OA Maced J Med Sci electronic publication ahead of print,

published on September 22, 2015 as http://dx.doi.org/10.3889/0amjms.2015.101

ID Design 2012/DOOEL Skopje

Open Access Macedonian Journal of Medical Sciences.

http://dx.doi.org/10.3889/0amjms.2015.101
elSSN: 1857-9655
Clinical Science

igidesign

A Pilot Study on BMI, Serum Testosterone and Estradiol Levels
in Allergic Male Patients

Violeta Lokaj-Berisha®’, Besa Gacaferri-Lumezi', Naser Berisha®, Sanije Gashi-Hoxha®

1Department of Physiology & Immunology, Faculty of Medicine, University of Prishtina, Republic of Kosovo; 2Departments of
OB & GYNE, University Clinical Centre, Prishtina, Republic of Kosovo; 3National Institute of Public Health, Prishtina,

Republic of Kosovo

Citation: Lokaj-Berisha V, Gacaferri-Lumezi B, Berisha N,
Gashi-Hoxha S. A Pilot Study on BMI, Serum
Testosterone and Estradiol Levels in Allergic Male
Patients. OA Maced J Med Sci.
http://dx.doi.org/10.3889/0amjms.2015.101

Key words: allergy; BMI; estradiol; male; testosterone.

‘Correspondence: Violeta Lokaj-Berisha, MD, MSc, PhD
candidate. Allergy and Clinical Immunology, Department
of Physiology & Immunology, Faculty of Medicine,
University of Prishtina, Republic of Kosovo. Address: 24
Maji, no.31, Arbéri, 10000 Prishtina. Phone: +37744 185
222. E-mail: vivefjolla@yahoo.com

Received:  05-Aug-2015; Revised: 14-Sep-2015;
Accepted: 15-Sep-2015; Online first: 22-Sep-2015

Copyright: © 2015 Violeta Lokaj-Berisha, Besa
Gacaferri-Lumezi, Naser Berisha, Sanije Gashi-Hoxha.
This is an open access article distributed under the terms
of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are
credited.

Competing Interests: The authors have declared that no
competing interests exist.

Introduction

Abstract

BACKGROUND: The dramatic increase in the prevalence of high body mass index (BMI) increases
the prevalence of allergic diseases, both in adults and children and obesity is associated with
hypogonadism in adult males.

AIM: We aimed to evaluate the effect of high body mass index on plasma concentrations of
testosterone and estradiol in young pubertal and adult males with allergic diseases.

MATERIAL AND METHODS: Morning fasting blood samples were obtained form 51 allergic
patients and 6 healthy volunteer males between the ages 11-57 years (Mean 26.9, DS + 11.9
years). Total testosterone, estradiol, FSH and LH concentrations were measured by
radioimmunoassay. All participants were subjected to skin prick tests with test kit G aeroallergens,
and BMI was calculated according to the body weight divided by the square of height (kg/m?).

RESULTS: Low levels of testosterone and high levels of estradiol were associated with high BMI
only in patients with asthma/rhinitis, but not in asthma patients. Allergic dermatitis/urticaria group
along with healthy controls were overweight but within normal ranges for total testosterone and
estradiol concentrations. Patients with allergic rhinitis were within normal ranges for BMI, total
testosterone and estradiol concentrations.

CONCLUSION: High BMI is not always associated with low levels of testosterone and high levels
of estradiol in our patients with allergic diseases, but low levels of testosterone are present in
patients with asthma and asthma/rhinitis although not among patients with rhinitis only. Our results
should be confirmed in a larger group of participants.

and testosterone can regulate specific and non-
specific immune responses, revealing immune-

The dramatic increase in the prevalence of
obesity increases the prevalence of allergic diseases,
especially IgE -mediated atopic ones, both in adults
and children [1-3]. This phenomenon, in recent
decades, has challenged scientists worldwide to
review the possible causes and consequences of
these diseases, including sex hormones, although the
accompanying mechanisms are not clear [4, 5].
Gender differences, age of onset, BMI, social and
environmental problems have been the subject of
several epidemiological and clinical studies [4-6].
Some data from animal studies suggest that estrogen

modulating effects of sex hormones [7-9].
Further, testosterone acts as immune-suppressant
and estrogen as pro-inflammatory, accordingly the
first one is likely to be protective for men, but the latter
is implicated in allergies [10].

Men, as teenagers, have high levels of
testosterone and low levels of estrogen, but getting
older, testosterone levels decline and estrogen levels
increase, so low levels of testosterone usually
correspond with higher levels of estrogen. However,
despite the fact that testosterone levels decline with
increasing age of men, it can often be associated with
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several other adverse conditions, such as obesity or
diabetes [11]. Conversion of testosterone to estrogen
is due to aromatase reaction, more abundant in fat
cells of adipose tissue, so the more fat the human
body has the more aromatase and consequently the
more estrogen [12]. Given the fact that obesity is
associated with allergic diseases, one may speculate
that low levels of testosterone and high levels of
estradiol in atopic obese men, regardless of any age
may be associated with allergic diseases [13].

Based on conflicting statements reported in
clinical and epidemiological studies, about the role of
testosterone and estradiol in allergy, our goal was to
elucidate any relationship between sex hormones and
allergic diseases related to increased body mass
index (BMI) and age of our male patients [14, 15].

Material and Methods

Subjects

Our study enrolled fifty seven (57) male
subjects: 51 were patients who experienced allergy
symptoms of asthma (A), asthma/rhinitis (A/Rh),
rhinitis  (Rh) and allergic  dermatitis/urticaria
(derm/urtic) and six (6) subjects from medical staff
were healthy volunteers. Participants of the study
group were consecutive patients, referred to the
Allergy & Clinical Immunology outpatient service at
the UCC Prishtina.

After being evaluated about their allergy
symptoms and diagnosed with any of the above
respiratory or skin diseases, they were recruited in
voluntary bases. Informed written consent was
obtained from all participants who were then included
in the research. To each subject was handed over a
study questionnaire requesting demographic data,
family history of atopy, respiratory symptoms and
smoking habits as well as not to be on prescription
medication believed to affect hormone levels. They
were measured for height and weight, using
stadiometer and electronic scale. The BMI was
calculated according to the body weight divided by the
square of height (k%/mz) and was classified as low
(BMI, <185 kg/m®), normal (18.5-24.9 kg/m?),
overweight (25-29.9 kg/mz) and obese (BMI, > or = 30
kg/mz), according to the World Health Organization
(WHO), the US Preventive Services Task Force and
the International Obesity Task Force.

Patients, based on their diagnoses, were
divided in four groups: the rhinitis group, the
asthma/rhinitis group, asthma without rhinitis and
allergic dermatitis/urticaria group. The controls were
healthy volunteers selected according to the answers
about not having, nor ever had, symptoms of
respiratory allergies (coughing, sneezing, itching and

nose discharge); absence of self-reported chronic
disease (diabetes, heart disease, high blood pressure,
cancer, and ulcer) and not on prescription medication
believed to affect hormone levels. The average age of
men included in the survey was 26.9 years (SD = 11.9
years), range 11-57 years. The protocol for the
research project has been approved by the Medical
Faculty ethics committee.

Blood sampling

For the measurement of serum concentration
of total testosterone, estradiol, follicle stimulating
hormone (FSH) and luteinizing hormone (LH), venous
blood (2 mL) was obtained between 8:00 and 10:00
a.m. Blood samples were allowed to clot at room
temperature and the serum was separated by
centrifugation at 1,200xg for 10 minutes and stored at
-80°C. Sera were thawed at room temperature before
measurements. Total testosterone, estradiol, FSH and
LH levels were measured by RIA, using Immunotech
Beckman Coulter company products (France) at the
laboratory of Endocrinology, Institute of Physiology,
UCC Prishtina. Bound radioactivity was calculated
with Gamma counter and expected normal ranges,
according to manufacturer's suggestion, for total
testosterone were 9.0-41.6 nmol/L, estradiol 55-260
pmol/L, FSH 1.3 - 11.5 IU/L and LH 0.5-10.0 IU/L

Skin prick test

All participants were subjected to SPT with
test kit G aeroallergens, Allergopharma product
(Reinbeck Germany), along with positive control —
histamine (1 mg/ml) and negative — saline. Allergenic
extracts included 3 groups of pollen: grasses
(grasses/cereals, grasses, rye), trees (alder, hazel,
birch, beech) and weeds (mugwort, E. plantain). The
allergenic extract was placed on to the volar surface
of forearm and introduced into the epidermis with
sterile lancet (1 mm depth), new for each allergen. For
each subject, 15 minutes later, both diameters of skin
reaction were recorded and SPT was considered
positive if diameter >3 mm. The patients were all
allergic to at least one allergen extract, and some
volunteers from the control group reacted positive too.

Statistical analyses

Data are presented as the median and mean.
Kruskal-Wallis variance analysis was used for
screening differences among the five groups. Fisher
exact test and Mann-Whitney test were used to
compare the differences between two groups among
healthy controls (positive or negative to skin prick
test). P-values less than 0.05 were considered
significant.
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Results

After assessing the age of the participants in
this study, we found that the average age was 26.9
years (SD + 11.9 years), but when we calculated the
average age of the patients in groups with particular
disease and healthy participants in the control group,
we found that the A group consisted of younger
subjects compared with other groups, especially those
with Derm/Urtic which was characterized by the
significantly higher average age value (KW = 9.61,
P=0.04, P<0.05) (Table 1).

estradiol levels in all study groups were within the
normal range, with no significant differences between
groups (Table 1). Eventually, when assessing the
concentration of FSH and LH, we found that the
median value for both these hormones was the lowest
in the group with A and the highest in the group with
the Derm/Urtic, but no significant differences between
groups (Table 2). Given the implication of BMI and
age at the level of testosterone and estradiol, we
context the correlation between age, BMI and
variables such as testosterone and estradiol, in both
groups of participants, patients regardless of the type
of allergic disease and control group as well.

Table 3: Correlation between age and testosterone or estradiol
in patients stratified according to their age in different age
groups

Age group Testosterone Estradiol
(years) (nmol/L) (pmol/L)
10-19 r=0.7% r=-0.23
20-29 r=-0.28 r=0.65*
30-39 r =-0.55** r=0.11
49-49 r=-0.27 10550
50-59 r=-1 r=1

Table 1: Age, BMI and serum concentrations of total
testosterone and estradiol in allergic patients and controls
A AIRh Rh Derm/urtic ~ Controls
(n=4) (n=10) (n=34) (n=3) (n=6) P value
Age 14.8 2822 26.1 34.0 35 (47
(Mean, SD) (2.8) (15.1) (10.6) (11.8) (13.2) :
BMI 224 25 234 28.4 25 0.290
(Median, range) (16.9-46) (15.3-29.4) (10.0-31.5) (24.3-31.9) (23.4-29.4)
N (%)
Normal 3(75.0) 5(50.0) 20(58.8) 1(33.3) 2(33.3)
Overweight - 5(50.0) 13(38.2) 1(33.3) 4 (66.7)
Obese 1 (25.0) 1(2.9) 1(33.3) -
Total Testosterone Nmol/L 1.6 9.8 17.2 17.9 16.3 0.115
(Median, range) (1.3-15.1) (0.2-35.1) (0.7-40.0) (11.03-22.3) (2.6-26.3)
N (%)
<9.0 2(50.0) 5 (50.0) 2(5.9) 1(16.7)
9.0-41.6 2(50.0) 5(50.0) 32(94.1) 3(100.0)  5(83.3)
Estradiol Pmol/L 188.2 178.7 160.8 177.2 179.5 0.996
(Median, range) (55-214) (54-339)  (66-410)  (172-212) (179-278)
N (%)
<55 1(25.0) 1(10.0) - 1(16.7)
55-260 3(75.0) 6(60.0) 22(64.7) 3(100.0) 4 (66.7)
> 260 3(30.0) 12(35.3) - 1(16.7)

n - number of subjects; Rh — allergic rhinitis; A/Rh —allergic asthma with rhinitis;
Derm/urtic — allergic dermatitis/acute urticaria; BMI- body mass index (normal= 18.5-24.9
kg/mz, overweight = 25-29.9 kg/mz, obese >30 kg/mz)A

In addition, when we calculated the values for
BMI, we found that 46% of all subjects had values
above the normal range, including a high percentage
of healthy controls (Table 1). However, average
values for BMI between study subjects indicate that
patients with A/Rh and Derm/Urtic along with healthy
participants of control group were overweight (Table
1). In addition, the testosterone level was low in
patients with A/Rh and much lower in the group with
asthma, compared with other disease groups, as well
as the healthy control group, but no significant
differences between groups were recorded.

Table 2: Serum concentrations of FSH and LH in allergic
patients and controls

A A/Rh Rh Derm/urtic Controls
Moieelaels  Gem (n=10) (n=34) (0=3) (=6) P value
FSHIUIL 21 34 30 50 30
(Median, range) ~ (14-3.3) (L8-123) (12-450) (4.89.9)  (19.9.2)  0.103
N (%)
<13 ; ; 1(29) ; ;
13-115 4(1000) 9(90.0) 32(941)  3(100.0) 6 (100.0)
>115 - 1(100)  1(29) - -
LH IU/L 1.8 4.4 3.5 6.9 4.2
(Median, range) ~ (1.73-3)  (0.42-78) (0.15-26)  (6.5-8.8)  (2.8:6.6)  0.826
N (%)
<05 - 1(100)  1(29) ; ;
0.5-100 4(1000) 9(90.0) 30(882)  3(100.0) 6 (100.0)
> 10.0 - 3(89) - -

n - number of subjects; Rh — allergic rhinitis; A/Rh —allergic asthma with rhinitis; FSH —
follicle stimulating hormone; LH — luteinizing hormone.

Also, estradiol concentration was above the
normal level in a good percentage of the patients with
A/Rh, Rh and healthy controls, but within the normal
range in all patients with Derm/Urtic. However Median

r- Pearsons correlation coefficient; *- strong; **- moderate.

In patients divided into 4 groups according to
age group, we found a strong positive correlation
between age and testosterone only in the age group
10-19 years (Table 3), while moderate inverse
correlation in the age group 30-39 years. Also a
moderate correlation we found between age and
estradiol in the age group 20-29 years and 40-49
years (Table 3) (Figure 1).
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Figure 1: Correlation between age and testosterone/estradiol in
specific age group of patients

Furthermore we did not find any correlation
between testosterone/estradiol and having normal
BMI being overweight or obese. However when the
same variables were analyzed in the framework of
specific disease group, we have found a strong
positive correlation between age and
testosterone/estradiol in the group of patients with
asthma and weak to moderate correlation of age and
estradiol levels in other allergic disease groups as well
as controls (Table 4).
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Table 4: Correlation between Age, BMI, testosterone and
estradiol in male patients with different allergic diseases and
healthy controls

Patients Testosterone Estradiol
A Age r=0.77* r=0.99*
BMI r=-0.3"* r = 0.35%**
A/Rh Age r=0.23 r=-0.24
BMI r=0.16 r=-0.16
Rh Age r=-0.12 = 0.48**
BMI r=-0.33% r=0.27
D/U Age r=0.17 r=0.81*
BMI r=-0.57** r=0.16
C Age r=-0.05 r = 0.64**
BMI r=0.42** r=0.32%*

A- asthma; r- Pearsons correlation coefficient; A/Rh- asthma with rhinitis; *- strong; Rh-
rhinitis; **- moderate; D/U- dermatitis or urticaria; ***- weak; C- controls.

BMI correlated weakly and inversely with
testosterone in patients with asthma and rhinitis,
moderately in patients with D/U and positively in
control group (Figure 2). Eventually weak to no
correlation was found between BMI and estradiol in
each group of patients with particular allergic disease.

20 2 2 2 28 30 32 3 20 2 2 2 28 30
BMI (0/U) BMI (Controls)

Figure 2: Correlation between BMI and testosterone in patients and
controls

Discussion

According to some studies, the accumulation
of intra-abdominal fat and development of central
obesity could be predicted by low serum total
testosterone and vise versa [16-18]. On the other
hand, more fat the human body has the more
aromatase and consequently the more testosterone
conversion to estradiol, hence the more estrogen [12].
Further, Testosterone levels are affected by age, body
mass index (BMI) and co morbidities, such as type 2
diabetes and probably allergies [19]. Taking all these
in consideration, we would expect that our obese
allergic male patients, regardless of age, could have
low levels of testosterone but high levels of estradiol.

However, the results obtained for each
hormone within each research group and control
group, were not consistent with our expectations.

Thus the low average value of testosterone in the
group of patients with A/Rh may be due to the high
BMI, since 50% of them are overweight. And on the
other hand, the low level of testosterone is associated
in 30% of patients with the A/Rh with high levels of
estradiol. Therefore, in this group of patients with the
average age 28.2 years and BMI indicator for
overweight, low levels of testosterone may be due to
its conversion to estradiol in adipose tissue. Moreover,
the concentrations of FSH and LH, which are
analyzed to diagnose primary or secondary
hypogonadism [20], were within normal range in 90%
of patients with A/Rh, but the median value was 3.4
(range 1.8-12.3) . Based on data from other studies,
low testosterone and low to normal FSH and LH
Levels may be indicative of Secondary hypogonadism
[21, 22]. The group of patients with asthma, being
significantly younger (mean 14.8 + SD 2.8 year) with
median BMI 22.4 (range 16.9-46), had lower levels of
testosterone, FSH and LH while the highest level of
estradiol, compared with other groups of patients and
control group. Given that their average age fits in early
to mid-puberty, when the concentration of
testosterone may be from 1.04 to 3.47 nmol/L and
3.47 to 10.41 nmol/L, respectively [30-32], the
concentration of testosterone in our asthmatics
(Median 1.6 nmol/L range 1.3-15 nmol/L) was at the
lower limit of the normal range. Despite the fact that
the difference between groups was not statistically
significant, low testosterone concentration and high
concentration of estradiol in the asthma group was not
due to high BMI, but may be the result of Secondary
hypogonadism [21, 22]. Although we have not
analyzed our patients any further for causes of
Secondary hypogonadism, we can speculate that the
reason may be the high level of cytochrome P450
aromatase in the adult male reproductive system or
lack of receptors for estrogen (ERa) in the Leydig
cells, based on numerous studies [23-27].

On the other hand, patients with
Derm/Urticaria being in 66.6% of cases overweight
and older (mean + SD 11.8 34 years), were expected
to have lower concentrations of testosterone and
higher concentrations of estradiol, but on the contrary,
the concentration of testosterone and estradiol were
within normal limits, while FSH and LH concentration
was higher than in other groups including the control
group.

Moreover, in patients with allergic rhinitis
being within the normal range for BMI and mean age
similar to healthy control group, all hormones tested
were within normal values.

Overall, in patients with A and A/Rh, low
concentration of testosterone may be the cause of
allergic symptoms, considering its immunsupresor
activity reported in numerous researches [10, 28]. But
the normal level of testosterone in allergic rhinitis and
Derm/Urtic, can be explained by the fact that mast
cells from different tissues may respond differently to
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the same biological factors [29].

So we can conclude that the lower the level of
testosterone in men with allergy of respiratory system,
the greater predisposition to clinical manifestation of
symptoms of lower respiratory routes, while the higher
level of testosterone, the greater the opportunity for
localization only in the upper respiratory ways.
The advantage of this research is that assigning
hormone concentration is done in patients with
allergies still not treated with glucocorticoids.
Shortcoming of the research is the small number of
participants within certain groups of allergic disease.

In conclusion, high BMI is not always
associated with a low level of testosterone and high
levels of estradiol in our patients with allergic
diseases, but low levels of testosterone are present in
patients with asthma and asthma/rhinitis although not
among patients with rhinitis only. Our results should
be confirmed in a larger group of participants.
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