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Abstract

Electrodermal activity (EDA) is defined as a general term for all
electrical behaviors in the skin, encompassing all active and passive
electrical properties that can be traced back to the skin and its
appendages. EDA measurements can be impacted by various
factors and conditions. A factor of effect on EDA recordings, which
has not been investigated before is the gender-related differences
in the effects of skin hydration on EDA signals. Hence, this study
aimed to study gender-related differences in the EDA parameters
under conditions of skin hydration. 30 males and 30 females
participated in this study under two different conditional (normal
and hydration) experiments. Three EDA parameters (tonic and
phasic components) were recorded from both groups. In the
hydration experiment, 0.2 gram of 0.5% KCl in a 2% agar jelly was
applied to the skin of all participants to moisturize their skin. The
data from both experiments were analyzed to investigate gender-
related differences in the effects of skin hydration on EDA
measurements. It was found that EDA measurements, in particular
the tonic component were not influenced by gender-related
differences under hydration conditions. However, some significant
(p<0.05) differences were observed between males and females in
certain phasic parameters in response to specific stimuli. This study
suggests that skin hydration does not contribute to gender-related
differences in EDA recordings. These results are probably important
in EDA investigations and applications.
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Introduction

The skin is the largest organ in the body. It has a complex
structure with various layers working as an interface
between the body and the external environment. The skin

performs many tasks from the body's thermal regulation to
the physical barrier against the penetration of pathogens
and many other functions.

Gender-related differences have been pointed out in
various body organs, including skin. It is shown that men's
skin thickness is greater than that of women, whereas the
subcutaneous (layer) fat thickness of women is greater [1, 2].
Females have been reported to have a higher surface pH
than males [3, 4], conversely, it is shown that males have
higher sebum production and larger pore size than females
[5]. Moreover, during physical exercise, males produce
sweat at a larger rate than females [6, 7]. Generally, the skin
of both genders shows high ionic impedance during normal
conditions since the outermost layer of the skin consists of
dead skin cells (keratinized tissue). However, the skin impe-
dance is strongly reduced when the skin is hydrated either
due to sweating [8] or application of a moisturizer [9, 10].

Electrodermal activity (EDA) represents variations in the
electrical characteristics of the skin surface which fluctuate
in response to sweat secretion controlled by the sympathetic
nervous system [11]. Changes in sweat volume are triggered
by central nervous system activity associated with emotional
and cognitive states. The EDA waveforms are analytically
processed into two basic components: tonic and phasic
components. The phasic component manifests the rapid
changes in EDA in response to startle-like stimuli, whereas
the slower tonic component demonstrates the gradual
changes in EDA associated with the passive indicators of
sympathetic activity [12, 13].

EDA parameters, which are the skin conductance
responses (SCRs), skin potential responses (SPRs), and/or
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skin susceptance responses (SSRs), skin conductance level
(SCL), skin potential level (SPL), and/or skin susceptance level
(SSL), are shown to be influenced by various external factors
such as environmental temperature [14], humidity [15], and
sound (noise) [16], and internal or physiological factors like
speech activity, deep inhalations, breath holding, etc. Also,
EDA signals can be influenced by technical issues like
electrode-skin connection and site of measurement, and by
solid or wet gel electrodes with different electrolyte
compositions. Moreover, EDA measurements may also be
impacted by demographic characteristics such as age
differences [17], gender differences [18], and ethnic
differences and heritability [11].

Skin hydration is another factor that can affect EDA
measurements. In some studies, the effects of skin hydration
on EDA recordings are investigated. For instance, Fowles and
Robert [19], and Fowles and Schneider [20] reported that SC
and SP were influenced when the skin was hydrated, in
which SC was increased and the negativity of the SP was
reduced. In two separate studies Garwood et al. [21, 22],
investigated age-related differences in the impact of skin
hydration on SC and SP for young and old men. They
observed that there were significant differences between
both groups concerning SP, but not for SC. Fowles and
Schneider [23], in another study examined the impacts of
four various electrolytes on SPL and SPRs, and found a large
influence of hydration on SPL and SPRs.

A factor of effect on EDA, which to the authors’
knowledge has never been studied before, is the gender-
related differences in the effects of skin hydration on EDA. In
this study, we have investigated whether hydration factors
have similar effects on EDA recorded in both males and
females. In general, maintaining adequate skin hydration
(i.e., the necessary water content in the skin cells) is essential
for keeping the skin healthy. Moistening of the skin will
cause changes in its electrical properties such as skin
resistance [11].

The aim of this study was to determine whether there
are any differences between males and females in EDA
measurements under the effects of skin hydration. To
achieve this, all EDA parameters—skin conductance (SC),
skin potential (SP), and skin susceptance (SS)—were
simultaneously recorded from both gender groups using a
new, non-invasive bioimpedance technique.

Materials and methods
Instrumentation

The system
measurement of SC, SP, and SS and a system similar to the
one described in [24, 25] was used. The system is composed
of a small front-end electronic box designed for connection
to a data acquisition (DAQ) card that is interfaced to a PC
laptop running the LabVIEW software, version 14. The three
electrodes were a measuring electrode, a reference

three-electrode enables simultaneous
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electrode, and a current-sink electrode. The current-sink
electrode and the measuring electrode provided AC for the
SC and SS measurements, at the same time the measuring
electrode and the reference electrode were used to measure
SP.

Moisturizer

To hydrate the participants' hands, especially the locations
for electrode connections, 0.2 grams of a gel (0.5% KCI with
2% agar) was applied to the chosen skin regions.

Study protocol

60 (30 male and 30 female) healthy subjects aged between
19 and 43 years from students and staff of the University of
Zakho participated in the current investigation. They were
involved voluntarily and signed a written informed consent
before taking part in the study. All the test subjects were
seated in a comfortable chair throughout both experiments
in a silent room with the normal room temperature (22-23
°C). In addition, they were instructed to keep calm and avoid
bodily movement. Furthermore, both groups were
instructed to avoid hand washing and engaging in any
physical activities prior to the tests.

To produce mental stress and evoke SCRs, SPRs, and
SSRs both groups (males and females) were subjected to four
specific stimuli during both experiments. The stimuli were a
mathematical task (test subjects were asked to subtract 13
from 100 once for 5 seconds); sound (test subjects were
exposed to an acoustic handclap for 1 second); image (test
subjects were asked to look at a frightening photo for 3
seconds); and deep breath (test subjects were asked to take
a deep breath for 4 seconds). It is important to note that, the
order of both the mathematical task and image stimuli were
changed in the second experiment to avoid habituation.
Moreover, in both experiments, five minutes were allowed
for electrode stabilization before measurements started,
and there was 60 seconds of relaxation time before and after
each stimulus to get the baseline of the measurements.

In the first experiment, EDA measurements were taken
from both males and females at the normal skin state
without applying any gel on their hands. In the second
experiment, both groups were asked to redo the test, but
before measurements started 0.2 grams of the moisturizers
were applied to all participants' hands in order to hydrate
their hands, and then the electrodes were placed over the
moisturized areas of the skin (hands).

Data and statistical analysis

Amplitudes and levels of SC, SP, and SS were computed from
EDA waveforms recorded from males and females to analyze
the differences between both groups. Levels of SC, SP, and
SS were obtained from the average of SCRs, SPRs, and SSRs
to four stimuli, respectively. Amplitudes of SC, SP, and SS
were calculated from the differences between the response
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onsets and peaks of SCRs, SPRs, and SSRs, respectively,
similar to the procedure illustrated in [24]. In addition, the
differences between amplitudes and levels of SC, SP, and SS
obtained from both groups were statistically evaluated using
the Mann-Whitney U test. The statistical analyses were
performed by the Statistical Package for Social Sciences
(SPSS).

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Ethical approval

The protocol has been complied with all relevant national
regulations, institutional policies and in accordance with the
tenets of the Helsinki Declaration, and has been approved by
the authors’ institutional review board or equivalent
committee.

Results

EDA level

Skin conductance level (SCL)

Data for SCL over 60 (30 males and 30 females) participants
as a function of gender for both conditions (normal and
hydration) are presented in Figure 1. Inspection of the figure
and statistical analysis with the Mann-Whitney U test
showed that males produce a higher SCL than females in

both conditions. However, with the hydration condition, the
differences were reduced to insignificant (p =0.087).
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Fig. 1: Box-plot with medians, quartiles and the min and max as
whiskers shows SCL as a function gender for both normal and
hydration conditions. *p = 0.0037.
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Fig. 2: Box-plot with medians, quartiles and the min and max as
whiskers shows SPL as a function gender for both normal and
hydration conditions.

45

Skin Potential Level (SPL)

SPL values recorded from both groups during the normal and
hydration experiments are illustrated in Figure 2. The figure
depicts a small insignificant (p > 0.05) difference between
males and females in both conditions. Moreover, at normal
condition, females showed a higher (more negative) SPL
than males, whereas at the hydration condition, this trend
was reversed and males showed slightly (negative) higher
SPL than females.

Skin Susceptance Level (SSL)

Figure 3 presents SSL data for males and females during two
various experimental conditions. Inspection of the Figure
indicates that, although there are small differences between
both groups, the differences were statistically insignificant
(p>0.05).
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Fig. 3: Box-plot with medians, quartiles and the min and max as
whiskers shows SSL as a function of gender for both normal and
hydration conditions.

Amplitude of EDA response

Amplitude of skin conductance response (SCRs Amp)
SCRs_Amp as a function of gender for various stimuli (sound,
math, image, and deep breath) and two different
experiments are presented in Figure 4. Even though the
amplitude of SCRs for males appears slightly higher than for
females, the statistical analysis revealed that these
differences are not significant (p> 0.05) as indicated by the
Mann-Whitney U test.

Amplitude of skin potential response (SPRs_Amp)
Figure 5 shows SPRs_Amp with respect to males and females

and two experimental conditions for four external stimuli. It
can be seen through the figure that males produce a larger
(more negative) SPRs_Amp than females. In addition, the
differences between both genders were significant (p < 0.05)
except for sound stimuli. Furthermore, the same situation
(males cause larger SPRs_Amp than females) was seen in the
hydration experiment as well.
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Fig. 4: Box-plot with medians, quartiles and the min and max as whiskers
shows SCRs_Amp as a function gender for both normal and hydration
conditions for all stimuli. *p =0.008

Amplitude of skin susceptance response (SSRs_Amp)

The results of SSRs_Amp obtained from normal and
hydration experiments for multiple stimuli as a function of
different genders are presented in Figure 6. In both
experiments, males showed a higher SSRs_Amp than
females, but these differences were not significant (p > 0.05)
with some stimuli such as sound, math, and breath during
the hydration test.

Discussion

This work represents the first study investigating the gender-
related differences in the effects of skin hydration on EDA.
The main finding suggests that hydration does not
differentially affect the EDA measurements obtained from
the two gender groups. Moreover, small gender differences
in tonic and phasic EDA parameters during the normal and
hydration experiments were almost insignificant (p>0.05) as
evaluated by the Mann-Whitney U test.
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Fig. 5: Box-plot with medians, quartiles and the min and max as whiskers
shows SPRs_Amp as a function gender for both normal and hydration
conditions for all stimuli. ¥*p = 0.02, and **p = 0.001.

The differences between both genders concerning the
three tonic (SCL, SPL, and SSL) parameters were non-
significant. Based on the results presented in Figure 1,
although in the normal experiment, the differences between
males and females were significant, in the hydration
experiment the differences between both groups were
insignificant (p>0.05). This should mean that hydration had
the same effects on the skin resistance (conductance) of
males and females. In addition, the values of SC of both
groups were increased compared to the normal experiment
due to reduction in the skin resistance and an increment in
SC [11, 26]. Likewise, the effects of hydration on SPL
recorded from both sexes were similar since the differences
between them were insignificant (Figure 2). Compared to the
normal experiment, the negativity of SPL for both groups
was reduced, which might be due to a decrease in epidermal
resistance following hydration since epidermal skin acts as a
short circuit to the skin surface [21, 27].
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Fig. 6: Box-plot with medians, quartiles and the min and max as whiskers
shows SSRs_Amp as a function gender for both normal and hydration
conditions for all stimuli. *p = 0.02, and, **p = 0.005.

Also, hydration does not differentially affect the third tonic
parameters (SSL) computed from both males and females.
Furthermore, the SSL values of both groups were increased
in the hydration experiment due to the increase in the
moisture content of their skin [28].

Concerning the phasic EDA component, findings of
gender-related differences in the effects of skin hydration
were different depending on the EDA parameter and types
of external stimuli. There were insignificant differences
between SCRs_Amp data of males and females for all stimuli
(except breath) in the normal condition experiment, which is
in agreement with the results of [4]. In the second
experiment, hydration did not lead to significant differences
between both genders in SCRs_Amp for all stimuli (sound,
math, image, and breath). In addition, SCRs_Amp of both
groups were increased in the hydration experiment. This is
in contrast to the results of [20], who reported that
SCRs_Amp were lowered following skin hydration.
Moreover, they illustrated that high hydration produces
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swelling and a mechanical blockage of the sweat gland in the
skin that might impede pore opening and weaken the
SCRs_Amp, but this did not happen in this study. This may
suggest that no mechanical blockage occurred in the sweat
glands. One possible explanation for this finding is that the
amount of moisturizer applied (0.2 grams) may not have
been enough to hydrate the skin to a large degree,
preventing any blockage in the sweat pores.

With regards to SPRs_Amp, there were significant
differences between males and females for image and
breath stimuli in the hydration experiment. Whereas there
were insignificant differences between SPRs_Amp results for
both groups at the same condition of the skin. Moreover,
males showed a higher (more negative) SPRs_Amp than
females in line with the findings of [4, 29]. In the hydration
experiment, SPRs_Amp of both genders were lowered.
Based on the Edelberg’s model of the internal circuitry of the
skin and sweat glands [30], SPRs_Amp is decreased as a
result of skin hydration because it prohibits the decrement
in resistance of the sweat gland pathway related to a
response. Our results of SPRs_Amp are supported by the
findings of studies of Fowles and Rosenberry [19], Fowles
and Schneider [23], and Garwood et al. [21].

Hydration also increased SSRs_Amp of both males and
females compared to normal experiments. In addition, it
seems SSRs_Amp of both groups increased (in the negative
trend) at the same rate since there were insignificant
differences between them. In other words, the increase in
SSRs_Amp for both genders in a similar manner is indicative
of increasing the electrical capacitance of the skin of the two
groups that is proportional to the hydration of the skin [28].
The results of insignificant differences between males and
females are supported by the findings of [4], who also
observed that the differences between both genders for
SSRs_Amp are not significant.

Finally, based on the results presented in this study,
males showed a higher reactivity (larger SCRs_Amp,
SPRs_Amp, and SSRs_Amp) to stimuli than females in both
normal and hydration experiments. This could be because
males tend to show a greater amplitude of EDA responses
than females under conditions of stimulation [11].

Limitations

The conclusion is supported by the results, but the study's
generalizability might be limited to the specific population
(students and staff from one university). Additionally, the
moisturizer's composition (0.5% KC1 with 2% agar) might
have specific effects not generalizable to other hydrating
agents and comparing it with other moisturizers could
strengthen the findings.

Conclusion
Generally, gender-related differences in the effects of skin
hydration on EDA especially tonic parameters (SCL, SPL, and
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SSL) were not observed in this study. However, some
differences were noted between males and females in phasic
parameters (SPRs_Amp) in response to certain stimuli, which
might be attributed to higher reactivity in males than
females under stimulation conditions. Moreover, the level
and amplitude of EDA signals of both genders were increased
during the hydration experiment, likely due to changes in the
resistive and capacitive properties of the skin. Hence, it is
reasonable to conclude that skin hydration does not
contribute to gender-related differences in EDA measure-
ments. This finding is likely significant for both EDA research
studies and clinical applications.

Conflict of interest
Authors state no conflict of interest.

References

1. Tur E. Physiology of the skin—differences between women
and men. Clin Dermatol. 1997; 15: 5-16.
https://doi.org/10.1016/50738-081X(96)00105-8

2. Giacomoni PU, Mammone T, Teri M. Gender-linked
differences in human skin. J Dermatol Sci. 2009; 55: 144-149.
https://doi.org/10.1016/j.jdermsci.2009.06.001

3. Eisenbeiss C, Welzel J, Schmeller W. The influence of female
sex hormones on skin thickness: evaluation using 20 MHz
sonography. Br J Dermatol. 1998; 139: 462-467.
https://doi.org/10.1046/j.1365-2133.1998.02410.x

4. Bari DS, Salih JM, Aldosky HY, Martinsen @G. Impact of
gender differences and body mass index on skin biophysical
parameters of coronavirus patients. SJUOZ. 2024; 12: 336-
339. https://doi.org/10.25271/sju0z.2024.12.3.1306

5. Pochi PE, Strauss JS. Endocrinologic control to the
development and activity of the human sebaceous gland. J
Invest Dermatol. 1974; 62: 191-201.
https://doi.org/10.1111/1523-1747.ep12676783

6. Yosipovitch G, Reis J, Tur E, Sprecher E, Yarnitsky D, Boner G.
Sweat secretion, stratum corneum hydration, small nerve
function and pruritus in patients with advanced chronic renal
failure. Br J Dermatol. 1995; 133: 561-564.
https://doi.org/10.1111/j.1365-2133.1995.tb02705.x

7. GreenJM, Bishop PA, Muir IH, Lomax RG. Gender differences
in sweat lactate. Eur J Appl Physiol. 2000; 82: 230-235.
https://doi.org/10.1007/s004210050676

8. Tronstad C, Gjein GE, Grimnes S, Martinsen @G, Krogstad AL,
Fosse E. Electrical measurement of sweat activity. Physiol
Meas. 2008; 29: S407.
https://doi.org/10.1088/0967-3334/29/6/S34

9. Martinsen @G, Grimnes S. Long-term effect of some skin
moisturizers. Open Dermatol J. 2008; 2(1):87-9.
https://doi.org/10.2174/1874372200802010087

10. Bari DS, Ali ZK, Hameed SA, Aldosky HY. Evaluation of the
effect of several moisturizing creams using the low frequency
electrical susceptance approach. J Electr Bioimpedance. 2024;
15: 4-9. https://doi.org/10.2478/joeb-2024-0002

48

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Boucsein W. Electrodermal activity. Berlin: Plenum Press;
2012. https://doi.org/10.1007/978-1-4614-1126-0

Posada-Quintero HF, Chon KH. Innovations in electrodermal
activity data collection and signal processing: A systematic
review. Sensors. 2020; 20: 479.
https://doi.org/10.3390/s20020479

Aldosky HYY, Bari DS. Electrodermal activity: simultaneous
recordings. In: El-Azazy M, Min M, Annus P, editors.
Electrochemical Impedance Spectroscopy. London:
IntechOpen; 2019. p. 519-551.
http://dx.doi.org/10.5772/intechopen.89025

Qasim MS, Bari DS, Martinsen @G. Influence of ambient
temperature on tonic and phasic electrodermal activity
components. Physiol Meas. 2022; 43: 065001.
https://doi.org/10.1088/1361-6579/ac72f4

Bari DS, Aldosky HY, Tronstad C, Kalvgy H, Martinsen @G.
Influence of relative humidity on electrodermal levels and
responses. Skin Pharmacol Physiol. 2018; 31: 298-307.
https://doi.org/10.1159/000492275

Bari DS, Aldosky HY, Tronstad C, Martinsen @G. Disturbances
in electrodermal activity recordings due to different noises in
the environment. Sensors. 2024; 24: 5434,
https://doi.org/10.3390/s24165434

Bari DS, Aldosky HYY, Martinsen @G. Simultaneous
measurement of electrodermal activity components
correlated with age-related differences. J Biol Phys. 2020; 46:
177-188. https://doi.org/10.1007/s10867-020-09547-4

Bari DS. Gender differences in tonic and phasic electrodermal
activity components. SJUOZ. 2020; 8: 29-33.
https://doi.org/10.25271/sjuoz.2020.8.1.670

Fowles DC, Rosenberry R. Effects of epidermal hydration on
skin potential responses and levels. Psychophysiology. 1973;
10: 601-611.
https://doi.org/10.1111/j.1469-8986.1973.tb00810.x

Fowles DC, Schneider RE. Effects of epidermal hydration on
skin conductance responses and levels. Biol Psychol. 1974, 2:
67-77. https://doi.org/10.1016/0301-0511(74)90032-5

Garwood MK, Engel BT, Quilter RE. Age differences in the
effect of epidermal hydration on electrodermal activity.
Psychophysiology. 1979; 16: 311-317.
https://doi.org/10.1111/j.1469-8986.1979.tb02996.x

Garwood MK, Engel BT, Kusterer JP. Skin potential level: age
and epidermal hydration effects. J Gerontol. 1981; 36: 7-13.
https://doi.org/10.1093/geronj/36.1.7

Fowles DC, Schneider RE. Electrolyte medium effects on
measurements of palmar skin potential. Psychophysiology.
1978; 15: 474-482.
https://doi.org/10.1111/j.1469-8986.1978.tb01418.x

Bari DS, Aldosky HY, Tronstad C, Kalvgy H, Martinsen @G.
Electrodermal responses to discrete stimuli measured by skin
conductance, skin potential, and skin susceptance. Skin Res
Technol. 2018; 24: 108-116.
https://doi.org/10.1111/srt.12397



Youssif et al.: Gender differences in the effects of skin hydration on EDA. J Electr Bioimp, 16, 43-49, 2025

25. Martinsen @G, Kalvgy H, Bari DS, Tronstad C. A circuit for 28. Martinsen @G, Grimnes S, Nilsen JK, Tronstad C, Jang W, Kim
simultaneous measurements of skin electrical conductance, H, et al. Gravimetric method for in vitro calibration of skin
susceptance, and potential. J Electr Bioimpedance. 2019; 10: hydration measurements. IEEE Trans Biomed Eng. 2008;
110-112. https://doi.org/10.2478/joeb-2019-0016 55(2): 728-32. https://doi.org/10.1109/TBME.2007.912651

26. Clar E, Her C, Sturelle C. Skin impedance and moisturization. J 29. Purohit AP. Personality variables, sex-difference, GSR
Soc Cosmet Chem. 1975; 26: 337-353. responsiveness and GSR conditioning. J Exp Res Pers. 1966; 1:

27. Edelberg R. Electrical activity of the skin: Its measurement 166-173.
and uses in psychophysiology. In: Greenfield NS, Stembach 30. Edelberg R. Biopotentials from the skin surface: The
RA,editors. Handbook of psychophysiology. New York: Holt, hydration effect. Ann N'Y Acad Sci. 1968; 148: 252-262.
Rinehart, Winston; 1972. p. 367-418. https://doi.org/10.1111/j.1749-6632.1968.tb20353.x

49



