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Prevalence of cognitive impairment

and metabolic syndrome among older adults
in calabar metropolis and the associated risk
factors
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Abstract

Background The number of people reaching old age is rising, bringing an increase in age-related diseases like
cardiovascular conditions and cognitive dysfunction. Cognitive impairment (Cl) impacts various brain functions,
affecting daily activities and quality of life. Metabolic syndrome (MetS), a cluster of cardiovascular risk factors, has been
implicated in Cl. This study examines the prevalence of MetS and Cl among older adults in Calabar Metropolis and the
associated risk factors.

Methods This study was conducted in Calabar Metropolis, Cross River State, Nigeria, with 236 older adults (aged 65
years and above) selected via a multi-stage sampling technique. Informed consent was obtained from all participants.
Physical examinations and biomarker assessments included measurements of blood pressure, height, weight, waist
and hip circumference, fasting plasma glucose, cholesterol, triglycerides, and high-density lipoprotein (HDL) levels.
MetS was defined according to the NCEP Adult Treatment Panel lll criteria. Cl was assessed using the Mini-Cog™ test,
with scores < 3 indicating poor cognitive status. Data analysis utilized SPSS version 26.0, employing chi-square tests
and binary logistic regression. Significance was set at p < 0.05.

Results The prevalence of MetS was 32.2%, and Cl was observed in 44% of participants. Females had a slightly higher
prevalence (57.9%) of MetS compared to males (42.1%). Significant differences were found between MetS and non-
MetS groups in systolic blood pressure, fasting blood sugar, triglycerides, abdominal obesity, and cardiovascular risk.
MetS overall was not significantly associated with Cl. However, reduced HDL levels were significantly linked to poor
cognitive status (OR=70.528, 95% Cl=3.269-1521.748). Other MetS components did not show significant associations
with Cl.

Conclusions This study highlights the prevalence of MetS and Cl among older adults in Calabar Metropolis. The
findings suggest that while MetS as a whole is not associated with Cl, reduced HDL levels are significantly linked to

*Correspondence:
Kingsley John Emmanuel
kingsleyemmanuel96@gmail.com

Full list of author information is available at the end of the article

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-024-05627-5&domain=pdf&date_stamp=2024-12-20

Isong et al. BMC Geriatrics (2024) 24:1031

Page 2 of 8

poor cognitive status. The findings emphasize the importance of managing specific metabolic risk factors, particularly

HDL, to maintain cognitive health in elderly population.
Clinical trial registration Not applicable.
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Background

The world is facing a significant challenge with its elderly
population, with the proportion of older adults expected
to reach 31% by 2050 [1]. Africa, despite having the
lowest percentage of older adults, will experience a sig-
nificant increase in this demographic, with Nigeria, the
continent’s most populous country, leading the way [2].
The total number of older Africans is projected to triple
between 2020 and 2050, with the population of Nigeri-
ans aged 65 and older projected to nearly triple by 2050
[2]. This shift is accompanied by a rise in age-related dis-
eases like cardiovascular disease and cognitive dysfunc-
tion, which severely impact quality of life and healthcare
systems [3].

Normal aging is typically associated with gradual
declines in physical and cognitive functions, but these
changes do not necessarily lead to significant impair-
ments. CI, however, represent a deviation from normal
aging, characterized by a reduction in cognitive functions
such as memory, thinking, orientation, comprehension,
calculation, learning capacity, language, judgement, and
daily activities [4]. Epidemiological studies have indicated
that the prevalence of mild cognitive impairment (MCI)
varies from 2.8 to 17.5% in Europe and North America
and 5.4-25.0% in different parts of China [5]. However,
the prevalence of CI in Nigeria is less studied than in
high-income countries, as classified by world bank [6].
This financial constraint impacts the availability and
quality of healthcare services, nutritional status, and
overall well-being of older adults, potentially influencing
the prevalence and progression of CI [7]. For instance, a
survey of CI among Yoruba-speaking individuals from
Ibadan, Nigeria, revealed that 152 (62%) out of 423 indi-
viduals studied were diagnosed with CI no dementia
(CIND), while 28 (6.61%) were diagnosed with demen-
tia [6]. In northern Nigeria, a survey of 323 older adults
showed a dementia prevalence of 2.79% (CI 1-4.58%),
representing 66.67% of all dementia cases in the sample
[7]. In southwest Nigeria, a 10.1% prevalence of probable
dementia was found using the 10-Word Delay Recall test
adapted from the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) [8]. In north central Nige-
ria, Ochayi and Thacher [9] used the Community Screen-
ing Instrument for Dementia (CSID) to show a 6.4%
overall prevalence of dementia. In southeast Nigeria, a
23.1% depression prevalence was found in older adults,
with 20.7% complaining of forgetfulness [10].

Research has identified MetS, a cluster of cardiovascu-
lar risk factors including obesity, hypertension, hypergly-
cemia, and dyslipidemia as a potential contributor to CL
The underlying mechanisms may involve insulin resis-
tance, inflammation, and cardiovascular changes that
affect brain function [11]. MetS is a significant public
health burden, affecting approximately 20-30% of adults
worldwide, with prevalence varying across regions and
countries, including 27.4% of urban Chinese [12], 23% of
Americans [13], and 30.52% of South Koreans [14]. Stud-
ies have reported higher prevalence in various sub-Saha-
ran African countries, such as Nigeria (23%) [15] and
Ghana (41.8%) [16], as well as north African countries,
with rate of 39.6% in Tunisia and 48.5% in Morocco [17,
18]. Previous studies that have investigated the associa-
tion between MetS and CI reported inconsistent results.
Some studies showed an association between MetS and
CI [19, 20], while other studies showed no association
[21, 22]. Moreover, there is paucity of information on the
relationship between MetS and cognitive status in south-
south Nigeria, specifically in Calabar, highlighting the
need for further research in this region. Therefore, this
study aims to investigate the prevalence of CI and MetS
among older adults in Calabar Metropolis and the asso-
ciated risk factors, to develop effective prevention and
intervention strategies.

Methods

Study design

This study was conducted in Calabar metropolis, Cross
River State, Nigeria. A total of 236 subjects of both men
and women from the age of 65years and above, were
enrolled into the study through a multi-stage sampling
technique. First, Calabar Metropolis was stratified into
its constituent local government areas (LGA). Next,
communities within each LGA were randomly selected.
Then, households within these communities were chosen
by starting at a random point and selecting households
at regular intervals. Finally, eligible participants within
these households were randomly chosen to participate in
the study. The sample size was calculated using the for-
mula for estimating proportions in a population [23]:

22xp(1—p)

N = P

where:
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« nis the sample size,

» Zisthe Z-value (1.96 for a 95% confidence level),

+ pis the estimated proportion of the population
with the characteristic of interest, that is, 10.1%
prevalence of cognitive impairment among older
adults from previous studies [8].

«+ dis the margin of error (0.05).

Using these values, the minimum required sample
size was calculated to be 140 participants. However, to
enhance the power of the study and account for potential
non-responses, a total of 236 participants were ultimately
enrolled. Written informed consent was obtained from
all subjects before recruitment into the study. The study
was carried out in accordance with the ethical principles
for research involving human subjects, as outlined in the
Helsinki declaration in 1975 and subsequent revisions.
Older adults that were extremely sick and/or having neu-
rological conditions were excluded from this study.

Physical examination and assessment of metabolic
syndrome

Blood pressure was measured using a standard mercury
sphygmomanometer, with systolic and diastolic pressures
recorded in triplicate. Height was determined using a sta-
diometer, and weight was measured with an Omron auto-
matic digital weighing scale. Body mass index (BMI) was
calculated as weight (kg) divided by the square of height
(m?). Waist and hip circumferences were measured using
a measuring tape, and waist-to-hip ratio was calculated
accordingly.

Biomarker measurement

Overnight fasting blood sample (8 ml) was collected from
each subject, 3 ml was dispensed into a fluoride oxalate
bottle and gently inverted to ensure that the sample did
not clot. Five milliters (5 ml) was also dispensed into a
plain bottle and allowed to clot and retract. Both samples
were centrifuged at 3000 rpm for 5 min. Plasma obtained
was used for fasting blood glucose test immediately and
the serum obtained was stored frozen at -80°C until used
for Insulin and Lipid profile analyses.

Determination of fasting blood glucose

The glucose concentration was measured using the
glucose-oxidase enzymatic colorimetric method [24],
employing glucose reagent (GLUC-PAP) from Ran-
dox Laboratories Limited. In this method, glucose in
the plasma was oxidized to gluconic acid and hydrogen
peroxide by glucose-oxidase. The hydrogen peroxide is
then catalyzed by peroxidase to form water and nascent
oxygen. The nascent oxygen reacts with chromogens
4-aminoantipyrine and phenol, resulted in the formation
of a pink-colored complex. The intensity of the color is
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directly proportional to the concentration of glucose in
the sample, and the absorbance was read at 505 nm using
a spectrophotometer. All measurements were performed
in duplicate to ensure accuracy. The glucose concentra-
tion was calculated by comparing the absorbance of the
test sample to that of a known standard with a concentra-
tion of 5.5 mmol/L.

Determination of insulin

Serum insulin levels were quantified using Abcam’s
Human Insulin ELISA kit, an assay based on the simul-
taneous binding of human insulin by two monoclo-
nal antibodies [25]. One antibody was immobilized on
micro-well plates, while the other was conjugated with
horseradish peroxidase (HRP). After incubation and
washing steps, the enzyme HRP reacted with a substrate
to produce a colorimetric change that was measured at
450 nm using an ELISA reader.

Lipid profile analysis

For lipid profile analysis, total cholesterol was measured
using the cholesterol oxidase method [26]. Choles-
terol esters in the serum were hydrolyzed by cholesterol
esterase to free cholesterol, which was then oxidized by
cholesterol oxidase, producing hydrogen peroxide. The
hydrogen peroxide reacted with para-aminophenazone
and phenol to form a pink-colored dye, whose absor-
bance was measured at 515 nm. Triglycerides were deter-
mined using the Glycerol-3-Phosphate Oxidase - Phenol
Aminophenazone (GPO-PAP) enzymatic colorimetric
method [26], where triglycerides were enzymatically split
into glycerol and fatty acids. The glycerol then reacted
with ATP to form glycerol-3-phosphate, and the absor-
bance was measured at 510 nm.

HDL cholesterol was quantified after precipitating very
low-density lipoprotein (VLDL) and low-density lipo-
protein (LDL) using phosphotungstate in the presence
of magnesium ions [26]. After centrifugation, the clear
supernatant containing HDL cholesterol was measured
using the same enzymatic method used for total choles-
terol. VLDL was calculated by dividing the triglyceride
concentration by 5, and LDL cholesterol was determined
using the Friedewald formula:

LDL cholesterol = Total cholesterol — HDL r‘,holestemlfM

5

Calculation of HOMA-IR and atherogenic index of plasma
The Homeostatic Model Assessment for Insulin Resis-
tance (HOMA-IR) was calculated using the fasting glu-
cose and insulin concentrations according to the formula
[27]:
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_ Fasting Glucose (mmol/L) x Fasting Insulin (mU/L).

HOMA - 1R 295

The Atherogenic Index of Plasma (AIP) was calculated
as the logarithm of the triglyceride-to-HDL cholesterol
ratio [28].

Criteria for MetS

NCEP ADULT TREATMENT PANEL 111 was used in
this study. MetS is present if three or more of the fol-
lowing five criteria are met; waist circumference over
40 inches for men or 35 inches for women (waist hip
ratio>0.9 for men or 0.85 for women ), systolic blood
pressure>130 and/or diastolic>85mmHg, fasting tri-
glyceride level2150 mg/dl (1.7mmol/l), fasting HDL
cholesterol level less <40 mg/dl (1.0mmol/l) for men
or <50 mg/dl (1.3mmol/l) for women and fasting blood
sugar=>100 mg/dl (5.5mmol/l).

Mini-Cog™ test for older adults

The Mini-Cog test was selected for cognitive assessment
due to its brevity, ease of administration, and high sensi-
tivity for detecting cognitive impairment in older adults
[29]. The Mini-Cog combines a three-item recall test
with a clock-drawing test, both of which assess differ-
ent cognitive domains. Although there are other cogni-
tive assessment tools available, the Mini-Cog was chosen
because it is less influenced by language and education
level, making it particularly suitable for the diverse popu-
lation in Calabar. Additionally, the Mini-Cog’s high sen-
sitivity and specificity for detecting dementia and MCI
support its use as an appropriate screening tool in this
study [29]. While other assessments, such as the Mini-
Mental State Examination (MMSE), could also be used,
the Mini-Cog’s ability to quickly and effectively screen
large populations for cognitive issues made it the most
suitable choice for this study.

The Mini-Cog scoring includes a maximum of 3 points
for the recall test (1 point for each word correctly recalled
without prompting) and a maximum of 2 points for the
clock-drawing test [29]. A normal clock must include all
numbers (1-12), each only once, in the correct order and
direction (clockwise). It must also have two hands. Hand
length is not scored in the Mini-Cog algorithm. A score
of <3 is indicative of poor cognitive status [29-32]. Simi-
lar studies have employed the Mini-cog test in identifying
cognitive impairment [29-32].

Statistical analysis

Data analysis was done using the statistical package for
social sciences (SPSS) software 26.0, using chi square to
compare the baseline characteristics of the older adults
by MetS. A binary logistic regression analysis was carried
out to ascertain the association between MetS and poor
CI. The level of significance was set at p<0.05.
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Results

Figure 1 shows the prevalence of MetS in older adults,
out of the 236 subjects, 76 (32.2%) had MetS. Figure 2
shows the cognitive status of the participants, out of the
236 older adults, 104 (44%) had poor CI. Table 1 shows
the baseline characteristics of the older adults by MetS.
Among the older adults with MetS, 42.1% (32 out of 76)
were male, and 57.9% (44 out of 76) were female. There
was no statistically significant difference (p>0.05) in the
prevalence of MetS in relation to biological sex. A sig-
nificant difference (p<0.05) was observed in the pro-
portion of subjects with elevated systolic blood pressure
between the non-MetS (57.5%) and MetS (73.7%) groups.
Additionally, the MetS group had a significantly higher
proportion of subjects with elevated fasting blood sugar
(EBS) (52.6%, p<0.05), elevated triglyceride (TG) (68.4%,
p<0.01), abdominal obesity (84.2%, p<0.05), and high
risk for cardiovascular disease (36.8%, p<0.01). There was
no statistically significant difference in the proportion
of subjects with poor cognitive status between the two
groups. (Non-MetS: 45.0%, MetS: 42.1%). Table 2 shows
the association between MetS and poor cognitive status.
After a binary logistic regression, there was no signifi-
cant association between MetS and poor cognitive status
(AOR 1.687, 95% CI 0.096-29.552). However, reduced
HDL was significantly associated with poor cognitive
status (AOR 70.528, 95% CI 3.269-1521.748) implying
that older adults with reduced HDL levels were approxi-
mately 70 times more likely to have poor cognitive status.
Additionally, MetS components such as elevated systolic
blood pressure (SBP) (AOR 1.304, 95% CI 0.067-25.427),
elevated diastolic blood pressure (DBP) (AOR 17.914,
95% CI 0.288-1113.834), elevated FBS (AOR 6.118, 95%
CI 0.176-212.323), elevated TG (AOR 6.227, 95% CI
0.056-698.022), insulin resistance (AOR 2.243, 95% CI
0.967-5.204), abdominal obesity (AOR 8.240, 95% CI
0.305-222.522), and high risk for cardiovascular disease
(CVD) (AOR 0.147, 95% CI 0.001-18.040) showed no
significant association with poor cognitive status.

Discussion
The primary objectives were to determine the preva-
lence of CI and MetS, identify the associated risk fac-
tors for MetS, examine the relationship between MetS
and CI, and determine the predictors of CI among older
adults in Calabar Metropolis. This study revealed a high
prevalence of both poor cognitive status (44%) and MetS
(32.2%). Whilst the overall association between MetS and
CI was not statistically significant, reduced HDL levels
were significantly associated with poor cognitive status.
The prevalence of MetS and CI among older adults
in Calabar Metropolis aligns with global trends where
older populations show increased metabolic and cog-
nitive health issues [33-35]. The gender distribution
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of MetS, with a slightly higher prevalence in females, is
consistent with previous studies indicating that post-
menopausal hormonal changes might contribute to
higher metabolic risks in women [36, 37]. Oestrogen is
known to have protective effects on the cardiovascular
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system, and its decline during menopause is associated
with increased risks of MetS components such as central
obesity, dyslipidemia, and hypertension [36, 37]. These
changes could potentially influence cognitive functions.
Previous studies have shown that the loss of oestrogen’s
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Table 1 Baseline characteristics of the older adults by MetS

Variables Non-MetS MetS p-value
n=160 n=76

Gender

Male 48(30.0) 32(42.1) 0.359

Female 112(70.0) 44(57.9)

Components of MetS

Elevated SBP 92(57.5) 56(73.7) 0.030*

Elevated DBP 60(37.5) 40(52.6) 0.272

Elevated FBS 20(12.5) 40(52.6) 0.003*

Reduced HDL 32(20.0) 28(36.8) 0.173

Elevated TG 20(12.5) 52(68.4) <0.001*

Insulin resistance 84(52.5) 60(78.9) 0.046

Abdominal obesity 88(55.0) 64(84.2) 0.029*

High risk for CVD 4(2.5) 28(36.8) 0.001*

Metal Status

Poor 72(45.0) 32(42.1) 0.834

Good 88(55.0) 44(57.9)

Where: MetS=Metabolic syndrome, SPB=Systolic blood pressure,

DBP=Diastolic blood pressure, FBS=Fasting blood sugar, HDL=High

density lipoprotein, TG=Triglyceride, CVD=Cardiovascular disease, Insulin
resistance=Homeostatic model assessment for insulin resistance (HOMA-
IR)>3, Abdominal obesity=Waist hip ratio (WHR)>0.9 for men/> 0.85 for
women, High risk for CVD=Atherogenic index of plasma (AIP)>0.24

Table 2 Association between MetS and poor cognitive status —
binary logistic regression

Variables AOR 95% Cl S.E.
MetS 1.687 0.096-29.552 1461
Elevated SBP 1.304 0.067-25.427 1516
Elevated DBP 17914 0.288-1113.834 2107
Elevated FBS 6.118 0.176-212.323 1.810
Reduced HDL 70.528 3.269-1521.748% 1.567
Elevated TG 6.227 0.056-698.022 2408
Insulin resistance 2.243 0.967-2.564 1.112
Abdominal obesity 8.240 0.305-222.522 1.682
High risk for CVD 0.147 0.001-18.040 2454
Where: MetS=Metabolic syndrome, SPB=Systolic blood pressure,
DBP=Diastolic blood pressure, FBS=Fasting blood sugar, HDL=High

density lipoprotein, TG=Triglyceride, CVD=Cardiovascular disease, Insulin
resistance=Homeostatic model assessment for insulin resistance (HOMA-IR) >3,
Abdominal obesity=Waist hip ratio (WHR) >0.9 for men/>0.85 for women, High
risk for CVD=Atherogenic index of plasma (AIP) >0.24, AOR=Adjusted odd ratio
(adjusted for all the MetS components), * = significant at p<0.05

neuroprotective effects may exacerbate cognitive decline,
particularly in postmenopausal women, due to its impact
on glucose metabolism and cerebral blood flow [38, 39].
The significant differences in elevated SBP, FBS, TG,
abdominal obesity, and cardiovascular risk between
the MetS and non-MetS groups reflect the established
understanding of MetS components [40]. These compo-
nents are known risk factors for various chronic condi-
tions, including cardiovascular diseases and diabetes,
which can indirectly affect cognitive functions through
vascular and inflammatory pathways [41, 42]. Despite the
established link between MetS components and cognitive
decline in other studies [43-45], our study did not find
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a significant association between MetS as a whole and
poor cognitive status. This may be due to the complexity
and multifactorial nature of CI, which involves genetic,
lifestyle, and environmental factors beyond metabolic
health alone [46]. One of the most notable findings was
the significant association between reduced HDL levels
and poor cognitive status; this is in tandem with previ-
ous studies [33, 47]. Older adults with low HDL were
approximately 70 times more likely to have poor cogni-
tive status. HDL is known for its role in reverse choles-
terol transport and anti-inflammatory properties, which
are crucial in maintaining vascular health and prevent-
ing atherosclerosis [48, 49]. Reduced HDL can lead to
increased plaque formation in cerebral arteries, contrib-
uting to vascular dementia and cognitive decline [50, 51].
However, factors such as poor diet, physical inactivity,
and genetic predispositions can contribute to low HDL
levels. While reduced HDL was a significant predictor of
poor cognitive status, other components of MetS, such
as elevated blood pressure, fasting blood sugar, and tri-
glycerides, did not show significant associations. This
finding is intriguing and suggests that the relationship
between MetS components and CI may not be straight-
forward. Elevated blood pressure and blood sugar are
well-documented risk factors for cognitive decline due to
their effects on cerebral blood flow and glucose metabo-
lism [33, 52]. However, the lack of significant associations
in this study might be due to several reasons, including
sample size limitations, measurement variability, or the
presence of other unmeasured confounding factors such
as diet, physical activity, and genetic predispositions [53,
54].

Conclusion

This study highlights the high prevalence of MetS (32.2%)
and CI (44%) among older adults in Calabar Metropolis,
with a notable association between reduced HDL lev-
els and poor cognitive status. Whilst MetS was not sig-
nificantly associated with CI, the findings emphasize the
importance of managing specific metabolic risk factors,
particularly HDL, to maintain cognitive health in aging
populations. Further research should explore the com-
plex interactions between various metabolic syndrome
components and cognitive functions, employing larger
sample sizes and longitudinal designs to better under-
stand causality and the underlying mechanisms.

Recommendations

To develop effective prevention and intervention strate-
gies, several approaches can be recommended based on
our findings:

i. Interventions focused on improving HDL levels
should include promoting physical activity and a
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diet rich in healthy fats. Public health campaigns
targeting older adults could emphasize these lifestyle
changes.

il. Routine cognitive assessments, particularly for older
adults with low HDL levels, could help in the early
detection and management of CI. This could be
integrated into regular health check-ups in primary
care settings.

iii. For postmenopausal women, further research into
the benefits of hormone replacement therapy (HRT)
on cognitive function may be warranted, although
the risks and benefits must be carefully weighed on
an individual basis.
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