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Abstract

Background: Crohn’s disease is an inflammatory chronic
bowel disease characterized by an imbalanced production
of pro-inflammatory mediators (tumor necrosis factor-o)
and an increased recruitment of leukocytes to the site of
inflammation. Low serum testosterone is associated with
an increase in inflammatory factors, while testosterone
administration reduces them. There is evidence for an
immunomodulatory effect of testosterone on differentia-
tion of regulatory T cells.

Materials and methods: The research was carried out in
clinics in Germany and Syria. The study was a cumulative,
prospective, registry study with an increasing number of
men over time receiving testosterone. While men diagnosed
with Crohn’s disease received appropriate treatment for
Crohn’s disease, they were tested for testosterone deficiency
(cut-off point <12.1 nmol/L). In total, 92 men received paren-
teral testosterone undecanoate 1000 mg/12 weeks for up to
7 years. Fourteen men opted not to receive testosterone and
served as a comparison group.

Results: In men receiving testosterone, the Crohn’s Disease
Activity Index declined from 239.36+36.96 to 71.67+3.26 at
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84 months (p<0.0001 vs. baseline). C-reactive protein
levels decreased from 12.8948.64 to 1.78+1.37 mg/L at
84 months (p<0.0001 vs. baseline). Leukocyte count
decreased from 11.93+2.85 to 6.21+1.01x10°%/L (p<0.0001 at
84 months vs. baseline). No changes were observed in the
comparison group. There were no significant side effects
of testosterone.

Conclusions: Normalizing serum testosterone in hypogo-
nadal men with Crohn’s disease had a positive effect on
the clinical course, also evidenced by biochemical para-
meters. Testosterone administration appeared safe.
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Introduction

Testosterone traditionally has been regarded as a hormone
serving male sexual and reproductive functions. Over
the last decades it has become clear that testosterone is
involved in a multitude of other biological processes, such
as the health of bone and muscle, numerous metabolic
processes and also the cardiovascular system. An even
more novel aspect of the physiology of testosterone is its
role in inflammation. Inflammatory processes play a sig-
nificant role in the etiology of cardiovascular disease, and
testosterone shows anti-inflammatory effects [1]. Several
studies have documented that low testosterone levels are
associated with an increase in inflammatory factors and
that administration reduces their levels (for review [2, 3]).
There is evidence showing an immunomodulatory and
protective effect of testosterone in a model of chronic tes-
ticular inflammation and testosterone as a new factor in
the differentiation of regulatory T cells [4].
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Inflammatory bowel disease is a chronic inflamma-
tory disorder that is comprised of both Crohn’s disease
and ulcerative colitis and is characterized by alternating
phases of clinical relapse and remission. Although their
etiologies are unknown, they are characterized by an
imbalance in production of pro-inflammatory mediators,
e.g., tumor necrosis factor (TNF)-o,, as well as increased
recruitment of leukocytes to the site of inflammation [5, 6].

This contribution reports our observations in hypo-
gonadal men with Crohn’s disease receiving testosterone
treatment. While their hypogonadal status might be also
explained by a number of etiological factors, inflammatory
factors associated with Crohn’s disease might have contrib-
uted to their hypogonadism [7, 8]. This has been found to be
the case in not only elderly men but also younger men [9].

There is increasing evidence from both clinical and
experimental studies showing that testosterone has
marked anti-inflammatory effects. In a Russian rand-
omized, placebo-controlled trial in hypogonadal men
with metabolic syndrome (MetS), testosterone therapy
resulted in significant reductions in highly sensitive
C-reactive protein (hsCRP) (p<0.001), TNF-o. (p=0.03)
and IL-1B (p=0.008) [10]. In a controlled 2-year study
from Italy in hypogonadal men with MetS, reductions
of hsCRP (p<0.001) and carotid intima media thickness
(CIMT) (p<0.0001) were shown [11]. In another controlled
study by the same group of 3 years duration in hypogo-
nadal men with MetS, hsCRP (p=0.001) was significantly
reduced under testosterone treatment [12].

In a 12-month study in severely obese hypogonadal
men undergoing lifestyle intervention by diet and exercise
with or without addition of testosterone, there were signif-
icant reductions in hsCRP (p<0.001) and CIMT (p<0.0001)
in the testosterone but not in the control group [13]. In a
controlled 5-year study in hypogonadal men with MetS,
significant reductions in hsCRP (p=0.001) and fibrinogen
(p=0.0001) were observed [14].

In a wealth of studies, the anti-inflammatory effect of
testosterone has been demonstrated [8, 15-21].

Several preclinical studies have demonstrated that
androgens act as endogenous inhibitors of immune
responses in several autoimmune processes, including
those involved in non-alcoholic steatohepatitis (NASH)
[22], benign prostatic hyperplasia [23] and autoimmune
orchitis [4].

Moreover, the anti-inflammatory properties of
androgens were shown already in several experimental
animal models of autoimmune diseases such as experi-
mental autoimmune encephalomyelitis, myasthenia
gravis or diabetes [24-28]. At the cellular level, in vitro
testosterone treatment leads to the shift from Thl to Th2

DE GRUYTER

response by reduction of TNF-o or IL-6 secretion, inhibi-
tion of proliferation of T cells and apoptosis [26, 29-32]. As
shown recently, subphysiological levels of testosterone in
androgen-deficient male rats lead to decrease in IL-2, IL-6,
IL-10, IL-12 and IL-13, while testosterone supplementation
has an opposite effect [33].

Recently, activation of androgen receptor (AR) by
androgens has been demonstrated to reduce proliferation
of CD4+T clones and to markedly suppress the inflamma-
tory response of human non-professional antigen present-
ing cells culture — such as those present within the prostate
- to inflammatory stimuli [such as TNF-o and the lipopoly-
saccharide (LPS)] or to co-incubation with activated CD4+T
lymphocytes, therefore suggesting that androgens could
play a broad anti-inflammatory role in T cells. Interestingly,
supplementation of reduced serum testosterone levels in a
rat model of experimental autoimmune orchitis led in the
testis to reduction of disease severity, down-regulation of
TNF-0,, IL-6 and MCP-1 mRNA expression, inhibition of mac-
rophages recruitment as well as increase in the number of
regulatory T cells — responsible for aggravation of autoim-
mune responses. In vitro, testosterone stimulated directly
the expression of regulatory T cell-specific transcription
factor Foxp3 in rat splenic T cells. Moreover, at the sys-
temic level significant decrease of pro-inflammatory Thl
cytokines IL2 and IFN-y secretion by mononuclear cells
from lymph nodes draining the testis was observed. Our
recent results show that testosterone administration is able
to inhibit LPS-induced TNF-o expression in testicular cells
(Sertoli and peritubular cells), and androgens secreted
directly by Leydig cells stimulate production of regulatory
cytokine IL-10 by T cells [34]. Similarly, human monocyte-
derived macrophages stimulated with oxidized low-den-
sity lipoproteins and subsequently treated with normal or
supraphysiological concentrations of testosterone showed
reduced expression and secretion of TNF-o. and IL-1 beta;
however, the expression of IL-6 and C-reactive protein
(CRP) was not affected [35]. All these reports underline
immunoregulatory and protective properties of androgens
in immune tolerance.

Our previous study demonstrated the effects of 2 years
of serum testosterone levels normalization in a small
group of men with Crohn’s disease [36]. Upon normaliza-
tion of plasma testosterone, the Crohn’s Disease Activity
Index (CDAI) and serum levels of CRP declined in hypo-
gonadal patients with Crohn’s disease. Immunosuppres-
sive effects of testosterone may have contributed to this
improvement of the disease.

The present study is a prospective, cumulative,
observational registry study of hypogonadal men with
Crohn’s disease who received treatment with testosterone.
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Untreated hypogonadal men with Crohn’s disease served
as comparison subjects.

Subjects and methods

The study was carried out in the Department of Internal Medicine,
Klinikum Bremerhaven, Germany, together with a private urology
practice in Bremerhaven, Germany, and the Department of Gas-
troenterology, University of Aleppo, Syria, between the years 2004
and 2013. In patients diagnosed with Crohn’s disease, serum testos-
terone was measured, and if below normal (see below) they were
referred to the urology practice for possible testosterone adminis-
tration. In Syria, if hypogonadal, they received testosterone treat-
ment in the Department of Gastroenterology, University of Aleppo.
The study was a cumulative, prospective, registry study of 92 men
with Crohn’s disease with testosterone levels <12.1 nmol/L. Patients
received standard treatment for Crohn’s disease by their internist/
gastroenterologist and also standard treatment for hypogonadism:
parenteral testosterone undecanoate (Nebido®, Bayer Pharma, Ber-
lin, Germany) 1000 mg/12 weeks following an initial 6-week interval
for up to 7 years. New patients were consecutively entered into the
study once they had completed 1 year of treatment. So, drop-outs in
this first year of testosterone treatment have not been included in the
registry. In total, 92 men were treated for at least 12 months, 74 for at
least 24 months, 50 for at least 36 months, 30 for at least 48 months,
25 for at least 60 months, 17 for at least 72 months, and 12 for at least
84 months. The declining numbers do not reflect drop-out rates but
are a result of the registry design. Fourteen hypogonadal men of simi-
lar age with Crohn’s disease in the Aleppo clinic who opted not to
receive testosterone were followed up for 30 months and served as an
untreated comparison group.

The CDAI has been developed to assess the severity of the dis-
ease and to monitor the effects of interventions on the course of
the disease. The CDAI consists of eight factors, each summed after
adjustment with a weighting factor. Index values of 150 and below
are associated with quiescent disease; values above that indicate
active disease, and values above 450 are seen with extremely severe
disease [37]. The severity of Crohn’s disease was assessed every
3 months with the CDAL In addition, hsCRP [38] and leukocyte count
were measured. Liver enzymes were determined since the liver is the
source of TNF-o [39].

The CDAI was assessed every 3 months [40]. Anthropometric
parameters (waist circumference and weight), total testosterone,
fasting glucose, lipids (total cholesterol, LDL cholesterol, HDL cho-
lesterol and triglycerides), liver transaminases (aspartate and alanine
aminotransferase, AST and ALT), hemoglobin (Hb), hematocrit (Htc),
systolic and diastolic blood pressure, and heart rate were assessed
at each visit. T scores were obtained from those patients who had
osteoporosis. Prostate parameters [prostate volume, prostate-specific
antigen (PSA)] were measured at every other visit.

Exclusion criteria for testosterone administration included
previous treatment with androgens, prostate cancer or any suspi-
cion thereof: such as PSA levels >4 ng/mL, International Prostate
Symptom Score >19 points, breast cancer, a history of congestive
heart failure or recent angina, history of cerebral vascular accident
or severe untreated sleep apnea.

All initial serum testosterone samples had been obtained bet-
ween 7:00 and 11:00 a.m. Serum testosterone levels were measured
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before testosterone administration, then before the second injection
at 6 weeks and subsequently before the next injection of testosterone
undecanoate was due, as a rule 12 weeks later. Serum testosterone
was measured by commercially available chemiluminescent radio-
immunoassays.

Ethical guidelines as formulated by the German “Arztekam-
mer” (the German Medical Association) for observational studies in
patients receiving standard treatment were followed both in Germany
and Syria. After receiving an explanation regarding the nature and
the purpose of the study, all subjects consented to be included in the
research of their treatment protocol.

Statistical analysis

For continuous variables, the mean, median, standard deviation,
range, minimum, maximum and sample size for the overall sample and
various groups were reported at each time point. For categorical varia-
bles, the frequency distribution was reported. We tested the hypotheses
regarding change in outcome scores across the study period by fitting a
linear mixed effects model to the data. Time (to indicate follow-up inter-
views) was included as fixed effect in the model. A random effect was
included in the model for the intercept. Estimation and test of change
in scores were determined by computing the differences in least square
means at baseline vs. the score at each follow-up interview. For the cor-
relation study, Pearson’s correlation was calculated between baseline
changes in outcomes at various time points. The significance of each
correlation was tested using Fisher’s test.

Results

Serum testosterone

Testosterone levels at baseline were 9.68+1.09 nmol/L
in the testosterone group and 9.57+2.96 in the compari-
son group. During treatment, testosterone increased to
16.4+1.96 nmol/L within 24 months and then remained
stable. Serum testosterone slightly declined in the com-
parison group.

CDAI and inflammation parameters

In the testosterone group, the CDAI declined from
239.36136.96 to 71.67+£3.26 at 84 months (Figure 1).
This decrease was statistically significant vs. baseline
(p<0.0001) at the end of each year and vs. previous year
for the first 3 years, after which levels stabilized. This
decline was not observed in the comparison group.
hsCRP levels decreased from 12.89+8.64 to 1.78+1.37
mg/L at 84 months with statistical significance vs. base-
line (p<0.0001) each year and vs. previous year for the
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Figure 1: Effect of testosterone administration on CDAI in 92 men
receiving testosterone compared to 14 men receiving no testoster-
one (mean+SEM). b vs. a, p=0.001; c vs. b, p=0.02; d vs. ¢, p<0.05.

first 4 years in the testosterone group (Figure 2). There was
a tendency to increase in the comparison group.

Leukocyte count decreased from 11.93+2.85 to
6.21£1.01x10°/L in the testosterone group (Figure 3). This
was statistically significant vs. baseline (p<0.0001). Leu-
kocyte count remained unchanged in the comparison
group.

Liver transaminases (AST and ALT)

AST declined from 43.75+17.93 to 20.08+3.58 U/L (Figure 4),
ALT from 46.99+17.04 to 20.42+4.06 U/L in the testosterone
group (Figure 5). Changes for both were statistically sig-
nificant vs. baseline (p<0.0001) each year and vs. previous
year for the first 3 years. Both enzymes showed a tendency
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Figure 3: Effect of testosterone administration on leukocyte count
in 92 men receiving testosterone compared to 14 men receiving no
testosterone (mean+SEM). b vs. a, p=0.0001.
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Figure 2: Effect of testosterone administration on hsCRP in 92 men
receiving testosterone compared to 14 men receiving no testoster-
one (mean+SEM). b vs. a, p=0.001; cvs. b, p=0.02; d vs. ¢, p<0.05.

to increase in the comparison group. Twelve patients had
very high (>70 U/L) AST and 10 patients very high (>70 U/L)
ALT levels at baseline, all in the testosterone group.

Hb: At baseline, Hb was 13.931£0.59 g/dL in the tes-
tosterone group and 14.43+0.23 in the control group
(p=0.00269). Hb rose from 13.93+0.59 to 14.440.56 g/dL in
the testosterone group (p<0.0001) with statistical signifi-
cance vs. previous year for the first 2 years. Hb remained
stable in the control group.

Htc: At baseline, Htc was 42.2+2.63% in the testoster-
one group and 45.5+1.611in the control group (p=0.000014).
Htc rose from 42.2+2.63 to 47.75+1.36% in the testosterone
group (p<0.0001) with statistical significance vs. previ-
ous year for the first 4 years. Htc levels remained within
the normal range (minimum: 46%; maximum: 51%). Htc
showed a tendency to decrease in the control group.
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Figure 4: Effect of testosterone administration on AST in 92 men
receiving testosterone compared to 14 men receiving no testoster-
one (mean+SEM). b vs. a, p=0.001; c vs. b, p=0.02.
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Figure 5: Effect of testosterone administration on ALT in 92 men
receiving testosterone compared to 14 men receiving no testoster-
one (mean+SEM). b vs. a, p=0.001; c vs. b, p=0.02.

Discussion

Crohn’s disease is a chronic inflammatory bowel disease
characterized by a relapsing-remitting clinical course. The
disease is characterized by intestinal inflammation which
leads to progressive bowel damage, increasing disability
and a loss of quality of life, and the treatment is cumber-
some. In recent years, a significant role of testosterone as
an immune modulator [3] in a large number of disease
entities such as cardiovascular disease [41], rheumatoid
arthritis [42] or inflammatory processes of the central
nervous system [43] has become apparent.

In our previous pilot study investigating the effects of
normalization of serum testosterone in hypogonadal men
suffering from Crohn’s disease, we have shown a strong
significant reduction of the severity of Crohn’s disease as
measured by CDAI and a reduction of levels of CRP and
white blood cell count with an improvement of Hb levels
[35]. The present study includes a much larger group of
patients and contains also a comparison group without
testosterone treatment. The obtained results are in agree-
ment with our earlier study. The lack of changes in the
above mentioned parameters in the comparison group not
receiving testosterone confirms the importance of testos-
terone administration on the disease process.

The design of the study was a cumulative, prospective
registry, and 50 men had received testosterone treatment
for at least 36 months. The beneficial effects of normaliza-
tion of their serum testosterone levels had lasted for the
duration of 36 months; therefore, the effects of testoster-
one were not transient.

Hblevels and Htc increased significantly but remained
well within safe margins. Fears that normalization of
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serum testosterone in elderly men will induce prostate
cancer can no longer be credited [44], nor that proper use
of testosterone induces cardiovascular disease [45].

However, our study design has a number of limita-
tions: it was not a double-blind placebo-controlled study.
Over 2 years only the testosterone treatment group could
be compared to a smaller group of men who did not receive
testosterone treatment.

An abnormal immune response plays an important
role in the development and perpetuation of the inflam-
matory cascade in a variety of chronic inflammatory dis-
eases, including inflammatory bowel disease [46]. Under
most conditions, an immune competence of the gut would
be beneficial to the host. However, in some situations a per-
turbation of the fine balance in immune regulation with a
switch toward an effector Th1/Th17 phenotype might lead
to the development of chronic intestinal inflammation, as
observed in the pathogenesis of Crohn’s disease [46]. An
overt, or even a subclinical, bacterial or viral infection is
thought to cause intestinal inflammation (first hit) that
could be auto-sustained or exacerbated by the presence of
an altered and abnormal Th1 and Th17 immune response.

TNF-o plays an important role in the pathogenesis of
both Crohn and NASH, which indeed can be frequently
seen in the same patient [47].

An anti-inflammatory effect of testosterone in the liver
has previously been reported in preclinical [22] and clini-
cal papers [48-51]. Androgens inhibit Th1 differentiation
of CD4 T cells and are a factor for modulating actions of
androgens to mitigate CD4 responses in disorders of auto-
immunity [32]. Specifically, the importance of testosterone
in down-regulating the systemic immune response by cell
type specific effects in the context of immunological dis-
orders has been recently reviewed [52].

The mechanisms by which testosterone exerts its
anti-inflammatory effects are not completely understood.
We recently demonstrated that androgens inhibit both
TNF-a-induced NF-xB activation, a master transcription
factor in inflammation, and, as an additional mechanism,
TNF-o-induced overexpression of receptor for oxidized LDL
(oxLDL receptor, LOX-1) [53]. LOX-1 plays important roles
in pro-inflammatory signaling in several MetS-associated
chronic inflammatory diseases, including NASH [22].
Interestingly, activation of the AR by dihydrotestosterone
was demonstrated to blunt oxLDL-induced inflammatory
response by reducing the expression of LOX-1in human non-
professional antigen presenting cells [53].

Our study contributes to the mounting evidence that
testosterone deficiency is associated with systemic inflam-
mation in an increasing number of diseases, such as car-
diovascular disease [41], rheumatoid arthritis [42] and
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the central nervous system [43]. Normalization of serum
testosterone can ameliorate this situation. So, it seems
mandatory that men with these conditions are tested for
testosterone deficiency. However, physicians treating
these conditions are often unfamiliar with the adminis-
tration of testosterone and are unduly apprehensive of
the side effects of testosterone administration which are
unfounded [44, 45].
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