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Abstract
BACKGROUND: Episodic memory (EM) is one of the cognitive processes most damaged by aging and is thought 
to be the system most susceptible to neurodegenerative illnesses. Recently, EM function has been linked to a single 
nucleotide polymorphism (rs17070145) in the ninth intron of the KIBRA gene (kidney and brain expressed gene).

AIM: This study looked at the relationship between the KIBRA polymorphism (rs17070145) and the EM abilities 
assessed by the Rey Auditory Verbal Learning Test and Rey Complex Figure Test at various time points (20-min, 
30-min, 24-h, and 6-month).

METHODS: A total of 112 healthy adult Jordanians between the ages of 18 and 45 were included in the study, and 
the genotypes at the KIBRA (rs17070145) polymorphic site were identified using the PCR-RFLP method.

RESULTS: The outcomes did not reveal any statistically significant assessment of verbal and visual EM tests and 
the KIBRA polymorphism. The findings also indicated that KIBRA polymorphism had no statistically significant impact 
on short-term memory or learning capacity, indicating that KIBRA did not affect a person’s ability to pay attention 
or concentrate. In the Jordanian population, the genotype percentages for KIBRA rs17070145 were: 10.7% for TT, 
43.8% for TC, and 45.5% for CC, and the percentage of the T allele was 0.326.

CONCLUSION: The current investigation discovered no statistically significant differences between the Jordanian 
population and either the European or the South Asian populations in terms of the percentages of alleles and 
genotypes of the KIBRA rs17070145 gene.
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Introduction

A crucial cognitive skill that allows people 
to encode, retain, and recall information is called 
memory [1], [2], [3]. It helps us read and have 
conversations while maintaining our interpersonal bonds. 
By unknowingly skimming through the experiences we 
have had in the past, our memories play a significant part 
in dictating how we behave in the present. In the past 
century, it has been proposed that memory is not just 
one brain function but a collection of numerous distinct 
systems connected-non-conscious memory recall of 
techniques for carrying out different jobs and skills.

Declarative memory refers to memories that 
are instantly available to conscious remembrance. 
I deals with knowledge gained through learning, such 
as facts, data, and experience [4].

They proposed three distinct systems as 
possible divisions of memory, namely, the memory 
mechanism known as sensory memory (SM) records 
information from all senses using an exact copy of the 
experience. Short-Term Memory (STM): STM has a 
limited capacity for information storage and is used to 

retain any information attended from SM. The Stage 
Model’s last storage facility, the Long-Term Memory 
(LTM), has an infinite capacity. What we mistakenly 
think of as forgetting is a retrieval failure. LTM is 
similarly categorized into many systems as STM. 
LTM can be categorized in several ways, including 
non-declarative (implicit) and declarative (explicit) 
forms [4]. The definition of non-declarative memory, 
often known as procedural memory or implicit memory, 
is a non-conscious memory recall of techniques for 
carrying out different jobs and skills. On the other 
hand, declarative memory refers to memories that are 
instantly available to conscious remembrance. It deals 
with knowledge gained via learning, such as facts, data, 
and experiences [4].

Declarative memory has been split into 
episodic and semantic memory (memory for general 
knowledge). Episodic memory (EM) is the conscious 
recall of facts or events, i.e., the recall of directly 
experienced events [5]. Episodental memory stands out 
from the other memory systems mentioned above since 
it is tied to our experiences and related to our emotions. 
EM is the only memory system that enables us to 
go back in time and connect the past to the present. 

Since 2002
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Unexpectedly, several researches suggested that EM 
might also be involved in imagining the future [6].

The most vulnerable part of neurocognitive 
memory to neuropsychiatric disorders and degenerative 
conditions, including Alzheimer’s disease and 
Huntington’s disease, is classified as EM [7], [8].

Studies on identical and fraternal twins have 
demonstrated that human memory is a polygenic 
cognitive trait with an estimated heritability of 50%, which 
suggests that genetic variability significantly impacts 
this fundamental brain cognitive ability [9], [10], [11]. 
In the first genome-wide association study (GWAS) to 
identify memory-related genetic variation, an intronic 
polymorphism (rs17070145) in the gene encoding 
kidney and brain-expressed protein (KIBRA) was 
associated with delayed recall performance [12].

The gene that codes for KIBRA, known as 
WWC1 (also known as WW and C2 domain containing 1), 
is found on the sense strand of chromosome 5q34. It 
has 26 exons and encodes a protein mostly produced 
in the kidney and the brain [13].

Two WW domains are present in human 
KIBRA (amino acids 6–86); each domain is made up 
of around 40 amino acids and features two tryptophan 
residues that are highly conserved at the N-terminus. 
Proteins having proline-rich motifs, such as PPxY, are 
recognized by WW domains (where x represents any 
amino acid and Y represents tyrosine). In addition, 
KIBRA has a C2 domain (amino acids 655–783), i.e., 
home to two four-stranded sheets that interact with 
phospholipids in a way that is Ca2+-sensitive [14].

The KIBRA gene’s ninth intron has the common 
TC substitution rs1707045 (GenBank accession number 
NM 015238). They demonstrated that in cognitively 
normal cohorts from Switzerland and the United 
States, T allele carriers performed better on verbal and 
visual EM tasks than C/C carriers. Furthermore, the 
hippocampus, a crucial part of the brain associated 
with memory function, was also found to be much more 
activated in non-carriers of the T allele. Other research 
also confirmed the enhanced EM performance in T allele 
carriers [15], [16], [17], [18], [19], [20], [21], [22], [23]. 
Moreover, reduced KIBRA level was found to mediate 
memory loss and synaptic plasticity decline from a 
functional standpoint [24].

However, according to four research [25], [26], 
[27], [28], there is no correlation between KIBRA gene 
polymorphism and EM performance, and one study 
even found that T-allele carriers perform worse [29]. 
Furthermore, numerous investigations revealed a 
strong connection between the T-allele and lowering 
the risk of getting Alzheimer’s disease [30], [31], [32]. In 
addition, a different study verified the link between the 
C-allele of the rs17070145 gene and an elevated risk of 
Alzheimer’s [23].

Following the identification and characterization 
of the KIBRA protein, most studies on KIBRA have been 

on its function in neurological diseases and cognitive 
processes.

Another research provided evidence that an 
intronic polymorphism (rs17070145) of the KIBRA gene 
is associated with delayed recall performance in three 
cognitively normal cohorts from Switzerland and the 
United States. This was the first GWAS to identify memory-
related genetic variation [12]. In addition, a different 
study supported the effect of the KIBRA rs17070145 
T-allele on enhanced cognitive performance. It provided 
evidence for the 1st  time linking the aforementioned 
genetic variation to spatial mental ability in humans [23].

In the brain, there was a high expression of 
the KIBRA protein, particularly in regions connected 
to memory, including the hippocampus [12]. KIBRA 
is primarily located in the perinuclear area and the 
postsynaptic density of neurons [33]. By interacting with 
other proteins, the KIBRA protein is involved in several 
cellular processes, including cell polarity, vesicle 
trafficking, and synaptogenesis. Three postsynaptic 
proteins, dendrin, synaptopodin, and Protein Kinase 
C (PKC), are among the at least ten direct interaction 
partners of the KIBRA protein; PKC has been proposed 
as the protein most strongly associated with KIBRA’s 
functional role in memory [34], [35].

Numerous studies suggest that KIBRA plays a 
crucial part in how humans form memories. In addition, 
numerous investigations revealed a strong connection 
between the T-allele and lowering the risk of getting 
Alzheimer’s disease [30], [31], [32].

The correlation between KIBRA polymorphism 
and EM function in healthy subjects has been replicated 
in several investigations. To the best of our knowledge, 
most later studies, including healthy participants, 
have successfully replicated the link between T allele 
carriers and superior memory function [15], [16], [17], 
[18], [19], [20], [21], [36], [37]. On the other hand, 
according to four research [25], [26], [27], [28], there 
is no connection between KIBRA polymorphism and 
memory performance.

Interestingly, only one study, which looked at a 
sample of people with subjective memory complaints, 
has found a connection between having the T allele 
(TT and TC genotypes) and performing poorly on LTM 
tests [29]. In light of that, for a more profound knowledge 
of our memory and to develop novel treatment options 
that can combat cognitive impairments like Alzheimer’s 
disease, it is crucial to study genes that affect memory 
function. Since KIBRA polymorphism has not yet been 
investigated about EM performance in the Jordanian 
population, the current study’s goal was to look into 
any potential relationships between the KIBRA gene’s 
single-nucleotide polymorphism (rs17070145) and 
verbal-visual EM performance, as well as immediate 
memory and learning capacity, in healthy adult 
Jordanians. In addition, it analyzes how the Jordanian 
population’s KIBRA genotypes are distributed.
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Materials and Methods

Human subject descriptions and blood 
sample collection

This study was approved by Institutional 
Review Board (IRB) Committee at the King Abdullah 
University Hospital (Ref 75/117/2018. August 8, 2018, 
Irbid, Jordan) and Yarmouk University (Ref 13/1/23034. 
August 12, 2018, Irbid, Jordan). A total of 112 healthy 
adults were recruited in this study. The study sample 
was composed of 44  females and 68  males (mean 
age= 27.8 ± 7.6 years, age range=18–45). They were 
recruited by randomly distributing sign-up sheets 
to the undergraduate and postgraduate students 
and employees at Yarmouk University/Irbid-Jordan. 
An appointment was made with those who wished 
to participate by telephone, and each person was 
interviewed separately. Two neuropsychological 
assessments (RAVLT and ROCFT) were applied to any 
participant who met the inclusion criteria. In addition, 
the inclusion criteria included the following: (1) had an 
Arabic mother tongue, (2) had at least 12 years of formal 
education, (3) had normal hearing and vision (4) right-
handedness. In contrast, any participant who had any 
of the following features were excluded from the study: 
(1) a history of neurological or psychiatric disorders, 
(2) received any psychiatric medication which affects 
the cognitive ability, (3) a history of cancer, (4) head 
injury with loss of consciousness (5) any type of 
cardiovascular diseases (6) any substance dependence 
like alcohol or drugs (7) epilepsy or seizures (8) first-or 
second-degree relatives with Alzheimer disease (9) 
diabetes with either type I or type II.

Sample collection: Three milliliters of venous 
blood were collected from each participant in an 
Ethylenediamine tetraacetic acid tube and stored at 
4°C until further use.

Molecular analysis

DNA was extracted from blood samples using 
G-spin™ Total DNA Extraction Kit (iNtRON Biotechnology 
Company, Gyeonggi, South  Korea), according to the 
manufacturer’s protocol. A spectrophotometric analysis 
was performed to determine the concentration and purity 
of the extracted DNA. All measurements were taken via 
Epoch™/Take3™ instrument (BioTek, Winooski, USA). 
To check the integrity of the extracted DNA, all extracted 
samples were subjected to agarose gel electrophoresis 
on 1% agarose gel (stained with RedSafe™ staining 
solution, 20,000×) in 1× TBE buffer with 1 Kb ready-
to-use DNA Ladder (GeneDireX, Taoyuan, Taiwan) at 
80 volts for 1 h. Two primers were used to amplify a 
198 base-pair fragment containing the polymorphic 
site rs17070145 [26]. The PCR amplification was 
carried out by Aeris™ Thermal Cycler (ESCO, Changi, 
Singapore) in a total reaction volume of 50 µL and the 

two primers (Forward: 5’atcctcttgaggcttcactgg3’, the 
reverse: 3’actttcaacacaatgaacaagg5’) was used. To 
verify the validity of the PCR procedure, we subjected 
the PCR products to agarose gel electrophoresis on 3% 
agarose gel (stained with RedSafe™ staining solution, 
20,000×) in 0.5X TBE buffer with 50  bp DNA marker 
(ZYMO Research) at 75 Volts for 70 min.

Restriction digestion was performed in a total 
reaction volume of 23.5 µL. Briefly, 20 µL of PCR 
products were digested by the addition of 1.5 µL (15 
Units) of MseI restriction enzyme (New England 
Biolabs, Ipswich, MA, USA) and 2 µL of 10× enzyme 
buffer (New England Biolabs, Ipswich, MA, USA) 
then, the reaction mixture was incubated in Aeris™ 
Thermal Cycler (ESCO, Changi, Singapore) at 37°C for 
20 h. The resulting restriction products were analyzed 
using electrophoresis on 3% agarose gel (stained with 
RedSafe) in 1× TBE buffer. A 50 bp molecular weight 
marker (ZYMO Research) was used to assess the size 
of restriction fragments. The gel was visualized by UV-T 
and photographed. Because the MseI restriction site is 
present in T-allele and is absent in C-allele, the restriction 
fragments give three possibilities: two bands (128 and 
70  bp) which indicates a homozygous TT genotype, 
one band (198 bp), which indicates a homozygous CC 
genotype and three bands (198, 128, and 70 bp) which 
indicates a heterozygous TC genotype.

Statistical analysis

The analysis of data was performed in two 
stages. In the first stage, the differences between the 
RAVLT and ROCFT measures (including EM indices) 
were compared across the three KIBRA genotype 
groups: heterozygous TC, homozygous TT, and 
homozygous CC. In the second stage and due to the 
low frequency of TT genotype carriers (n = 12), the TT 
and TC genotypes were combined in one group (T-allele 
carriers) and compared the mean differences of the 
RAVLT and ROCFT against the CC genotype group 
(non-T-allele carriers). Dummy numbers were given for 
previous genotype groups before the analysis (1 = TC, 
2 = TT, 3 = CC, 4 = TC+TT). The two genders were also 
given dummy numbers (0 = Males, 1 = Female) before 
analysis.

The differences between the KIBRA genotype 
groups in regards to demographic variables (age, prior 
years of education, and sex) were assessed using 
one-way Analysis of Variances (ANOVA) for the three 
genotype groups (TC, TT, CC) and by t-test for the two 
genotype groups (CC and TC+TT).

To search for any effect of the KIBRA 
genotype on attention, working memory, and motivation 
(confounding factors), the mean differences of the 
following scores of RAVLT and ROCFT: trial 1 (immediate 
recall for list A), trial 6 (immediate recall for list B), trial 
7 (recalling list A immediately after recalling list B), 
total immediate recall trials (Trial 1+ Trial 6+ Trial 7), 
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and the copy trial of ROCFT across the different KIBRA 
genotype groups were investigated. To assess the 
effect of genotype on learning, the mean difference of 
total learning score of the RAVLT (Trials 1+ 2+ 3+ 4+ 5) 
across genotype groups was tested.

The mean scores of the RAVLT and ROCFT 
were compared across the three genotype groups 
using one-way ANOVA, and Leven’s test tested 
the homogeneity of variance. Student’s t-tests for 
independent samples were used to compare the mean 
scores for the CC genotype group against the T-allele 
carrier group (TC+TC).

Statistical significance was defined at p < 0.05, 
and all p-values reported were two-tailed. All analyses 
were done using IBM Statistical Package for the Social 
Sciences.

Figure 1: PCR products were separated by gel electrophoresis on 
3% agarose. The figure shows clear bands with 198  bp size for 
each of the six samples. M= 50 bp DNA marker (ZYMO Research), 
Lanes 1 - 6 = bands of 198 bp amplified DNA fragments, N= negative 
control, which contained all PCR reaction components except the 
DNA template

Results and Discussion

A 112 healthy adult participants with a mean 
age of 27.81  years old (age range: 18–45  years) 
were enrolled in this study. Sixty-one percent were 
male (n = 68), and 39% were female (n = 44). The 
mean of prior years of education for all participants 
was 16.3  years. All participants were Jordanian, had 
Arabic mother tongue, and met the inclusion criteria for 
this study.

The genomic DNA was successfully extracted 
from all samples, and the integrity was assessed by gel 
electrophoresis. The fragment of 198 bp, which contains 

the polymorphic site rs17070145, was successfully 
amplified using two primers (F: atcctcttgaggcttcactgg 
and R: actttcaacacaatgaacaagg). Figure  1 shows the 
PCR amplification products of some representative 
samples.

Figure 2 shows the digestion products of the 
three different genotypes found in the samples.

The current study analysis showed that 12 
participants were genotyped as TT carriers (10.7 %), 
49 as TC carriers (43.8 %), and 51 as CC carriers 
(45.5 %). The observed T and C alleles’ frequencies 
were 0.326 and 0.674, respectively. Figure 3 shows the 
percentages of KIBRA genotypes among the Jordanian 
population according to the current study.

We first categorized all participants into three 
genotype groups (the heterozygous TC group vs. the 
homozygous TT group vs. the homozygous CC group). 
There were no statistically significant differences in 
age (p = 0.65) (Table  1), education years (p = 0.61) 
(Table 2), and gender (p = 0.92) Figure 3 between the 
three KIBRA genotype groups. See also (Table 3) for a 
summary of the three groups’ comparisons regarding 
demographic variables.

Table  1: The difference between the three KIBRA genotype 
groups regarding prior years of education
Genotype n Mean prior 

years of 
education

Standard 
Deviation

95% Confidence 
interval for mean

F p‑value

Lower 
Bound

Upper 
Bound

TC 49 16.47 1.58 16.01 16.92
TT 12 16.33 2.39 14.82 17.85 0.50 0.61
CC 51 16.04 2.58 15.31 16.76
Total 112 16.26 2.16 15.85 16.66

Figure 2: Representative gel for determination of KIBRA rs17070145 
polymorphism. The figure shows three band patterns. Lanes 1, 3, 
5, 7, 8, and 11 represent CC genotypes (one 198 bp band for each 
lane); Lanes 6, 9, 12, and 13 represent TC genotypes (three bands 
for each lane with 198, 128, and 70 bp in size), Lanes 2, 4, and 10 
represent TT genotypes (two bands for each lane with 128 and 70 bp 
in size); M = 50 bp DNA marker (ZYMO Research)
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Due to the low frequency of the TT genotype 
(10.7%), we combined TT and TC genotype groups into 
one group (TC/TT) and tested their differences against 
the CC genotype group of KIBRA rs17070145 (CC vs. 
TC/TT). The previous step of combining TT and TC 
genotype groups was done by the original study [12] 
and the subsequent studies [15], [16], [17], [18], [20], 
[21], [26], [28], [29].
Table  2: Summary of demographic characteristics of 
participants according to the three KIBRA rs17070145 genotype 
groups
Demographic /Genotype 
groups

TC TT CC
(n = 49) (n = 12) (n = 51)

Age (mean years) 27.16 29.25 28.10
(95% CI) (24.97, 29.36) (24.41, 34.09) (26.02, 30.18)
Sex ratio 29:20 7:5 32:19
(Males: Females)
Prior years of education mean 16.47 16.33 16.04
(95% CI) (16.02,16.92) (14.82, 17.85) (15.32, 16.76)

It is seen that the distribution of genotypes for 
any gender group is nearly the same, which indicates 
a weak or no association between the two variables. 
The Pearson Chi-square test of independence for these 
data is found insignificant (p = 0.921), which assures 
this conclusion.
Table 3: Demographic characteristics of participants according 
to the two KIBRA rs17070145 genotype groups (TC/TT vs. CC)
Demographic /Genotype groups TC/TT (n = 6 1) CC (n = 51)
Age (years) (SD) 27.57 (7.62) 28.10 (7.39)
Sex ratio (Males: Females) 36:25 32:19
Mean prior years of education. (SD) 16.44 (1.75) 16.04 (2.58)

It is seen that the distribution of the two Genotype 
groups (TC/TT and CC) for either gender group is nearly 
the same, which indicates a weak or no association 
between the two variables. The Pearson Chi-square test 
of independence for these data is found insignificant (p = 
0.687), which assures this conclusion (Figures 4 and 5).

To search for any effect of KIBRA genotypes 
groups on attention, working memory, and concentration, 
we investigated the mean differences of the following 
scores of RAVLT and ROCFT: Trial 1 (immediate recall 
for list A), Trial 6 (immediate recall for list B), Trial 7 

(recalling list A immediately after recalling list B), Total 
immediate recall trials (Trial 1+ Trial 6+ Trial 7), and 
the Copy trial of ROCFT across the different KIBRA 
genotype groups. To assess the effect of genotype on 
learning ability, we test the mean difference of total 
learning score of the RAVLT (Trials 1+ 2+ 3+ 4+ 5) 
across genotype groups.

There were no significant differences in any 
measure of immediate recall and learning between 
KIBRA rs17070145 genotype groups. Table 4 shows a 
comparison of TC versus TT versus CC, and Table 5 
shows a comparison of TC/TT versus CC.

Table  5: Immediate recall and learning performance between 
KIBRA T‑ carriers and non‑carriers
Measure TC/TT CC p‑value

(n = 61) (n = 51)
M (SD) M (SD)

RAVLT Trial 1 8.82 (1.86) 8.80 (1.87) 0.97
RAVLT Trial 6 8.43 (2.25) 8.10 (1.79) 0.40
RAVLT Trial 7 13.03 (1.83) 13.20 (1.50) 0.61
RAVLT Total immediate recalls (Trials 1+6+7) 30.28 (4.81) 30.10 (3.70) 0.83
RAVLT Total learning (Trials 1+2 + 3+4+5) 60.93 (6.40) 61.84 (6.28) 0.45
RCFT copy trial 32.93 (2.09) 33.06 (2.71) 0.77
M: Mean, SD: Standard deviation, RAVLT: Rey auditory verbal learning test, RCFT: Rey complex figure test. 
Statistical significance was defined at p < 0.05, and all p values reported are two‑tailed.

Differences in Verbal EM between KIBRA 
genotype groups were assessed by different mean 
indices of RAVLT. These mean indices are Trial 8 
(delayed recall after 20 minutes), Trial 9 (recognition), 
Trial 10 (delayed recall after 24 h), and Trial 11 (delayed 
recall after 6  months). Further, the mean difference 
of the total verbal EM was assessed by adding the 
previous indices (Trials 8+ 9 + 10+ 11) together. There 
were no significant differences between the three KIBRA 
genotype groups (TC vs. TT vs. CC) in any previous 
measure of verbal EM (p > 0.05) (Table 6). There were 
also no significant differences between the two KIBRA 
genotype groups (TT/TC vs. CC) (p > 0.05; Table 7 and 
Figure 6).

Table  6: Verbal episodic memory performance between the 
three KIRBRA genotype groups
Measure TC TT CC p‑value

(n = 49) (n = 12) (n = 51)
M (SD) M (SD) M (SD)

RAVLT Trial 8 (20‑min delayed recall) 13.04 (1.78) 12.5 (2.39) 13.22 (1.58) 0.45
RAVLT Trial 9 (recognition) 14.67 (0.69) 14.5 (1.17) 14.75 (0.52) 0.53
RAVLT Trial 10 (24‑h delayed recall) 12.55 (1.86) 12.25 (1.91) 12.31 (1.68) 0.76
RAVLT Trial 11  
(6‑month delayed recall)

4.90 (2.87) 5.08 (3.23) 4.59 (3.06) 0.82

RAVLT Total verbal Episodic Memory 
(Trials 8+9+10+11)

45.16 (5.15) 44.33 (6.57) 44.75 (5.10) 0.86

M: Mean, SD; Standard deviation, RAVLT: Rey auditory verbal learning test, Statistical significance was 
defined at p < 0.05, and all p values reported are two‑tailed.

Figure 3: The percentage of KIBRA Genotypes among the Jordanian 
population

Table 4: Immediate recall and learning performance across the 
three KIBRA rs17070145 genotype groups (TC vs. TT vs. CC)
Measure TC TT CC p‑value

(n = 49) (n = 12) (n = 51)
M (SD) M (SD) M (SD)

RAVLT Trial 1 8.84 (2.02) 8.75 (0.97) 8.80 (1.87) 0.99
RAVLT Trial 6 8.35 (2.44) 8.75 (1.29) 8.10 (1.79) 0.59
RAVLT Trial 7 13.04 (1.78) 13.00 (2.13) 13.20 (1.50) 0.88
RAVLT Total immediate recalls (Trials 
1+6+7)

30.22 (5.10) 30.50 (3.58) 30.10 (3.70) 0.96

RAVLT Total learning (Trials 
1+2+3+4+5)

60.94 (6.53) 60.92 (6.13) 61.84 (6.28) 0.75

RCFT copy trial 32.99 (2.21) 32.67 (1.50) 33.06 (2.71) 0.88
M: Mean, SD: Standard deviation, RAVLT: Rey auditory verbal learning test.
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Further, Two-way ANOVA was conducted to 
investigate if there was an interaction effect between 
gender and genotype on total verbal EM. No significant 
interaction effect between gender and genotype on total 
verbal EM was present (p = 0.11; Table 8).

Figure 5: Clustered bar chart for Gender and Genotypes (TC/TC vs. CC)

Visual EM performance

Performance on the RCFT was assessed 
using mean recall after a 3-min trial, mean recall 

after a 30-min trial, percentage retention for a 3-min 
trial, percentage retention for a 30-min trial, and 
finally, the sum of 3-min and 30-min recall scores. 
Percentage retention was defined as the ratio of 
delayed recall score (3 min, 30 min) relative to the 
copy score (RCFT recall score/RCFT copy score) × 
100) (Table 9).
Table  9: Visual episodic memory performance between the 
three KIRBRA genotype groups
Measure TC TT CC p‑value

(n = 49) (n = 12) (n = 51)
M (SD) M (SD) M (SD)

RCFT 3‑min recall 23.73 (4.50) 22.17 (4.45) 23.21 (4.76) 0.56
RCFT 30 min recall 23.61 (4.54) 22.63 (3.50) 22.96 (5.14) 0.71
3 min Percentage retention 72.00 (13.03) 67.83 (12.40) 70.04 (12.65) 0.54
30 min percentage retention 71.76 (13.67) 69.33 (9.95) 69.18 (13.61) 0.61
RCFT 3 min+30 min recall scores 47.35 (8.86) 44.79 (7.82) 46.17 (9.73) 0.64
M: Mean, SD: Standard deviation, RCFT: Rey complex figure test, Statistical significance was defined at  
p < 0.05, and all p values reported are two‑tailed.

No significant differences between KIBRA 
genotype groups on any previous measures of visual 
EM were present (p > 0.05; Table 10).

Two-Way ANOVA was conducted to investigate 
if there was an interaction effect between gender and 
genotype on total visual EM (3  min+ 30  min delayed 
recall scores). The analysis showed no significant 
interaction effect between gender and genotype on 
total visual EM (p > 0.05; Table 11).

Table 8: Interaction effect of KIBRA genotypes and gender on 
total verbal episodic memory
Genotypes Gender Mean SD n p‑value
TC Males 43.93 5.36 29 0.11

Females 46.95 4.35 20
TT Males 41.00 5.83 7

Females 49.00 4.58 5
CC Males 44.38 5.11 32

Females 45.37 5.17 19
Statistical significance was defined at p < 0.05, and the p value reported is two‑tailed.

Table 7: Comparison of verbal episodic memory performance 
between KIBRA T allele carriers and non‑carriers
Measure TC/TT CC p‑value

(n = 61) (n = 51)
M (SD) M (SD)

RAVLT Trial 8 (20‑min delayed recall) 12.93 (1.90) 13.22 (1.58) 0.40
RAVLT Trial 9 (recognition) 14.64 (0.80) 14.75 (0.52) 0.42
RAVLT Trial 10 (24‑h delayed recall) 12.49 (1.86) 12.31 (1.68) 0.60
RAVLT Trial 11 (6‑month delayed recall) 4.93 (2.91) 4.59 (3.06) 0.54
RAVLT Total Episodic Memory (Trials 8+9+10+11) 45 (5.40) 44.75 (5.10) 0.80
M: Mean, SD: Standard deviation, RAVLT: Rey auditory verbal learning test, Statistical significance was 
defined at p < 0.05, and all p values reported are two‑tailed.

Figure 4: Clustered bar chart for gender and genotypes (TC vs. TT vs. CC)

Figure  6: Clustered bar chart for genotypes ((TC/TC Vs.CC) 
and verbal EM indices (RAVLT Trials 8, 9, 10, 11 and their sum 
abbreviated as total verbal EM) It is seen that the mean scores of the 
RAVLT trials for either genotype group ((TC/TT and CC) are nearly 
the same, which indicates no association between the two variables 
(all p values > 0.05). RAVLT: Rey auditory verbal learning test, EM: 
Episodic memory, Trial 8: 20 min delayed recall, Trial 9: Recognition 
trial
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The primary objective of this study was to 
determine how the KIBRA (WWC1) rs17070145 
polymorphism affected Jordanian adults’ verbal and 
visual EM abilities. The three KIBRA genotype groups 
performed similarly for verbal and visual EM. Our 
findings showed that T allele carriers of the KIBRA gene 
(combined TT and TC genotypes) did not significantly 
outperform non-carriers on the RAVLT and RCFT tests 
(CC genotype).
Table 11: Interaction effect of KIBRA genotype and gender on 
total visual episodic memory
Genotypes Gender Mean SD n p‑value
TC Males 47.74 9.67 29 0.60

Females 46.78 7.75 20
TT males 42.64 5.91 7

female 47.80 9.81 5
CC males 46.06 10.37 32

females 46.34 8.83 19
Statistical significance was defined at p < 0.05, and the p value reported is two‑tailed.

In this study, various RAVLT and RCFT 
measures were used to evaluate EM. According to our 
knowledge, the current study is the only one to have 
looked at the relationship between KIBRA polymorphism 
and EM after a delayed interval of 6 months (in addition 
to 20 min and 24 h), which might help explain why EM 
tests are becoming more sensitive.

Our results diverge from prior findings [12], 
which employed RAVLT and delayed memory of 5 min 
and 24 h for terms without any semantic link (30 min 
delayed recall). They found that T-allele carriers 
outperformed non-carriers in verbal EM by a significant 
margin. Our findings are clearly at odds with some 
later studies that made use of RAVLT and showed 
that the T allele has a favourable impact on verbal EM 
performance [16], [17], [21].

The current study’s findings did not support 
the claim made in earlier research that used 
neuropsychological tests other than RAVLT that the 
T allele positively impacts verbal EM capacity. For 
instance, the item-paired memory task was used in 
the prior study [18], and the Wechsler Memory Scale-
Revised (WMS-R) was used to assess EM in other 
studies [19], [20], [37]. All the researchers above found 
that the T allele positively affected verbal EM function.

Our findings support prior studies that 
revealed no connection between the T allele and 
verbal EM performance. Three earlier studies that also 
employed RAVLT and found no correlation between 
the T allele of the KIBRA gene (rs17070145) and 
verbal memory performance exist in addition to the 

current study [25], [26], [28]. The T allele had no effect, 
according to one study that employed CERAD [27]. 
Interestingly, a previous investigation [29] found that 
T-allele carriers performed much worse on verbal EM 
tests than SMC persons with CC genotypes (TT and 
TC). The KIBRA genotypes may have varied effects 
on memory performance in participants who reported 
memory problems than those who did not. These 
contradicting findings may be the consequence of 
variations in the methods used to evaluate EM function, 
which may have influenced the outcomes of genetic 
association studies [29].

Similar to earlier research [19], [20], [26], [27], 
[28], [29], this investigation was unable to identify any 
correlation between KIBRA polymorphism and visual EM 
ability (p > 0.05). In addition to the current investigation, 
it should be noted that all previous studies that failed to 
discover an association had evaluated visual EM using 
standardized tests, such as the WMS-R, CERAD, or 
the RCFT [26], [27], [28], [29]. The previous study [12] 
is the only one to date that has documented a link 
between KIBRA and T allele carriers performing better 
than non-carriers in terms of visual memory. According 
to another researcher [18], the utilized unstandardized 
test may have contributed to the positive relationship 
found in the other finding [12].

Additionally, the findings of this study did not 
reveal any appreciable variations in immediate or 
learning measurements between KIBRA genotype 
groups, supporting the vast majority of other studies’ 
findings that the KIBRA SNP has no effects on frontal 
lobe functions such as attention, motivation, and 
concentration [12], [16], [26], [28], [29], [37]. But few 
studies have found a link between the KIBRA SNP 
and attention [15], [20]. These erratic results could 
be attributed to variations in memory tests and ethnic 
groups [20].

The fact that KIBRA and other brain gene SNPs 
may interact to alter EM performance may explain why 
this investigation was unable to detect any correlation 
between KIBRA polymorphism and EM. Several 
genes may influence human EM. This assertion was 
corroborated by the earlier investigation [18], which 
discovered that the presence of the CLSTN2 C-allele, 
which codes for the synaptic protein calsyntenin 2, 
increased the positive effects of the KIBRA T-allele. Other 
investigations observed no significant correlation between 
the allele status of either SNP (KIBRA and CLSTN2) and 
any memory test, contradicting this claim [27].

Remembering that the current study enlisted 
healthy adult volunteers is important (age range: 
18–45 years). In two investigations, a connection between 
the KIBRA polymorphism and EM in adults and middle-
aged people was successfully demonstrated [12], [18]. 
Other researchers contended that older individuals 
would be more likely to show this link (higher effect sizes) 
than younger individuals [16]. This shows that age is a 
key factor in genetic research that looks at EM function. 

Table  10: Visual episodic memory performance between the 
two KIRBRA genotype groups (T carriers vs. non‑carriers)
Measure TC/TT CC p‑value

(n = 61) (n = 51)
M (SD) M (SD)

RCFT 3‑min delayed recall 23.43 (4.49) 23.21 (4.76) 0.80
RCFT 30 min delayed recall 23.42 (4.35) 22.96 (5.14) 0.61
3 min Percentage retention 71.18 (12.92) 70.04 (12.65) 0.64
30 min percentage retention 71.28 (12.99) 69.18 (13.61) 0.41
RCFT 3 min+30‑min recall scores 46.84 (8.67) 46.17 (9.73) 0.70
M: Mean, SD: Standard deviation, RCFT: Rey complex figure test, Statistical significance was defined at  
p < 0.05, and all p values reported are two‑tailed.
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However, other research found that only included adults 
aged 75–76 revealed no connection between the KIBRA 
polymorphism and EM function. This is obviously at odds 
with the other findings [27].

The subjects’ vitamin concentrations were not 
measured in either the current trial or the earlier KIBRA 
experiments. Although very little evidence supports 
the link between vitamin B12 and memory [38], the 
participants’ vitamin intake likely conceals the impact of 
KIBRA genotypes on memory function.

These often contradicting findings show that it 
is difficult to research memory, a fundamental cognitive 
skill in humans. Therefore, to unravel the enigma of our 
brain, we must make more attempts to discover fresh 
approaches and methods.

The study’s secondary goal was to find 
the genotype distribution and allelic frequency for 
KIBRA rs17070145 in the Jordanian population. The 
genotypes of 12 participants were found to be 10.7% 
TT carriers, 43.8% TC carriers, and 45.5% CC carriers. 
The frequencies of the detected T and C alleles were 
0.326 and 0.674, respectively. The National Center 
for Biotechnology Information reports that the KIBRA 
rs17070145 allelic frequency varies significantly 
amongst populations. There was no statistically 
significant difference in the percentage of T-alleles 
between the populations of Europe (0.354) and South 
Asia (0.29), and Jordan (0.326). In contrast, we found 
a statistically significant difference in the percentage 
of T-alleles in the African (0.613), East Asian (0.765), 
American (0.56), and Vietnamese populations 
compared to Jordanians (0.326) and Vietnamese (0.72) 
populations (Table 12).

Conclusion

In conclusion, KIBRA polymorphisms do not 
affect the EM phenotype. This investigation builds on 
earlier research that used two of the most widely used 
neuropsychology tests to assess the impact of the KIBRA 
rs17070145 polymorphism on EM (RAVLT and RCFT). 
We believe that this is the first study to look at how the 
KIBRA polymorphism affects EM in the Middle Eastern 
population, specifically in healthy adult Jordanians. We 

recommend that prospective KIBRA study participants 
get their vitamin levels checked, especially their B12 
levels. Additionally, whereas others hypothesized that 
KIBRA genotypes significantly impact EM function, 
which allows detection even in a small sample, we 
advise verifying our work with a bigger sample in other 
Jordanian locations [16].
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