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Correlation between serum P450arom
and sex hormones in males with late-onset
hypogonadism: a pilot study
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Abstract. — OBJECTIVE: The research aimed
to investigate the correlation between serum
P450arom and sex hormones in males with
late-onset hypogonadism (LOH).

PATIENTS AND METHODS: A total of 97 LOH
patients and 301 matched healthy males of same
age underwent androgen deficiency in the ag-
ing males (ADAM) and aging males’ symptoms
(AMS) scales as well as basic questionnaire
survey. Serum P450arom, sex hormones, fast-
ing blood glucose and lipid profiles were test-
ed. General information, P450arom and sex hor-
mone levels were compared between the LOH
group and the control group. Pearson correla-
tion analysis was used to analyze the correlation
between serum P450arom concentration and
AMS score, blood glucose, lipid profiles, body
mass index (BMI) and sex hormones.

RESULTS: Compared with the control group,
the fasting blood glucose, body mass index
(BMI), and Estrogen/Total Testosterone ratio (E2/
TT) were significantly increased in LOH group
(p<0.05), while TT, E2 and testosterone secreting
index (TSI) were significantly decreased (p<0.05).
No significant difference in P450arom concen-
tration was observed between the two groups
(p>0.05). The serum P450arom concentration
was not related to TT, E2/TT, AMS score, and BMI.

CONCLUSIONS: These findings suggested
that the serum P450arom concentration is unre-
lated to LOH symptom score and sex hormone
levels and could not be used as an observation
index and diagnostic basis for LOH.
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Introduction

Cytochrome P450 aromatase (P450arom) is the
only rate-limiting enzyme that converts andro-

gens to estrogen and plays an important role in re-
gulating the balance of estrogen and androgen in
the body'. An abnormal expression of P450arom
in tissues is associated with many diseases. Ne-
vertheless, there are only a few research studies
on serum P450arom, and still lacked specific data
on serum concentration of P450arom. Late-onset
hypogonadism (LOH) is a disease that seriou-
sly affects the health of middle-aged and elderly
men, accounting for an incidence of about 20.0%
in males over 45 years old in China®. Aromatase
Inhibitor has been shown to have certain curative
effect for the treatment of LOH?3. However, fur-
ther investigation is needed to determine whether
P450arom is related to the pathogenesis of LOH,
the relationship between serum P450arom con-
centration and LOH symptom score and sex hor-
mones, and whether the serum P450arom concen-
tration can serve as an indicator for guiding the
use of aromatase inhibitors. Hence, this study for
the first time analyzed the relationship between
serum P450arom and sex hormones and symptom
scores in LOH patients, as well as explored the
correlation between serum P450arom concentra-
tion and LOH.

Patients and Methods

In this case-control study, a total of 97 LOH
patients aged 45-80 years and seen at the De-
partment of Urology and Andrology Clinic, No.
1 Hospital of Shanxi Medical University betwe-
en August 2016 and August 2017 were included.
Meanwhile, 301 healthy men undergoing health
checkup during the same period were selected as
controls. These two groups had a matching factor
of age (£3). The diagnosis of LOH was made ac-
cording to the standard as stated in the Diagnosis
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Figure 1. Correlation between P450arom and E2/TT or TT in all participants.

and Treatment Guidelines for Andrological Dise-
ases in China: Symptom score positive, and total
testosterone (TT) <11.5 nmol TU"!. The inclusion
criteria were as follows: (1) Patients who were ini-
tially diagnosed with LOH. (2) Patients who were
diagnosed as LOH and did not receive treatment
within the last 3 months. (3) Male patients aged
45-80 years. Exclusion criteria were as follows:
(1) Patients with serious heart, brain, liver and
kidney diseases. (2) Patients with hypothalamus
and pituitary diseases. (3) Patients taking andro-
gen, prednisone and other steroid drugs. (4) Pa-
tients having GnRH analogs, androgen antagonist
drugs and estrogen antagonist drugs. (5) Patients
having chorionic gonadotropin, menotrophin and
other drugs. (6) Patients who had long-term admi-
nistration of spironolactone and other antihyper-
tensive drugs. (7) Patients who had long-term
administration of psychotropic drugs. (8) Patients
who were diagnosed as LOH and received drug
treatment within the last 3 months. All patients
signed the informed consent form. The study was
approved by the human study Ethics Committee
at the No. 1 Hospital of Shanxi Medical Univer-
sity. The subjects enrolled in the control group
were in line with the following criteria: males of
age 45-80 years and willing to be eugonadal heal-
thy subjects. The exclusion criteria for the control
group was the same as the experiment group.

Methods

All the participants underwent a survey of ba-
sic information and relevant risk factors, including
age, BMI, education, marriage status, diet, living
habits, smoking and drinking, exercise. For LOH
diagnostic scale, the universal ADAM and AMS
scales were adopted. Fasting blood samples were
taken between 8:00-9:00 in the morning. The fa-

sting blood glucose and lipid profiles were deter-
mined using an automatic biochemical analyzer
(Hitachi 7180, Tokyo, Japan). Serum total testoste-
rone (TT), estradiol (E,), follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH) were
measured using a spectrochemical method (Roche
cobas6000, Mannheim, Germany), followed by
calculation of E /TT, testosterone secreting index
(TSI) (TSI = TT / LH). The serum concentration
of P450arom was detected by using enzyme-lin-
ked immunosorbent assay (ELISA) (Shanghai
Fanke Biotechnology Co. Ltd, Shanghai, China)
according to the manufacturer’s instructions. The
correlation coefficient ‘R’ of linear regression and
expected concentration was above 0.990, and the
differences within the batches and between the ba-
tches were less than 9% and 11%, respectively.

Statistical Analysis

Statistical analyses were performed using Sta-
tistical Product and Service Solutions (SPSS) 19.0
software (SPSS Inc., Chicago, IL, USA). t-test
was used to compare the levels of blood glucose,
lipid profiles, BMI, T, E2, FSH, LH, E2/T, TSI le-
vels and P450arom between the two groups, while
chi-square test was used to compare the percen-
tages between the two groups. Pearson correla-
tion analysis was used to analyze the correlation
between P450arom and TT, E,/TT, BMI, AMS
scores. A significance level of a=0.05 was adop-
ted for all the tests.

Results
General Information

Statistical analysis demonstrated that fasting
blood glucose level, triglycerides, low density



J.-Q. Wang, D.-W. Wang, X.-L. Wang, D.-C. Wang, X.-M. Lin, L.-B. Sun

60+ °

40-
-
N
L

204

o
8°56 o
0 T T 1
0 500 1000 1500
P450arom(pg/ml)

TT(nmol/L)

15-
o e o
10- (o] o
o o
o
(]
5 o
oo0?©
0 T T 1
0 500 1000 1500
P450arom(pg/mil)

Figure 2. Correlation between P450arom and E2/TT or TT in the LOH group.

lipoproteins and BMI in LOH group were si-
gnificantly higher than that in the control group
(p=0.00, 0.02, 0.00), while there were no signifi-
cant differences in smoking, drinking, total cho-
lesterol and high-density lipoproteins between
the LOH and the control groups (p=0.07, 0.34,
0.79, 0.06) (Table I).

Comparison of Sex Hormones
and P450arom

Compared with the control group, AMS score
and E_/T ratio in the LOH group were significant-
ly increased (p=0.00), the TT, E, and TSI levels
were significantly decreased (p=0.00, 0.00, 0.00),
and there was no significant difference in FSH and
LH levels between the LOH group and the control
group (p=0.54, 0.81). Meanwhile, the serum con-
centration of P450arom was dispersed greatly in
all the participants, ranging from 107.97 pg ml
to 2622.51 pg ml!. There was no significant diffe-
rence in P450arom levels between the LOH group
and the control group (p=0.61) (Table II).

Table I. Patients characteristics.

Relationship Between P450arom
and AMS Score as well as P450arom
and Sex Hormones

Pearson correlation analyses revealed that
P450arom concentration was not significantly
correlated with AMS score, TT, E,, E/TT, FSH,
LH and TSI in all participants (Rs were respecti-
vely -0.07, -0.01, -0.09, -0.07, -0.01, -0.05 and 0.02,
p>0.05) (Figure 1). Also, in LOH group, the serum
concentration of P450arom was not significantly
correlated with AMS score, TT, EZ’ E,/TT, FSH,
LH and TSI (Rs were respectively -0.03, 0.38, 0.15,
-0.04, -0.16, -0.16, 0.12, p>0.05) (Figure 2).

Discussion

P450arom is the only rate-limiting enzyme that
regulates androgen and estrogen levels in the body
and plays a crucial role in maintaining the balance
of androgens and estrogens*°. The adipose tissue
and testis are the main androgen-to-estrogen con-

Variable LOH group (n=97) Control group (n=301) P

Age (year), mean£SD 56.64+6.55 56.36+8.70 0.837
Smoking, n (%) 80(82.4%) 207(69.9%) 0.069
Drinking, n (%) 63(73.8%) 199(66.6%) 0.344
BMI (kg m?), mean+SD 27.13+3.14 25.18+2.98 0.000
Blood glucose (mmol L), mean+SD 6.76+2.28 6.06+1.59 0.012
Total cholesterol (mmol L), mean+SD 5.06+0.87 5.08+1.02 0.786
Triglycerides (mmol L), mean+SD 2.66+1.58 1.79+£1.06 0.000
Low density lipoproteins (mmol L), mean+SD 3.67+1.08 3.04+0.84 0.024
High density lipoproteins (mmol L), mean+SD 1.25+0.37 1.33+0.48 0.056

LOH: late-onset hypogonadism; BMI: body mass index
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Table Il. Comparison of sex hormone and P450arom between LOH group and control group.

LOH group Control group

Variable (n=97) (n=301) P

AMS (point), mean+SD 34.46+8.56 29.01+7.32 0.000
TT (nmol L), mean+SD 9.07+2.09 19.62+6.35 0.000
E2 (pmol L), mean+SD 96.36+43.40 145.68+48.87 0.000
E2/T, mean+SD 11.00+5.53 7.86+3.10 0.000
FSH (mIU ml"), mean+SD 8.66+10.72 7.98+6.11 0.537
LH (mIU ml"), mean+SD 5.83+4.36 5.98+3.77 0.810
TSI, mean+SD 2.06£1.02 4.04+2.21 0.000
P450arom (pg ml'), mean+SD 626.53+282.08 657.28+356.25 0.613

LOH: late-onset hypogonadism; AMS: aging males’ symptoms; TT: total testosterone; E2: estradiol; FSH: follicle-stimulating
hormone; LH: luteinizing hormone; TSI: testosterone secretion index

verting sites in the body. Studies on infertile and
obese men have found that elevated levels of E,/
TT were associated with high P450arom expres-
sion in testis and adipose tissue, and is indirectly
confirmed by the fact that aromatase inhibitor can
reduce E /TT and increase serum TT levels®’. The
questions of whether the serum P450arom con-
centration is associated with P450arom expres-
sion in the tissues, and whether it can indirectly
reflect the PAS0arom expression in the tissues are
still unknown. Studies on serum P450arom have
been rarely reported, and still lacked a reference
standard of the serum P450arom concentration in
the normal population. There were limited studies
available regarding the effect of serum P450arom
on the risk factors of coronary heart disease. It
was found® that serum E/TT and P450arom in
male patients with coronary heart disease were
lower than those in the control group. Guo et al’
on risk factors for coronary heart disease in post-
menopausal women also found that the serum
P450arom concentration and serum TT were ne-
gatively correlated and suggested that P450arom
was decreased with the conversion of TT to E,,
which was the leading cause of the decrease of
serum E /TT ratio.

LOH is characterized by a series of symptoms
of androgen deficiency. The relationship between
P450arom and LOH is not yet clear, but aromata-
se inhibitors have achieved some curative effects
in the treatment of LOH?. In addition, a number
of previous studies'”"" found that the serum E /
TT level was significantly higher in LOH patients
than that in the controls, suggesting that P450a-
rom may be involved in the pathogenesis of LOH.
Wang et al'? believed that the mutation of P450a-
rom upstream gene CYPI19 led to a decrease of
TT and an increase of E/TT levels, which might

be the pathogenesis of LOH. Nevertheless, the
correlation between serum P450arom and LOH
has not been reported yet. In this work, we analy-
zed the relationship between serum P450arom
and sex hormones and AMS in 97 LOH patients
and 301 normal controls. The results showed that
the TT and E, in LOH patients were significantly
lower than those in the control group, while E/TT
in LOH group were significantly higher than tho-
se in the control group and were consistent with
the results of most of the previous studies®. It is
believed that a decreased TT is associated with
decreased number and function of testicular inter-
stitial cells, as well as hypothalamus and pituitary
secretion abnormalities. Then, it is necessary to
understand whether the abnormal increase of E /
TT level is associated with abnormal expression
of P450arom and whether the serum P450arom
concentration is associated with sex hormone le-
vel and AMS score'. Our results showed that the-
re was no difference in serum P450arom concen-
tration between the LOH group and the normal
control group. The serum P450arom concentra-
tion was not correlated with the AMS score, TT,
E,, E/TT in all patients, and the serum P450arom
concentration in LOH group did not change with
the decreased serum TT and the increased E2/
TT. Hence, we suggested that the serum P450a-
rom concentration was unrelated to the severity of
LOH, and was not associated with the decreased
serum TT and estrogen-androgen imbalance in
LOH patients. Hence, serum P450arom concen-
tration cannot be used as an index for the diagno-
sis of LOH and guiding use of aromatase inhi-
bitors. However, serum P450arom concentration
may not represent the P450arom expression in
tissues and organs, which are the main sites for
conversion of androgen to estrogen. The adipose
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tissue is the main place for producing estrogen in
men. The estrogen produced in testes accounts for
20% of the total estrogen and 60% of the circu-
lating estrogen. Changes in P450arom concentra-
tion and activity may occur only in adipose tis-
sues, testes and other tissues in which P450arom
plays the main action'®. It remains to be determi-
ned whether there are any changes in P450arom
concentration and activity in tissues and organs of
LOH patients, whether the abnormal expression
and activity changes in P450arom are involved in
the pathogenesis of LOH, and whether the P450a-
rom in tissues and organs is correlated to the se-
rum P450arom concentration.

Conclusions

We showed that the serum P450 arom was un-
related to LOH. This work only investigated the
relationship between serum P450arom and LOH
symptom scores as well as sex hormones. The in-
vestigation did not involve the changes in P450a-
rom expression and activity in tissues and organs
of LOH patients (such as adipose tissue and te-
stes), and did not investigate the relationship of
serum P450arom, sex hormones and symptom
scores with P450arom in tissues.

Conflict of Interest
The Authors declare that they have no conflict of interest.

Aknowledgements
The Social Development of Science and Technology Re-
search Project in Shanxi Province, China.

References

1) L X, LiH, JaL, L X, Ranman N. Oestrogen action
and male fertility: experimental and clinical findin-
gs. Cell Mol Life Sci 2015; 72: 3915-3930.

2) LiJY, Li XY, Li M, ZHanGg GK, Ma FL, Liu ZM, ZHANG
NY, Menc P. Decline of serum levels of free te-
stosterone in aging healthy Chinese men. Aging
Male 2005; 8: 203-206.

10)

11)

12)

13)

14)

15)

McCutroucH A. Alternatives to testosterone repla-
cement: testosterone restoration. Asian J Androl
2015; 17: 201-205.

Xu X, Sun M, Ye J, Luo D, Su X, ZHenG D, Fenc L,
Gao L, Yu C, Guan Q. The effect of aromatase on
the reproductive function of obese males. Horm
Metab Res 2017; 49: 572-579.

CARREAU S, BourAIMA-LELONG H, DeLaLanDE C. Estro-
gen, a female hormone involved in spermatoge-
nesis. Adv Med Sci 2012; 57: 31-36.

PINTANA H, CHATTIPAKORN N, CHATTIPAKORN S. Testostero-
ne deficiency, insulin-resistant obesity and cognitive
function. Metab Brain Dis 2015; 30: 853-876.

Helo S, ELLen J, MecHUN C, FeusTEL P, GrossMAN M, Di-
TkOFF E, McCuloucH A. A randomized prospective
double-blind comparison trial of clomiphene citrate
and anastrozole in raising testosterone in hypogo-
nadal infertile men. J Sex Med 2015; 12: 1761-1769.

Dosrzycki S, SERWATKA W, NADLEwskI S, Korecki J, Ja-
ckowskl R, PAruk J, Labny JR, Hirnie T. An asses-
sment of correlations between endogenous sex
hormone levels and the extensiveness of coronary
heart disease and the ejection fraction of the left
ventricle in males. J Med Invest 2003; 50: 162-169.

Guo ML, Guo LL, Qin QJ, WeEnG YO, WANG YN,
Yao J, WANG YB, ZHanGg XZ, GE ZM. The molecular
mechanism of serum microRNA124b induced co-
ronary heart disease by inducing myocardial cell
senescence. Eur Rev Med Pharmacol Sci 2018;
22: 2070-2076.

TaN RB, Guay AT, Herstrom WJ. Clinical use of aro-
matase inhibitors in adult males. Sex Med Rev
2014; 2: 79-90.

CARReAU S, WoLczynski S, GALErauD-DENis |. Aroma-
tase, oestrogens and human male reproduction.
Philos Trans R Soc Lond B Biol Sci 2010; 365:
1571-1579.

WanG JQ, Gu X, CHen JC, Sun XQ, Mu HT, Wel ZH,
Li M, Xin DQ, Na YQ. [Association between poly-
morphism of CYP17 gene and serum hormone
concentrations in aged men]. Zhonghua Nan Ke
Xue 2005; 11: 442-444,

Buvart J, MaGgal M, Guar A, Torres LO. Testosterone
deficiency in men: systematic review and stan-
dard operating procedures for diagnosis and tre-
atment. J Sex Med 2013; 10: 245-284.

SuN K, Liang GQ, CHen XF, PING P, Yao WL, ZHANG S,
WanG B, Sun YH, Li Z. Survey for late-onset hypogo-
nadism among old and middle-aged males in Shan-
ghai communities. Asian J Androl 2012; 14: 338-340.

DE RonpE W. Testosterone gel for the treatment of
male hypogonadism. Expert Opin Biol Ther 2009;
9: 249-253.



