 nmol/L. Estradiol concentrations in serum were

assessed by an immunofluorometric method (DELFIA Estradiol,

Wallace OY; lower detection level 8 pmol/L; CV%, 20% at

30 pmol/L and 10% at 280 pmol/L. Free testosterone was

calculated from total testosterone, SHBG and fixed albumin levels

[20].

Inflammatory Markers
Inflammatory markers in serum were analyzed at the Dept. of

Molecular Biology, School of Medicine, University of Crete,

Heraklion, Crete, Greece. Sera were tested for the levels of tumor

necrosis factor alpha (TNFa), macrophage inflammatory protein 1

alpha (MIP1a), 1 beta (MIP1B), monocyte chemotactic protein 1

(MCP1), endothelial growth factor (EGF), fibroblast growth factor

2 (FGF2), interferon gamma (IFNG), interleukin 12p40 (IL12p40),

IL12p70, IL1B, interleukin 1 receptor antagonist (IL1RA), IL4,

IL6, IL7, IL10, IL13, IL17, interferon gamma-induced protein 10

(IP10), IL9 and IL8, using a bead-based immunoassay (Lincoplex-

Millipore) and analyzed using Luminex apparatus (Luminex,

USA) as recommended by the manufacturer and previously

described [21]. Assay sensitivity, accuracy, inter- and intra-assay

precision for all inflammatory markers are presented in Table S1

(also available at http://www.millipore.com/userguides/tech1/

proto_hcyto-60k). C-reactive protein (CRP) (high sensitivity) was

analyzed in a Beckman AU5400 analyzer using Beckman reagents

(lower detection level 0.02 mg/L; inter assay precision (CV%),

7.5%; intra assay precision (CV%), 5.0%).

Statistical Analysis
Non-detectable levels of inflammatory markers and levels below

the lower detection limit of the assay were replaced by a value

corresponding to the lower detection limit (Table S1). First, we

made descriptive statistics of all inflammatory markers (Table 1).

Then, we log-transformed the inflammatory marker levels in order

to obtain normal distributions of the residuals. Univariate

regression models were used for testing associations between study

variables and differences between groups. In these analyses we

excluded inflammatory markers (IL1B, IL1RA, IL4, IL6, IL7, IL9,

IL10, IL12p40 and IL13) which had $33% non-detectable values

(Table S1). Age and fertility status (categorized as subfertile vs.

control) were included as covariables. Since body mass index

(BMI) is negatively associated with testosterone levels, in order to

not over-adjusting for the effect of low testosterone, primarily we

did not include BMI in the main analysis. However, all statistically

significant findings were tested for robustness to adjustment for

BMI and even these data are presented.

Inflammation and Testosterone in Young Men
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Association between testosterone levels and inflammatory

markers were also tested after excluding the three subjects on

lipid lowering therapy or antihypertensive treatment.

Primarily, the association between the levels of TT, cFT and

estradiol - as continuous variables - and the concentrations of

inflammatory markers was explored. Thereafter, following cate-

gorizing the men in groups as having subnormal or normal

testosterone using cut off levels of 8.0 nmol/L for TT and

220 pmol/L for cFT, additional analysis was made for those

inflammatory markers for which the association was statistically

significant.

The mean value results are presented as back transformed

(antilogarithmic) geometric means. Accordingly, obtained differ-

ences between the groups correspond to mean ratios that reflect

the relative differences between groups in levels of inflammatory

markers.

Results

Group characteristics including hormone levels and between

groups comparisons are presented in table 2. Descriptive statistics

and between groups comparisons for inflammatory markers are

presented in table 1.

Association of TT, cFT and Estradiol with Inflammatory
Markers in Serum

MIP1a (ß =20.025; 95% CI, 20.048, 20.003; p = 0.028),

MIP1B (ß =20.015; 95% CI, 20.030, 20.001; p = 0.049) and

TNFa (ß =20.015; 95% CI, 20.029, 20.001; p = 0.040) showed

negative association to TT levels. MIP1a (ß =21.95; 95% CI,

23.09, 20.80; p = 0.001) and TNFa (ß =20.95; 95% CI, 21.69,

20.20; p = 0.014) showed negative association to cFT levels

(Fig. 1). After adjustment for BMI, the negative association of cFT

to TNFa (p = 0.019) and MIP1a (p = 0.002) remained statistically

significant. Also, EGF showed positive association to TT levels

(p = 0.046), only when adjustment included BMI. No other

statistically significant associations between TT, cFT, estradiol

and inflammatory markers were found. All associations are

presented in table 3. Risk estimates remained unchanged after

exclusion of the three subjects on lipid lowering therapy or

antihypertensive treatment (data not shown).

Inflammatory Markers in Relation to Subnormal TT or cFT
in Serum

Among the 60 included men, 12 (20%; 95% CI, 0.11, 0.32) had

TT levels ,8.0 nmol/L. Thirteen (22%; 95% CI, 0.12, 0.34) had

cFT levels ,220 pmol/L. TNFa levels were significantly higher in

men with subnormal TT levels (mean ratio 1.61; 95% CI, 1.16,

2.26; p = 0.006) or cFT levels (mean ratio 1.58; 95% CI, 1.14,

2.20; p = 0.007). Also, MIP1a levels were significantly higher in

men with subnormal TT levels (mean ratio 1.84; 95% CI, 1.06,

3.19; p = 0.030) (Table 4). After adjustment for BMI, TNFa levels

remained significantly higher in men with subnormal TT levels

(p = 0.025) and in those with low cFT levels (p = 0.02).

Discussion

Our main finding was that in relatively young men, low serum

testosterone concentrations were significantly associated with

elevated levels of the pro-inflammatory cytokine TNFa as well as

the pro-inflammatory chemokines MIP1a and MIP1B despite any

other signs of LGSI or systemic disease. In addition, we observed

that men with subnormal levels of testosterone had significantly T
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higher levels of TNFa and MIP1B in serum, whereas no

association between estradiol and inflammatory markers was seen.

There is only limited amount of data on possible association

between hypogonadism in young males and inflammatory re-

sponse. In agreement with our finding is a previous report on 14

men of corresponding age with hypogonadotropic hypogonadism,

in who increased levels of TNFa and IL6 was observed upon

withdrawal of androgen replacement therapy [22]. Furthermore,

Figure 1. Associations between TT and (A) TNFa, (B) MIP1B, (C) MIP1aand between cFT and (D) TNFa, (E) MIP1B, (F) MIP1a. All
inflammatory markers are log values. B represents regression coefficients derived from univariate regression analysis adjusted for age and fertility
status. Initial grouping of men indicated in figure as subfertile hypogonadal (n = 20), subfertile eugonadal (n = 20) and controls (n = 20). TT, total
testosterone; cFT, calculated free testosterone; TNFa, tumor necrosis factor alpha; MIP1B, macrophage inflammatory protein 12beta; MIP1a,
macrophage inflammatory protein 1-alpha.
doi:10.1371/journal.pone.0061466.g001
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in a study on more than 1.500 men a dose-dependent inverse

correlation of both TT and cFT with CRP levels was found after

adjustment for age, BMI and other co-morbidities [23]. However,

almost two-thirds of the included subjects were above the age of 40

years and almost half of them were using anti-inflammatory drugs.

Other studies have suggested an immuno modulatory action of

testosterone [24,25]. However, the latter reports were based on

elderly men in whom the association between low testosterone and

increased levels of inflammatory markers might be confounded by

already manifest CVD and hence the direction of causality difficult

to disentangle. A recent publication showed that transient

elevation of estradiol levels with coincident lowering of testoster-

one affect several pro-inflammatory markers including MIP1a in

young men [26]. The results are in agreement with our present

findings regarding testosterone, but in contrast we did not find any

link between estradiol and markers of LGSI. Another piece of

evidence indicating relation between sex hormone levels and

inflammation is our recent finding of low testosterone levels

predicting increased risk of rheumatoid factor negative rheuma-

toid arthritis in men [27].

By focusing on a cohort of relatively young men, with no

manifest systemic disease apart from the subfertility, the risk of

CVD being the cause of low testosterone and LGSI was

significantly reduced. Thus, even though this type of study will

not provide evidence of a causal relationship between low

testosterone levels and LGSI, the results strongly suggests such

a mechanism of action.

The initial selection used a previously described biochemical

definition of hypogonadism based on low testosterone concentra-

tions as well as high LH levels, thereby including men with

compensated testicular endocrine dysfunction. Although we

detected higher levels of hs-CRP in hypogonadal men as

compared to controls, this increase was rather linked to subfertility

per se, as it also was seen among subfertile eugonadal men.

However, after restricting the hypogonadal group to including

men with low testosterone levels only, for two of the three LGSI

markers showing statistically significant association with testoster-

one as continuous variable, even an inter-group difference was

found. These findings were robust to adjustment for fertility status

and, therefore, seem related to low testosterone levels rather than

to the subfertility.

Since, apart from hs-CRP, no clinically relevant reference levels

for the cytokines and chemokines included in this study have been

established, the proportions of subjects presenting with patholog-

ical values cannot be ascertained. However, since none of the

included men had hs-CRP levels above the normal value of 3 mg/

L, it seems unlikely that other concomitant inflammatory

conditions were present and thereby affecting the measurements

of cytokines and chemokines included in current study.

Based on the available information on the health status and

medications, we do not assume any selection bias in selection of

the study group. However, the limitation of this study is the small

sample size. Thus, given the present observation of a trend in

several markers with non-significant associations to testosterone,

including more subjects could confirm our results and possibly also

show association between testosterone and other LGSI markers.

Another limitation to the study is the bead-based assay that was

used to analyze LGSI markers, which was not validated against

ELISA. Also, a large number of individuals had low or undetect-

able levels of several LGSI-markers, which may account to the low

sensitivity of the assay for these markers or to the fact that the

population studied was apparently relatively healthy. Subsequently

these markers were not included in further statistical analysis.

Visceral adiposity is well established as a source of LGSI. Thus,

it needs to be considered whether high BMI might be the link

between low testosterone levels and LGSI. In the main analysis we

Table 3. Associations between levels of inflammatory markers and total and free testosterone as well as estradiol concentrations
in serum.

TT cFT E2

Cytokine/
Chemokine n B 95% CI P adj

P adj
BMI B 95% CI P adj

P adj
BMI B 95% CI P adj

P adj
BMI

IL8 60 20.019 20.043, 0.004 0.105 0.363 21.17 22.43, 0.096 0.069 0.095 20.002 20.005, 0.002 0.403 0.233

IL12p70 60 20.047 20.11, 0.012 0.115 0.119 21.97 25.13, 1.20 0.218 0.232 0.001 20.008, 0.010 0.825 0.864

IL17 60 20.014 20.060, 0.031 0.533 0.802 20.85 23.30, 1.61 0.493 0.554 20.001 20.008, 0.006 0.859 0.740

EGF 59 0.010 20.008, 0.027 0.262 0.046* 0.25 20.69, 1.18 0.598 0.523 0.001 20.002, 0.003 0.613 0.830

FGF2 60 20.016 20.054, 0.022 0.405 0.645 21.39 23.40, 0.62 0.171 0.203 20.001 20.007, 0.005 0.731 0.612

IFNG 60 20.028 20.083, 0.027 0.315 0.343 21.98 24.91, 0.95 0.181 0.193 20.003 20.012, 0.006 0.479 0.447

IP10 60 20.009 20.022, 0.004 0.152 0.469 20.33 21.03, 0.36 0.344 0.435 20.001 20.003, 0.001 0.247 0.129

MCP1 60 0.002 20.008, 0.012 0.674 0.508 0.18 20.34, 0.69 0.496 0.468 0.0001 20.001, 0.002 0.881 0.939

MIP1a 60 20.025 20.048, 20.003 0.028* 0.068 21.95 23.09, 20.80 0.001** 0.002** 20.003 20.007, 0.001 0.097 0.058

MIP1B 60 20.015 20.030, 20.001 0.049* 0.220 20.80 21.60, 0.002 0.051 0.071 0.0001 20.003, 0.002 0.763 0.509

TNFa 60 20.015 20.029, 20.001 0.040* 0.212 20.95 21.69, 20.20 0.014* 0.019* 0.0001 20.003, 0.002 0.685 0.420

hs-CRP 60 20.021 20.051, 0.008 0.148 0.658 20.95 22.53, 0.63 0.233 0.321 0.001 20.003, 0.006 0.599 0.896

All inflammatory markers have been log-transformed prior to analysis. All calculations are adjusted for age and fertility status, and when indicated also for BMI.
Univariate regression analysis. CI, confidence interval; BMI, body mass index; TT, total testosterone; cFT, calculated free testosterone; E2, estradiol; IL, interleukin; EGF,
epidermal growth factor; FGF2, fibroblast growth factor; IFNG, interferon gamma; IP10, interferon gamma-induced protein 10; MCP1, monocyte chemotactic protein 1;
MIP1a, macrophage inflammatory protein 1-alpha; MIP1B, macrophage inflammatory protein 1-beta; TNFa, tumor necrosis factor alpha; hs-CRP, high sensitive c-reactive
protein;
*, P,0.05;
**, P,0.01.
doi:10.1371/journal.pone.0061466.t003
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did not adjust for the effect of BMI since this parameter is closely

associated with testosterone levels and inclusion of BMI might

imply over-adjustment and thereby false negative results. Howev-

er, four of the eight statistically significant associations were robust

to inclusion of BMI as covariate. This was particularly valid for

those related to cFT, which is a parameter that is corrected for

BMI dependent SHBG levels [28]. Thus, our results indicate that

the connection between low testosterone and inflammatory

markers is not solely dependent on the amount of adipose tissue,

but may also be an independent effect of androgens.

Performing multiple testing, as done in this study, implies some

risk of by chance statistically significant findings. However, the fact

that the association between hypogonadism and LGSI was

previously reported in older subjects, stresses the biological

significance of our observations.

Although our study was not designed to elucidate the

mechanism behind increased risk of CVD as one of long term

complications from male hypogonadism, the well recognized role

of inflammation in atherosclerosis and plaque vulnerability [29]

point to the associations enlightened by this study as a possible

link.

In conclusion, we found higher levels of important pro-

inflammatory biomarkers in young men with subnormal testos-

terone concentrations in the absence of concurrent metabolic

disease. These findings indicate that testosterone levels are directly

linked to LGSI, which in the long run may contribute to

development of several adverse health effects previously associated

to androgen deficiency. Moreover, in a panel of potential LGSI

markers, our study has highlighted TNFa, MIP1a and MIP1B as

those most strongly associated with low serum testosterone in men

not suffering of serious systemic disease.

Supporting Information

Table S1 Assay precision, accuracy, sensitivity and numbers of

samples with non-detectable values for inflammatory markers.

IL1B, interleukin 1-beta; IL1ra, interleukin 1-receptor antagonist;

IL, interleukin; EGF, epithelial growth factor; FGF2, fibroblast

growth factor 2; IFNG, interferon gamma; IP10, interferon

gamma-induced protein 10; MCP1, monocyte chemotactic pro-

tein 1; MIP1a, macrophage inflammatory protein 1-alpha;

MIP1B, macrophage inflammatory protein 1-beta; TNFa, tumor

necrosis factor alpha, a, one missing sample, b, inflammatory

markers with $33% of the samples having non-detectable values.
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Sweden for help with the patient inclusion and Susanne Lundin for

administration of blood samples.

Author Contributions

Conceived and designed the experiments: JB CT YLG AG. Performed the

experiments: JB MK. Analyzed the data: JB CT YLG AG. Contributed

reagents/materials/analysis tools: MK CT YLG AG. Wrote the paper: JB

CT YLG AG.

References

1. Phillips GB, Pinkernell BH, Jing TY (1994) The association of hypotestoster-

onemia with coronary artery disease in men. Arterioscler Thromb 14: 701–706.

2. Stellato RK, Feldman HA, Hamdy O, Horton ES, McKinlay JB (2000)

Testosterone, sex hormone-binding globulin, and the development of type 2

diabetes in middle-aged men: prospective results from the Massachusetts male

aging study. Diabetes Care 23: 490–494.

T
a
b
le

4
.
C
o
m
p
ar
is
o
n
o
f
le
ve
ls
o
f
se
le
ct
e
d
in
fl
am

m
at
o
ry

m
ar
ke
rs

in
m
e
n
w
it
h
n
o
rm

al
an

d
su
b
n
o
rm

al
co
n
ce
n
tr
at
io
n
o
f
to
ta
l
o
r
fr
e
e
te
st
o
st
e
ro
n
e
in

se
ru
m
.

C
y
to

k
in
e
/C

h
e
m
o
k
in
e

A
ll
(n

=
6
0
)

cF
T

,
2
2
0
p
m
o
l/
L

(n
=
1
3
)

cF
T

$
2
2
0
p
m
o
l/
L

(n
=
4
7
)

M
e
a
n
ra
ti
o
(9
5
%

C
I)

P
a
d
j

P
a
d
j
B
M
I

T
T
,
8
n
m
o
l/
L

(n
=
1
2
)

T
T
$
8
n
m
o
l/
L

(n
=
4
8
)

M
e
a
n
ra
ti
o
(9
5
%

C
I)

P
a
d
j

P
a
d
j
B
M
I

T
N
Fa

(p
g
/m

L)
8
.6

(1
.8
)

1
2
(1
.2
)

7
.7

(1
.1
)

1
.5
8
(1
.1
4
,2
.2
0
)

0
.0
0
7
**

0
.0
2
*

1
2
(1
.2
)

7
.7

(1
.1
)

1
.6
1
(1
.1
6
,2
.2
6
)

0
.0
0
6
**

0
.0
2
5
*

M
IP
1
a
(p
g
/m

L)
1
5
(2
.3
)

1
7
(2
.9
)

1
4
(2
.2
)

1
.2
1
(0
.6
9
,2
.1
)

0
.4
9
0

0
.6
5
9

2
3
(2
.0
)

1
4
(2
.3
)

1
.8
4
(1
.0
6
,3
.1
9
)

0
.0
3
0
*

0
.0
5
9

M
IP
1
B
(p
g
/m

L)
5
0
(1
.8
)

5
5
(1
.2
)

4
7
(1
.1
)

1
.1
8
(0
.8
2
,1
.7
1
)

0
.3
7
1

0
.6
3
4

6
0
(5
.6
)

4
6
(2
.3
)

1
.3
0
(0
.9
0
,1
.8
8
)

0
.1
6
5

0
.3
9
8

A
ll
d
at
a
re
p
re
se
n
t
b
ac
k
tr
an

sf
o
rm

e
d
lo
g
ar
it
h
m
ic
m
e
an

s
(S
D
).
U
n
iv
ar
ia
te

re
g
re
ss
io
n
an

al
ys
is
,
ad

ju
st
e
d
fo
r
ag

e
an

d
fe
rt
ili
ty

st
at
u
s,
an

d
w
h
e
n
in
d
ic
at
e
d
al
so

fo
r
B
M
I.
B
M
I,
b
o
d
y
m
as
s
in
d
e
x;
T
T
,
to
ta
l
te
st
o
st
e
ro
n
e
;
cF
T
,
ca
lc
u
la
te
d
fr
e
e

te
st
o
st
e
ro
n
e
;
M
IP
1
a,

m
ac
ro
p
h
ag

e
in
fl
am

m
at
o
ry

p
ro
te
in

1
-a
lp
h
a;

M
IP
1
B
,
m
ac
ro
p
h
ag

e
in
fl
am

m
at
o
ry

p
ro
te
in

1
-b
e
ta
;
T
N
Fa
,
tu
m
o
r
n
e
cr
o
si
s
fa
ct
o
r
al
p
h
a;

C
I,
co
n
fi
d
e
n
ce

in
te
rv
al
;
*,
P
,
0
.0
5
;
**
,
P
,
0
.0
1
.

d
o
i:1
0
.1
3
7
1
/j
o
u
rn
al
.p
o
n
e
.0
0
6
1
4
6
6
.t
0
0
4

Inflammation and Testosterone in Young Men

PLOS ONE | www.plosone.org 7 April 2013 | Volume 8 | Issue 4 | e61466



3. Haffner SM, Mykkanen L, Valdez RA, Katz MS (1993) Relationship of sex

hormones to lipids and lipoproteins in nondiabetic men. J Clin Endocrinol
Metab 77: 1610–1615.

4. Laaksonen DE, Niskanen L, Punnonen K, Nyyssonen K, Tuomainen TP, et al.

(2004) Testosterone and sex hormone-binding globulin predict the metabolic
syndrome and diabetes in middle-aged men. Diabetes Care 27: 1036–1041.

5. Tracy RP (2003) Inflammation, the metabolic syndrome and cardiovascular risk.
Int J Clin Pract Suppl: 10–17.

6. Rotter V, Nagaev I, Smith U (2003) Interleukin-6 (IL-6) induces insulin

resistance in 3T3-L1 adipocytes and is, like IL-8 and tumor necrosis factor-
alpha, overexpressed in human fat cells from insulin-resistant subjects. J Biol

Chem 278: 45777–45784.
7. Brown MS, Goldstein JL (1983) Lipoprotein metabolism in the macrophage:

implications for cholesterol deposition in atherosclerosis. Annu Rev Biochem 52:
223–261.

8. Ross R (1999) Atherosclerosis–an inflammatory disease. N Engl J Med 340:

115–126.
9. Hak AE, Witteman JC, de Jong FH, Geerlings MI, Hofman A, et al. (2002) Low

levels of endogenous androgens increase the risk of atherosclerosis in elderly
men: the Rotterdam study. J Clin Endocrinol Metab 87: 3632–3639.

10. Muller M, van den Beld AW, Bots ML, Grobbee DE, Lamberts SW, et al. (2004)

Endogenous sex hormones and progression of carotid atherosclerosis in elderly
men. Circulation 109: 2074–2079.

11. Rosano GM, Sheiban I, Massaro R, Pagnotta P, Marazzi G, et al. (2007) Low
testosterone levels are associated with coronary artery disease in male patients

with angina. Int J Impot Res 19: 176–182.
12. Ruige JB, Mahmoud AM, De Bacquer D, Kaufman JM (2011) Endogenous

testosterone and cardiovascular disease in healthy men: a meta-analysis. Heart

97: 870–875.
13. Jones TH, Saad F (2009) The effects of testosterone on risk factors for, and the

mediators of, the atherosclerotic process. Atherosclerosis 207: 318–327.
14. D’Agostino P, Milano S, Barbera C, Di Bella G, La Rosa M, et al. (1999) Sex

hormones modulate inflammatory mediators produced by macrophages.

Ann N Y Acad Sci 876: 426–429.
15. Li ZG, Danis VA, Brooks PM (1993) Effect of gonadal steroids on the

production of IL-1 and IL-6 by blood mononuclear cells in vitro. Clin Exp
Rheumatol 11: 157–162.

16. Liva SM, Voskuhl RR (2001) Testosterone acts directly on CD4+ T lymphocytes
to increase IL-10 production. J Immunol 167: 2060–2067.

17. Malkin CJ, Pugh PJ, Jones RD, Kapoor D, Channer KS, et al. (2004) The effect

of testosterone replacement on endogenous inflammatory cytokines and lipid
profiles in hypogonadal men. J Clin Endocrinol Metab 89: 3313–3318.

18. Kalinchenko SY, Tishova YA, Mskhalaya GJ, Gooren LJ, Giltay EJ, et al. (2010)

Effects of testosterone supplementation on markers of the metabolic syndrome

and inflammation in hypogonadal men with the metabolic syndrome: the

double-blinded placebo-controlled Moscow study. Clin Endocrinol (Oxf) 73:

602–612.

19. Nieschlag E, Behre HM, Bouchard P, Corrales JJ, Jones TH, et al. (2004)

Testosterone replacement therapy: current trends and future directions. Hum

Reprod Update 10: 409–419.

20. Vermeulen A, Verdonck L, Kaufman JM (1999) A critical evaluation of simple

methods for the estimation of free testosterone in serum. J Clin Endocrinol

Metab 84: 3666–3672.

21. Androulidaki A, Iliopoulos D, Arranz A, Doxaki C, Schworer S, et al. (2009)

The kinase Akt1 controls macrophage response to lipopolysaccharide by

regulating microRNAs. Immunity 31: 220–231.

22. Yialamas MA, Dwyer AA, Hanley E, Lee H, Pitteloud N, et al. (2007) Acute sex

steroid withdrawal reduces insulin sensitivity in healthy men with idiopathic

hypogonadotropic hypogonadism. J Clin Endocrinol Metab 92: 4254–4259.

23. Kupelian V, Chiu GR, Araujo AB, Williams RE, Clark RV, et al. (2010)

Association of sex hormones and C-reactive protein levels in men. Clin

Endocrinol (Oxf) 72: 527–533.

24. Khosla S, Atkinson EJ, Dunstan CR, O’Fallon WM (2002) Effect of estrogen

versus testosterone on circulating osteoprotegerin and other cytokine levels in

normal elderly men. J Clin Endocrinol Metab 87: 1550–1554.

25. Maggio M, Basaria S, Ble A, Lauretani F, Bandinelli S, et al. (2006) Correlation

between testosterone and the inflammatory marker soluble interleukin-6

receptor in older men. J Clin Endocrinol Metab 91: 345–347.

26. Ruige JB, Bekaert M, Lapauw B, Fiers T, Lehr S, et al. (2012) Sex steroid-

induced changes in circulating monocyte chemoattractant protein-1 levels may

contribute to metabolic dysfunction in obese men. J Clin Endocrinol Metab 97:

E1187–1191.

27. Pikwer M, Giwercman A, Bergström U, Nilsson J, Jacobsson L, et al. (2013)

Association between testosterone levels and risk of future rheumatoid arthritis in

men – a population based case-control study. Ann Rheum Dis. In press.

28. Vermeulen A, Kaufman JM, Giagulli VA (1996) Influence of some biological

indexes on sex hormone-binding globulin and androgen levels in aging or obese

males. J Clin Endocrinol Metab 81: 1821–1826.

29. Bjorkbacka H, Fredrikson GN, Nilsson J (2012) Emerging biomarkers and

intervention targets for immune-modulation of atherosclerosis - A review of the

experimental evidence. Atherosclerosis 227(1): 9–17.

Inflammation and Testosterone in Young Men

PLOS ONE | www.plosone.org 8 April 2013 | Volume 8 | Issue 4 | e61466


