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We assessed body composition, adiposity, cardiovascular risk, and cognitive functions in healthy young adult
females and investigated the possible correlation between neurocognitive decline, adiposity, and cardiovascular
risk markers.

This cross-sectional study was conducted on 83 healthy, young adult, Saudi women (age 19-23 years). Subjects
were classified into group (A) with 19 non-obese subjects and negative family history (FH) of cardiovascular
diseases (CVD), group (B) with 38 non-obese subjects with a positive FH of CVD, and group (C) with 18 obese
subjects with positive FH of CVD. Body composition was analyzed by bioelectrical impedance analysis. Cognitive
functions were evaluated using the Cambridge Neuropsychological Automated Battery (CANTAB). The blood
samples were tested for lipoprotein(a) [Lp(a)] and high-sensitivity C-reactive Protein (hs-CRP).

There was significantly prolonged Attention-Switching Task (AST) latency in obese subjects with negative family
history of CVD (p=0.014) and those with positive family history of CVD (p=0.026) compared to controls, but the
difference in AST Percent Correct Trials, Intra-Extra Dimensional Set Shift (IED) Total Errors, and Simple Reaction
Time (SRT) was not significant. Simple response time had a weak but significant inverse correlation with BMI
(r=—0.227, p<0.05). BMI was correlated positively with Lp(a) and hs-CRP, while BF% was correlated with hs-CRP
only. No correlation was observed between the CANTAB tests, Lp(a), and hs-CRP.

Cardiovascular risk increases with higher adiposity and the presence of a positive family history of cardiovas-
cular disease. Neurocognitive function may decline with higher adiposity; however, no relationship was ob-
served between neurocognitive functions and cardiovascular risk markers.

Apoprotein(a) ¢ C-Reactive Protein ¢ Cardiology ¢ Obesity

CVD - cardiovascular disease; FH — family history; EX — exercise; SBP — systolic blood pressure (nmHg);
DBP - diastolic blood pressure (nmHg); BMI — body mass index; WHR — waist-hip ratio; BMR — bas-

al metabolic rate (kilo joules); BF% — body fat%; FM — fat mass (kg); TF% — trunk fat%; TFFM — trunk fat
free mass (kg); TFM — trunk fat mass (kg); CANTAB — Cambridge Neuropsychological Test Automated
Battery; AST MCL - Attention Switching Task Mean Correct Latency; AST PCT — Attention Switching Task
Percent Correct Trials; IED TE — Intra-Extra Dimensional Set Shift Total Errors (adjusted); IED SC — Intra-
Extra Dimensional Set Shift Stages Completed; SRT MCL — Simple Reaction Time Mean Correct Latency;
SRT PCT - Simple Reaction Time Percent Correct Trials; NS — non-significant; vs. — versus
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Background

Cardiovascular disease (CVD) is a major cause of disability and
death worldwide. According to the World Health Organization
(WHO), CVD accounted for 17.5 million deaths in 2012 globally,
and was the leading cause of non-communicable disease
deaths [1]. It has also been estimated that in 2014, CVDs
were responsible for approximately 46% of total deaths in
the Kingdom of Saudi Arabia [2]. Simultaneously, in the last
decade, obesity has also become a critical problem in Saudi
Arabia, as it has been estimated that nearly 33.6% of Saudi
adults are classified as overweight and 33.8% are obese [3].
A recent alarming epidemiological study found that the rate of
childhood obesity among primary school children was 20.2%,
with 12.4% being overweight, which poses a significant threat
and health burden to society [4]. It is now widely accepted
that obesity is one of the major risk factors contributing to
the emergence of CVD [5,6]. Additionally, it has been reported
by several studies that obesity and cardiovascular diseases
risk factors influence cognitive functions [7]. Cognitive func-
tions include all the abilities and processes of perception, at-
tention, memory, and executive functions [8]. Individuals with
cardiovascular disease risk factors have been observed to have
poor cognitive functions. In a large population-based cohort, a
worse overall cardiovascular risk profile was associated with
poorer cognitive function in young adults aged 35-44 years [9].

Moreover, hypertension is a condition known to be a major
risk factor for acquiring cardiovascular disease and has been
observed to have a role in cognitive impairment. High systolic
blood pressure has been correlated with cognitive decline, dys-
function, and deterioration [10]. Elevated diastolic blood pres-
sure was also associated with decreased cognitive function
testing that measures immediate recall [11]. Similarly, other
studies have shown that memory and the non-memory type
cognitive function scores of individuals with hypertension were
worse than in normotensive individuals [12].

Obesity was also frequently found to be associated with a de-
cline in mental ability. Increased risk of dementia and Alzheimer
disease has been associated with greater midlife body mass
index [13]. Furthermore, it has been reported that in diet-in-
duced obesity, hippocampal-dependent memory and nonhippo-
campal-dependent memory were impaired [14]. Nevertheless,
findings on the relationship between adiposity and the risk
of developing cognitive impairment have been controversial.

To the best of our knowledge, there have been few studies
which show an integrated approach encompassing adiposity,
cardiovascular risk factors, and cognitive impairment. Therefore,
this study was designed to provide an integrated approach to
studying the relationship among neurocognitive functions, car-
diovascular risks, and adiposity indices, and to determine if there
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is cognitive impairment in subjects with increased adiposity and
increased cardiovascular risk in a sample of young Saudi women.

Material and Methods

This cross-sectional study was conducted on healthy young
Saudi women aged 19-23 years from November 2015 to April
2016 through a non-probability quota sampling technique at the
Departments of Physiology and Medicine, College of Medicine,
King Khalid University Hospital, Riyadh, Saudi Arabia. The study
was approved by the College of Medicine Institutional Review
Board (IRB). We recruited 83 subjects, out of whom 76 fulfilled
the selection criteria and were then divided into 3 groups: group
Aincluded 19 subjects who were non-obese and had no family
history of cardiovascular diseases (CVD), group B included 38
non-obese subjects with a positive family history of CVDs and
group C included 19 obese/overweight subjects with a posi-
tive CVD family history. The subjects were classified according
to BMI criteria as normal (BMI<25 kg/m?) and overweight to
obese (BMI >25 kg/m?) [15]. Positive family history was de-
fined as a CVDs or hypertension in a first-degree family relative
at age <65 years for females and <55 years for males [16,17].

Subjects with cognitive impairment, anxiety, depression, family
history of mental illnesses, liver or renal dysfunction, diabetes,
CVD, or pregnancy were excluded. We also excluded the over-
weight subjects with a negative CVD family history, as they
did not fit any of the classification criteria.

Anthropometric and body composition analysis

All participants underwent body composition analysis in the
morning following an overnight fast and wearing light clothes.
Body composition, including (body fat%, fat mass, free fat mass
trunk fat%, trunk fat mass, trunk fat free mass, predicted muscle
mass, total body water, and basal metabolic rate), was analyzed
by bioelectrical impedance analysis (BIA) using a commercially
available body analyzer (TANITA, USA). The subjects were asked
to take off their shoes and then stand over the machine’s elec-
trodes. Data were recorded in 1-2 min. Other different body
composition indices were performed, such as BMI, waist-to-
hip ratio, and body surface area. BMI was calculated via BIA.
Waist circumference was measured in centimeters at the level
of the highest point of the iliac crest. Hip circumference was
measured at the widest area over the hips in centimeters. The
body surface area was calculated using the Mosteller formula:
(SQR [body weight (kg)xHeight (cm)/3600]) [18,19].

Cognitive functions assessment

Cognitive functions were evaluated using the Fatigue Severity
Scale (FSS) [20], Mini-Mental State Examination (MMSE) [21],
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and Cambridge Neuropsychological Test (CANTAB). The fol-
lowing tests were selected from the CANTAB to assess cog-
nitive functions:

1. Intra-Extra Dimensional set shift (IED)

IED is a test that assesses the shifting and flexibility of attention
in the fronto-striatal areas of the brain and takes about 7 min.
There are 2 dimensions that are used in this test: color-filled
shapes and white lines. The simple stimuli are the color-filled
shapes and the compound stimuli are both the color-filled
shapes and the white lines. This test starts with 2 simple stimuli
appearing in the screen and the subject has to learn the correct
stimuli and respond by touching it. Feedback teaches the sub-
ject the correct stimuli. After 6 correct responses, the stimuli
and/or the rule changes [21]. The IED test assesses the errors,
and the number of trials and stages completed [21].

2. Simple Reaction Time (SRT)

This test measures simple reaction time through delivery of a
known stimulus to a known location in order to elicit a known
response and takes about 6 min to complete. First, we as-
sured that the subjects were sitting comfortably, and then we
instructed them to press a button on a press pad as soon as
they see a square on the screen. This test was used to assess
general alertness, motor speed, correct responses, and errors
of commission and omission [21]. A study has shown that as
the age increases, the motor output slows, thus increasing
the SRT latencies [22].

3. Attention-Switching Task (AST)

This task assesses the subject’s ability to switch attention be-
tween the direction of an arrow and its location on the screen,
and it also assesses the ability to ignore the task-irrelevant in-
formation that interferes with or distracts from an event and
lasts for about 8 min. The test displays an arrow which can
appear and point to either side of the screen (right or left). On
each trial, a cue appears at the top of the screen indicating if
the subject has to press the right or left button according to
either the side in which the arrow has appeared or the direc-
tion to which the arrow was pointing [21]. It measures the re-
sponse latencies and error scores that reflect the subject’s at-
tention-switching ability.

Laboratory assays

Blood samples were collected after an overnight fast, centri-
fuged, and serum was separated. It was stored at -80°C until
assayed. The samples were tested for lipoprotein(a) and high-
sensitivity C-reactive protein (hs-CRP) by standard sandwich
ELISA, using kits from Elabnscience, Wuhan, China.

CLINICAL RESEARCH

Statistical analysis

The data are expressed as mean +SD or median (IQR). Multiple
group comparisons were done by ANOVA for normally distrib-
uted data and by Kruskal-Wallis test for skewed data. We used
the Kolmogorov test to see whether the data were normally dis-
tributed. We used the post hoc Bonferroni test for each group
comparison, and Spearman’s rank order and Pearson correla-
tions were also determined. Data were analyzed using SPSS
(IBM Corp, released 2012. IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.). A p value of <0.05 was
considered to be statistically significant.

Results

We compared the different variables between Group A (non-
obese and have no family history CVD), Group B (non-obese
and have a positive family history of CVD), and Group C (over-
weight/obese subjects and have a positive family history of
CVD) by one-way analysis of variance (ANOVA). We compared
anthropometric and demographic data of all subjects and sub-
groups, as shown in Table 1. SBP (p=0.005), DBP(p=0.003), BMI
(p<0.001), BF% (p<0.001), FM (p<0.001), TF% (p<0.001), TFM
(p<0.001), Lp(a) (p=0.021), and hs-CRP (p=0.036) were signif-
icantly higher in high BMI subjects with a positive cardiovas-
cular disease family history.

Figure 1 shows the comparison of screening tests of MMSE and
FSS among Groups A, B, and C. The differences among the 3
groups were non-significant. This indicates that the 3 groups
were matched for their fatigue and mental state alertness by
standardized and validated screening tools such as the Fatigue
Severity Scale (FSS) and Mini-Mental State Exam (MMSE).

Table 2 shows results of the neurocognitive assessment in all
subjects and different subgroup comparisons. The neurocogni-
tive assessment by CANTAB analysis showed significantly pro-
longed AST latency in overweight/obese women with a positive
family history of CVD (p=0.010), which indicates impairment in
the top-down cognitive process involving the prefrontal cortex,
but no significant difference was observed between normal
subjects with either negative or positive cardiovascular dis-
ease family history. Post hoc Bonferroni analysis showed sig-
nificantly prolonged AST latency in obese subjects with neg-
ative family history of CVD (p=0.014) and those with positive
family history of CVD (p=0.026) compared to control subjects.
Differences in AST Percent Correct Trials, IED Total Errors, IED
Stages Completed, SRT Mean Correct Latency, and SRT Percent
Correct Trials were non-significant. We performed Pearson’s cor-
relation analysis to determine the relationship between body
parameters and cardiovascular risk markers (Table 3). We ob-
served a significant positive correlation between SBP and BMI

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Habib S.S. et al.:
Cognition and adiposity
© Med Sci Monit, 2018; 24: 7929-7935

CLINICAL RESEARCH

Table 1. Comparison of anthropometric, demographic and body composition variables between Group A, B and C.

Variables Group A Group B Group C P-value

Age (years) 20.79+0.92 21.21+1.16 21.05+1.21 0.384*
"""" SBP (nmHg)  10189:856  101.59+841 1087169 0005*
"""" DBP (mmHg) 726972 7214781 79904927 0003
"""" BMI 2138337 211529 2816436  <0001*
"""" WHR 0724005 070s004 073007 024
"""" BF%  2925:667  273:573 37944522 <0001*
"""" MGk 17215 10 1510 () 2555 () <0001%
"""" ™ 2875 1) 2410 13 3370 (6§  <0001%
"""" TMkeg 840 () 716 (6 1345 1) <0001
"""" TFEM (kg)  2011:366  2113£249  2219¢411  0145*
"""" TBW (Liters) 27224294 28074273 2988459 0040*
"""" @ 197 (403 237 (09 4050 4303)  0021%
"""" hscRP 123 (108 128 (Ll 179 (102 0036

* By one way analysis of variance (ANOVA); ** by Kruskal-Wallis test. Data is expressed as Mean +SD and median (Interquartile range).

Group A — Normal BMI subjects & Negative family history of CVD; Group B — Normal BMI subjects & Positive family history of CVD;

Group C — High BMI subjects & Positive family history of CVD.

Scores

~
o
S
+
o
=
o
22}

32.26£11.35
29.44+0.92
29.68+0.57

29.41+11.8

FSS MMSE

Figure 1. Comparison of screening MMSE and FSS between
Group A, B, and C. Data compared by one-way analysis
of variance (ANOVA). Values are expressed as mean
+SD.

(r=0.440, p<0.01), BF% (r=0.314, p<0.01), FM (r=0.369, p<0.01),
and TF% (r=0.305, p<0.01). Serum levels of hs-CRP were pos-
itively correlated with BMI (r=0.394, p<0.01), BF% (r=0.489,
p<0.01), FM (r=0.444, p<0.01), and TF (r=0.500, p<0.01). The
correlations for Lp(a) were non-significant. We also determined
the relationship between the body parameters and the CANTAB
tests of neurocognitive assessment results (Table 4), showing
that simple response time had a weak but significant inverse
correlation with BMI (r=-0.227, p<0.05), indicating that when
BMI increases, the SRT decreases.

10 I Discussion
p=0.604 I Group B
35 [ Group . — . .
This study offers an insight into an integrated approach to ob-

serve the relationship between adiposity, cardiovascular risk,
and neurocognitive assessment. A new observation of the
present study is the significant relationships between neuro-
cognitive function, levels of non-traditional cardiovascular risk
markers in the circulation, and adiposity indices. Therefore, this
study serves a theoretical purpose by contributing new find-
ings to the literature, as well as confirming previous studies.
In our study, group C subjects had significantly higher systolic
and diastolic blood pressure compared to groups A and B, in
agreement with the study by Mungreiphy et al. [22], who found
elevated systolic and diastolic blood pressure in subjects with
high BMI. Another confirmatory study showed that elevated
BMI increases the risk of developing hypertension [23]. We
also observed that the circulating levels of hs-CRP and Lp(a)
in overweight individuals with family history of CVD were
high, which is in line with the study Habib et al. [24], which
concluded that higher levels of circulating hs-CRP and Lp(a)
profoundly increases the risk of cardiovascular disease in
obese individuals. Also, Michele et al. demonstrated that high
serum level of lipoprotein(a) is a predictor of coronary artery
disease [25]. A study by Gupta et al. titled ‘Emerging risk fac-
tors for cardiovascular diseases: Indian context’ [26] reported
that persons with a positive family history for cardiovascular
disease were more likely to have higher levels of serum hs-
CRP and lipoprotein(a).
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Table 2. Comparison of screening and Neurocognitive assessment among Groups A, B and C.

Variables Group A Group B Group C P-value
Attention switching ability
"""" AST Mean Correct latency (ms) ~ 538.17 (149) 64273 (180) 64227 176) 0010~
"""" AST Percent Correct Trials (%) 9507432 9550:388 9520836 0900
shiftingand flexibiity of attention
"""" [ED Total Errors (adjusted) (umbers) 140 () 120 ) 1150 () 0607
"""" [ED Stages Completed (tems) 8791063 895:033  891:043 0460*
CSimplereactiontime
"""" SRT Mean Correct Latency (ms) 26992 (62) 28385 (82) 29008 (45)  0393%
"""" SRTPercent Correct Trials (%) 98374177 98324322 983es2ls 098"

* By one way analysis of variance (ANOVA); ** by Kruskal-Wallis test. Data is expressed as Mean +SD and median (interquartile range).
Group A — Normal BMI subjects & Negative family history of CVD; Group B — Normal BMI subjects & Positive family history of CVD;

Group C — High BMI subject & Positive family history of CVD

Table 3. Correlation analysis between body demographics, body composition analysis and cardiovascular risk markers in all subjects.

BMR (K)  BF% TF% hsCRP
SBP 1 604 440" -.109 075 314 369  305** 002 031

oer ([ 305  —053  -000 168 265 219 049 117
Y 0000 1 s os1 ssst 930 783 304 225
~wir (T 19 213 232 153 197 —008
.. 0 190 182 163 138 -149
~erx (T 956% 925  489% 169
.. @ 885%™ 444 165
ke 1 500 166
s q 024
e T

Data analysis by Pearson’s correlation test. * Correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the

0.01 level (2-tailed).

Furthermore, in terms of the outcomes of the neurocognitive
assessment carried out on the subjects of this study, it was ob-
served that subjects in group C had a significantly higher mean
AST latency, which essentially indicates they exhibited a de-
cline in their ability to switch attention. This result is in agree-
ment with John et al,, showing that BMI is significantly and in-
versely associated with attention-switching test score [27]. An
inverse relationship between the BMI and the SRT% of correct
trials was detected, which fundamentally means that as the
BMI increases, the likelihood of making an error in the SRT
test is higher. The latter 2 findings are in line with the study

conducted by Wang et al. [28], which concluded that a higher
adiposity is associated with neurocognitive decline. Further, a
study conducted by Stanek et al. found an association between
obesity and a frontal-subcortical pathology [29].

One study concluded that there is a significant correlation be-
tween anthropometric measures and total body fat and CVD
risk factors, and another study showed that the CVD risk de-
pends on the number and age of the first-degree relative suf-
fering from cardiovascular diseases [30,31]. As for the neuro-
cognitive assessment performed in the current study, it was
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Table 4. Correlation between body demographics and CANTAB tests.
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AST MCL AST PCT

IEDTE IED SC SRT MCL SRT PCT

SBP 1.000 .600**  .389**  —-.082 .255*

DBP 1.000 .248* .048 .161

BMI 1.000 .206 .871**

WHR 1.000 211

BF% 1.000

TF%
AST MCL

AST PCT

IED TE

IED SC

SRT MCL

SRT PCT

1.000

247~ .031 —-.038 .161 -.019 .056 .024

206 03 092 08 125 047 012
739% 023 —144 029 001 114 -227
199 —l66 -109 076 102 -041 119
909 037  -067 -012 108 084 -178
000 -058 006 -012 122  -004 170
1000 003 -167 . 181 408 125
B 1000 -160 112 -056 387
B 1000 -383% 105 -147

1.000 .028 .018

1.000 .078

1.000

Data analysis by Spearman’s correlation test. * Correlation is significant at the 0.05 level (2-tailed); ** correlation is significant at the

0.01 level (2-tailed).

concluded that neurocognitive function might decline with
higher adiposity, similar to the finding of Jason et al., who
concluded that obesity increases the risk of developing mild
cognitive impairment [32]. Kaela et al. showed that atten-
tion/mental flexibility of obese adolescents was significantly
worse than in healthy-weight adolescents [33], but there was
insufficient evidence to prove the existence of a link between
neurocognitive function and circulating levels of hs-CRP and
lipoprotein(a). The limitations of the present study are the small
sample size and the cross-sectional study design.

Conclusions

Cardiovascular risk increases with higher adiposity and posi-
tive family history of cardiovascular disease. Neurocognitive
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