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Abstract

Background and Aim: Auditory-verbal mem-
ory (AVM) is the ability to learn, retain, and
recall syllables and words. Memory has a strong
relationship with the nervous and endocrine
systems in humans. Changes in estrogen levels
occur naturally at short (menstrual period) and
long (pregnancy, menopause, and maturity) peri-
ods. Changes in estrogen levels are likely to
affect memory function. This study aimed to
evaluate the effects of hormone fluctuations on
the AVM of women.

Methods: This cross-sectional study with a
pretest/posttest design was conducted on 25
women aged 40—49 years with normal hearing
and normal menstrual cycles of 28 = 4 days,
who were selected using a convenience sampling
method. They were evaluated using two Persian
versions of Rey Auditory-Verbal Learning Test
(RAVLT). This test was performed twice and
at two different menstrual periods (2-5 and
14-16 days).

Results: A significant correlation was observed
between the mean of total recall score, recall
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score after interference, and delayed recall score
at two different periods (p < 0.01). The scores of
women in three areas on days 14-16 of the
menstrual cycle were higher than on days 2-5.
Conclusion: Women’s RAVLT scores on days
14-16 of the menstrual cycle are higher than on
days 2-5, indicating the effect of hormonal fluc-
tuations on their AVM function. Therefore, it is
necessary to consider the changes in women’s
AVM in different days of the menstrual cycle.
Keywords: Auditory-verbal working memory;
Rey learning test; menstrual cycle
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Introduction

Working memory is defined as online mainte-
nance of updated or manipulated information for
arelatively short period [1]. Because of the impo-
rtant role of this type of memory in cognitive
activities such as understanding, learning, read-
ing, reasoning, and comprehension, it is con-
sidered as the basis for cognitive activity [2]. The
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auditory-verbal memory (AVM) is the ability
to receive, process, store, and recall verbal sti-
muli. This memory plays a key role in the deve-
lopment of skills such as learning and remem-
bering words, understanding and applying gra-
mmar, expression, and writing language [3]. Due
to its important role in communication, any imp-
act (external or internal) on it can affect the qua-
lity of communications (interactions) in the
world. So far, several tests such as the California
Verbal Learning Test, the Hopkins Verbal Learn-
ing Test, and the Rey Auditory-Verbal Learning
Test (RAVLT) have been introduced to assess
AVM, among which the RAVLT is the most
reliable and the most widely used neurophysio-
logical test, due to its comprehensiveness, ability
to evaluate different aspects of memory and lear-
ning, ease and high speed of administration [4,5].
This comprehensive test examines the ability of
individuals to encode, combine, store, and retri-
eve verbal information in different stages of
immediate memory, and to evaluate the effect of
interfering stimuli, delayed memory, and recog-
nition [6]. Studies have shown that the perfor-
mance of RAVLT is influenced by various dem-
ographic factors including gender where women
act better than men in performing auditory-verbal
tasks. The superiority of women can be due to
gender differences at different levels; from mole-
cular to anatomic differences, in addition to
hormonal differences [7-9]. Changes in estrogen
levels (not in progesterone levels) that occur
physiologically over the course of the menstrual
cycle can affect memory performance [10]. The
average length of a normal menstrual cycle is
28 = 4 days, which is divided into bleeding,
follicular, ovulation, and luteal phases. The rise
in estrogen levels occurs in the mid-follicular
phase and decreases after ovulation. In the early
luteal phase, there is an increase in both estrogen
and progesterone levels [11]. Some studies on
young women with a regular menstrual cycle
have revealed that high levels of estrogen are
associated with improved AVM [12]. It has been
found that the main site of estrogenic activity
in adult female brains is the prefrontal cortex
(PFC). The estrogen is several times higher in the
PFC than in the hippocampus [13]. Some studies
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on the effect of hormonal fluctuations on mem-
ory performance have shown that high levels of
estrogen improve memory performance in older
and young women [10,14,15]. However, the
other studies have reported no hormonal effect on
memory performance [16]. In general, the effect
of estrogen on AVM are not clear. Some of
contradictions in the results of studies on human
models can be attributed to differences in the
characteristics of samples, the methods used for
measuring estrogen levels, the types of memory
and its measurement tools, and the applied tasks
[12,17]. Therefore, due to inconsistency in the
results of studies on the effect of menstrual cycle
on different types of memory using different
measurement tools, and given the important role
of AVM in the establishment of social inter-
actions, this study aimed to investigate the effect
of menstrual periods (25 and 14-16 days) on
AVM in women aged 40-49 years using the
RAVLT.

Methods

This cross-sectional study with pretest/posttest
design was conducted on 25 women aged 4049
years referred to an audiology clinic in central
Iran, who were selected using a convenience
sampling method during six months. The inclu-
sion criteria were: age 40-49 years, normal
peripheral hearing, being right-handed, monolin-
gual (Persian), no history of medical problems or
any illness affecting their cognitive health (e.g.
chronic neurological disorder, mental disorder,
head trauma, speech impairment, and psychiatric
disorders), no consumption of psychiatric drugs
or the drugs affecting the central nervous system,
a regular menstrual cycle of 28 + 4 days, no
hormonal disorders, and having university edu-
cation. A checklist was prepared to check the
above-mentioned criteria. Before collecting data,
the study objectives and methods were explained
to the participants and a written informed consent
was obtained from them. This study was app-
roved by the Ethics Committee of Shahid Behe-
shti University of Medical Sciences (Code: IR.
SBMU.RETECH.REC.1396.180).

The devices used for evaluation included: Mini
2000 HEINE otoscope (HEINE Co., Germany),
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the 901 GSI tympanometer (GSI Co., USA), and
AC40 audiometer (Interacoustics Co., Denmark)
for pure tone audiometry at 250-8000 Hz and
speech audiometry in the acoustic chamber.
Then, the two Persian versions of the RAVLT
[16], was administered (two-word lists of A and
B), during which the speaker’s voice level was at
the most comfort level of the participants. The
words were presented using a standard presen-
tation rate of one word per second in each trial.
Before the test, the participants were asked to say
the name of the words they recalled after presen-
tation and immediately tell the announcer to go
on to the next trial if they could not recall
the words (different trials were presented by
the same method). Responses were recorded in
a form after each presentation. Consisting of 9
different recall trials, the first five trials of
RAVLT (from word list A) are summed into
the recall score. To assess the stimuli repetition
effect and the individuals’ learning ability, the
mean total recall score (average score of the first
five trials) was used. The 6th trial (interference
list) was also presented once under the same
conditions as those in the first five trials. The 7th
(intervention phase) and 8th (delayed phase)
trials were presented once immediately after the
6th trial and once with delay. After 20 min, the
participants had to recall the words of the lists A
or B. During this time, the participants should not
have high mental and verbal activity as much as
possible; hence, they were advised to rest. In the
9th trial (recognition phase), they should be able
to identify the words of list A or B from among
50 words (15 out of 50). The above-mentioned
trials were performed at two menstrual periods
of 2-5 and 14-16 days. Of 25 participants, 13
were first randomly assigned to version A of
RAVLT and then to its version B in the second
period, while 12 first randomly assigned to ver-
sion B of RAVLT and then to its version A in the
second period. The data collected from these
two time periods were analyzed in SPSS 20 soft-
ware. Since the data had abnormal distribution,
Shapiro-Wilk test was used. The relationship
between the total recall score, recall score after
interference, and delayed recall score at the two
different menstrual periods was examined using
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the Wilcoxon test. Since we have one test group,
to compare the statistical results before and after
the menstruation and ovulation, we used the
Wilcoxon test (rather than Mann-Whitney U test)
for comparing the two separated groups. The
significance level was set at 0.05.

Results

The mean age of participants was 43.67 + 3.30
years. Their educational level was the same and,
therefore, had no effect on the results of this
study. The mean scores of participants in each
nine recall trials of RAVLT (at both time peri-
ods) are shown in Table 1. The scores from the
first trial to the 5th trial at both time periods were
increased (7.68 + 1.79 and 8.29 + 1.86 to 13.12
+ 1.12 and 13.92 + 1.07, respectively). The total
recall scores on days 2-5 and 14-16 of the mens-
trual cycle were 10.91 + 1.44 and 11.88 + 1.43,
respectively. Results of Wilcoxon test revealed
that hormonal changes affected the total recall
score, recall score after interference, and delayed
recall score. The mean of all these scores were
significantly higher on days 14-16 than on days
2-5 of the menstrual cycle (p <0.001).

Discussion

Baddeley introduced a new pattern of working
memory in 1974. This pattern is not a single
structure but consists of several interconnected
components. This pattern originally had the foll-
owing three components: central executive, pho-
nological loop, and visual—spatial sketchpad. The
fourth component "episodic buffer” was added
later. The central executive component, as the
main component, is responsible for supervising
other three components and coordinating all the
cognitive functions involved in working memory
including allocation of attention resources. The
visual-spatial sketchpad component is respon-
sible for temporary maintenance and manipu-
lation of visual—spatial information. The episodic
buffer component is responsible for integrating
information from several sources to create a uni-
fied memory. The phonological loop component
is involved in the temporary storage of verbal
information. This component of the working
memory is related to verbal memories [18,19].
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Table 1. Mean distribution and standard deviation of each of the nine different trials of the
Rey test and the mean difference between total recall, recall after interference, and delayed
scores in women aged 40—49 years at two different time periods (2—5 and 14—16 days of

menstrual cycle)

Mean score = SD

Trial 2—-5 days of menstrual cycle 14—16 days of menstrual cycle p

I 7.68+1.79 8.92 +1.86 <0.001
o 10.28 + 2.07 11.12+2.10 <0.001
I 11.20 £1.60 12.16 + 1.57 <0.001
v 12.28 +1.33 13.32 £ 1.65 <0.001
\'% 1312 +1.12 13.92 £1.07 <0.001
Total recall score 10.91+1.44 11.88 £1.43 <0.001
B 6.60 +1.97 7.48 £1.82 <0.001
VI (Recall after interference score) 12.56 + 1.87 13.28+1.42 <0.001
VI (Delayed score) 12.12 +1.87 12.68 +1.88 <0.001
Recognition 1364 +1.11 14.20 £ 0.95 <0.001

The effect of hormones, especially sex hormo-
nes, on cognitive function and memory has been
well documented in previous studies [10]. Using
the two Persian versions of RAVLT, this study
evaluated the effect of two different menstrual
periods on the total recall score, recall score after
interference, and delayed recall score of RAVLT
in women aged 40-49 years. The first finding of
this study was the higher scores of women in all
three areas on days 14-16 compared to days 2-5
of the menstrual cycle. A relatively similar study
conducted by Islam et al. [12] showed that the
performance of individuals in the RAVLT was
better in the immediate and delayed recall trials
when they were taking soy-derived phytoestro-
gens during the bleeding phase compared to
those who did not use soy supplements during
this phase. The effect of hormonal fluctuations
on the different types of memory has been emph-
asized in numerous studies [10,12,15,16,20-24].
Some of these studies indicated the effect of
hormonal fluctuations on memory performance
[12,17,21,22], while others reported no effect of
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these fluctuations on memory performance [16,
23,24]. Moreover, some studies have mentioned
the effect of estrogen levels on the AVM [12,17],
while some reported no relationship between
them [23,24]. In general, the effect of estrogen on
AVM function is not clear, yet. Existing contra-
dictories can have different reasons. One reason
may be this, that the majority of previous studies
were conducted on postmenopausal women. To
achieve more accurate results for evaluating
memory performance in adult women, it is nece-
ssary to consider the influence of hormonal effe-
cts and the age of women [25]. Another possible
reason may be the use of various methods for
measuring estrogen levels as well as the evalu-
ated cognitive functions [17]. Another reason
may be the difference in the tasks preformed in
various studies. When the applied task requires
extensive manipulation of information, the possi-
bility of the effect of hormonal fluctuations on
the study results increases compared to when
a simple task (e.g. encoding and maintenance
of information) is used [12]. Another possible
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reason is the effect of women’s perception of
memory ability and its effect on memory perfor-
mance [16]. Some of these contradictions in
these studies may be due to difference in the
characteristics of study populations [8].
Considering the high estrogen levels on days
14-16 of the menstrual cycle compared to those
on days 2-5, and given the better AVM function
of women in this study, it can be stated that PFC
is the important site of estrogenic activity in the
brain of adult women [13]. On the other hand, it
has been proven that the AVM tasks are related
to the frontal lobe function [26]. Studies using
functional magnetic resonance imaging method
have confirmed the effect of hormonal changes
on the frontal lobe function [27]. Hence, it seems
that estrogen can affect the function of PFC
by affecting the function of frontal lobe. The
RAVLT can help monitor the AVM when it is
affected by changes in estrogen levels. The effect
of hormonal fluctuations on the RAVLT scores
can be due to the appropriateness of the particular
memory domain affected by its test. The effec-
tiveness or ineffectiveness of estrogen can some-
how be predicted depending on the types of
memory and different parts of the brain involved
with memory, and using different methods for
evaluation of memory performance.

Due to the limitations of this study, it is sugg-
ested that similar studies be conducted on more
samples, younger age groups (< 40 years), longer
menstrual periods, and using more accurate ins-
truments for measuring estrogen levels.

Conclusion

Women’s Rey Auditory-Verbal Learning test
scores on days 14-16 of the menstrual cycle are
higher than on days 2-5, indicating the effect of
hormonal fluctuations on their auditory-verbal
memory (AVM) function. Therefore, it is nece-
ssary to consider the changes in women’s AVM
in different days of the menstrual cycle.

Acknowledgments

Thanks to all who participated in this research,
as well as the supervisors and consultants
for sharing their valuable information and
guidance.

http://avr.tums.ac.ir

298

Conflict of interest
The authors declare no potential conflict of inte-
rest.

References

1. Daneman M, Carpenter PA. Individual differences
in working memory and reading. J Verbal Learning
Verbal Behav. 1980;19(4):450-66. doi: 10.1016/S0022-
5371(80)90312-6

2. Gioia GA, Isquith PK, Guy SC, Kenworthy L. Test
review behavior rating inventory of executive
function. Child Neuropsychology. 2000;6(3):235-8.
doi: 10.1076/chin.6.3.235.3152

3. van Kempen E, van Kamp |, Lebret E, Lammers J,
Emmen H, Stansfeld S. Neurobehavioral effects of
transportation noise in primary schoolchildren: a
cross-sectional study. Environ Health. 2010;9:25.
doi: 10.1186/1476-069X-9-25

4. Trahan DE, Quintana JW. Analysis of gender effects
upon verbal and visual memory performance in
adults. Arch Clin Neuropsychol. 1990;5(4):325-34. doi:
10.1016/0887-6177(90)90012-E

5. Larrabee GJ, Trahan DE, Curtiss G, Levin HS.
Normative data for the Verbal Selective Reminding
Test.  Neuropsychology. 1988;2(3-4):173-82.  doi:
10.1037/h0091731

6. Schmidt M. Rey auditory verbal learning test: A hand-
book. Los Angeles, CA: Western Psychological Services;
1996.

7. Kimura D, Clarke PG. Women's advantage on
verbal memory is not restricted to concrete words.
Psychol Rep. 2002;91(3 Pt 2):1137-42. doi:
10.2466/pr0.2002.91.3f.1137

8. Gale SD, Baxter L, Connor DJ, Herring A, Comer J.
Sex differences on the Rey Auditory Verbal Learning test
and the Brief Visuospatial Memory Test—Revised
in the elderly: normative data in 172 participants.
J Clin Exp Neuropsychol. 2007;29(5):561-7. doi:
10.1080/13803390600864760

9. Malloy-Diniz LF, Lasmar VAP, Gazinelli LSR, Fuentes
D, Salgado JV. The Rey Auditory-Verbal Learning Test:
applicability for the Brazilian elderly population.
Braz J Psychiatry. 2007;29(4):324-9. doi: 10.1590/s1516-
44462006005000053

10. Maki PM, Rich JB, Rosenbaum RS. Implicit memory
varies across the menstrual cycle: estrogen effects in
young women. Neuropsychologia. 2002;40(5):518-29.
doi: 10.1016/s0028-3932(01)00126-9

11. Mihm M, Gangooly S, Muttukrishna S. The normal
menstrual cycle in women. Anim Reprod Sci. 2011,
124(3-4):229-36. doi: 10.1016/j.anireprosci.2010.08.030

12. Islam F, Sparkes C, Roodenrys S, Astheimer L. Short-
term changes in endogenous estrogen levels and con-
sumption of soy isoflavones affect working and verbal
memory in young adult females. Nutr Neurosci. 2008;
11(6):251-62. doi: 10.1179/147683008X301612

13. Bixo M, Béckstrom T, Winblad B, Andersson A.
Estradiol and testosterone in specific regions of the
human female brain in different endocrine states. J
Steroid Biochem Mol Biol. 1995;55(3-4):297-303. doi:
10.1016/0960-0760(95)00179-4

14. Ryan J, Stanczyk FZ, Dennerstein L, Mack WJ,

Aud Vestib Res (2021);30(4):294-299.


https://doi.org/10.1016/S0022-5371(80)90312-6
https://doi.org/10.1016/S0022-5371(80)90312-6
https://doi.org/10.1076/chin.6.3.235.3152
https://doi.org/10.1186/1476-069x-9-25
https://doi.org/10.1016/0887-6177(90)90012-E
https://psycnet.apa.org/doi/10.1037/h0091731
https://psycnet.apa.org/doi/10.1037/h0091731
https://doi.org/10.2466/pr0.2002.91.3f.1137
https://doi.org/10.1080/13803390600864760
https://doi.org/10.1590/s1516-44462006005000053
https://doi.org/10.1590/s1516-44462006005000053
https://doi.org/10.1016/s0028-3932(01)00126-9
https://doi.org/10.1016/j.anireprosci.2010.08.030
https://doi.org/10.1179/147683008x301612
https://doi.org/10.1016/0960-0760(95)00179-4

299

15.

16.

17.

18.

19.

20.

21.

Clark MS, Szoeke C, et al. Hormone levels and
cognitive  function in  postmenopausal  midlife
women.  Neurobiol  Aging. 2012;33(7):1138-47.
doi: 10.1016/j.neurobiolaging.2012.04.011

Hampson E, Morley EE. Estradiol concentrations and
working memory performance in women of reproductive
age. Psychoneuroendocrinology. 2013;38(12):2897-904.
doi: 10.1016/j.psyneuen.2013.07.020

Hasanzadeh S. The mediating role of emotional pro-
cessing styles in the relationship between circadian
rhythms and Meta-memory In students. Management
and Educational Perspective. 2019;1(1):103-17. doi:
10.22034/JMEP.2019.100586

Rosenberg L, Park S. Verbal and spatial functions
across the menstrual cycle in healthy young women.
Psychoneuroendocrinology. 2002;27(7):835-41.  doi:
10.1016/s0306-4530(01)00083-x

Baddeley A. Working memory: An overview. In: Picke-
ring SJ, editor. Working memory and education. Burling-
ton, MA: Academic Press; 2006. p. 1-31.

Baddeley A. Working memory. Curr Biol. 2010;20(4):
R136-R40. doi: 10.1016/j.cub.2009.12.014

Konishi K, Kumashiro M, Izumi H, Higuchi Y, Awa Y.
Effects of the menstrual cycle on language and visual
working memory: a pilot study. Ind Health. 2009;47(5):
560-8. doi: 10.2486/indhealth.47.560

Protopopescu X, Butler T, Pan H, Root J, Altemus M,
Polanecsky M, et al. Hippocampal structural changes

Aud Vestib Res (2021);30(4):294-299.

22.

23.

24.

25.

26.

27.

AVM function during the menstrual cycle

across the menstrual cycle. Hippocampus. 2008;18(10):
985-8. doi: 10.1002/hipo.20468

Dumas JA, Kutz AM, Naylor MR, Johnson JV,
Newhouse PA. Increased memory load-related
frontal activation after estradiol treatment in postmeno-
pausal women. Horm Behav. 2010;58(5):929-35. doi:
10.1016/j.yhbeh.2010.09.003

Gordon HW, Lee PA. No difference in cognitive
performance between phases of the menstrual
cycle. Psychoneuroendocrinology. 1993;18(7):521-31.
doi: 10.1016/0306-4530(93)90045-m

Janowsky JS, Chavez B, Orwoll E. Sex steroids modify
working memory. J Cogn Neurosci. 2000;12(3):407-14.
doi: 10.1162/089892900562228

Sherwin BB. Estrogen effects on cognition in menopausal
women. Neurology. 1997;48(5 Suppl 7):S21-6. doi:
10.1212/wnl.48.5 suppl_7.21s

Gold JM, Carpenter C, Randolph C, Goldberg TE,
Weinberger DR. Auditory working memory and
Wisconsin Card Sorting Test performance in schizo-
phrenia. Arch Gen Psychiatry. 1997;54(2):159-65. doi:
10.1001/archpsyc.1997.01830140071013

Shaywitz SE, Shaywitz BA, Pugh KR, Fulbright RK,
Skudlarski P, Mencl WE, et al. Effect of estrogen on brain
activation patterns in postmenopausal women during
working memory tasks. JAMA. 1999;281(13):1197-202.
doi: 10.1001/jama.281.13.1197

http://avr.tums.ac.ir


https://doi.org/10.1016/j.neurobiolaging.2012.04.011
https://doi.org/10.1016/j.psyneuen.2013.07.020
https://dx.doi.org/10.22034/jmep.2019.100586
https://doi.org/10.1016/s0306-4530(01)00083-x
https://doi.org/10.1016/j.cub.2009.12.014
https://doi.org/10.2486/indhealth.47.560
https://doi.org/10.1002/hipo.20468
https://doi.org/10.1016/j.yhbeh.2010.09.003
https://doi.org/10.1016/0306-4530(93)90045-m
https://doi.org/10.1162/089892900562228
https://doi.org/10.1212/wnl.48.5_suppl_7.21s
https://doi.org/10.1001/archpsyc.1997.01830140071013
https://doi.org/10.1001/jama.281.13.1197

