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Abstract

Back Pain (BP) is a common medical
problem; anabolic hormones, through the
modulation of oxidative stress (OS), could
influence fracture risk. We evaluated the
prevalence  of  anabolic  hormonal
deficiencies and their relationship with OS
in males with BP, associated or not to non-
traumatic fractures. 49 males with BP, from
36 to 80 years, were divided in two groups
according to radiological evidence of non-
traumatic fractures; group A (n=25):
non-fractured; group B (n=24): fractured. A
different prevalence of hormonal deficits
was observed: 24% of hypotestosteronemia
inA, 0% in B; 16% of GHD in A, 29% in B;
Total Antioxidant Capacity (TAC) showed a
trend toward higher levels in B. In A, despite
lower TAC, a significant inverse correlation
was present between TAC and IGF-1. A
greater prevalence of GHD in patients with
vertebral fractures was seen and, in a
subgroup, OS could mediate the deleterious
effects of hyposecretory GH state.

Introduction

Back Pain (BP) is one of the most
common medical problem, affecting at least
80% of the population. It is the fifth most
common reason for all physician visits in the
United States.!> BP represents the second
most frequent cause of activity limitation
and work absence (after upper respiratory
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diseases), with several economic after-
effects.* It can represent a challenging
diagnostic dilemma due to its multiple
etiologies, such as muscle strain, disc
herniation, spinal stenosis, spondylosis and
spondylolisthesis, cauda equine syndrome,
infections, malignancy, osteoarthritis,
autoimmune diseases, vertebral deformities,
non-traumatic and traumatic fractures.>%¢
The diagnosis of a vertebral fracture is not
easy as it seems, in fact only 30% of all
vertebral fractures comes to clinical
attention.” Frequently BP etiology remains
undetermined, while several mechanisms
have been hypothesized to justify its origin.
Disc end plate has been considered a
relevant structure in pain genesis,? in fact
there is growing evidence that the end plates
are richly innervated and that innervated end
plate damage may represent a common
painful problem (vertebrogenic pain).®

Some important peripheral mechanisms
are involved in back pain, such as:

- pathological expression of TrkA
receptors by bone sensory nerve fibers;

- production of neuropeptides, such as SP,
CGRP, VIP and NPY, synthesized in
sympathetic nerve fibers and released
from their peripheral terminals in bone
periosteum during inflammation and
osteoporosis;

- sensitization by pH decrease during
osteoclastic hyperactivity in sensory
nerve fibers expressing TRPV1 and
ASIC-3.

The augmented density of bone sensory
nerve fibers in old population and decreased
bone mass density amplifies these
mechanisms.’

As regard pH, radical oxygen species
(ROS) may be one of the causes of the
decrease.!® On the other hand hormones are
antioxidant  systems modulators, as
previously reviewed,'!? in particular
GH/IGF-1 axis and testosterone impairment
have been related to oxidative stress (OS),
defined as the result of the unbalancing
between production of free radicals and
antioxidant defenses in the biological
systems.!! ROS greatly influence the
generation and survival of osteoclasts,
osteoblasts and osteocytes and loss of
estrogens and androgens decrease defense
against OS in bone."?

Hormones exert different effects in male
bone, on cellular, architectural and metabolic
levels. Estrogens have positive
consequences on bone metabolism, even if
other hormones, such as testosterone'* and
especially GH/IGF-1,'5 play pivotal roles.
Hypogonadism in adults is a well-known
cause of bone loss. Androgen receptors are
expressed by osteoblasts, osteoclasts and
osteocytes. In osteoblasts, testosterone
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signaling is important in trabecular bone
formation (not in cortical one). This suggests
an important role of testosterone in
contributing to bone strength and fracture
risk, since trabecular bone is determinant for
both.!® The direct role of testosterone in
osteoclasts is less clear, while in osteocytes
testosterone is important for age-related
prevention of trabecular bone resorption.!”
GH/IGF-1 axis is one of the main regulator
of bone remodeling and turnover.'®
Childhood onset GH deficiency, besides a
reduced linear bone growth and delayed
skeletal maturation, leads to decreased BMD
and increased fracture risk in adulthood
predominantly through decreased bone
formation.”” A study involving GH naive
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adults with childhood onset GHD showed a
decreased lumbar and femur neck BMD
measured by DXA in comparison with
healthy controls; this difference disappeared
after volumetric adjustments, even though
GHD patients maintained significantly
higher fracture risk, suggesting that BMD
may not adequately predict the fracture risk
in these subjects®® the risk of vertebral
fracture is even higher if GHD is
accompanied by other hormonal deficit.”
GH/IGF-1 production in puberty and
young adulthood, supported by an adequate
androgen environment, lead to thick
trabeculae  formation. Thereafter, as

GH/IGF-1 levels decrease during lifetime,

thick trabeculae are converted into thinner,

more numerous trabeculae.'® However, in
adulthood GH deficiency syndrome is still
underestimated.'®

Taken all these aspects together, this
observational cross-sectional study was
made in order to:

1. evaluate anabolic hormonal alterations
in male patients with back pain,

2. explore whether different hormonal
patterns can be identified in patients with
or without non-traumatic fractures.

3. investigate hormonal modulation of
antioxidant systems in patients with or
without non-traumatic fractures.

Materials and Methods

Subjects involved in this study were
admitted to the University Hospital
“Policlinico Gemelli” and were enrolled
after being given an explanation of purposes
and nature of the study, conducted in
accordance with the Declaration of Helsinki,
as revised in 2013. The study protocol was
approved by Review Board of the “Institute
of Medical Pathology” of our Hospital and
written informed consent was obtained from
all patients.

We included 49 male patients with BP of
unknown origin divided according to
radiological evidence of fractures by RX in
two groups: group A (no fractures) and group
B (fractures). They were aged 36-80 years,
with a BMI range 16,8-30,3 kg/m2. Criteria
of exclusion were: liver or kidney chronic
failure, corticosteroid therapy,
hyperparathyroidism, obesity, malabsorption
or other gastro-enteric diseases, traumas,
neurological diseases, neoplasms and
autoimmune diseases.

An endocrine evaluation including fT3,
fT4, thyroid-stimulating hormone (TSH),
insulin-like growth factor (IGF) -1, follicle-
stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E2), prolactin
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(PRL), testosterone (T), steroid hormone
binding globulin (SHBGQG),
dihydrotestosterone ~ (DHT),  insulin,
adrenocorticotropic hormone (ACTH) and
cortisol levels was performed; bone
metabolic parameters were also evaluated
(25 OH-Vitamin D, calcium, phosphorus,
parathormone (PTH), osteocalcin (OC), B-
crosslaps, bone alkaline phosphatase. For the
evaluation of antioxidant systems, blood
samples were collected at 08.00 a.m., after
overnight fast, immediately centrifuged and
stored at -80° until assayed, to evaluate Total
Antioxidant capacity (TAC). Finally, bone

mineral density was assessed by DEXA.
The following methods were used for
hormone assay: Radio Immunoassay (RIA)
for DHT (normal range 0.30-0.85 ng/ml);
ElectroChemiLuminescent method (ECLIA)
for PTH (14-72 pg/ml), ACTH (10-55
pg/ml), OC (10-45 ng/ml), B Crosslaps (0.2-
0.7 ng/ml); ChemoLuminescent Immuno-
assay (CLIA) for TSH (0.35- 2.80 nUl/ml),
fT3 (2.4-4.2 ng/ml), fT4 (8.5-16.5 pg/ml),
IGF-1 (80-330 ng/ml), FSH (2.5-11 mU/ml),
LH (2.5-10 mU/ml), E2 (normal values <44
ng/ml), T (2.5-8.40 ng/ml), SHBG (15-65
nmol/L), cortisol (60-220 ng/ml), insulin (3-

Group B

Figure 1. Hormonal deficit prevalence in our cohoort.
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Figure 2. IGF-1 and LAG in the two groups.
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Figure 3. Inverse correlation between IGF-1 and LAG in group A.
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20 pUI/ml), Vitamin D (31-100 ng/ml), and
Chemiluminescent Microparticle
ImmunoAssay (CMIA) for LH (2.5-15
mU/ml) and PRL (3.5-15.5 ng/ml). Alkalyn
Phosphatase was measured with [FCC AMP,
calcium with Arsenazo III method,
Phosphate with colorimetric assay. As IGF-
1 is concerned, we also calculated the
median value, using reference provided by
Liason Analizer producer (DiaSorin,
Vercelli, Italy), to classify patient with low
or normal IGF-1. Following this preliminary
evaluation, we have performed
GHRH+arginine test (Geref 50 ug i.v. +
Bioarginine 20g/500 mL i.v.) in patients
whose IGF-1 was under 50th percentile
according to sex and age. A diagnosis of
Growth Hormone Deficiency (GHD) was
made when peak GH values were lower than
9 ng/ml in normal weight patients and 4
ng/ml in obese patients. Hypotestoste-
ronemia has been defined for serum
testosterone levels < 2,5 ng/ml, according to
our laboratory range.

TAC was evaluated, with a modification
of the method developed by Rice-Evans and
Miller as previously described. 2! The
method is based on the antioxidants
inhibition of the absorbance of the radical
cation 2,2I-azinobis (3-ethylbenzothiazoline-
6 sulphonate) (ABTS®) formed by
interaction between ABTS (150 uM) and
ferrylmyoglobin radical species, generated
by activation of metamyoglobin (2.5 pM)
with H,0, (75 uM).

Aliquots of the frozen plasma were
thawed at room temperature and 10 pl of the
samples were tested immediately. The
manual procedure was used with only minor
modifications, i.e., temperature at 37° C to
be in more physiological conditions and each
sample assayed alone to carefully control
timing and temperature. The reaction was
started directly in cuvette through H202
addition after 1 min equilibration of all other
reagents (temperature control by a
thermocouple probe, model 1408 K
thermocouple, Digitron Instrumentation Ltd,
Scunthorpe, United Kingdom) and followed
for 10 min under continuous stirring,
monitoring at 734 nm, typical of the
spectroscopically detectable ABTS.+. The
presence of chain-breaking antioxidants
induces a lag time (the Lag phase) in the
accumulation of ABTS®+ whose duration is
proportional to the concentration of this type
of antioxidants. Antioxidant capacity
afforded by chain-breaking antioxidants is
expressed as length of Lag phase (LAG,
sec). Trolox, a water-soluble tocopherol
analog, was used as a reference standard and
assayed in all experiments to control the
system. Absorbance was measured with an
Agilent 8453 UV/Vis spectrophotometer
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(Palo Alto, CA, USA) equipped with a
cuvette stirring apparatus and a constant
temperature cell holder. Measurements of
pH were made with a PHM84 Research pH
meter (Radiometer, Copenhagen, Denmark);
the electrode response was corrected for
temperature. Unless stated differently,
experiments were repeated two to three
times; qualitatively similar results were
obtained with individual values varying <
8%. In the Lag mode, the assay mainly
measures non-proteic and non-enzymatic
antioxidants that are primarily extracellular
chainbreaking antioxidants, such as
ascorbate, urate and glutathione. BMD was
assessed at the neck of the right hip femur
and at the lumbar spine through DXA scan
with Hologic® Discovery A (Hologic, Inc.,
Bedford, MA, USA).
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Statistical analysis

Mean and Standard Error (SEM) were
used to describe quantitative variables.

The Mann-Whitney U-Test was used to
evaluate differences in hormonal and bone
metabolism parameters between the two
groups. Spearman correlation coefficient
was used to investigate the association
between LAG and IGF-1. A value of p<0.05
was considered statistically significant and
the analysis was performed using Stata 13.

Results

Table 1 shows mean+SEM values of
general and ematochemical parameters and
bone metabolism markers in the two groups.
There are no significant differences, despite

Table 1. General features, serum parameters and bone metabolic features.

Age 55.7£3.1 60.9+2.6 NS
Serum glucose (mg/dl) 91.3£5.05 90.5+3.12 NS
Total Cholesterol (mg/dl) 180.3£7.6 180.7£7.6 NS
HDL-C (mg/dl) 53.7+2.8 49.6+2.2 NS
Triglycerides (mg/dl) 112.1£16.1 138.9+24.1 NS
Serum creatinin (mg/dl) 1.12+0.2 1.05£0.06 NS
Calcaemia (mg/dl) 9.67+0.07 9.67+0.08 NS
Phosphatemia (mg/dl) 3+0.15 2.9+0.12 NS
Alkalyn Phospatase (UI/) 107.7£15.5 100.6+9.7 NS
B-crosslaps (ng/ml) 0.43+0.08 0.42+0.05 NS
Osteocalcin (ng/ml) 15.6+1.3 18.9+9.8 NS
25-OH vitamin D (ng/ml) 18.2+2.4 23.05+2.57 NS
Parathormone (pg/ml) 50.76.6 43.7£16.7 NS
Lumbar T-score (SD) -1.56 -1.94 NS
Neck T-score -1.08 -1.58 NS
Table 2. Hormonal features.

IGF-1 (ng/ml) 152.2+16.7 129.9+12.9 NS
Testosterone (ng/ml) 44+0.5 5.46+0.42 NS
DHT (ng/ml) 0.370.06 0.48+0.09 NS
SHBG (nmol/l) 42.5+4.9 60.19+7.25 NS
FSH (mUl/ml) 747+2.38 9.67+2.74 NS
LH (mUl/ml) 4.83+1.12 5.5+1.2 NS
TSH (pU/ml) 1.83+0.32 1.16+0.12 NS
fT3 (pg/ml) 3.11£0.1 2.97+0.12 NS
fT4 (pg/ml) 11.6+0.4 11.9+0.4 NS
PRL (ng/ml) 10.1+1.3 11.3+1.3 NS
Cortisol (ng/ml) 134.04+9.6 110.9+9.1 NS
ACTH (pg/ml) 27.5+2.9 25.7£3.7 NS
Insulin (pU/ml) 14.96+3.43 11.3+1.9 NS
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different clinical pictures, in bone
metabolism, especially in neck/lumbar T-
score and Vitamin D. Our cohort shows a
consistent number of hormonal impairments
and GHD and hypogonadism are the most
common ones. As shown in Figure 1 in
group A testosterone deficit is clearly
prevailing (24% hypotestosteronemia, 16%
of GHD), while in group B, there is no
hypogonadism and a strong representation of
GHD (29%). Hormonal levels are resumed
in Table 2. Figure 2 shows IGF-1 and LAG
in the two groups. Finally, in group A there
is a significant inverse correlation between
IGF-1 and LAG (shown in Figure 3), while
in group B a direct, yet not significant,
correlation between the two has been
detected.

Discussion

While endocrine picture in osteoporosis
is extensively reported,’? few data are
available in BP, which can be related to
different mechanisms, at cellular and
molecular levels and where OS can play a
significant role. For this reason, we
evaluated patients with BP, not related to
traumas or major skeletal diseases,
comparing hormonal values in patients with
or without radiological fractures. Moreover,
we have correlated hormonal parameters
with antioxidant capacity previously shown
to be modulated by anabolic hormones.?

Main findings of our study were a
different prevalence of hormonal deficits in
the two groups: while hypotestosteronemia
is more frequent in non-fractured group,
GHD is more common in fractured group,
suggesting a major role of IGF-1 in bone
strength. TAC shows a trend toward higher
levels in fractured group, expressing a
reaction to increase oxidative stress,
especially in middle-aged patients. Finally,
IGF-1 inversely correlated with TAC in non-
fractured group. Main results in our study
concern hypoactivity of GH-IGF-1 axis in
patients undergoing fractures, which
presented signs of increased OS. This
condition was suspected by IGF-1 values
under the median for age and sex and
confirmed by GH dynamic evaluation. Even
in unfractured patients, IGF-1 inversely
correlated with TAC, suggesting a protective
role of the somatotropic axis on oxidative
stress. A mutual relationship is demonstrated
between GH and OS.

The relationship between GH and
Oxidative stress in humans has been
investigated in literature showing discrepant
results. Scacchi et al.,”® moreover, showed
higher peroxide levels and lower Lag phase
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in GHD patients, but no direct correlation
with IGF-1 was present. rGH treatment for
4 months restored both peroxide levels and
Lag phase to control values. On the contrary
Smith et al.,** showed in adult GHD an
impaired production of O2+— by neutrophils
and also reduced lipid peroxidation,
evaluated both as plasma lipid
hydroperoxides and LDL susceptibility to
peroxidation. Both these conditions reverted
after 3 months of rGH treatment, but this
matched with an increase of LDL-
cholesterol and triglycerides and a lower
HDL-cholesterol.>* Hypogonadism is more
frequent in non-fractured group, suggesting
a minor role of testosterone rather than
GH/IGF-1 axis on bone.

It is known that male hypogonadism is
correlated with losses in bone quality
although the connection with fracture risk is
not strictly dependent on testosterone serum
levels.

Discordant data were reported about
testosterone levels and fracture risk,
especially in older men.?>2¢ This discrepancy
could be attributed to the evaluation of total
body testosterone levels which may not
necessarily reflect regional testosterone
levels and/or metabolism within the bone.?’
Interestingly and surprisingly enough, the
overall results of two important studies, such
as the MrOS?® and MINOS,” suggested that
free testosterone is not clearly associated
with BMD but may have some role in
fracture risk in elderly men, while
bioavailable estradiol is strongly associated
with both BMD and fracture risk. An
interesting study on DHT treatment in wild-
type and androgen receptor (AR) transgenic
mice demonstrate that replacement therapy
was more effective in AR mice, according to
the suggestion that androgen signaling in the
mature osteoblast/osteocyte can regulate
osteoclastic activity to modulate bone
resorption. Thus, androgen therapy is
effective for the prevention of bone loss
through its anti-resorptive activities, while it
shows little anabolic action to restore lost
bone. Moreover, in this study the response
was compartment-specific, with significant
elevations in cancellous bone with DHT
treatment and less effective actions in
cortical bone. We can summarize that in the
adult, androgens acting on androgen
receptors can reduce bone resorption but
have little overall anabolic activity. *°

Conclusions

The relationships between hormones,
OS and back pain need further investigation;
however, we can suggest that GH can exert

a protective role, acting on oxidative
balance; moreover, the GH dynamics should
be evaluated in this clinical scenario;
longitudinal studies can confirm a prognostic
role of IGF-1 versus fracture risk.
Nevertheless, there are two main potential
restrictions to consider in the present study.
Firstly, the number of subjects in both groups
is slightly small, so its statistical power is
limited, thus our findings will need to be
confirmed in a larger population. Secondly,
this cohort-study and the power analysis
cannot draw a cause-effect conclusion.
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