Serum testosterone depression as a factor influencing
the general condition in chronic obstructive pulmonary disease patients
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Abstract

Background. Testosterone has been recognized for its anabolic properties. It has been documented that
in patients with chronic obstructive pulmonary disease (COPD), chronic hypoxia, disease severity, smoking,
and corticosteroid treatment may contribute to low testosterone levels.

Objectives. The aim of the study was to evaluate the incidence of decreased serum testosterone concentra-
tion in male COPD patients and its influence on their condition.

Material and methods. The study group consisted of 90 male patients, aged 67.2 +8 8 yearsin all stages
of airflow limitation severity (mild n = 6, moderate n = 43, severe n = 28 and very severe n = 13) Serum
testosterone concentration was evaluated using ELISA method (Testosterone ELISE LDN). Decreased serum
testosterone level was defined as a value of less than 3 ng/mL. Testosterone levels were related clinical
features of COPD.

Results. Serum testosterone concentration did not differ in patients with different stages of airflow limi-
tation severity (3.8 0.7 ng/mL for mild: 3.6 £2.1 ng/mL for moderate; 3.4 +1.2 ng/mL for severe and
3.7 £1.7 ng/mL for very severe, respectively). Decreased serum testosterone was found in 30 patients
(group A). There were no differences in age, the number of exacerbations or CRP concentration between
patients with decreased and the normal serum testosterone group (group B). Group A was characterized
by a lower FEV1, shorter 6-minute walking distance, longer smoking history and higher BMI, but no differ-
ences in body composition and densitometry results were found.

Conclusions. Serum testosterone depression may occur in as much as 30% of male COPD patients in all
(OPD stages of severity. The relationship between serum testosterone and negative COPD prognostic factors
indicates its influence on the natural history of the disease.
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Introduction

Male hypogonadism is a clinical syndrome caused by an-
drogen deficiency which may adversely affect the function
of multiple organs and the patient’s quality of life. It is due
to the disruption of 1 or several levels of the hypotha-
lamic—pituitary—gonadal axis.! Male ageing is character-
ized by a progressive decline in circulating testosterone
by approx. 1-2% per year.>? In the European Male Ageing
Study, testosterone concentration was lower than 8 nmol/L
in 4.1% of patients and lower than 11 nmol/L in 17%.*
The results show that the symptoms of poor morning
erection, low sexual desire, erectile dysfunction, inabil-
ity to perform vigorous activity, depression, and fatigue
were significantly related to testosterone level.* According
to the US Hypogonadism in Males Study, 38.7% of men aged
45 and above have testosterone deficiency (with the cut-off
value set at 300 ng/dL).>According to the PolSenior study,
19.9% of male subjects over 65 years had testosterone con-
centrations below normal values, in 78.2% it was within
the normal range and in 1.8% it was over the normal value.®
Hypogonadism is associated with such symptoms as body
composition changes, gynecomastia, muscular atrophy,
osteoporotic fracture, loss of height, sleep disturbance, fa-
tigue, decreased energy, muscle aches, and poor memory.!
Some studies have shown that hypogonadism occurs more
frequently in some medical conditions, including type 2
diabetes, obesity, dyslipidemia, obstructive sleep apnea,
chronic obstructive pulmonary disease (COPD), rheuma-
toid arthritis, osteoporosis, chronic corticosteroid use, and
others.! Important factors that predicted and correlated
with hypogonadism were advanced age, obesity, a diagnosis
of metabolic syndrome, and a poor general health status.’
Decreased plasma testosterone may suggest the presence
of cardiovascular risk factors and potentially increased risk
for heart disease.® Low testosterone levels may be linked
to increased all-cause mortality. The risk for all-cause mor-
tality during an average of 4—16 years’ follow-up period was
24-124% higher in men with low testosterone.” The preva-
lence of hypogonadism in male COPD patients ranges from
22 to 69%,° but some studies have shown an insignificant
difference in testosterone concentration between COPD
and healthy men.?!%!! The mechanism of hypogonadism
in COPD patients is unclear. Age, chronic hypoxia and hy-
percapnia, smoking status, comorbidities and corticosteroid
therapy are likely reasons for this condition.”?

The aim of the study was to evaluate the incidence of de-
creased serum testosterone concentration in male COPD
patients and its influence on the general condition.

Material and methods

The study group consisted of 90 male patients with
COPD diagnosis, in all stages of airflow limitation. Chron-
ic obstructive pulmonary disease was diagnosed according
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to the Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) definition.!® The patients were consecutively
enrolled from patients treated on an out-patient basis at
the Department of Internal Medicine, Pulmonary Dis-
eases and Allergy at the Medical University of Warsaw.
The inclusion criteria were: male sex, age over 50 years,
COPD diagnosis, and signed informed consent. The ex-
clusion criteria were: COPD exacerbation in the 4 weeks
prior to the study, prostate cancer, treated with testos-
terone in the 4 weeks prior to the study. The character-
istics of study group are presented in Table 1. Medical
history and physical examination, including body weight
and height, were conducted. The BMI (kg/m?) was cal-
culated. An analysis of body composition was performed
using bioimpedance (Tanita T5896, TANITA Corpora-
tion of America, Inc., Arlington Heights, USA). Fat mass
(FM), fat free mass (FFM), muscle mass (MM), and total
body water (TBW) were expressed as indexes — kg/m?
(FMI, FEMI, MMI, TBWI). Bone mineral density (BMD)
within the postero-anterior lumbar spine (level L1-14)
and the femoral neck were assessed by dual-energy X-ray
absorptiometry (DEXA) with the use of a Discovery Densi-
tometer (Hologic, Waltham, USA) according to the manu-
facturer’s recommended standard procedures. Spirometry
with bronchial reversibility testing after the administra-
tion of salbutamol (400 pg) via a spacer was performed
in accordance with the ATS/ERS recommendations
(Lungtest 1000, MES, Skawina, Poland).!* Six-minute
walk test (6MWT) was performed in accordance with

Table 1. Characteristics of the study group (median and IQR)

Age 66.5 (60-75)
Pack-years 40.0 (26-50)
Ex-smokers, n [%] 63 (70.0)
Active smokers 23 (25.6)
Never smokers 4(4.4)

BMI [kg/m?] 28.3 (24.6-32.0)
Number of exacerbations/year 1.0 (0-2.0)
mMRC 2.0 (1.0-2.0)
BODE index 2.0(0.0-3.0)
Post-bronchodilator 1.53 (1.2-1.9)
FEV;L/%predicted 53.2 (44.3-63.1)
Post-bronchodilator 3.2(2.7-3.8)
FVC L/%predicted 81.7 (674-94.5)
SpO; (%) at rest 95.0 (93.0-96.0)

6MWD [m] 4450 (370.0-508.0)
Airflow limitation, n [%]
mild 6 (10)
moderate 43 (45.5)
severe 28 (35.5)
very severe 13 (9)

Chronic inhaled corticosteroid

treatment, n [%] 46 (51.1)

BMI - body mass index; BODE index — Body-mass index, airflow Obstruction,
Dyspnea, and Exercise; FEV; — forced expiratory volume in the first second;
FVC - forced vital capacity; BMWD — 6-minute walking test distance.
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ATS recommendations.!® Dyspnea was assessed accord-
ing to mMRC score.’®* BODE (Body-mass index, airflow
Obstruction, Dyspnea, and Exercise) index was calculated
for 53 patients.!” Complete blood count and serum levels
of C-reactive protein (CRP), lipid profile and testoster-
one concentration were evaluated. Serum testosterone
concentration was measured with the enzyme-linked im-
munosorbent assay (ELISA) method, using Testosterone
ELISA LDN (Labor Diagnostika Nord GmbH & Co.KG,
Nordhorn, Germany). Decreased serum testosterone level
for male adults was defined as a value lower than 3 ng/mL.°
Quality of life was evaluated using the St. George’s Respi-
ratory Questionnaire (SGRQ).!® The variables described
above (anthropometric data, lung function, body compo-
sition, bone density, exercise performance, basic blood
biochemical tests, and quality of life) defined the general
condition of COPD patients in our study. The study was
funded by the National Center for Research and Develop-
ment; project “Chronic obstructive pulmonary disease
(COPD) — systemic disease, the biggest threat of the 215
century” (13 0034 06/2009). The study received the per-
mission of the Ethics Committee of the Medical University
of Warsaw (No. KB/207/2008).

Statistical analysis

Statistical analysis was performed using STATISTICA
for Windows software v. 10 (StatSoft, Inc., Tulsa, USA).
The Shapiro—Wilk test was used to confirm normal
distribution of the data. Normally distributed variables
were represented as a mean + standard deviation. Vari-
ables outside the normal distribution were represented
as a median (interquartile range — IQR). Student's t-test
or Mann—Whitney U tests were used depending on the dis-
tribution of the variables analyzed for intergroup compari-
sons. The significance of the correlation coefficient was
assessed on the basis of the Spearman’s rank correlation
coefficient. Linear regression was used to analyze the dif-
ferences in 6MWT distance (6MWTD) between groups
with normal and decreased serum testosterone. Six-minute
walking test distance was entered into the statistical model
as a dependent variable, and BMI, FEV; and FVC were
used as independent factors. Statistical significance was
set to a value of p < 0.05 for all tests.

Results

The median testosterone concentration was 3.53
(2.7-4.3 ng/ml) in all patients. Serum testosterone con-
centration did not differ in patients at different stages
of airflow limitation (4.1 (3.5-4.6 ng/mL) for mild, 3.4
(2.8—-4.3 ng/mL) for moderate, 4.0 (2.6—4.2 ng/mL) for
severe, and 2.8 (1.6-3.9 ng/mL) for very severe (Fig. 1).
Decreased serum testosterone was found in 30 (33.3%)
patients (hypogonadal, group A). There were no differences
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Fig. 1. Serum testosterone in patients at different stages of airflow
limitation

The horizontal line within the box indicates the median. The boundaries
of the box indicate the 25" and 75" percentiles. The error bars mark

the 90™" and 10" percentiles. Dotted points represent the outlying
values. GOLD1 - FEV,%FVC <0.7 and FEV, >80% of predicted;

GOLD2 - FEV,%FVC <0.7 and 50 < FEV, <80% of predicted;

GOLD3 - FEV,%FVC <0.7 and 30 < FEV, <50% of predicted;

GOLD4 - FEV,%FVC <0.7 and FEV; <30% of predicted.

in age, the number of exacerbations, CRP or lipid con-
centrations, or inhaled corticosteroid treatment between
patients with decreased and normal serum testosterone.
Group A had a higher BMI, a more relevant smoking his-
tory and a worse functional performance (Table 2). Six-
teen patients (53.3%) in group A were treated with inhaled
corticosteroids (p = ns) and 6 (20.0%) were active smokers
(p = ns). Despite differences in BMI between the eugonadal
and hypogonadal groups, we found no differences in body
composition (FMI, FEMI, MMI, or TBWI). The results

Table 2. Differences in variables studied between hypogonadal (A)

and eugonadal groups (B), presented as median and IQR
| p-value

Variables | Group A |

Group B

BMI [kg/m?] 309 (24.6-34.3) 269 (24.0-31.0) 0.01

Pack-years 40.0 (35.0-67.0) 37.0 (20.0-50.0) 0.02
Post-bronchodilator

FVC [ 29 (2.4-3.5) 34 (2.8-4.1) 0.03
Post-bronchodilator

FEV, 1] 1.3(1.0-1.6) 1.6 (1.2-2.1) 0.005
Post-bronchodilator

FEV; (%pred) 475 (39.0-58.0) 57.5 (45.5-65.5) 0.03
SpO; (%) at rest 94.0(89.0-95.0) | 95.0(93.0-96.0) 0.04

365.0 4525

MWD [ml (3410-4550) | (3950-5600) = 00°
Hemoglobin [g/dL] 14.3 (12.6-14.9) 14.8 (14.0-15.7) 0.01

BMI - body mass index; FVC — forced vital capacity; FEV; — forced
expiratory volume in the first second; SpO, (%) — arterial oxygen
saturation; MWD — 6-minute walking test distance.
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Table 3. Results of the St. George's Respiratory Questionnaire
in the groups studied, presented as median and IQR

Domains of SGRQ Group A Group B p-value
Symptoms 48.2(269-60.6) = 489 (35.0-627) 0.7
Activity 66.3 (57.2-85.8) 66.2 (47.7-75.0) 0.6
Impact 41.1 (24.8-58.1) 34.5(26.2-46.1) 0.1
Total 51.8 (38.9-63.1) 46.5 (36.6-53.8) 0.8

Table 4. Correlations between testosterone concentration and studied
variables

Variables | r | p-value
Sp0; at rest (%) 0.25 0.02
6MWD 0.32 0.03
post-bronchodilator
FEV, Gbpred) 0.23 0.02
Serum )
testosterone post-bronchodilator 0.28 0.005
) FEV; [L]
concentration
post-bronchodilator
FVC [ 0.23 0.02
BMI [kg/m?] -0.25 0.01
hemoglobin [g/dL] 0.24 0.03
L1-L4 BMD -0.38 0.006
Lumbar L1-L4 T score ~0.38 0,006
vertebrae
L1-L4 Z score -0.33 0.01

BMD - bone mass density; FEV; - forced expiratory volume in the first
second; FVC - forced vital capacity; SpO, (%) — oxygen saturation;
6MWD - 6-minute walking distance; L1-L4 — lumbar vertebrae;

T-score — bone mineral density at the site when compared to the young
normal reference mean; Z score — comparison to age-matched normal.

of densitometry were also comparable between groups,
as were the mMRC score and BODE index. We did not ob-
serve any relationships between the quality of life assessed
using the St. George’s Respiratory Questionnaire and tes-
tosterone concentration, but the results show a tendency
for a decreased quality of life (Table 3). There were 15 hy-
pogonadal patients under 65 years of age. The median tes-
tosterone concentration in these patients was 3.38 ng/mL
(IQR 4.0-0.8 ng/mL) vs 3.52 ng/mL (IQR 2.6—4.4) in pa-
tients above 65 years (p = ns). The following relationships
between serum testosterone and the variables investigated
were found (Table 4): multivariate analysis showed that
inclusion into the analysis was based on independent vari-
ables: BMI, FEV (% of predicted) and FVC (% of predicted)
did not change the statistically significant relationship
between 6MW T distance and the decreased or normal
serum concentration of testosterone (linear regression,
corrected R? of the model = 0.10; p < 0.01).

Discussion

Our study showed that 1/3 of the investigated cohort
of patients with COPD had serum testosterone concentra-
tions below the normal value and this was not dependent

R. Rubinsztajn, et al. Hypogonadism and COPD

on age or inhaled corticosteroid treatment. Although
we failed to show differences in serum testosterone concen-
trations in the 4 degrees of airway obstruction (GOLD1-4),
low testosterone patients were characterized by lower
FEV;, FVC, SpO, at rest and a shorter 6-minute walking
distance. Given the above, it seems that our results confirm
the role of testosterone in the general impact of the disease
in male patients with COPD.

Smoking is the main COPD risk factor. The influ-
ence of smoking on the total testosterone concentration
has been the topic of previous studies. Halmenschlager
et al. found no relation between smoking and testoster-
one level'® but the results of a meta-analysis showed that
in a group of healthy men aged 18—61 years, smokers had
a higher mean testosterone than non-smokers.2° Moreover,
the Tromse Study showed differences between testoster-
one concentration in current, ex- and never-smokers.2!
Our study did not confirm these results.

The next factor associated with COPD is hypoxia. Hy-
poxia suppresses gonadotropin and testosterone secretion
in men with COPD.’ A strong correlation between the de-
gree of hypoxia and the degree of testosterone reduction
was found by Sempleet al.??> Gosney et al. found smaller
testis volume and Leydig-cell atrophy in the necropsy
of COPD patients.?? In our group, oxygen saturation was
lower in the hypogonadal group, which is in line with
other results. Akbas et al. studied endocrine changes
in COPD patients with acute respiratory failure admit-
ted to the intensive care unit. Testosterone concentration
tended to be lower in these male patients than in healthy
subjects. In 5 (62.5%) COPD patients, testosterone concen-
tration was below the lower limit. In this group, 3 patients
had normal LH and FSH levels (hypogonadotropic hypo-
gonadism) and in 2 patients LH and FSH levels were high
(hypergonadotropic hypogonadism).?* According to some
authors, hypogonadism could be related to acute illnesses
and inflammation.?* However, other authors disagreed
with this hypothesis.!*252¢ We found no differences be-
tween studied groups with regards to CRP concentra-
tion or the number of exacerbations. Chronic obstructive
pulmonary disease is characterized by persistent airflow
limitation that is usually progressive.!® In the Tromse
Study, the reduction in pulmonary function tests was
associated with lower levels of free and total testoster-
one.?! Hormones were independently associated with both
FVC%pred. and FEV,%pred., and their concentrations
were significantly lower in patients with severe and very
severe airflow limitation.?! In our study, serum testos-
terone levels did not differ among patients with the 4 de-
grees of airway obstruction severity (GOLD 1-4), however,
we found that patients with lower testosterone levels not
only had lower FEV; and FVC, but were also character-
ized by lower SpO, at rest and shorter 6-minute walking
distance. This seems to confirm the earlier findings that
testosterone levels impact functional performance in male
patients with COPD.
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Low testosterone level as an anabolic hormone was as-
sociated with muscle wasting. Peripheral muscle wasting
is associated with reduced exercise capacity.?! Van Vliet
et al. found a positive relationship between low androgen
status and quadriceps muscle weakness in COPD male
patients, but they found no correlations between circu-
lating testosterone concentration and 6MWD.?*> Lagchi
et al. found no differences in 6MWD between hypogo-
nadal and eugonadal patients.?” In our hypogonadal group,
the 6MWD was shorter, along with resting oxygen satu-
ration. Moreover, lower 6MWD may be related to lower
hemoglobin concentration in the low testosterone group.
Our results regarding higher BMI in hypogonadal men
were the same as in the Laghi study.?” Although hypogo-
nadism is associated with the shift in body composition
towards more adipose tissue,?® we found no differences
in FFMI, FMI, MMI, and TBWI.

Hypogonadism is one of the risk factors of osteoporosis.’
No differences in bone mass density were found, but L1-L4
BMD, T-score and Z-score correlated with testosterone con-
centration. The influence of chronic diseases on the qual-
ity of life has been studied by different authors.?3° In our
previous study, we reported differences in the individual
components of the St George’s Respiratory Questionnaire
depending on the frequency of exacerbations.?! In this
study, we found no differences in the SGRQ score between
patients with low and normal testosterone concentration.
Our results are in line with the Laghi study.?” On the other
hand, sexual dysfunction is frequent in COPD patients.3233
and it has a negative impact on the quality of life.>3 Ac-
cording to Collins et al., the prevalence of low testoster-
one levels was equal in patients with and without sexual
dysfunction.?® In this study, we did not examine depres-
sion as one of the COPD comorbidities, and its correlation
with hypogonadism. This was the question of Halabi et al.,
who found no association between testosterone deficiency
and the prevalence of depression.?* In medical practice,
we should remember that critically ill patients develop sig-
nificant changes in neuroendocrine axes, including changes
in testosterone concentration.?® The question is the impact
of testosterone supplementation therapy on COPD patients.
Atlantis et al. conducted a meta-analysis of 9 observational
studies and concluded that testosterone therapy improves
exercise capacity.3¢

Study limitations

This study is limited by the lack of a control group of age-
matched healthy smokers. In our opinion, we can compare
the COPD patients investigated to the subjects studied
in the PolSenior Study. As mentioned in the introduction,
in the PolSenior Study, 19.9% of male subjects over 65 years
had testosterone concentrations below normal values.®
Furthermore, we cannot exclude that the lack of some ear-
lier, strongly-confirmed correlations, such as the correla-
tion between testosterone level and FEV3, may be attributed
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to the relatively small number of patients studied. How-
ever, we would like to emphasize that the earlier observed
relationships between testosterone levels and FEV; have
been indirectly confirmed by our findings of lower FEV;
in patients with serum testosterone below the lower limit
of normal.

Conclusions

Serum testosterone depression may occur in as many
as 30% of male COPD patients in all COPD stages of sever-
ity. The correlation between serum testosterone and nega-
tive COPD prognostic factors may suggest its influence
on the natural history of the disease. Larger, multicenter
clinical trials are needed to confirm these conclusions and
use it in clinical management.
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