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ABSTRACT: Vulnerability to everyday cognitive complaints constitutes a risk factor for physical and mental health, and depicts
a complex interaction of environmental and biological factors. In the present study, we tested for a molecular genetic association
between variants [rs266729 (-11377C>G in promoter) and rs1501299 (+276G>T in intron 2)] on the adiponectin gene
(ADIPOQ), which relate to several pathologies, and susceptibility to everyday cognitive complaints (ECCs) as assessed by the
cognitive failure questionnaire (CFQ) in a sample of N = 116 (n = 90 females, n = 26 males, mean age, M = 22.24, SD = 2.60)
healthy participants of Nigerian descent. Moreover, we assessed whether dietary alcohol and vitamin D (as measured by food
frequency questionnaire; FFQ) or psychological symptoms of depression, anxiety and stress (as measured by depression, anxiety
and stress scale; DAS-21) correlate with CFQ scores. We found no significant associations between ADIPOQ variants and the
CFQ. CFQ was however, positively and significantly related to alcohol intake as well as the depression, anxiety and stress
symptoms. The ADIPOQ -11377C>G and +276G>T variants respectively, constitute non-significant protective and harmful
factors for the susceptibility to everyday cognitive complaints.
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Introduction

Cognitive functioning involving multiple mental abilities that include clear thinking, learning, and remembering
(Fisher et al. 2019) is vital for performing everyday activities. These abilities are heterogeneous among all
individuals and can be influenced substantially by genes — nearly half of the variance in general cognition are
attributed to genetic factors (Haworth et al., 2010; Mollon et al., 2021) — or can be impacted by other non—genetic
factors that contribute to task performance, such as diet, self—efficacy or mood (Steinberg et al., 2013; Koekkoek et
al., 2014; Awofala and Ogundele, 2018; Ogundele et al., 2022). Consequently, cognitive complaints which
constitute cognitive errors in elderly (Stewart, 2012) and non-elderly adults (Stenfors et al., 2014) and include
frequent forgetfulness, and difficulties in concentrating, making decisions and thinking clearly, can be experienced
during the performance of everyday task that a person is normally successful in executing. Thus, an individual’s
susceptibility to these everyday-task failures encompasses environmental, psychological and biological factors
(Harris and Deary, 2011; Awofala and Ogundele, 2018; Koekkoek et al., 2014).
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Subjective perceptions of lapses in cognition have been implicated not only in alcohol intake (Awofala and
Ogundele, 2018) but also self—efficacy for managing chronic diseases (Awofala et al., 2021) and food consumption
(Ogundele et al., 2022) in cross—sectional studies. After rigorous control for known confounders, participants in the
highest compared with the lowest quintile of alcohol intake had a significantly increased odds of cognitive
complaints; the effect seen to be more pronounced in males when alcohol intake was doubled (Awofala and
Ogundele, 2018). In addition, significant negative relationship of cognitive failures with self—efficacy was found
among chronic disease patients (Awofala et al., 2021). Finally, consumption of four different foods was significantly
associated with cognitive complaints: meat product and sugary snhacks were associated with increased cognitive
complaints whereas consumption of cereal products and potatoes were associated with decreased levels of cognitive
complaints (Ogundele et al., 2022).

Studies exploring the psychological correlates of subjective cognitive complaints as assessed by cognitive failures
have shown that higher perceptions of depression, anxiety, anger and stress, which are typically correlated with less
effective cognitive functioning, are also associated with higher self-reported and observed cognitive failures
(Mahoney et al., 1998; Mecacci et al., 2004; Schrier et al., 2017; Santangelo et al., 2021). Interestingly, the
associations between cognitive failures and some of these psychological factors (specifically, depression and anger)
were mediated by personal resilience (i.e., the capacity to thrive in the face of adversity, while maintaining relatively
normal physical and psychological function over time) but not by coping style (i.e., the employment of adaptive or
maladaptive coping strategies to tolerate, minimize, accept, or ignore stressful situations) (Santangelo et al., 2021).
These findings are in line with the social stress model (Aneshensel, 1992) which holds that individuals with negative
affect states are more likely to be vulnerable to stress and to suffer from poor mental health because they have
limited psychosocial coping resources.

At the biological level, cognitive dysfunction has been hinted to be associated with decreased adiponectin levels
(Teixeira et al., 2012). Adiponectin is an insulin-sensitizer adipocytokine endowed with neuroprotective actions, and
has been independently associated with delayed recall memory in middle-aged individuals (Cezaretto et al., 2018)
indicating that this adipocytokine could anticipate cognitive impairment, suggesting the biomarker could be useful in
identifying individuals with increased risk for cognitive dysfunction before advanced age. Adiponectin gene
(ADIPOQ) is located on chromosome 3g27 and has polymorphisms including +276G>T (rs1501299) and —
11377C>G (rs266729) that influence the level and activity of adiponectin (Christodoulou et al., 2020). The two
ADIPOQ variants +276G>T and —11377C>G in intron 2 and the promoter region of chromosome 3, respectively,
constitute few of the most widely known and studied single nucleotide polymorphisms (SNPs). Previous reports
indicated that the two SNPs were significantly correlated with various metabolic disorders including diabetes,
insulin resistance and coronary heart disease (Gable et al., 2007; Liu et al., 2018). Interestingly, both SNPs have
been correlated with late onset of Alzheimer’s disease (Yu et al., 2015).

To sum up, so little is known about the genetic and environmental states associated with subjective perception of
cognitive complaints. Additionally, no research has examined the role of adiponectin gene on cognitive failures.
Consequently, the focus of the present study was to investigate the relationship between everyday cognitive
complaints and ADIPOQ variants involving rs266729 and rs1501299. The other aim was to determine whether
ECCs is associated with dietary factors involving alcohol and vitamin D as well as the psychological symptoms of
depression, anxiety and stress in a Nigerian sample.

Materials and methods

Design: This was a cross-sectional design

Characteristics of the subjects and clinical evaluation: A total sampled population of 116 students from Tai Solarin
University of Education, both sexes, aged 18 to 30 years without a previous diagnosis of chronic non—communicable
diseases and serious illnesses, head trauma or impaired consciousness, were selected as previously described
(Ogundele et al., 2018). The participants signed informed consent to perform the clinical evaluation and for the use
of their data for scientific research. The project was approved by the Health Research Ethics Committee (HREC) of
Lagos University Teaching Hospital (LUTH) (Reference no. ADM/DCST/HREC/APP/800) and performed under
the guidelines of the Declaration of Helsinki (World Medical Association, 2001).

All participants underwent an anthropometric assessment that consisted of collecting data from their height and
weight. These anthropometric evaluations were performed using previously standardised procedures recommended
by the World Health Organisation (De Onis and Habicht, 1996).
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Cognitive complaints were measured everyday using the original CFQ (Broadbent et al., 1982). The CFQ contains
25 items self-report measure of failures in attention, perception, memory and action (e.g. #6, “Do you forget
whether you’ve turned off a light or a fire or locked the door?”, and #21, “Do you start doing one thing at home and
get distracted into doing something else (unintentionally)?””). Using a five-point Likert scale (ranging from “0 =
never” to “4 = very often”), participants had to indicate how often each of the mentioned events happened to them in
the past six months. Reliability in the current study was (a = 0.79).

Participants also completed the short version of the Depression Anxiety Stress Scale (DASS-21; Lovibond and
Lovibond, 1996). The scale contains 21 items with three main dimensional symptoms each containing a 7-item sub-
scales that measure the frequency and severity of each symptom or trait in clinical and non-clinical sample:
Depression (e.g. “I couldn’t seem to experience any positive feeling at all””), Anxiety (e.g. “I felt scared without any
good reason”), and Stress (e.g. “I found it difficult to relax”). Using a four-point Likert scale (ranging from “0 = Did
not apply to me at all” to “3 = Applied to me very much or most of the time”), participants had to indicate how
much the statement applied to them over the past week. Reliability in the current study was the following:
Depression (a =0.78), Anxiety (o =0.81), and Stress (a=0.73).

Dietary intake information was obtained using a food frequency questionnaire with items that were previously
validated (Mulligan et al., 2014). The alcohol intake (in gramme) and vitamin D (in microgramme) composition
were analysed using feta software as previously described (Mulligan et al., 2014).

Extraction and quantification of genetic material: Genomic deoxyribonucleic acid (DNA) was extracted from dried
blood spots samples using Zymo Research (ZR) DNA Card Extraction Kits following manufacturer’s protocol and
recommendations. Purified DNA was used for genotyping. The genotyping reaction was performed with SNP-
specific polymerase chain reaction using single-base primer extension technology (Sequenom MassARRAY
Genotyping System (Sequenom, San Diego, CA, USA) based on the method described by Yue and colleagues (Yu
et al., 2015). The two SNPs achieved genotyping efficiencies > 92% and minor allelic frequencies (MAF) > 10%.
Data analysis: The CFQ and DAS-21, respectively, as measures of everyday cognitive complaints and
psychological symptoms of depression, anxiety and stress were assessed for internal consistencies using Cronbach’s
alpha reliability coefficient. Variables (as continuous measures) are presented as means and standard deviations and
were compared between male and female participants using independent sample t—test. We tested associations
between CFQ and the dietary and psychological parameters involving alcohol and vitamin D intakes, and
depression, anxiety and stress factors using Pearson product-moment correlation coefficient. Finally, to
comprehensively analyse the association between genotyped ADIPOQ SNPs and everyday cognitive complaints, we
adopted three genetic models: the additive effect model, the dominant effect model, and the recessive effect model.
In these models, we assumed that each SNP marker locus has two alleles, A and a, with A being the high—risk allele,
while a is the low-risk allele. The three models are depicted mathematically in linear regression models as follows:

(i) Additive model: ¥ =, + [ X #minor alleles
AA=0 Aa=1, aa=2

(i) Dominant model: y = i, + [ X (G #= AA)
AA=0,A3=1 aa=1

(iii) Recessive model: ¥ =, + B X (G == aa)
AA=0 Aa=0 aa=1
As genotype data were available for 92 participants, a complete case genotype analysis was adopted. All statistical

analysis was performed using R Statistical Software (version 4.2.1; R Foundation for Statistical Computing, Vienna,
Austria).

Results

The sample characteristics and the distribution of the study variables are presented in Table 1. The sample was
77.6% females and showed a significantly lower average height as compared with the male counterparts (mean
height, m: 1.63 + 0.07 vs. 1.72 + 0.08, p<0.001). Male and female participants did not differ in terms of age (mean
age, yr: 21.85 £ 2.37 vs. 22.10 £ 2.92, p=0.25) and weight (weight, kg: 59.43 + 7.02 vs. 59.24 + 13.26, p=0.92). Of
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note, females showed a lower ECCs when compared to their male participants, however, this did not reach a
statistical significance (Mean ECCs: 44.96 = 17.72 vs. 47.04 *14.33, p=0.20). Other comparisons involving
psychological symptoms and dietary factors between gender groups were not significant.

By applying Pearson correlation, we found modest and positively significant correlations between ECCs and
depression (r=0.30, p<0.001), anxiety (r=0.30, p<0.001), stress (r=0.31, p<0.001), and alcohol (r=0.48, p<0.01) but
vitamin D (r=-0.08, p=0.47).

Table 1: Descriptive and correlational statistics for the study variables.

Total Female Male P
Variable N =116 n =90 n=26 538
Mean + SD Mean + SD Mean + SD 8
Age, yr. 22.24 + 2.60 22.10+£2.92 21.85+2.37 0.25 2 S
Height, m 1.66 £0.08 1.63+£0.07 1.72£0.08 <0001 8=
Weight, kg 59.37 £12.10 59.24 + 13.26 59.43 £7.02 0.92
ECCs 45.54 + 16.77 44,96 £ 17.72 47.04 £14.33 0.20
Depression 4,67 £4.01 45+4.06 5.33 +3.87 0.43 0.30"
Anxiety 5.98 + 4.55 6.04 £ 4.60 5.72+4.43 0.79 0.30"
Stress 7.20+4.02 7.08+£4.13 7.67 +3.61 0.59 0.317
Alcohol, g 5.24 + 14.36 3.46 £8.19 11.61 £ 25.92 0.13 0.48"
Vitamin D, mcg 4.85+5.74 5.19+6.29 4.36 + 3.65 0.84 -0.08

ECCs= Everyday cognitive complaints, N= Number of individuals. "P <0.01

The population from which the two SNPs rs1501299 and rs266279 were drawn was in Hardy-Weinberg equilibrium
(HWE) > 0.5 (Table 2). The distributions of genotypes of these SNPs with respect to ECCs are reported in Table 2.
G-allele carriers, as compared to TT genotype carriers in rs1501299, reported significantly lower ECC scores (43.42
+ 3.12 vs. 49.00 + 4.44, t=5.99, p<0.0001). However, C—allele carriers, as compared to GG genotype carriers in
rs266729, showed significantly higher ECC scores (44.49 + 2.48 vs. 33.00 £ 0.10, t= —6.52, p<0.0001). General
Linear Models showed that the two ADIPOQ SNPs did not predict ECCs in the dominant, recessive and additive
models (p>0.05) after controlling for age, body—height, alcohol and gender.

Table 2: Associations of SNPs with ECCs in three genetic models

Trait Genetic Models
SNP  Chr.  Genotypes M/m HWEP ECCs t test Recessive P Dominant P Additive P
P B (95% CI) B (95% CI) B (95%
Cl)
rs15 3 GG:33 GIT 0.68 41.94 +2.97 5.58 0.25 3.90 0.31 3.38 0.19
0129 GT:41 4461+271 < (-3.78, (-3.54, (-1.62,
9 TT:16 49.00+4.44 0.0001 14.94) 11.34) 8.39)
rs26 3 CC:72 C/G 1.00 4450 £2.11 -11.49 0.52 -0.60 0.89 -1.14  0.78
6729 GC:19 4447+356 < (-45.63, (-9.20, (-9.11,
GG:1 33.00+0.00 0.0001 22.64) 8.00) 6.83)

ECCs according to genotypes. Data are means + SE. All P values were two sided. Bs and 95% CI were calculated
using linear regression with genotypes as independent variables. Chr., chromosome.

Discussion

We have undertaken the first (though relatively small) study of the role of adiponectin gene on ECCs. We adopted
three genetic models to comprehensively analyse this role and assess the validity and consistency of our findings. In
addition, we assessed whether psychological factors (depression, anxiety and stress) and dietary intakes (alcohol and
vitamin D) correlate with ECCs. Albeit, our results indicated that ADIPOQ +276G>T and —11377C>G respectively
represent non—putative risk factors for people with high and low ECCs, yet, we found ECCs to be positively and
significantly related to all the psychological factors as well as the dietary variable but vitamin D intake.
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We have previously shown that ADIPOQ +276G>T and —11377C>G variants, respectively, were significantly
associated with increased and decreased serum adiponectin levels (Christodoulou et al., 2020) in young European
population. They were also respectively implicated in a decreased susceptibility to emotional eating behaviour
(Awofala et al., 2020) and an increased probability of being obese using several obesity measures (Ogundele et al.,
2018) in young Nigerian population. However, our present results are not supportive of a protective (+276G>T) or
susceptible (-11377C>G) role of the variants on the risk of ECCs. This conclusion is supported by our earlier
findings that +276G>T showed no significant relationship to psychological factors in young Nigerian population
(Awofala et al., 2020). Thus, the overall conclusion that +276G>T and —11377C>G variants are not significantly
associated with ECCs in this young Nigerian population is particularly interesting and suggests that different genetic
variants and /or pathways other than the ones analysed in this study may contribute to the phenotype.

Findings from our study are strengthened by the consistent positive associations of ECCs with psychological
symptoms of depression, anxiety and stress, and the dietary intake of alcohol. Higher perceptions of depression,
anxiety and stress symptoms have been typically correlated with poor cognitive performance (Del Brutto et al.,
2015), decreased cognitive function (Perin et al., 2022) and elevated self-reported and observed cognitive failures
(Mahoney et al., 1998; Mecacci et al., 2004; Schrier et al., 2017; Santangelo et al., 2021) in several populations of
diverse age groups. More so, previous early researches have indicated that cognitive performance deteriorates in
direct relationship to the severity and duration of alcohol use disorders (Oscar-Berman et al., 1997; Parsons and
Nixon, 1998; Beatty et al., 2000). Recently, an analysis of a large sample involving 20,965 participants in a United
Kingdom cohort study exploring the relationships between self-reported alcohol consumption and brain iron levels,
measured using magnetic resonance imaging, revealed that moderate alcohol consumption was associated with
higher iron levels in the brain which represents a potential biomarker for alcohol-related cognitive decline (Topiwala
et al., 2022). Interestingly, research from our lab has shown that high alcohol intake was associated with higher odds
of subjective cognitive complaints (SCCs), a relationship that remained even after adjustment for life style and
cardiovascular risk factors suggesting that either of these factors may not fully explain the relationship between
SCCs and alcohol intake (Awofala and Ogundele, 2018).

It is particularly noteworthy that this study failed to find any evidence of a significant association between dietary
vitamin D and ECCs. Our results are in line with previous studies examining relationships between vitamin D and
cognitive functions in both observational (Maddock et al., 2017) and experimental studies (Dean et al., 2011; Stein
et al., 2011; Rossom et al., 2012). A recent study examining the role of vitamin D on cognitive performance among
healthy volunteers in rural India revealed that vitamin D has no significant effect on cognitive performance
(Menesgere et al., 2022).

Our findings should be interpreted with caution as it has few limitations. First, the cross—sectional design and the
non-probabilistic sampling technique adopted may limit the generalisability of our results. Second, the sample size
of the study was not large enough to allow for adequate data stratification for subgroup analysis. Third, because the
present study used the genotyping data from a population of Yoruba descent in Nigeria, similar studies on other
ethnic populations should be performed in the future. Finally, we only analysed associations between genetic
variants in the adiponectin pathway and ECCs, more ECCs-association studies should be called up on genetic
variants in other important biological pathway genes that are likely relevant to cognitive functioning.

Overall, our findings are not supportive of a role of adiponectin gene in ECCs but indicate a direct association of
ECCs with dietary alcohol and psychological symptoms of depression, anxiety and stress.
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