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Background

Sex-related differences in cognitive abilities have been widely 
reported [1]. Many authors suggest that females outperform 
males in overall verbal ability. Strelnikov et al. [2] demonstrat-
ed that women are better speech readers than men when as-
sessed based on single-word recognition. This difference was 
observed both in normal-hearing subjects and in deaf individ-
uals. The relative superiority of women differed across groups 
and conditions. However, sex differences in verbal fluency have 
not consistently been found [3,4]. A critical review of sex dif-
ferences in verbal abilities and in the language-related cortex 
suggested that sex differences in language proficiency do not 
exist in the normal population [5]. Even now, sex differences 
in speech ability continue to be a matter of debate. The major-
ity of previous studies used behavioral tests to examine such 
differences [2,5,6], and varying test contents, test materials, 
and language tasks may have led to different results regard-
ing speech and language processing abilities [7].

Recent work has established that the speech-evoked auditory 
brainstem response (speech-ABR) is elicited by speech sounds, 
such as vowels (/a/, /u/) and consonant-vowel syllables (/da/, 
/ba/). The speech-ABR can reliably reflect many acoustic prop-
erties of the speech signal in both the onset and frequency-
following response (FFR) portions of the response, which could 
provide an objective biological index of auditory speech pro-
cessing [8–10]. In the present study, the default /da/ stimulus 
of the BioMAP (Biological Marker of Auditory Processing) soft-
ware was used to elicit the speech-ABR, as mentioned by Skoe 
and Kraus [11]. Speech ABRs elicited by speech sounds display 
high test-retest reliability [12]; as a result, this measure pro-
vides a powerful tool for investigating the brainstem encod-
ing of speech. This type of investigation can uncover auditory 
processing deficits [13,14] and the experience-dependent en-
hancement of speech encoding in the brainstem [15,16], and 
it may provide further insight into sex differences in encod-
ing. Krizman et al. [17] investigated such sex differences in 
young adults and found that males and females have measur-
ably different neural responses to speech. Female responses 
to the fast-acoustic components of speech are generally ear-
lier and more robust than male responses. Liu et al. [18] also 
showed that the females have shorter wave latency and larg-
er amplitude of speech-ABR than males. Examining the sex 
differences in speech-ABR would help define accurate norma-
tive data for speech-ABR measures, which would aid in their 
clinical use for detecting/diagnosing peripheral and/or sub-
cortical dysfunction.

Moreover, the mechanisms underlying the sex differences in 
brainstem speech encoding are not at all clear. Previous reports 
have suggested that head size may provide a basis for sex dif-
ferences in the latency of click ABRs, which may be a reason 

for sex differences in speech ABRs. In addition, many authors 
have focused on the effect of hormones on ABRs. Ovarian hor-
mones have been reported to affect click ABRs [19]. Sex differ-
ences in speech ability have been also suggested to be relat-
ed to reproductive hormones [5]. The latest research further 
shows that differences in the levels of sex hormones in wom-
en during the menstrual cycle can affect the brainstem encod-
ing of speech stimuli [20]. It is well known that the concentra-
tion of reproductive hormones fluctuates throughout different 
stages of life. Auditory function in women during the ovari-
an cycle has been previously investigated, with inconsistent 
findings because the studies lacked precise timing of the cy-
cle [21]. This may be because it is difficult to obtain the exact 
correlation between hormonal levels and auditory function. 
The present study investigated sex differences in speech pro-
cessing in young adults by comparing the speech ABRs of fe-
males and males. We evaluated the estradiol and testosterone 
concentrations on the same day after the conclusion of the 
speech-ABR test. We performed correlation analyses to identi-
fy the relationships between the latency and amplitude of the 
waves of the speech-ABR and the E2 concentration and total 
testosterone level, which more accurately reflects the relation-
ship between sex hormones and speech-ABR.

Material and Methods

Participants

A total of 35 young adults participated in this study, including 
18 males (24–34 years old, mean age=28.17 years, SD=2.50) 
and 17 females (24–31 years old, mean age=27.29 years, 
SD=1.83). All subjects were required to undergo a normal oto-
scopic examination and have normal 226 Hz tympanometry. 
Pure-tone air-conduction and bone-conduction threshold audi-
ometry were performed in an audiometric room that complied 
with the acceptance criteria in China (GB/T16403-1996 and 
GB/T 16296-1996). All of the participants had air-conduction 
hearing thresholds of 20 dB HL or better across standard au-
diometric frequencies (250–8000 Hz) in both ears. Moreover, 
all of the adults had clear click-ABR responses using a click 
stimulus presented at 80 dB SPL, and a latency of wave V that 
was less than 6 ms. Wave V was identified using click stimu-
lus presented at 30 dB SPL.

The adults who participated in the study were postgraduate stu-
dents or young doctors from Beijing Chaoyang Hospital, Capital 
Medical University. All of the subjects were paid for their partic-
ipation in this study. The recording procedures were approved 
by the Ethics Committee of Beijing Chaoyang Hospital, Capital 
Medical University (2012-83). The study was also registered 
with the Chinese Clinical Trial Registry (ChiCTR-CCC-12002274).
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Stimuli and recording parameters

The participants were tested in a sound-proof booth and were 
instructed to ignore the stimuli. Brainstem responses to both 
a click stimulus and a speech sound (/da/) were collected ac-
cording to widely used procedures described in detail previ-
ously [8,11,13]. The Biologic Navigator Pro System (Biologic 
Systems Corporation, Natus Medical Inc., Mundelein, IL) was 
used to collect the physiological data. The Navigator’s BioMAP 
module was used to collect the /da/-evoked responses. BioMAP 
uses a Klatt-synthesized [22] 40-ms /da/ stimulus. The stim-
ulus was composed of 5 formants that transitioned from the 
consonant /d/ to the vowel /a/. The fundamental frequency 
(F0) and the first 3 formants (F1, F2, and F3) changed linear-
ly over the duration of the stimulus. F0 changed from 103 to 
125 (0–35 ms) to 121.2 Hz (35–40 ms), F1 from 220 to 720 
Hz, F2 from 1700 to 1240 Hz, and F3 from 2580 to 2500 Hz. 
F4 and F5 remained constant at 3600 and 4500 Hz, respective-
ly [8,11]. The brainstem responses to speech and clicks were 
elicited by alternating polarities, and the brainstem responses 
to both stimuli were collected in the same manner and during 
the same recording session.

The test stimulus /da/ was delivered to the right ear through 
insert earphones (Bio-logic) at an intensity of 80 dB SPL in 
the recording of the speech-ABR. The left ear was not inter-
vened. To ensure subject cooperation and to promote still-
ness, all subjects was required to watch videotaped programs, 
with the sound presented at a low level (<40 dB SPL) [23]. The 
subjects were required to attend to the video rather than to 
the stimulus. Reusable gold disc electrodes were placed on 
the right mastoid, on the forehead, and at Cz, acting as refer-
ence, ground, and active electrodes, respectively. The imped-
ance values were 5 kΩ or better, and the impedance of all 3 
electrodes was within 2 kΩ of each other. The impedance val-
ues were optimized at the beginning of each test session and 
checked periodically throughout the session to ensure that 
they remained stable.

Three blocks of 2000 no-artifact responses were collected at 
a rate of 13.3/s (click) and 10.9/s (/da/). For the click, the use 
of a 10.66-ms recording window (including an 0.8-ms pre-
stimulus period) and the responses online filtering from 100 
to 1500 Hz. For /da/, the use of a 74.67-ms recording window 
(including a 15-ms pre-stimulus period) [23]. The responses 
were sampled at 6857 Hz and bandpass filtered online from 
100 to 2000 Hz. For both stimuli, trials with artifacts that mea-
sured in excess of ±35 μV were rejected from the averaged 
response. Trials in which more than 10% of sweeps were re-
jected as artifacts were repeated to obtain a cleaner response 
with less artifact contamination.

Evaluation of estradiol and testosterone concentration.

Venous blood (3–5 ml) was collected from fasting subjects af-
ter the conclusion of the speech-ABR test (on the same day). 
The serum was separated, and the estradiol and testosterone 
concentrations were measured via chemiluminescence using 
the ARCHITECT i2000 chemiluminescence analyzer (Abbott 
US). The reproductive hormones were analyzed in strict accor-
dance with the manufacturer’s instructions (Abbott Standard 
Interface RS-232 Manual). The chemiluminescent immunoassay 
reagent for the Abbott ARCHITECT i2000sr was imported from 
the Abbott Company, United States. The tests were complet-
ed by the laboratory center of the Capital Medical University-
affiliated Beijing Chaoyang Hospital. In the original test results, 
the total testosterone concentration was reported in ng/ml, 
while the estradiol level was reported in pg/ml. The testoster-
one concentration was converted into units of pg/ml (=ng/ml 
×1000) to enable direct comparison of the results.

Data analysis

The brainstem response to the speech sound /da/ has been de-
scribed amply in previous reports [8,11,14] and is very reliable 
between and within subjects. The response measures includ-
ed the peak latency and amplitude. Six prominent waves were 
identified for each waveform: V, A, D, E, F, and O (Figure 1). For 
each subject, the peak latency and amplitude were determined 
for the onset (waves V and A), offset (wave O), and frequen-
cy-following response (D, E, and F). A peak was deemed reli-
able if it was present in >85% of the total subject population 
[23]. Because peak C was deemed unreliable, statistical anal-
ysis was not performed for it. The V-A onset complex was fur-
ther analyzed by computing the slope, which is a measure of 
neural synchrony for onset responders. The latency (ms) and 
magnitude (μV) values for each wave were calculated using 
BioMAP™ software.

Statistical analyses

The averaged data for the latency (ms) and magnitude (μV) of 
the speech ABRs, the latency of click-ABR, the E2 and testos-
terone concentrations are presented as the mean±standard de-
viation (SD). Sex differences in the speech ABRs of the young 
adults were evaluated using the analysis of variance (ANOVA), 
with significance defined as a P value of 0.05. The sex difference 
in the latency of wave V of click-ABR, E2, and testosterone con-
centrations between the young men and women were evaluated 
using the independent-samples t test, with significance defined 
as a P value of 0.05. The correlations between the reproduc-
tive hormone levels and the magnitude of the speech ABRs and 
between reproductive hormone levels and the latency of each 
speech-ABR were also analyzed using Spearman’s correlation 
coefficient. The reliability of Spearman’s correlation coefficient 
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was tested. The correlations were considered statistically signif-
icant when the P value was less than 0.05. All statistical analy-
ses were performed with the SPSS package, version 17 (SPSS, 
Chicago, IL, USA). Bar diagrams were drawn using GraphPad 
Prism V5.0 (GraphPad Software, Inc., San Diego, CA, USA).

Results

Differences in speech-ABR between females and males.

The present results show that the latency of wave V of click-
ABR in males (5.66±0.19 ms) was significantly delayed com-
pared to that in females (5.33±0.22 ms) (P<0.05). Consistent 
with sex differences of the click-ABR, the young adults showed 
obvious sex differences in speech-ABR (Figures 1–3). Significant 
differences in the latency of the transient response (waves V, 
A, and O) were found between the females and males (Table 1 
and Figures 1, 2). The latency of the transient response of the 
speech-ABR (waves V, A, and O) was shorter in the females 
than in the males (P<0.05). In addition, the amplitude of peaks 
V and A in the females was also significantly larger than that in 
males (P<0.05) (Table 1 and Figure 3). However, no significant 
sex significance in the amplitude of peak O was found (P>0.05).

There was a statistically significant difference between the fe-
males and males in the sustained response (waves D, E and F); 
the response of females exhibited a larger amplitude (wave F, 
P<0.05) and a shorter latency (wave D, E and F, P<0.05 respec-
tively) than that of the males, (Table 1 and Figures 1, 2). However, 
no sex significance in the amplitude of peak D and E was found 
statistically (P>0.05 respectively). The V/A slope in the females 
was also significantly steeper than that of the males (P<0.05).

Reproductive hormone levels in young adults.

We found that the E2 levels of the females (118.77+102.66 
pg/ml) were significantly higher than those of the males 

(52.91+14.77 pg/ml) (P<0.05), while the total testosterone 
concentration in the females (457.65+140.82 pg/ml) was sig-
nificantly lower than that of the males (3677.37+1155.80 
pg/ml) (P<0.05).

Correlations between speech ABRs and reproductive 
hormones in adults.

A correlation analysis showed that the latencies of all reaction 
of the speech-ABR waves were negatively correlated with the 
E2 concentration (wave V r=–0.312; wave A r=–0.390; wave D 
r=–0.315; wave F r=–0.390, and wave O r=–0.396, P<0.05); the 
exception was wave E (r=–0.259, P>0.05). The correlation co-
efficient ranged between 0.259 and 0.396, indicating a weak 
correlation. In contrast, the total testosterone level and the la-
tency of each peak of the speech-ABR were significantly pos-
itively correlated (wave V r=0.498; wave A r=0.592; wave D 
r=0.493; wave E r=0.613; wave F r=0.597, and wave O r=0.474, 
P<0.05) (Table 2). The correlation coefficient ranged between 
0.474 and 0.613, indicating a moderate or strong correlation.

The amplitude of wave V and the E2 concentration were posi-
tively correlated (r=0.480, P<0.05), while the E2 concentration 
was significantly negatively correlated with wave A r=–0.383; 
wave D r=–0.639; wave E r=–0.415; wave F r=–0.516; wave O 
r=–0.294, and the V/A slope r=–0.495, P<0.05 (Table 2). The 
correlation coefficient ranged between 0.383 and 0.639, indi-
cating a moderate or strong correlation.

In contrast, the amplitude of the positive wave V was neg-
atively correlated with the total testosterone concentration 
(r=–0.384; P<0.05). The amplitude of the negative waves A 
(r=0.489), E (r=0.360), and F (r =0.335), and the V/A slope 
(r=0.506), were positively correlated with the testosterone 
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Figure 1. �The grand average waveform for the 
females group (solid line) and the 
males group (dotted line) and a typical 
speech ABR with 6 characteristic 
peaks (V, A, D, E, F, O) elicited by the 
speech stimulus /da/. Waves V and A 
represent the response to the onset 
of sound. Waves D, E, and F indicate 
the frequency-following response 
(FFR). Wave O represents the offset 
response. The stimulus of the /
da/ was time-shifted by ~6.8 ms to 
account for the time delay between 
the presentation of the stimulus and 
the generation of the response. The 
latency of each speech ABR response 
in the males was longer than in the 
females. The magnitude of the entire 
recorded wave was lower in the males 
than in the females.
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Figure 2. �The mean latencies of the 6 peaks of the speech-ABR are shown, with error bars representing+1 standard deviation of the 
mean. From these plots, it is clear that significantly longer latencies were observed for peaks V, A, D, E, F, and O in the young 
men compared with the young women (P<0.05). The asterisk (*) indicates a statistically significant difference (P<0.05).
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Figure 3. �The mean amplitudes of the 6 peaks of the speech-
ABR are shown, with error bars representing +1 
standard deviation of the mean. From these plots, it 
is clear that the amplitudes of the peaks of the young 
men are smaller than those of the young women; 
this difference was statistically significant for waves 
V, A, and F (P<0.05), but the sex difference of the 
amplitude in waves D, E, and O were without statistical 
significance (P>0.05). The asterisk (*) indicates a 
statistically significant difference (P<0.05).
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concentration (P<0.05) (Table 2). The correlation between the 
amplitudes of wave D and wave O and the total testosterone 
concentration was not statistically significant (wave D r=0.146; 
wave O r=0.133, P>0.05).

Discussion

In this study, significant sex differences in most of the re-
sponse waves of the speech-ABR were found between 24- to 
34-year-old females and males. All waves of the transient re-
sponses of the females showed a significantly shorter latency 

Women (n=17) Men (n=18)  F value P value

Latency (ms) V 	 6.62±0.23 	 6.94±0.37 9.691 0.004*

A 	 7.65±0.26 	 8.07±0.34 17.590 0.000*

D 	 22.46±0.48 	 23.30±0.84 13.176 0.001*

E 	 31.11±0.37 	 31.92±0.75 16.443 0.000*

F 	 39.61±0.67 	 40.55±0.69 17.049 0.000*

O 	 47.88±0.28 	 48.38±0.46 14.659 0.001*

V/A slope (μV/ms) 	 –0.40±0.14 	 –0.24±0.08 19.840 0.000*

Amplitude (μV) V 	 0.14±0.05 	 0.10±0.03 11.042 0.002*

A 	 –0.25±0.06 	 –0.17±0.06 18.266 0.000*

D 	 –0.15±0.08 	 –0.13±0.06 1.154 0.290

E 	 –0.22±0.06 	 –0.19±0.06 2.545 0.120

F 	 –0.17±0.08 	 –0.12±0.04 6.827 0.013*

O 	 –0.19±0.07 	 –0.17±0.06 1.722 0.198

Table 1. Sex differences in the speech ABR (means ±SD) in young adults.

The analysis of ANOVA; significance level a=0.05; statistically significant differences are identified by asterisks: * P<0.05.

Speech ABR (n=35) E2 (r) P value Testosterone (r) P value

Latency (ms) V 	 6.79±0.34 –0.312 0.032* 0.498 0.001*

A 	 7.87±0.37 –0.390 0.009* 0.592 0.000*

D 	 22.90±0.81 –0.315 0.031* 0.493 0.001*

E 	 31.54±0.72 –0.259 0.064 0.613 0.000*

F 	 40.11±0.82 –0.390 0.009* 0.597 0.000*

O 	 48.14±0.46 –0.396 0.008* 0.474 0.002*

Amplitude (μV) V 	 0.12±0.05 0.480 0.002* –0.384 0.010*

A 	 –0.21±0.07 –0.383 0.011* 0.489 0.001*

D 	 –0.14±0.07 –0.639 0.000* 0.146 0.198

E 	 –0.20±0.06 –0.415 0.006* 0.360 0.016*

F 	 –0.14±0.07 –0.516 0.001* 0.335 0.023*

O 	 –0.18±0.06 –0.294 0.041* 0.133 0.219

V/A slope 	 –0.32±0.14 –0.495 0.001* 0.506 0.001*

Table 2. Correlations between the speech ABR and reproductive hormones in adults.

Significant correlations are indicated with asterisks: * P<0.05, l (1-tailed); r: correlation coefficient.

2280
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]  [Index Copernicus]

Liu J. et al.: 
Association between sex and speech auditory brainstem responses…

© Med Sci Monit, 2017; 23: 2275-2283
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



and larger amplitude than the corresponding responses of the 
males, except for the amplitude of peak O, D and E (P>0.05). 
The V/A slope was also significantly steeper in females than 
in males (P<0.05) (Table 1). Krizman et al. [17] found that fe-
males have significantly earlier peak latencies at peaks V and 
A, and a steeper V/A slope compared with men, in line with 
the present study. The V-A complex reflects a highly synchro-
nized neural response to a stimulus onset. The observation of 
a shorter V-A complex latencies in females suggests that the 
neural response to the onset of a stimulus is more synchro-
nous in females than in males. Furthermore, the sex difference 
was also found in the sustained portions of the speech-ABR 
(waves D, E, and F). Females showed a significantly shorter la-
tency than males (waves D, E, and F, P<0.05). This result also 
suggests that the effect of sex on the outcome needs to be 
considered when speech ABRs are used as a diagnostic tool to 
assess speech processing in young adults. However, the ampli-
tude of sustained portions of the speech-ABR (waves D, E, and 
F) was little affected by sex. Females only exhibited a larger 
amplitude in wave F (P<0.05) than that of the males (Table 1 
and Figures 1, 3). However, no sex difference was found in 
the amplitude of peak D and E (P>0.05). This result suggests 
that the phase-locking ability of neurons in the brain stem to 
speech stimuli is little affected by sex.

Sex differences in the structure and function of the auditory 
system have been widely reported [24–27]. Females showed 
significantly lower hearing thresholds than males, especial-
ly at higher frequencies (3000 Hz and above), where the sex 
difference was approximately 4–5 dB [28]. Females also dis-
play significantly more spontaneous otoacoustic emissions 
(SOAEs), stronger SOAEs, and greater transient evoked oto-
acoustic emission (TEOAE) amplitudes than males in infan-
cy [25,29], childhood [30], and adulthood [28]. Auditory pro-
cessing, as assessed with the ABR, is more efficient in females 
than in males [31]. Wave III and wave V latencies and I–III and 
I–V interpeak latency (IPL) intervals are significantly shorter in 
females than in males [32], and women were found to have 
greater gray matter percentages (corrected for overall brain 
size and age) in language-related cortical regions than men in 
an fMRI study [33]. Don et al. [34] offered a convincing theory 
that attributes the shorter latency and larger amplitude of ABR 
peaks in females to the shorter cochlear length and greater bas-
ilar membrane stiffness gradient in female subjects. According 
to this theory, shorter latencies in females are caused by fast-
er basilar membrane travel times, and greater amplitudes are 
caused by more neural activity per unit time. Moreover, pre-
vious reports have suggested that head size may provide a 
basis for sex differences in the latency of the ABR. Aoyagi et 
al. [32] found a significant positive correlation between head 
size and ABR wave latencies and IPL intervals, suggesting that 
head size may reflect brain size, which is an important factor 
in sex differences in ABR latencies. However,the present study 

did not measure head size, and therefore cannot totally rule 
out the effect of head size.

Many authors have focused on the effect of hormones on ABR. 
Increased ABR wave V peak latencies have been found to be 
associated with elevated levels of E2 or testosterone [35]. The 
latest research shows that differences in the levels of sex hor-
mones throughout the menstrual cycle can affect women’s 
brainstem encoding of speech stimuli [20]. Effects of gonadal 
hormones, such as testosterone, progesterone, and E2, on lan-
guage have also been suggested [36]. To determine the effect 
of reproductive hormone levels on the speech-ABR, we tested 
the reproductive hormone levels of 35 young adults (17 wom-
en and 18 men). We found that the E2 levels in females were 
significantly higher than those in males (P<0.05) and that the 
total testosterone concentration in females was significantly 
lower than in males (P<0.05). These differences may be related 
to the sex differences in speech-ABR in adults. To determine 
the effect of reproductive hormone levels on speech coding 
ability, we conducted a correlation analysis between repro-
ductive hormone levels and the latency and amplitude of the 
speech-ABR in young adults. Our results show that the latency 
of all reaction waves except wave E was negatively correlated 
with the E2 concentration (r=0.259, P=0.064; Table 2). The la-
tency of the speech-ABR decreased as the E2 level increased. 
The amplitude of wave V and the E2 concentration were posi-
tively correlated (r=0.480, P<0.05), while the E2 concentration 
was significantly negatively correlated with the amplitude of 
waves A (r=–0.383), D (r=–0.639), E (r=–0.415), F (r=–0.516), 
and O (r=–0.294). The amplitude of the speech-ABR increased 
as the E2 level increased. E2 impacts a wide variety of brain 
processes, including sex differentiation, mood, and learning. 
E2 also regulates the processing of acoustic signals in the 
vertebrate brain, specifically in the caudomedial nidopallium 
(NCM), which the songbird analog of the mammalian auditory 
association cortex [27]. High levels of circulating E2 enhance 
the synaptic responsiveness of medial vestibular nucleus neu-
rons [37], and in (CA1) pyramidal cells in hippocampal slices, 
E2 can rapidly increase the amplitude of synaptically evoked 
local field potentials and enhance excitatory postsynaptic po-
tentials (EPSPs) and excitatory postsynaptic currents (EPSCs). 
Both exogenous and locally generated E2 can increase audi-
tory-evoked activity in the NCM. These results suggest that 
E2 may improve brainstem auditory neuron excitability and 
phase-locking ability for speech coding. Furthermore, the cor-
relation coefficient between E2 and amplitude of speech-ABR 
was higher than that of E2 and the latency of speech-ABR 
(Table 2). This suggests that E2 is likely to affect the phase-
locking of neurons (amplitude), but has little effect on the 
conduction velocity of neurons (latency). In particular, the cor-
relation coefficient between E2 and the amplitude of the sus-
tained response (wave D, r=–0.639; wave E, r=–0.415; wave F, 
r=–0.516) is greater than that of the transient response (wave 
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V, r=0.480; wave A, r=–0.383; wave O, r=–0.294), suggesting 
that E2 is more closely related to the amplitude of sustained 
response than that of transient response.

In contrast, the present results also showed that the total tes-
tosterone level was significantly positively correlated with the 
latency of each wave of the speech-ABR (Table 2); the higher 
the total testosterone concentration, the greater the latency 
of the speech-ABR peaks. The latency of the speech-ABR in-
creased as the total testosterone level increased. Previous re-
sults have also shown that circulating and neuronal testos-
terone can remarkably influence the synaptic responses of 
vestibular neurons in a manner that depends on its local con-
version. At a physiological concentration, testosterone is of-
ten converted into 5a-dihydrotestosterone (DHT), which only 
mediates long-lasting depression [38]. Therefore, at a physi-
ological level, testosterone may weaken the synchronization 
of neuronal activity; these effects may prolong the latency of 
the speech-ABR. Furthermore, the influences of androgens on 
behavior and speech have been widely investigated [39,40]. 
In a previous study of 22 female-to-male transsexuals, a bat-
tery of visuospatial and verbal ability tests was administered 
twice: shortly before and 3 months after the start of andro-
gen treatment. Androgen administration had a deteriorating 
effect on verbal fluency tasks. This study offered preliminary 
evidence that androgens quickly and directly affect verbal cog-
nitive performance in females [41]. Furthermore, in a study of 
the relation between verbal and non-verbal cognitive abilities 
and circulating androgen levels in healthy adult men, a nega-
tive correlation between androgen levels and measures of ver-
bal production was found [42].

Furthermore, based on the present results, the effect of an-
drogen on speech-ABR is different from that of estrogen. The 
correlation coefficient between testosterone and latency of 
speech-ABR was higher than that of testosterone and the am-
plitude of speech-ABR (Table 2). This suggests that testoster-
one is more likely to affect the synchronization of neural re-
sponse, but has little effect on the phase-locking of neurons. 
In addition, animal experiments further confirmed that orchi-
ectomy increased the synaptic transmission speed and exci-
tation of the hippocampal mossy fiber pathway and that this 
phenomenon disappeared after testosterone was administered, 
further demonstrating the inhibitory effect of testosterone on 
nerve excitability and synaptic transmission [43]. Regarding 

amplitude of speech-ABR, the onset responses (Waves V, A, 
and V/A slope) were moderately correlated with the total tes-
tosterone concentration (Waves V r=–0.384; Waves A r=0.489, 
and V/A slope r=0.506, P<0.05). In contrast, regarding the sus-
tained portions of the speech-ABR (waves D, E, and F), the cor-
relation between the amplitude of wave D and the total testos-
terone concentration was not statistically significant (r=0.146, 
P>0.05), and the amplitude of waves E and F was only weak-
ly correlated with the total testosterone concentration (wave 
E r=0.360, P<0.05; waves F, r=0.335, P<0.05). Taken together, 
these results suggest that testosterone has little effect on the 
FFR of the speech-ABR.

Conclusions

There were statistically significant sex differences in the laten-
cy of all waves of speech-ABR and the amplitude of the onset 
response of speech-ABR observed in adults. However, the am-
plitude of sustained portions of the speech-ABR (waves D, E, 
and F) was little affected by sex. This result suggests that syn-
chronized neural response in the brain stem to speech stimu-
li could be significantly affected by sex; however, the phase-
locking ability of neurons in the brain stem to speech stimuli 
is little affected by sex. We also found that the latency of the 
speech-ABR increased as the testosterone level increased and 
decreased as the E2 concentration increased, and the ampli-
tude of the speech-ABR decreased as the testosterone con-
centration increased and increased as the E2 level increased. 
These results suggest that sex hormones likely affect speech 
encoding in the brainstem. Furthermore, our results suggest 
that E2 is likely to affect the phase-locking of neurons (ampli-
tude), but has little effect on the conduction velocity of neu-
rons (latency). E2 may improve brainstem auditory neuron 
excitability and phase-locking ability for speech coding. E2 is 
more closely related to the amplitude of sustained response 
(FFR). Moreover, the present results suggest that testosterone 
is more likely to affect the synchronization of neural response. 
These effects may prolong the latency of the speech-ABR, but 
testosterone has little effect on the phase-locking of neu-
rons, especially on the amplitude of sustained response (FFR).
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