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ABSTRACT

This study aimed to clarify the relationship between the testosterone and cognitive
function. The subjects included 10 women and 6 men aged 20–35 years. Near infrared
spectroscopy (NIRS) was attached to the forehead of the subjects, and Oxyhemoglobin
(Oxy-Hb) was measured during the N-back task, and saliva was collected to measure
the testosterone concentration. Subsequently, the correlation coefficient between the
initial activation and testosterone concentration was calculated. The initial activation
of all participants correlated with testosterone at CH13-16 in the 0- and 1-back task
(p<0.05, 0.01). In addition, the correct response rate in the N-back task was correlated
with testosterone in the 1-back task (p<0.05). These results suggest that testosterone
concentration may be related to the correct response rate of the N-back task and
activation of the left prefrontal cortex.
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INTRODUCTION

Traditionally, individual and sex differences have been an important topic in
research on cognitive abilities and cognitive abilities related to memory. In
general, it is thought that women are superior in language ability and asso-
ciative memory, while men are thought to be superior in mathematics, logic,
and spatial awareness (Tirassa et al., 1997). These major cognitive abilities
are governed by the limbic system, and we have some reports of differe-
nces in brain function due to sex hormones (Koolschijn et al., 2014, Torres
et al., 2006), and some reports even claim no relationship, many controversies
remain.

Testosterone is a sex hormone and one of the major hormones secre-
ted by both men and women. A steroid hormone in the androgen family,
testosterone is the main sex hormone in men. In women, testosterone is
secreted by the ovaries and adrenal glands. In both men and women, testo-
sterone has been implicated in health and well-being, including aspects of
mood and behavior, and in the prevention of osteoporosis (Gaviglio et al.,
2014). With regard to the relationship of testosterone to cognitive function,
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we find reports of a positive correlation between testosterone and cognitive
function in men and women (Akishita, 2014), of a relationship between spa-
tial cognitive ability and memory (SHUTE et al., 1983), and of a significant
improvement in working memory observed in patients receiving testosterone
replacement therapy (Janowsky et al., 2000). Therefore, we focused here on
working memory and testosterone levels. Working and short-term memory
have different meanings. Short-term memory is a passive, temporary memory
that provides only retention, whereas working memory is an active and goal-
oriented temporary memory useful in both retention and processing. The
functioning of the prefrontal cortex is central to working memory (Logie
et al., 2021). Previous reports have also shown that cerebral blood flow (CBF)
in the prefrontal region increases during execution of the N-back task, a task
that places demands on working memory (Adrian et al., 2005, Marquand
et al., 2008, Owen et al., 2005)

Recently, methods that image brain functioning have attracted attention,
and one of these is near-infrared spectroscopy (NIRS), which images activa-
tions of blood flow on the cerebral cortex. NIRS has reportedly shown brain
activity during the performance of cognitive functions; the prefrontal cortex
is located behind the forehead and is thus accessible to the NIRS method
(Aoki et al., 2020). However, very few studies have evaluated the effects of
testosterone on brain functioning using NIRS.

In this study, we hypothesized that testosterone levels correlate with brain
activity during the workingmemory task and aimed to clarify the relationship
between testosterone and cognitive function using tests of salivary testo-
sterone secretion and the initial NIRS signal observed during the subject’s
performance of the N-back task.

MATERIAL AND METHODS

Participant Selection

The participants were 6 men and 16 women between the ages of 20 and
35 years. All participants were healthy and without systemic diseases. The
following exclusions were applied:

1) Currently pregnant;
2) body mass index outside the range 18-25;
3) smoker;
4) psychiatric history;
5) a Self-Rating Depression Scale score ≥50.

Procedure

The participants’ saliva was collected prior to the CBF measurements and
CBF was measured during the performance of the cognitive task.

Salivary Hormone Assays

Salivary testosterone concentrations were measured using an enzyme immu-
noassay kit (salivary teststerone; Salimetrics LLC, USA). The participants
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Figure 1: Experimental set up for CBF measurement.

were instructed to abstain from alcohol for 12 h and from eating and drin-
king for 1 h before saliva collection to avoid contamination and dilution of
the sample. Saliva was collected with a kit (Saliva Collection Aid, Salimetrics
LLC,USA) using the passive drool method. The collected saliva was promptly
frozen and analyzed at Kamakura Techno-Science, Inc. (Kanagawa, Japan)
on the same day.

CBF Measurement

We used an NIRS system (OEG-SpO2, Spectratech Inc., Tokyo, Japan). NIRS
probes are each composed of an emitter and a detector unit. Twelve of each
type of unit were placed at intervals of 3 cm in a lattice-like pattern, and the
CBF within an area of 150 mm × 60 mm was measured. Figure 1 illustrates
the procedure for measuring CBF. The participants were seated in a chair
with their feet on the floor, 55 cm from a monitor (23.8 inch), with the NIRS
probe array mounted on the forehead. A chin rest was used to prevent head
movement. The participants were asked to rest their arms on a desk and use
a cushion to allow them to perform the cognitive function task comfortably.
They were then asked to perform the tasks presented on the monitor during
NIRS recording. The NIRS signals were sampled every 0.65 s.

Design of the N-Back Task

In this task, letters of the alphabet are presented in a random order, and
participants are asked to respond when the presented letter matches the letter
that appeared in letters earlier (Harvey et al., 2005). Figure 2 shows the task
design.

NIRS Data Analysis

Oxy-Hb values were recorded starting 5 seconds before the start of each
session of the N-back task (t = −5 s) and continuing to the end of task pre-
sentation (t = 60), using channels ch1–ch16 of the probe array. The amount
of change in oxy-Hb (1oxy-Hb) was determined by subtracting the baseline
from the values of the oxy-Hb. The slope from 0sec to 5sec was used as a
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Figure 2: N-back task design. For 0-back task, click the mouse when the current chara-
cter is the same as the first character displayed, 1-back task is one step before, 2-back
task is the two step before.

Figure 3: The layout of each channel and its designated area.

measure of the initial activation, which was then averaged over two sessi-
ons of the same N-back task. Finally, the average initial activations in the 0-,
1-, and 2-back tasks were averaged over channels ch1–4 (typical of the left
hemisphere), ch7–10 (typical of the center), and ch10–ch13 (typical of the
right hemisphere) (Sasahara et al., 2020, Suto et al., 2004, Kameyama et al.,
2006). Figure 3 shows the layout of each channel and its designated area.

Data Analysis

Spearman’s rank correlation coefficients were calculated between testoste-
rone level and the correct-response rate, the reaction time, and the initial
brain activation measured in the N-back task.

Ethical Considerations

Prior to study start, participants were given both written and verbal expla-
nations of the study and were asked to sign an informed consent form.
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Table 1. Participant characteristics.

All participants Mena) Womenb)

Mean SD Mean SD Mean SD

Age, year 24.4 5.9 29.2 6.5 21.8 0.7
BMI, kg m−2 21.7 1.7 23.8 1.0 21.2 1.6
SDS 38.8 7.1 38.0 4.9 39.0 4.0

a) n = 6. b) n = 16. BMI; body mass index. SDS; Self-Rating Depression Scale score

Table 2. Correlations and descriptive statistics (N = 22).

Initial activation N-back task correct
response rate

N-back task
reaction time

0-back 1-back 2-back 0-back 1-back 2-back 0-back 1-back 2-back
CH
1–4

CH
7–10

CH
13–16

CH
1–4

CH
7–10

CH
13–16

CH
1–4

CH
7–10

CH
13–16

TS .01 .15 .48* .24 .23 .68** .19 .28 .16 .11 .42* .28 .25 .46* .25

This table shows relationship between testosterone and Oxy-Hb initial activation, N-back task correct
response rate, and reaction time. Spearman’s rank correlation coefficients, TS; Testosterone, *p<.05,
**p<0.01

This study was conducted in accordance with the principles of the Decla-
ration of Helsinki and was approved by the Human Ethics Committee of the
Kanagawa Institute of Technology (approval no. 20191011-01).

Results

The number of participants is summarized in Table 1. The correlation coeffi-
cients between testosterone and initial activation, correct-response rate, and
reaction time during the N-back task are provided in Table 2. The items
that were significantly correlated with testosterone were the initial activa-
tion CH13-16 in the 0-back task (r = 48, p=.02). And the correct response
rate (r=.42, p=.03), reaction time (p=.46, p=.03) and initial activation of
CH13-16 (r=.68, p=.007) in the 1-back task. Figure 4 shows the 1Oxy-Hb
at CH13-16 during the presentation of the 1-back task for the participants
with the highest and lowest testosterone levels.

Discussion

The purpose of the present study was to clarify the relationship between
cognitive function and testosterone and not to discuss cognitive function in
terms of sex. Previous reports have shown an association between spatial
cognitive ability and testosterone and an enhancement of working memory
due to testosterone replacement therapy. Therefore, we employed here a
working memory task, the N-back task. The present results showed that
testosterone was associated with initial activation in the left prefrontal cor-
tex in the 0-back and 1-back tasks. The N-back task is a working memory
assessment task, and the percentage of correct responses assesses working
memory, supporting the report that testosterone increases working memory
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Figure 4: The 1 Oxy-Hb at CH13-16 during the presentation of the 1-back task for the
participants with the highest and lowest testosterone levels. The initial activation is
the slope from 0sec to 5sec.

(Janowsky et al., 2000). The initial activation is the average slope of the acti-
vation in the first 5 seconds after the presentation of the task and is used as an
index of brain responsiveness in the evaluation of mental disorders by NIRS
to assess responsiveness (Takizawa et al., 2014) The 0-back and 1-back tasks
are less difficult than the 2-back tasks. The present results suggest that the
brain’s reactivity when presented with an N-back task of easy or moderate
difficulty (Harvey et al., 2005) is related to testosterone. Although the relati-
onship between reactivity and testosterone has also been reported for other
cognitive tasks, it is possible that testosterone is also associated with reacti-
vity in the N-back task. And the correct response rate and reaction time of the
1-back task also correlated with testosterone. Testosterone has been shown
to increase the concentration of nerve growth factor in the hippocampus and
to upregulate NGF receptors in the prefrontal cortex (Tirassa et al., 1997),.
In addition, because of its protective effects on nerves, it has been reported
to have a significant association with cognitive function, especially memory
and learning (Beauchet, 2006). Thus, testosterone may be related to a series
of processes by which people capture visual images, determine the correct
answer, make decisions, and act. This was a pilot study; in the future, we
intend to repeat the study with a greater number of participants.

CONCLUSION

In adults, testosterone was associated with initial activation of the NIRSOxy-
Hb signal in the 0-back and 1-back tasks. Furthermore, in the 1-back task,
testosterone was associated with correct response rate, the reaction time, and
initial activation of the NIRS Oxy-Hb signal of CH13-16. This result sugge-
sts that testosterone may be related to left prefrontal cortex activation and
responsiveness to presentation of the N-back task.
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