Original Article

Voice Analysis in Men with Benign Prostate Hyperplasia

Sedat Alagéz’,
Talih Ozdas’,

Vedat Delibas’,
Gokhan Kuran®,

Kemal Koray Bal,
Orhan Gorgiili,

Ferhat Ortoglu’,
Betiil Kahraman'’

1 Adana City Training and Research Hospital, Department of ENT, Adana, Tiirkiye
2 Mersin City Hospital, Department of ENT, Mersin, Tiirkiye
3 Medicana Hospital, Department of ENT, Ankara, Tiirkiye

Abstract \
Aim: In this study, we aimed to determine the differences by performing voice analysis in men with benign pros-
tatic hyperplasia (BPH) and discussing it with the literature

Methods: The study included 77 male patients who came to the urology outpatient clinic and were diagnosed
with BPH and consult to us for voice analysis. Patients' ages, testosterone, prostate specific antigen (PSA) levels,
prostate volumes (milliliters) were recorded. International prostate symptom scoring (IPSS) was applied to the
patients. Mild, moderate, severe patients according to IPSS scoring; were classify as group 1, group 2, group 3,
respectively. Voice Handicap Index-10 Turkish version (VHI-10) was realized to the patients and the results were
saved.

Results: 77 male patients were accepted to the study. The average age was 60. The mean prostate volume of the
patients was 41.1 ml. The IPSS score of the patients was 16 on average. The mean VHI-10 scores were 9.14. The
mean PSA levels of the patients were 1.43; testosterone levels were 3.04. FO Hz (mean pitch) values were 157.74;
jitter % values mean 0.26; shimmer % values mean 2.42; The mean HNR dB values were 22.91.

Conclusions: Maybe it would be more logical to think that many local factors, hormones and growth factors are

efficient in place of a testosterone.
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Benign prostatic hyperplasia (BPH), is a histological diagnostic
characterized by the cellular proliferation components of prostate
gland, resulting in gland enlargement. BPH can cause retention of
urinary, renal function impairment, continuing infections of uri-
nary tract, macroscopic hematuria, and bladder stones!. The de-
gree of BPH, analized by the International Prostate Symptom Score
(IPSS)1. In individuals with indications of urinary retention or kid-
ney failure, ultrasonography (USG) can help estimate prostate
gland and bladder size, as well as the severity of hydronephrosis
(if present).! Prostate hypertrophy is dependent on the dihydro-
testosterone (DHT). In the prostate, type Il 5-alpha-reductase me-
tabolizes circulating testosterone to DHT, which works better lo-
cally rather than systemically.
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DHT connect to androgen receptors in the nucleus, which may con-
tribute to BPH.2 PSA is a prostate gland-specific hormone and may in-
crease in prostate cancer (CA) or BPH. It is commonly employed in
prostate CA screening and follow-up, and it can have a high course in
some BPH patients.2

Currently, voice examination in the clinic is done with objective
methods such as acoustic analysis, videostroboscopy, and the evalu-
ation of the clinician and the subjective evaluation of the patient.
Among the many measurement methods, the most common one is the
VHI (Voice Handicap Index) questionnaire developed by Jacobson et
al. There is also a version of the test adapted to Turkish society, and
its internal reliability is significant.3-4 Testosterone becomes active in
the prostate tissue, promoting hyperplasia and hypertrophy?. Testos-
terone also causes hyperplasia and hypertrophy of the vocal cords
and surrounding tissueS. Jitter(%): It is the average of the absolute
value of the difference of each period of the analyzed sound with the
next period. It is the parameter that shows the change between peri-
ods. Jitter reflects the irregularity of the vocal cords and is also called
frequency perturbation. Its normal value is below 1%.6 Shimmer(%):
It is obtained by dividing the average of the absolute value of the dif-
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ference in intensity (amplitude) between each period and the fol-
lowing period by the average period intensity, and its normal value
is below 3%.6 Harmonic-to-Noise Ratio (HNR-dB): It is the ratio of
the total energy of FO and its multiples of harmonics to the noise
energy.® Fundamental frequency (f0) (Hz): It is the number of
opening-closing cycles that occur per second of sound folds. It re-
veals the thickness and thinness of the sound.é In our study, we
aimed to examine the relationship between the degree of prostate
obstruction and voice.

The study comprised 77 male patients with benign prostatic hy-
perplasia (BPH) hospitalized at Adana City Hospital between Jan-
uary 1, 2021, and July 1, 2021. Urinary system ultrasonography
was requested from the patients for prostate-specific antigen
(PSA) level, testosterone level, prostate volume (in milliliters, ml),
which are routine BPH examinations in Urology department. Tes-
tosterone (reference values 1.75-7.81 ng/mL), PSA (reference val-
ues 0-4 ng/mL) levels, and prostate volumes (ml) of the patients
and their ages were recorded. International prostate symptom
scoring (IPSS) was performed on the patients. According to the
IPSS scoring, those with 0-7 points are grouped as mild (mild ob-
struction), those with 8-19 points as moderate (moderate obstruc-
tion), and those with 20-35 points as severe (severe obstruction).
Mild, moderate, severe patients were categorized as group 1,
group 2 and group 3, respectively. Voice Handicap Index-10 Turk-
ish version (VHI-10) was realized to the patients and the results
were saved.

Our study was approved by the Adana City Hospital Clinical Re-
search Ethics Committee (Meeting Number: 80, Decision Number:
1404, Date: 06/05/2020). Written consent was obtained from the
patient (or legal guardian) that her/his medical data can be pub-
lished.

The study involved 77 male patients. The ages of the patients
ranged from 48 to 74, with an average of 60 years. There were 24
patients in Group 1, 26 patients in Group 2, and 27 patients in
Group 3. The prostate volumes of the patients ranged from 27 ml
to 62 ml, with an average of 41.1 ml. Patients' IPSS scores varied
from 4 to 27, with a mean of 16. The patients' VHI-10 scores ranged
from 0 to 21, with a mean of 9.14.

The PSA levels of the patients ranged from 0.2 to 3.1, with a mean
of 1.43. Testosterone levels of the patients ranged between 1.78
and 5.32, and the mean was 3.04.

The patients' fundamental frequency FO Hz (mean pitch) values
ranged from 121.11 to 197.62, with a mean of 157.74. Jitter % (fre-
quency perturbation jitter) values of the patients ranged from 0.22
to 0.34, and the mean was 0.26. The shimmer % (amplitude per-
turbation shimmer) values of the patients ranged between 1.82
and 3.44, with a mean of 2.42. The HNR dB values of the patients
ranged from 20.37 to 24.81, and the mean was 22.91. The mini-
mum, maximum, and average values are all presented in Table 1.

Among the three groups, there was a statistically significant dif-
ference in terms of prostate volume (p=0.001), Jitter % (p=0.001),
Shimmer % (p<0.001), and HNR dB (p=0.002) variables.

For the prostate volume variable, the difference between Group
1 and Group 2 was statistically significant (p<0.001). Group 2 had
a larger prostate volume than Group 1. For the jitter % variable,
the difference between Group 2 and Group 3 was statistically sig-
nificant (p<0.001). Jitter% was found to be higher in Group 2.

https://dergipark.org.tr/en/pub/jocass

Minimum and maximum values

Variables Minimum Maximum Mean+SD
Age 48 74 60,08+8,76
Testosterone 1,78 5,32 3,04+1,12
PSA 0,2 3,10 1,4310,95
Prostate Volume(ml) 27 62 41,1+9,62
VHI-10 Points 0 21 9,14+7,76
IPSS Score 4 27 16+7,52
Fundamental frequency FO
121,11 197,62 157,74425,95

Hz(Mean Pitch)
Jitter % (frequency perturba-

0,22 0,34 0,26+0,05
tion jitter)
Shimmer % (amplitude pertur-

1,82 344 2,4240,70
bation shimmer)
HNR dB 20,37 24,81 22,91+1,86

For the Shimmer% variable, the difference between Group 3 and
Group 2 was statistically significant (p<0.001). The difference be-
tween Group 3 and Group 1 was statistically significant (p<0.001).
Shimmer % value in Group 3 was statistically significantly lower than
both other groups.

For the HNR dB variable, the difference between Group 1 and
Group 2 was statistically significant (p=0.049). HNR dB values in
group 1 were higher than the other groups. For the HNR dB variable,
the difference between Group 2 and Group 3 was statistically signifi-
cant (p=0.002). HNR dB values in Group 3 were higher than the other
groups. The p values between the groups are shown in Table 2.

There was a weak negative linear correlation between PSA and fun-
damental frequency FO Hz (Mean Pitch) (r=-0.312, p<0.01). There
was a moderate positive linear correlation between PSA and jitter %
(r=0.449, p<0.01) (The negative relationship represents an inverse
relationship, that is, a relationship that decreases as one increases or
increases as the other decreases, while a positive relationship repre-
sents a direct ratio, that is, a relationship that increases as one in-
creases or decreases as the other decreases).

There was a strong positive linear correlation between prostate
volume and jitter % (r=0.646, p<0.01). There was a weak negative
linear correlation between prostate volume and HNR dB (r=-0.277,
p<0.05).

There was a weak negative linear correlation between testosterone
and fundamental frequency FO Hz (Mean Pitch) (r=-0.246, p<0.05).
There was a weak negative linear correlation between testosterone
and jitter % (r=-0.339, p<0.01). There was a moderate linear correla-
tion between testosterone and shimmer % (r=0.454, p<0.01). The p
and r values are demonstrated in Table 3.

Hormones are thought to have an effect on the voice function of the
larynx.” Hormonal balance changes during adolescence, affecting
body, provide one of the reasons for voice changes and form the
source of hypotheses and studies regarding the effect of hormones.8
Progesterone and testosterone ratios were high in Reinke's edema.
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Groups and p values

Groups

Variables Group 1 Group 2 Group 3 p values

[Q1:Q3] [Q1:Q3] [Q1:Q3]

Median Median Median
Age [51 gggg .00] [56.2(1)fg(7).00] [492%3 .00] 0.310
Prostate Volume(ml) [27-2%3.00] [44.2%3.00] [37-2%3-001 0.001
b smn ez
Testosterone [ 82872295] [2'722_;15'32] [ '728_558'32] 0.353
Fundamental frequency FO Hz(Mean Pitch) [138'1325.1475 M [138'13&):.15690'59] [121'11;?;?73'87] 0.864
Jitter % (frequency perturbation jitter) [0'202_:2%29] [0'203_::30 4'34] [0'202_:203;23] 0.001
Shimmer % (amplitude perturbation shimmer) r 92033107] [t '933_;&'44] [t 81281293] <0.001
P wgam o REAT g
VHI-10 Points [3'51%_10%00] [0'01%_2010'00] [o.ogfag.om 0.298

p and r values

Fundamental Jitter % Shimmer %
. frequency FO frequenc amplitude HNR
Variables I-?z(MeZn p(ertgrbatioyn p(ertu‘:bation dB
Pitch)) jitter) shimmer)
PSA -312" 449" 151 -.005
Prostate Volume (ml) .020 646" .055 =217
Testosterone -.246 -.339" 454" -218

*P<0.05, ** P<0.01, r<0.2 too weak, 0.2-0.4 weak, 0.4-0.6 moderate intensity, 0.6-0.8
high, 0.8> very high

These findings support the theory progesterone and testosterone
hormones cause edema by affecting the larynx mucosa.? Nacci et al.
hypothesized that in the larynx there are particular receptors for
gender hormones. In a study, sample of vocal cords received from
healthy people, cadavers and larynx cancer were research for the
androgen, estrogen and progesterone receptors by immunohisto-
chemically. However, while progesterone and mild estrogen recep-
tors were found in cancerous samples, no receptors in other sam-
ples. According to this study, there is sex hormones no receptor in
the larynx.” In our study, the effects of IPSS data, prostate volume,
PSA and testosterone levels on voice in male BPH patients were ex-
amined. Among the 3 groups, we detected a statistically significant
difference of prostate volume, Shimmer, Jitter and HNR dB variables
in our study. When group 1 and group 2 were compared, it found
that the prostate volume of group 2 was higher. When group 2 and
group 3 were as per, jitter was found to be % higher in group 2.
When the three groups were examined, it was observed that the
group with the lowest average shimmer % value was group 3. As a
result, as the prostate volume increased, the degree of obstruction
and BPH also increased. Although PSA, testosterone, and prostate
volume were not statistically strong in patients with a high BPH
grade, a slope in the same direction was detected between them.
While the shimmer and jitter values were advanced in group 2,
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which had the highest PSA and prostate volume, the HNR dB value
was found to be lower. A negative weak linear relationship was seen
between PSA and Testosterone with fundamental frequency FO Hz
(Mean Pitch). There was a negative weak linear relationship be-
tween prostate volume and HNR dB. While there was a weak nega-
tive linear relationship between testosterone and jitter %, we sug-
gest that a positive moderate linear relationship between testos-
terone and shimmer %.

Pedersen et al. suggested that the fundamental frequency (f0) de-
creases in females at the transition to puberty, as in males, but de-
crease is less pronounced in females. The variety of downward in
frequency related to the dissimilarity of testosterone or estrogen.10
We suggest that a negative weak linear correlation was testosterone
and FO (Hz).

In order to better understand the effect of testosterone on the
voice, it may be illuminating to examine the studies in which a fe-
male patient was given the hormone testosterone for any reason.
Cler, reported that a transgender men treated testosterone therapy
during one year, the f0 value fell into the normal range from female
to male. In addition, it was found that the larynx structure of the pa-
tient showed changes (forward-sloping and longer larynx) seen in a
male adolescent in the regular endoscopic examinations.!! In an-
other study, 10 female patients were given regular testosterone
with a subcutaneous implant and voice analyzes were carried out at
3, 6, and 12 months. The results were evaluated and no significant
changes were detected in the unbiased properties of the voice. In
this study whereas, the testosterone dose is at the treatment dose
level, not the advanced dosage used for transgender patients.12 Bio-
available testosterone and DHEAS were seen to be related with less
f0 in men.13 In female-to-male transition subjects treated with tes-
tosterone, voice analysis showed that testosterone decreased f0. In
another study, a significant decrease in mean pitch value was ob-
served in the high-dose group, depending on dose and concentra-
tion, after the 24th week in women treated with testosterone.4
Akcam et al., suggest that FO value was between normal men and
women in untreated Idiopathic Hypogonadotropic Hypogonadism
(IHH) men. Those patients is treated with testosterone, the fO value
is close to that of a normal range. In other words, when testosterone
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increases, the f0 value decreases.!> In our study, the group with the
highest testosterone average was group 2. We seen a negative weak
linear correlation between testosterone and FO Hz (Mean Pitch).
While there was a negative weak linear relationship between testos-
terone and jitter %, we found a moderate positive relationship be-
tween testosterone and shimmer %. The highest Jitter % and shim-
mer % values were in group 2.

As far as the literature can be scanned, showed that studies on voice
analysis in the field of otolaryngology are less than in other subjects..
By categorizing men with BPH according to testosterone, PSA and
IPSS values, prostate volume measured by USG and performing
voice analysis, we evaluate our article as different from previous lit-
erature and as the first. Studies on voice analysis in the literature
have often been conducted on women with menstrual cycles, pa-
tients on hormone therapy, transgender people, or patients receiv-
ing treatment for acromegaly. 12-4.16-8

The Voice Handicap Index is a 30-question personal feedback sur-
vey. It has 10 questions each of three subgroups: emotional, func-
tional and physical. Each question is answered by the patient be-
tween 0-4 and the maximum score is 120. The score when increase,
the greater the voice problem. This tool can supply adequate infor-
mation to the physician.# Kili¢ et al. They investigated the reliability
and validity of the Turkish Voice Handicap Index and concluded that
it is more suitable for use in clinics.3 Our study found that the mean
value of VHI-10 had the highest mean value with 10 points equally
in group 1 and group 2. This score; 7 in group 3. Group 3 was the
group with the highest IPSS score. This show that this group feels
the voice problem not so much. This may have occurred as a result
of the hormones and growth factors studied here.

In conclusion, although there is much debate about the effect of
hormones on the voice, it is clear that nothing is clear. However, we
currently believe that testosterone has a more pronounced effect on
voice, in men. A combined thought that not only testosterone but
other local and systemic hormonal factors are effective is more cor-
rect.
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