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Abstract—The purpose of this study was to examine the interdependent associations 

between health indices [i.e. cardiorespiratory fitness, physical activity, body mass index 

(BMI)], C-reactive protein (CRP) and cognitive function in young adults. It was 

hypothesized that a regression analysis would confirm direct effects of the health indices 

and CRP on cognitive function. Health indices including cardiorespiratory fitness, 

physical activity level, BMI and CRP were collected to examine the relationship with 

cognitive function in healthy, young adults (n=93; 57.0% female, aged 23.01± 3.67 

years). Cognitive function was assessed using neuropsychological test battery [i.e. 

Kaufman Brief Intelligence Test, KBIT; Trail Making Test, (TMT); Stroop test; 

Psychomotor Vigilance Task, (PVT); and Delayed-Matched-to-Sample memory task, 

(DMS)]. Lower cognitive function of inhibitory control in the Stroop test and working 

memory in the DMS were observed among high CRP risk (M = 5.65, SD ± 1.78) 

compared to the low CRP risk (M = 0.57, SD ± 0.19) participants. These results suggest 

that CRP level in the high-risk condition causes deleterious effect on cognitive function 

tasks requiring inhibitory control and working memory. In addition, CRP, which was 

positively associated with BMI, but negatively related to cardiorespiratory fitness, had 

negative effects on the working memory and the inhibitory control. As predicted, higher 

cardiorespiratory fitness was positively associated with greater inhibitory control and 

working memory. Our findings demonstrated that CRP level in the high-risk condition 

causes deleterious effect on cognitive function among tasks demanding inhibitory control 

and working memory. The beneficial effect of physical exercise-induced improvements 

in cardiorespiratory fitness on vascular risk and cognitive functions was significant; 

therefore, improved cardiorespiratory fitness may reduce or suppress vascular risk with 

potential positive effects on cognitive health.  
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1. INTRODUCTION  
 
A growing body of literature provides 
evidence indicating that higher levels of 
physical activity and cardiorespiratory 
fitness are associated with positive 
effects on cognitive and brain health 
(Author et al., 2014). Although the 

importance of physical activity across 
the lifespan is increasingly highlighted, 
inadequate physical activity, or not 
meeting the adult recommendations of 
150 minutes of moderate to vigorous 
physical activity (MVPA) per week 
(USDHHS, 2008a), is common among 
young adults. This recommendation will 
help to maintain cardiovascular health 
(Pate et al., 1995), yet a recent report 
showed that almost two-third (74%) of 
U.S. adults don't meet this guideline 
(USDHHS, 2008b). Insufficient 

physical activity is also a contributor to 
obesity that is related to the 
development of metabolic disease. 
Consequently, obesity has risen 
dramatically in U.S. adults, with more 
than two-thirds of individuals over the 
age of 20 being classified as overweight 
or obese in the U.S. (Ogden, Carroll, 
Kit, & Flegal, 2014). Physical inactivity, 
lower cardiorespiratory fitness, and 
obesity are strong independent risk 
factors associated with cardiovascular 
disease. 
 

C-reactive protein (CRP), known as a 
biomarker of systemic inflammation and 
an independent predictor of future 
cardiovascular events, is emerging as an 
indicator of cognitive dysfunction 
among older adults (Ge et al., 2013; Zhu 
et al., 2013). Higher levels of CRP are 
correlated with reduced performance on 
tasks involving executive function 
(Wersching et al., 2010). Cognitive 
assessments of executive function are 
focused on two primary measures of 
reaction time and accuracy of the  

 
responses (Komulainen et al., 2007; 
Noble et al., 2010). Cross-sectional 
studies (Jae et al., 2009; LaMonte et al., 
2002) and a longitudinal study (Church 
et al., 2002) revealed an inverse 
relationship between higher 

cardiorespiratory fitness and the serum 
concentration of CRP, which may 
involve processes of cognitive function. 
Not only has CRP been implicated in 
cognitive dysfunction, but it also has 
been related to structural brain damage 
(Wersching et al., 2010). 
 
Although the relationship between 
cardiorespiratory fitness and cognitive 
function have been observed in 
childhood (Hillman, Author, & Buck, 
2005), middle adulthood (Zhu et al., 
2014), and late adulthood (Hayes, 

Forman, & Verfaellie, 2014), the 
association of cardiorespiratory fitness 
and CRP with cognitive function in 
young adults is less clear. Young adult 
CRP-cognitive function research has 
been inhibited by small samples, as risk 
is not as prevalent in this age group 
(Author et al., 2013). Further, the 
examination of the CRP–cognition 
relationship has not been included in 
studies investigating the relationship of 
cognition with cardiorespiratory fitness, 
physical activity and BMI in young 
adults. Since CRP and the 

cardiorespiratory fitness have been 
reciprocally associated with cognitive 
function among older adults, the 
complex interactions among these 
variables should be explored among 
young adults given its potential for 
understanding how cognitive function 
may be preserved in later life. The CRP-
cognition relation is crucial for 
understanding cognition across the 
lifespan, given the increased prevalence 
of sedentary behaviors and the 
manifestation of health risk. 
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Given this paucity of research and 
equivocal relationships, the purpose of 
the current investigation was to 
examine the interdependent 
associations between health indices of 
cardiorespiratory fitness, physical 

activity, body mass index (BMI), CRP 
and cognitive function in young 
adults. It was hypothesized that there 
would be direct effects of the health 
indices and CRP on cognitive function 
and CRP would be a key factor to 
explain an association between the 
health indices and cognitive health in 
young adults. 
  
2. INSTRUMENTS AND METHODS  
 
Once the study procedure was 
approved by The University of 
Texas at Austin Institutional Review 
Board, participants were recruited 
from the community via electronic 
forums (i.e. fliers, email, and 
newsletters) and word-of-mouth. 
  
2.1 Participants 
 
Healthy, English-speaking adults of 
either sex, of ages ranging from 18 to 
30 years, and of any ethnic background 
were considered for the study. 
Participants were screened to determine 
if they met inclusion/exclusion criteria. 
The exclusion criteria for subject 
participation were as follows: (a) 
presence of cardiovascular disease or 
cerebrovascular disease, (b) diagnosis 
of psychotic disorder, (c) history of 
violent behavior, (d) history of 
neurological condition, (e) current 
pregnancy, and/or (f) prior 
institutionalization or imprisonment; 
however, no participant was excluded 
on these basis. A total of 93 
participants were recruited over two 
years. 
 
 

 

2.2 Assay of High-Sensitivity CRP  
 
Serum high sensitivity CRP was 
determined using a quantitative enzyme 
immunoassay assay (BioCheck, Inc., 
USA) that includes a mouse 
monoclonal-CRP antibody coated onto 
96-well polystyrene microplates. 
According to the manufacturer’s assay 
procedure (Schultz & Arnold, 1990), all 
standards, control, and samples were 
assayed in duplicate. Optical density of 
each wall was determined using a 
microplate reader (BioTek Inc., VT, 
USA) set to 450nm. CRP 
concentrations were calculated using 
standard curves. 
  
2.3 Anthropometric Measurements  
 
Height and weight were measured using 
established standards (Lohman, Roche, 
& Martorell, 1988). Participant’s height 
and weight were recorded to the nearest 
0.1 cm and 0.1 kg, respectively. Body 
Mass Index (BMI) was calculated in 
accordance with standard 
anthropometric techniques. 
  
2.4 Measurement of Cardiorespiratory 

Fitness  
 
For the first step, participants were 
appropriately positioned on the cycle 
ergometer (Velotron Dynafit Pro, Seattle 
WA). Participants then completed four 
incremental, two-minute stages of 
submaximal cycling for determination of 
the VO2 consumption and work rate 
relationship. This was followed by a 
bicycle ergometer test to determine 
maximal oxygen consumption (VO2 

max). VO2 max is the greatest rate the 
body uses oxygen for sustained energy 
production, which correlates highly to 
endurance performance (American 
College of Sports Medicine (ACSM), 
2013). This test required subjects to  
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breathe into a spirometer for the 
monitoring of oxygen consumption 
while cycling continuously at increasing 
exercise intensities. The test was ended 
upon volitional fatigue of the subject or 
when cadence falls below 60 rpm. The 

test lasted approximately 8 to 12 
minutes. 
 
2.5 Assessment of Physical Activity Level  
 
The International Physical Activity 
Questionnaire (IPAQ) is a 7-day 
physical activity recall that is based on 
self-reported measures of physical 
activity. The IPAQ instrument has 

acceptable measurement characteristics, 
particularly among this age group (Craig 
et al., 2003). The frequency and duration 
in the previous 7-days spent walking 
briskly and in moderate and vigorous 
intensity leisure-time physical activities 
were reported. A physical activity score 
was calculated as the sum of the 
products of total time in each of the three 
categories and a metabolic equivalent 
(MET) value assigned to each category 
as reported previously (Rosenberg, Bull, 
Marshall, Sallis, & Bauman, 2008). This 
included duration × frequency per week 

× MET intensity: (walking min × 3.0 
metabolic equivalent values) + 
(moderate leisure-time physical activity 
× 4.0 metabolic equivalent values) + 
(vigorous leisure-time physical activity 
× 7.5 metabolic equivalent values). A 
weighted estimate of total physical 
activity was presented as MET·min·wk-
1. 
  
2.6 Measurement of Cognitive Tasks  
 
Five cognitive measurements for this 
study included the Kaufman Brief 
Intelligence Test (KBIT), Stroop test, 
Trail Making Test (TMT), 
Psychomotor Vigilance Task (PVT) 
and Delayed-Matched-to-Sample test  

 
(DMS), which include various domains 
of cognitive function such as 
crystallized intelligence, executive 
function, attention, and working 
memory. Except for the KBIT, each of 
the cognitive function tests consisted of 
very short (1-minute) practice trials 
(i.e. these data will not be recorded) in 
order to familiarize the participants 
with the task. Following this, 
individuals then participated in one 
actual trial. 
 

2.61  KBIT. This assessment is a 
brief, individually administered measure 
of verbal and nonverbal intelligence for 
individuals from 4 to 90 years of age 
(Kaufman, 1990). The KBIT contains 
verbal and nonverbal subscales to 
estimate intelligence quotient (IQ) 
composite. The verbal scale is composed 
of two combined subtests that assess 
receptive vocabulary and general 
information as well as comprehension, 
reasoning, and vocabulary knowledge. 
The nonverbal scale uses a matrices 

subtest to tap the ability to complete 
visual analogies and to understand 
relationships. Participants were asked in 
a quiet setting to identify the object in a 
picture or puzzle, which served as a 
representation of their vocabulary. All 
responses required a one-word oral or 
signed (point with his/her finger) 
response within 45 sec and took 
approximately 15 to 30 minutes to 
administer. 

 

2.62 Stroop test. This classic test was 

used to examine three conditions 

(Word, Color, and Color-Word) by 

requiring the participants to respond 

orally to as many items as possible in 

45 seconds (Stroop, 1935). The Stroop 

test consisted of a short (1-minute) 

practice trial prior to each condition (i.e. 

these data were not recorded) and one  
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actual trial per congruent and non-

congruent condition. Participants are 

also screened for color-blindness. For 

the congruent Word condition (Task A), 

participants were provided with a list of 

color words written in black ink and 

instructed to read orally as many words 

as possible. The Color condition (Task 

B) contained a list of ―XXXX‖ printed 

in different ink colors and required the 

participant to say the ink color aloud. In 

the incongruent Color-Word condition 

(Task C), participants read a list of 

color words written in incongruent 

color ink relative to the printed word. 

The latter condition necessitates the 

greatest amount of interference control, 

as participants were required to state 

aloud the color of the ink and inhibit the 

automatic task of reading the printed 

word and the Stroop interference score 

was calculated using the following 

formula (Golden, 1978). Stroop 

Interference score = Task C – [(Task A 

× Task B) ÷ (Task A + Task C)]. The 

positive interference score indicates an 

ability to inhibit word reading, while 

the negative interference score 

represents when the word reading 

actively interferes with the color 

naming process. 

 
 
2.63 TMT. This cognitive assessment 
was used to examine executive function 

through congruent and non-congruent 
conditions of TMT-A (i.e. low 

executive demand) and TMT-B (i.e. 
high executive demand; Smith, 

Servesco, & Edwards, 2008). TMT 

consisted of short (1-minute) practice 
trial (i.e. these data were not recorded) 

and one actual trial. TMT-A and TMT-
B involved drawing a line connecting 

consecutive numbers from 1 to 25 and 
drawing a similar line, connecting 

alternating numerical and alphabetical 
order, respectively. For example, on  

 

TMT-A participants draw a line from 1 
to 2 to 3, until reaching the number 25. 

On TMT-B participants were asked to 
draw a line from 1 to A to 2 to B, until 

reaching the final number of 25 as fast as 
possible. The direct score of each part 

was represented by the time of 
completion of the tasks. If an error was 

made during the process, it was 

corrected during the time sequence. The 
direct score of the tasks provided a 

difference score, which was calculated 
by subtracting the time (in seconds) of 

TMT-B from the time (in seconds) of 
TMT-A (Sanchez-Cubillo et al., 2009). 

For the data analysis, cognitive tasks 
were organized according to congruency 

in the Stroop test and executive demand 

in the TMT. These cognitive tasks and 
task conditions were organized 

according to congruent trials and 
incongruent trials in the Stroop tests, and 

by low executive demand and high 
executive demand in TMT for analysis 

purposes.  
 
 
2.64. PVT. This cognitive task is a 
reaction time test for attention in which 
participants attend to a small fixation 
point at the center of a computer screen 
(Dinges & Powell, 1985). At random 
intervals, a bright millisecond timer 
appears in the center of the rectangle. 
Participants were given short (1-minute) 
practice trials of the PVT to familiarize 
them with the task. Participants were 
instructed to respond via button press as 
rapidly as possible upon detection of the 
counter stimulus (i.e. participant 
response stops the counter from 
updating). The final counter value 
corresponded to the participant’s 
reaction time. The success or failure trial 
is displayed on-screen for 1-second, thus 
providing feedback for that particular 
trial. Participants were given 30-seconds 
to make a response before the computer 
aborts a trial. Information about each 
trial’s reaction time, and success or  
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failure, was stored by the computer for 
later analysis. The block of PVT trials 
was approximately five minutes long. 
Because between trial intervals are 
pseudo-randomly chosen without 
replacement from between two and 10-
seconds or an average of six seconds. 
The test was organized into blocks of 
five minutes and consisted of 
approximately 45 trials. After five 
minutes, the block of trials terminated, 
regardless of how many trials had 
elapsed (the post-treatment block of 
PVT trials was identical to the first).  
 

2.65. DMS. The task is measured in 

both memory retrieval latency and 

correct match-to-sample trials (response 

accuracy; Chudasama & Yogita, 2010). 

Participants were also given short (1-

minute) practice trials of the DMS to 

familiarize them with the task. 

Participants viewed a 5x5 grid of 

brightly colored yellow and red squares 

with a unique pattern. Then, with the 

press of a key, the stimulus disappeared 

and the screen was blank throughout a 

delay period (6 seconds). Two stimuli 

then were presented on the screen (a 

―match‖ and ―non-match‖). Participants 

were asked to indicate which stimulus 

was the correct ―match‖ with a key press 

and to respond as quickly and as 

accurately as possible. Correct match-to-

sample trials and memory retrieval 

latency were measured by the computer 

and stored for later analysis. The average 

between trial intervals in the DMS was 

7.5 seconds, so depending on how long 

the subject examines each post-delay 

stimulus to choose the ―match‖, which 

took approximately 5-6 minutes. There 

were 30 trials per block. The PVT and 

DMS were implemented with a program 

called the Psychology Experiment 

Building Language (PEBL), an open-

source programming language that can 

be run on any Windows computer 

(Mueller & Piper, 2014). One desktop  

 

computer in a closed office was 

designated as the testing apparatus. 

These data gathered by the PEBL 

program as a .txt file output, which 

includes each trial’s between trial 

interval in seconds, reaction time and 

study time in milliseconds, and a code 

number indicating whether the trial was 

a success (response in less than 30 

seconds), a lapse (no response in 30 

seconds), or a false alarm (responded 

with a button press prior to the onset of 

the cue). Participants were identified by 

a code number (a randomly assigned 

subject number), which was typed into 

the program prior to the start of each 

block of trials. 

  
2.7 Study Procedure  
 

The study consisted of two testing days 

of approximately 90-mins each, with a 

maximum of seven days between 

sessions (see Figure 1). On a day one of 

testing, the participants reported to the 

laboratory after having refrained from 

strenuous exercise and alcoholic 

beverages for 24 hours and from 

caffeine and food for 12 hours. All 

participants signed the informed 

consent for participation in this study 

and immediately completed a health 

research screening survey. After blood 

pressure was measured, an approximate 

10 ml blood sample was obtained from 

venipuncture of the non-dominant arm. 

Once a whole blood sample collected, 

blood sample was immediately 

transferred into the red-topped tubes 

and were centrifuged for 10 minutes at 

3000 rpm at 4°C in a Sorvall RC-6 

centrifuge (Thermo Fisher Scientific 

Inc, Waltham, Mass, USA). After 

centrifugation, 0.6 mL of serum were 

transferred to new three 12 × 75-mm 

test tubes and immediately stored at 

−80°C for analysis of CRP. Once the  
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blood samples were being analyzed the 

blood were discarded following 

appropriate bio-safety procedures. 

Following the blood sample draws, 

participant’s height and weight were 

assessed and then participants 

performed baseline cognitive testing on 

KBIT, Stroop, and TMT, in this order.  

 

 

Following the completion of cognitive 

testing, participants performed a 

maximal graded exercise test to 

volitional fatigue on a cycle ergometer 

(Velotron Dynafit Pro, Seattle WA) to 

measure participants’ VO2 max, which 

is considered to be the criterion measure 

for cardiorespiratory fitness (American 

College of Sports Medicine, 2000).
 
 

     Day 1   Day 2 
          

  Consent   Blood    KBIT  VO2 max  PVT 
 form   pressure    Stroop   DMS 

  Health   Height &    TMT   
 Screening   weight      

    Blood      

    sample      

Figure 1. Experimental Protocol Sequence  
Abbreviation: Kaufman Brief Intelligence Test, KBIT; Trail making test, TMT; PVT, 
Psychomotor vigilance task; DMS, Delayed-match-to- sample task. 

 
On day two of the testing, participants 
also reported to the laboratory after 
having refrained from strenuous 
exercise and alcoholic beverages for 24 
hours and from caffeine and food for 12 
hours. Participants completed baseline 
cognitive testing including the PVT and 
DMS task, in this order. 
 

2.8 Data Analysis  
 
Statistical analyses were performed 

using SPSS Statistical Packages v21 
(SPSS Inc, Chicago, USA). First, it was 

determined whether each dependent 

variable was normally distributed, by 
assessing its skewness and kurtosis. 

Descriptive statistics were used to 
represent characteristics of the 

participants and to confirm data entry. 
Mean differences in dichotomous 

variables (i.e. gender) and other sample 
characteristics (i.e. ethnicity, BMI 

category) for CRP (mg/L) were 

compared using independent t-tests. 
Correlations were conducted and 

significantly associated variables were 

used as covariates in the subsequent 
analyses. A one-way analysis of 

variance was employed to compare 
mean differences of cognitive variables 

on three CRP risk levels such as low 

risk (<1.0 mg/L; n=39), intermediate 
risk (1.0 to 3.0 mg/L; n=20), and high 

risk (>3.0 mg/L; n=21). Post hoc 
analyses using the LSD were performed 

to evaluate the mean difference. A 
multiple linear regression analysis was 

used to examine the associations of 
health indices upon CRP and cognitive 

variables and develop a model for 

predicting: (a) CRP level from health 
indices, (b) each cognitive variable from 

CRP level, and (c) each cognitive 
variable from health indices without 

(model 1) and with (model 2) 
adjustment for age, gender, and race. 

  
3. RESULTS  
 
Of the 98 volunteers who participated  
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in the study, five were excluded 
because of incomplete data, leaving a 
total of 93 (95%) available for 
subsequent analyses. Sample 
characteristics are presented in Table 1. 
Seventy-five percent of participants 
were of normal weight (BMI < 25) and 
25% of participants were overweight or  

 
obese (BMI > 25). In gender 
comparison, male participants (n=40) 
had significantly higher BMI 
(P=0.002), waist circumstance 
(P=0.001), systemic blood pressure 
(P<0.001) and VO2 max (P<0.001), 
compared to female participants 
(n=53). 

 
Table 1. 
Participants Characteristics  
Variable Total (n=93) Male (n=40) Female (n=53) 

       

 Mean SD Mean SD Mean SD 
       

Age, yrs. 23.01 3.68 23.73 3.64 22.47 3.64 

Height, cm 169.54 9.23 177.26** 6.20 163.86 6.58 

Weight, kg 65.17 13.61 74.62** 12.89 58.04 9.08 

BMI 22.51 3.33 23.71** 3.20 21.62 3.17 

25<BMI, n (%) 75  72.5  88.6  

25>BMI, n (%) 25  27.5  11.3  

Waist circumstance, cm 77.90 9.14 82.30** 9.20 74.92 7.91 

SBP, mmHg 109.11 12.18 117.22** 11.71 102.87 8.28 
DBP, mmHg 73.05 8.35 74.38 8.81 72.04 7.91 

MET·min·wk-1 697.41 415.26 772.23 431.76 646.22 401.28 

VO2max ml.kg/min 37.78 9.63 43.93** 9.36 33.23 6.98 

HRmax, beats/min 181.06 13.54 181.81 13.99 180.50 13.31 

RER, CO2/O2 1.11 0.09 1.11 0.09 1.11 0.10 

CRP, mg/L 1.84 1.91 1.87 2.21 1.80 1.63 

Ethnicity (%)       

Caucasian 37%  19%  18%  

Asian 35%  4%  6  

African 10%  13%  22%  

Hispanic 8%  2%  6%  

Other 3%  2%  1%  
 

Abbreviations: BMI, body mass index, SBP, systolic blood pressure, DBP, diastolic blood pressure, 
VO2max, maximal oxygen consumption; HR, heart rate; MET, metabolic equivalent; RER, respiratory 
exchange ratio; CRP, C-reactive protein. 
Asterisks in the Male column indicate sex differences.  
* P < 0.05; ** P < 0.01   
 

3.1 Correlation Between Health Indices 

and Cognitive Variables  

 
Table 2 displays the correlations of all 
variables. CRP was significantly 
correlated with BMI (r = 0.25, P = 
0.009), waist circumstance (r = 0.43, P 
= 0.003), suggesting a positive 
relationship of CRP with BMI and waist 

circumstance. Among the cognitive 
variables, CRP is significantly related to 
scores in Stroop color word (r = -0.27, P 
= 0.02) and Stroop interference (r = -
0.29, P = 0.012) for executive function 
and memory retrieval latency in DMS 
test (r = 0.37, P = 0.007) for working 
memory, thus indicating higher CRP is 
negatively related to inhibitory control  
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and working memory. There is no 
significant relationship between CRP 
and other cognitive variables such as 
KBIT composite representing 
crystallized intelligence (r = 0.22, P = 
0.089), PVT for attention (r = 0.18, P = 

0.237), and TMT B-A for executive 
control (r = -0.13, P = 0.237). In 
contrast, there was significant 
correlation between VO2max and 
memory retrieval latency (r = - 0.32, P = 
0.012) and correct match-to-sample 
trials (r = 0.29, P = 0.023) in DMS test 
for working memory and reaction time 
and (r = -0.26, P = 0.047) in PVT for 
sustained attention suggesting a greater  
 

 
working memory control relative to high 
cardiorespiratory fitness. In addition, 
physical activity level was significantly 
related to memory retrieval latency (r = 
-0.30, P = 0.021) in DMS test and 
reaction time (r = -0.28, P = 0.026) in 

PVT. Further, physical activity level was 
also significantly related to inhibitory 
control as indicated by a positive 
correlation with Stroop Color Word (r = 
0.30, P = 0.015) and interference (r = 
0.28, P = 0.028). Significant correlation 
between VO2max and physical activity 
level was observed (r = 0.30, P = 0.016), 
suggesting a more intense physical 
activity participation might improve or 
maintain cardiorespiratory fitness level.

 
Table 2. Correlations of Variables 

Variables Mean (SD) Age BMI WC VO2max MET CRP 
 

          

Age, year 23.68 (3.68) −      
 

BMI 22.51 (3.33) 0.07 −     
 

WC 77.9 (9.14) -0.07 0.76** −    
 

VO2 max 37.78 (9.63) -0.04 0.03 0.06 −   
 

MET·min·wk-1 697.41 
-0.13 0.06 0.07 0.30* − 

 
 

(415.25)  
 

       
 

CRP 1.83 (1.91) 0.03 0.25* 0.43** -0.12 -0.23 − 
 

KBIT         
 

KBIT Vocabulary 
102.06 

-0.18 0.02 -0.02 0.14 0.05 0.25*  

(12.24)  

       
 

KBIT Mat 106.39 (6.99) 0.28** 0.02 -0.07 0.18 0.04 0.01 
 

KBIT Composition 104.59 (8.17) -0.03 0.03 -0.05 0.20 0.06 0.22 
 

Stroop test         
 

Stroop Word (score) 107.32 
-0.16 0.17 0.07 0.12 -0.04 -0.08  

(14.90)  

       
 

Stroop Color (score) 78.65 (12.74) -0.35** 0.13 -0.01 0.18 0.22 -0.08 
 

Stroop Color Word (score) 53.01 (10.83 -0.15 0.03 0.00 0.19 0.30* -0.27* 
 

Stroop Interference (score) 7.81 (8.73) 0.06 -0.08 -0.02 0.10 0.28* -0.29* 
 

TMT         
 

TMT A (sec) 15.79 (5.03) -0.03 0.12 0.23 -0.13 -0.11 0.20 
 

TMT B (sec) 38.26 (11.46) 0.05 -0.13 -0.13 -0.09 -0.09 -0.03 
 

TMT B-A (sec) 22.10 (10.07) 0.10 -0.18 -.310* -0.02 -0.01 -0.13 
 

PVT         
 

Reaction time (msec) 
358.38 

-0.10 -0.00 -0.12 -0.26* -0.29* 0.18  

(27.23)  

       
 

DMS         
 

Correct trial (score) 27.06 (1.96) 0.19 -0.12 0.06 0.29* 0.11 -0.32* 
 

Reaction time (msec) 
1931.70 

-0.13 0.01 0.15 -0.32* -0.30* 0.37**  

(590.20)  

       
  

Abbreviations: KBIT, Kaufman Brief Intelligence Test; BMI, body mass index; WC, waist 
circumstance; VO2max, maximal oxygen consumption; MET, metabolic equivalent; CRP, C-
reactive protein; TMT, Trail Making Test; PVT, Psychomotor vigilance task; DMS, Delayed 
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match sample test.  
*P<0.05; **P<0.01 

 

3.2 C-Reactive Protein Risk Level and 

Cognitive Function  
 
Figure 2 displays the mean 
difference of Stroop interference 
(score) in Stroop test and memory 

retrieval latency (msec) in DMS on 
three CRP risk levels such as low 
risk (<1.0 mg/L; n=39), intermediate 
risk (1.0 to 3.0 mg/L; n=20), and 
high risk (>3.0 mg/L; n=21). 
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Figure 2. C-Reactive Protein Risk- Stroop Interference and Memory Retrieval Latency  
The mean difference of Stroop interference (score) in Stroop test indicating the inhibitory control for three 
CRP risks are shown in (left). The mean difference of Memory Retrieval Latency (msec) in Delayed match 
sample test indicating the working memory for three CRP risks are shown in (right). Data are presented as 
Mean (standard errors). 
 
One-way ANOVA analysis revealed 
the effect of CRP risk was significant 
on Stroop interference in Stroop test 
(F2,77 = 2.93, P = 0.049) and memory 
retrieval latency in DMS (F2,77 = 
3.32, P = 0.05; see Table 3). Post hoc 
analyses using the LSD post hoc 
criterion for significance indicated that 
the average scores in the Stroop 
interference was significantly lower in 
the high CRP risk (M = 3.61, SD ± 
6.95) than in the low CRP risk (M = 
9.41, SD ± 8.21). In addition, average 
time in memory retrieval latency 
(msec) in DMS was significantly 
slower in the high CRP risk (M = 
2265.96, SD ± 610.89) than in the low 
CRP risk (M = 1727.31, SD ± 601.42). 

These results suggest that CRP level in 
the high-risk condition causes 
deleterious effect on cognitive function 
especially such as inhibitory control 
and working memory. 
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Table 3. Mean Difference of Variables on Levels of C-Reactive Protein Risk  

 Low Risk Intermediate Risk High Risk   

Variables <1.0 mg/L 1.0 to 3.0 mg/L >3.0 mg/L F P 
  N=39 N=20 N=21   

 Mean SD Mean SD Mean SD   

C-reactive protein, mg/L 0.57 0.19 1.77 0.58 4.65 1.78 120.02 0.00 

Body Mass Index, kg/m2 22.06 2.23 23.97* 3.30 24.31** 4.43 4.12 0.02 

Waist Circumstance, cm 75.58 6.09 85.74** 7.01 84.30** 13.21 7.71 0.00 

VO2 max, ml/kg/min 40.00 9.83 37.61 10.73 34.76 11.16 1.50 0.23 

PA level, MET·min·wk-1 754.30 434.87 567.25 416.80 554.00 315.55 1.29 0.29 
 
 

Cognitive variable         

Crystallized intelligence         

KBIT Vocabulary 99.36 15.35 102.00 10.17 106.94 8.17 2.15 0.13 

KBIT Mat 106.56 7.98 107.59 6.97 105.67 4.90 0.32 0.73 

KBIT Composition 103.13 10.15 105.24 6.49 106.94 5.84 1.31 0.28 

Stroop test     0.82    

Stroop Word (score) 106.79 17.29 110.88 15.28 105.78 15.58 0.49 0.61 

Stroop Color (score) 78.00 15.99 78.88 9.76 77.39 9.51 0.06 0.95 

Stroop Color Word (score) 54.13 11.59 54.65 12.17 48.22 8.12 2.08 0.13 

Stroop Interference (score) 9.41 8.21 8.76 10.78 3.61* 6.95 2.93 0.05 

Trail taking test         

Trail Making A (sec) 14.76 4.73 16.54 4.75 16.30 5.68 1.03 0.36 

Trail Making B (sec) 36.27 10.94 42.09 13.58 34.26* 7.06 2.53 0.09 

Trail Making B-A (sec) 21.51 9.15 25.55 13.36 17.96* 8.14 2.50 0.09 

Psychomotor vigilance task         

Reaction time (msec) 343.97 67.23 352.75 26.29 364.61 38.06 0.50 0.61 

Delayed match sample test         

Correct trial (score) 26.44 5.24 27.38 1.60 26.30* 2.31 0.17 0.85 

Reaction time (msec) 1727.31 601.42 2060.42 660.61 2265.96 610.89 3.32 0.05 
 

Abbreviations: BMI, body mass index; VO2max, maximal oxygen consumption; MET, 
metabolic equivalent; CRP, C-reactive protein.  
Data are presented as mean ± SD; asterisks indicate differences in levels of C-reactive protein 
risk 
* P < 0.05; ** P < 0.01  

 
3.3 Predictor Variables on Cognitive 

Function  

 

Multiple linear regression analysis was 

used to develop a model for predicting:  
(a) CRP level from health indices (i.e. 
BMI, VO2max, physical activity level), 
(b) cognitive variables (i.e. inhibition, 
attention, working memory) from CRP 
level, and (c) cognitive variables from 
health indices without (model 1) and 

with (model 2) adjustment for age, 
gender, and race.  
 
The multiple regression analysis was 
used to test if health indices significantly 
predicted CRP. Two predictors such as 
BMI and VO2max explained 39.1% of 
the variance (R

2
 = 0.38, F3,76 = 9.622, P 

= 0.001: Model 1) and 43.0% of the 
variance (R

2
= .43, F3,76 = 5.286, P = 

0.001: Model 2) after adjustment for age,  
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gender, and race. CRP was significantly 
predicted from increased BMI (β = 0.46, 
P = 0.001), while significantly related to 
decreased cardiorespiratory fitness (β = -
0.57, P = 0.003). Although physical 
activity level was not significantly 
related to CRP, increased physical 
activity level was significantly 
associated with increased cardiovascular 
fitness (β = 0.19, P = 0.048) in the 
model (R

2
=0.49, F4,82 = 15.15, P < 

0.001: Model 2).  
 
The multiple regression analysis was 
used to test if CRP significantly 
predicted each cognitive variable. After 
adjustment for age, gender, and race, 
CRP as a predictor explained 17.8% of 
the variance (R

2
 = 0.178, F4,74 = 5.286 

P=0.05: Model 2) and significantly 
predicted memory retrieval latency in 
DMS (β = 0.378, P = 0.007). In addition, 
CRP significantly predicted score in 
Stroop interference (β = -0.27, P=0.02) 
although it did not have significant effect 
in the model (R

2
 = .1, F4,74 = 2.294 

P=0.06: Model 2), but it showed a 
significant trend. However, CRP did not 
predict the KBIT (β = 0.18, P = 0.107) 
in the Model 2 (R

2
 = .144, F4,74 = 5.286 

P=0.028) and completion time in TMT 
B-A (β = -0.12, P = 0.286) in the Model 
2 (R

2
 = 0.02, F4.74 = 0.353 P=0.841: 

Model 2), and reaction time in PVT (β = 
0.166, P = 0.269) in the Model 2 (R

2
 = 

.031, F4.74 = 0.356 P=0.839: Model 2). 
These results indicated the increased 
CRP had the significant negative direct 
effects on memory retrieval latency 
(msec) in DMS for working memory and 
scores in Stroop interference for 
inhibitory control while there was no 
significant effect on reaction time in 
PVT for attention, completion time in 
TMT for executive function, and scores 
in KBIT for crystalized intelligence.  
 
The multiple regression analysis was 
used to test if health indices significantly 
predicted each cognitive variable. Two 
predictors of VO2max and physical 
activity level explained 12.7% of the 
variance (R

2
 = 0.127, F3,83 = 2.757, P =  

 
0.051: Model 1) and 18.6% of the 
variance (R

2
= 0.186, F6,80 = 2.062, P = 

0.06: Model 2) after adjustment for age, 
gender, and race. Memory retrieval 
latency in DMS was significantly 
predicted from increased VO2max (β = -
0.37, P = 0.04) and weakly predicted 
from increased physical activity level (β 
= -0.24, P = 0.07), but it was not 
significantly predicted from increased 
BMI (β = 0.06, P = 0.66). In addition, 
score in Stroop interference was 
significantly predicted from increased 
physical activity level (β = 0.26, P = 
0.05) although it did not have significant 
effect in the model (R

2
= 0.168, F6,80 = 

1.848, P = 0.107: Model 2). No health 
variable predicted crystalized 
intelligence in KBIT (R

2
 = 0.222, F6.80 

= 0.494, P=0.810), score in Stroop 
interference (R

2
 = 0.168, F6,80 = 1.848, 

P=0.107) completion time in TMT B-A 
(R

2
 = 0.201, F6,80 = 2.26, P=0.06: 

Model 2), and reaction time in PVT (R
2
 

= 0.067, F6,80 = 0.647 P=0.692: Model 
2). These results indicated the increased 
VO2max and physical activity level had 
significant, negative, direct effects on 
memory retrieval latency (msec) in 
DMS for working memory, suggesting a 
faster control process of working 
memory among fit and healthy 
participants. Additionally, the increased 
physical activity level was related to 
greater inhibitory control. Using the 
predictors that emerged from the 
regression analysis, cardiorespiratory 
fitness level (VO2max) had significant, 
negative, direct effects on CRP (β = -
0.57, P = 0.003) associated with BMI (β 
= 0.46, P = 0.001). Although there was 
no direct relationship between physical 
activity level and CRP, a positive 
relationship between cardiorespiratory 
fitness level and physical activity level 
(β = 0.19, P = 0.048). Positive and 
significant direct effects were found for 
those who maintained cardiorespiratory 
fitness level (β = -0.37, P = 0.04) on 
working memory. A significant negative 
direct effect was observed for CRP on  
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working memory (β = 0.378, P = 0.007). 
However, no significant negative direct 
effect was found for BMI on working 
memory (β = 0.06, P = 0.66) in the 
model (R

2
= .186, F6.80 = 2.062, P = 

0.06: Model 2). When CRP was 
considered as a potential mediator of the 
relationship between BMI and working 
memory, the indirect effect of BMI on 
working memory might be dependent on 
CRP level. 
  
4. DISCUSSION  
 
The purpose of this study was to 
examine the relations of various health 
indices, physical activity, physical 
fitness, and cognitive performance 
among, seemingly healthy young adults 
in the second decade of life. This study 
is timely and warranted because the 
relationship between such variables have 
been largely unexamined since this age 
group is considered to be at their 
cognitive peak and have few differences 
in reaction time and accuracy 
(Whiteman et al., 2014). Given the 
paucity of research, the findings from 
this study help to establish a distinct and 
needed area of study in this portion of 
the lifespan, when health risk potentially 
manifests asymptomatic disease. 
  
4.1 CRP and Health Indices  
 
Consistent with previous research, this 
study found that the potential beneficial 
effects of regular physical activity 
participation and a healthy body weight 
on the vascular and cognitive health of 
young adults have been previously 
highlighted (Zhu et al., 2014; Zhu et al., 
2013). Evidence suggests that physical 
inactivity, pooper cardiorespiratory 
fitness, or obesity increases CRP levels 

and impairs cognitive dysfunction. This 
study is the first known to examine 
cardiorespiratory fitness, health risk and 
executive function among, self-reporting  

 
healthy, young adults. Furthermore, our 
study contributes to the existing 
literature by assessing CRP as a potential 
mediator of the relationships between 
cardiorespiratory fitness and cognitive 
function. The results of this present 

study confirmed the relationship of 
cardiorespiratory fitness, physical 
activity, and BMI and CRP (Ford, 2002; 
Kasapis & Thompson, 2005) with 
cognitive function in that was previously 
found among older adults. 

 

Specifically, the findings from adjusted 

regression analysis showed that 

cardiorespiratory fitness and BMI were 

the strongest predictors of altered CRP 

level. Although our participants are 

healthy young and mostly within a 

normal range of BMI, BMI was 

significantly a predictor of the increased 

CRP level. This finding is consistent 

with a previous a study demonstrating 

that CRP predicts future risk for 

cardiovascular disease in apparently 

healthy individuals (Jialal, Devaraj, & 

Venugopal, 2004). BMI commonly is a 

strong predictor of CRP levels relative 

to other lipid profiles such as 

triglyceride and cholesterol, suggesting 

that obesity is the major factor 

associated with elevated CRP in 

individuals by increasing adipose tissue 

that produces proinflammatory 

cytokines such as tumor necrosis factor-

alpha and interleukin-6 (Hotamisligil, 

Arner, Caro, Atkinson, & Spiegelman, 

1995). Particularly, interleukin-6 is the 

major stimulator of the production of 

CRP in the liver (Heinrich, Castell, & 

Andus, 1990). In contrast, a previous 

study demonstrated an inverse 

relationship of physical activity and 

cardiorespiratory fitness and the serum 

concentration of inflammatory markers 

with CRP (Kasapis & Thompson, 2005). 

The inverse association between 

physical activity and CRP levels was  
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dependent on greater amount of leisure-

time physical activity (Ford, 2002) and 

higher levels of physical activity 

(Albert, Glynn, & Ridker, 2004). Yet, in 

the present study, physical activity level 

based on a self-reported data was not 

significantly related to a deceased CRP 

level possibly due to the self-reported 

data and reporting biases, which 

undermine the accurate classification of 

physical activity. In the present, 

however, the physical activity level was 

positively associated with 

cardiorespiratory fitness level as the 

most accurate measure of eliminating 

self-reporting bias. The data from 

adjusted regression analysis 

demonstrated that cardiorespiratory 

fitness level has the strongest negative 

effect on CRP level. This finding 

consistently matches with previous 

studies reporting an inverse association 

between cardiorespiratory fitness level 

and CRP level (Ford, 2002; Kasapis & 

Thompson, 2005). The beneficial effects 

of chronic physical activity and 

cardiorespiratory fitness on reducing or 

suppressing systemic CRP levels by 

potential mechanisms, including a 

decrease in proinflammatory cytokine 

production by adipose tissue, skeletal 

muscles, endothelial and blood 

mononuclear cells, a improved 

endothelial function and an antioxidant 

effect (Kasapis & Thompson, 2005). 

Although the data from the adjusted 

regression analysis highlight the 

potential pathways of health indices on 

CRP and cognitive function, our 

findings do not establish a causal 

relationship. Therefore, having higher 

cardiorespiratory fitness level and lower 

BMI may result in lowered CRP level, 

thus mediating cognitive function (Ge et 

al., 2013; Zhu et al., 2013). 

 

 

 

  
4.2 CRP and Cognitive Function  
 

Previous studies have shown that 

cardiorespiratory fitness was 

independently associated with CRP and 

cognitive function (Komulainen et al., 

2007; Noble et al., 2010). Parallel with 

this association is evidence linking CRP 

levels with cognitive function. Our 

adjusted regression analysis 

demonstrated significant negative 

relationships between CRP level and 

cognitive function particularly such as 

inhibitory control and working memory. 

These relationships were reinforced by a 

significant causal relationship of CRP-

cognition, observed in the relationship 

between CRP risk level and cognitive 

function. In the present study, CRP 

level in the high-risk condition 

compared to that in low risk was related 

to lower score in Stroop interference 

and slower memory retrieval latency in 

DMS suggesting that high CRP risk 

might causes deleterious effect on 

cognitive function especially such as 

inhibitory control and working memory. 

Evidence suggests that the Stroop 

interference is widely used as frontal 

lobe functioning (Stuss, Floden, 

Alexander, Levine, & Katz, 2001), 

however, higher CRP level is associated 

with cerebral microstructural 

disintegration that predominantly affects 

frontal pathways and corresponding 

worse executive function (Wersching et 

al., 2010). In addition, impaired 

memory assessed with Selective 

Reminding Test including delayed 

recall and delayed recognition was 

related to higher CRP level. The higher 

CRP level as a systemic inflammatory 

marker leads to impaired endothelial 

function, which was associated with 

vascular dementia (Vicenzini et al., 

2007). Systemic inflammatory markers 

are also independently associated with 

impaired cerebral blood flow (Novak et  
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al., 2006 ) and cerebrovascular reserve 

(Davenport, Hogan, Eskes, Longman, & 

Poulin, 2012), particularly in the 

hippocampus, which is important to 

memory (Semmler, Okulla, Sastre, 

Dumitrescu-Ozimek, & Heneka, 2005). 

Combined, these studies, and our 

adjusted regression analysis, 

demonstrated that CRP might be 

associated with impairing cognitive 

function and could be use as a 

biomarker of cognitive dysfunction in 

individuals without dementia. 

  
4.3 Health Indices and Cognitive 

Function  
 
Physical activity and cardiorespiratory 
fitness examined were significantly 
related to executive function and 
working memory. In the present study, 
although our adjusted regression analysis 
didn't reveal a significant relationship 
between BMI and any variable of 
cognitive function tests possibly due to 
our small sample size relatively, there 
might be a trend showing that CRP 
might be a potential mediator of the 
relationship between BMI and working 
memory as the strong negative 
association that BMI has with CRP 
appears to contribute to cognitive 
dysfunction. Otherwise, other studies 
confirmed that obesity was associated 
with lower cognitive functioning 
measured as tests of learning and 
memory and more cognitive deficit if 
there are more cardiovascular risk 
factors involved (Elias, 2003) and 
obesity itself has a compounding 
negative impact on the brain by 
increasing low-grade systemic 
inflammation (Smith, Hay, Campbell, & 
Trollor, 2011). The impact of obesity 
and vascular risk on cognition needs to 
be further investigated, given obesity has 
risen dramatically in adults (Ogden et 
al., 2014). Physical activity level had a 
significant and positive direct effect on  

 
cognitive function, particularly including 
Stroop interference and working 
memory, independent of CRP. This 
finding is aligned with other findings 
demonstrating the beneficial effects of 
physical activity on brain function 
during adulthood, particularly frontal 
lobe-mediated cognitive processes 
including planning, inhibition, and 
working memory (Drummond et al., 
2005; Nieder & Miller, 2004) as well as 
the protecting effect of physical activity 
on cognitive decline in nondemented 
participants followed for 1-12 years 
(Sofi et al., 2011). Further, these data 
from adjusted regression analysis 
suggests that the most powerful effects 
of health indices on working memory 
through CRP occur from the level of 
cardiorespiratory fitness. The 
cardiorespiratory fitness level had both 
direct effect and indirect effect through 
CRP on working memory. This result 
suggests that those having higher 
cardiorespiratory fitness level could have 
a greater working memory directly and 
indirectly by reducing CRP level. A 
recent study also confirmed that 
cardiorespiratory fitness was positively 
related to neuropsychological 
performance, particularly, including 
memory (Wendell et al., 2014). 
 
In the current study, the data from 
adjusted regression analysis revealed 
the significant relationship of any 
health indices and CRP with sustained 
attention was not observed, however, 
cardiorespiratory fitness and physical 
activity was significantly correlated 
with sustained attention (Hillman et al., 
2005). Possible explanation is that 
rather than comparing the baseline 
reaction time in PVT, this test was 
appropriate for the pre-test and post-
test (Dinges et al., 1997; Dinges & 
Powell, 1985) as mostly used in acute 
exercise-induced the sustained attention 
improvement (Mahon et al., 2013;  



Medical Research Archives July 2015 Issue 3 

Copyright © 2015, Knowledge Enterprises Incorporated. All rights reserved. 16 
 

 
Pontifex, Saliba, Raine, Picchietti, & 
Hillman, 2012) 
 
The beneficial effects of physical 
exercise-induced improvements in 

cardiorespiratory fitness on cognitive 
functions have been supported by 
several potential mechanisms including 
enhancement of endothelial function and 
decline of arterial stiffness, oxidative 
stress, and vascular inflammation, which 
increase resting cerebral blood flow and 
improve function of cerebrovascular 
reserve (Davenport et al., 2012) and 
incline of brain volume and size, 
particularly in hippocampus (Erickson et 
al., 2011), and release of neurotrophins, 
particularly, brain-derived neurotrophic 

factor (BDNF), which promote neuronal 
growth and survival and mediate 
learning and memory (Vaynman, Ying, 
& Gomez-Pinilla., 2004). A recent study 
also confirmed that cardiorespiratory 
fitness and BDNF was positively 
associated with recognition memory as 
suggested by an interaction between 
physical exercise and BNDF that 
predicts recognition memory accuracy 
(Whiteman et al., 2014).  
 
These findings suggest that the complex 
interaction among health indices, CRP, 
and cognitive function are crucial to our 
understanding for implementing future 
strategies to tackle inadequate physical 
activity/cardiorespiratory fitness levels 
and poorer body weight control on 
cognitive health in young adults. 
 
4.4 Delimitations and Limitations  
 
This study has several strengths and 
potential limitations. The strengths of 
our study include the most accurate 

measure of cardiorespiratory fitness 
through metabolic cart on cycle 
ergometer to measure VO2max. This 
study benefitted from accurate 
information on VO2max, which we  

 
were, therefore, able to examine the 
valid and reliable association of 
cardiorespiratory fitness with CRP and 
cognitive function. Although the 
variable of cognitive tasks was 
restricted to the variation in 

demographic variable (i.e. age, gender, 
race), our study was used for the 
variable measures controlling for the 
demographic characteristics to reduce 
potential confounding effects. Lastly, as 
the study used neuropsychological test 
battery including crystallized 
intelligence, executive function, 
attention, and working memory, we 
were, therefore, able to identify the 
relationship of major cognitive domain 
with health indices and vascular risk in 
young adults. 
 
The limitations of our study include data 
collected on physical activity based on a 
self-reported data, which undermines the 
accurate classification of physical 
activity. The self-reported measure of 
physical activity was derived from a 7-
day physical activity recall, but the 
physical activity instruments have been 
acceptable measurement characteristics. 
Future studies should utilize more 
objective measures of physical activity 
such as accelerometer and activity 
monitor although this would be difficult 
from financial perspective for population 
studies. 
  
4.5 Implications 

 
The present findings represent a novel 
investigation of how health indices 
influence physical fitness and mediate 
cognitive performance. Continued study 
is valuable as it has substantial public 
health implications. Sedentary lifestyles 
increase vascular risk and deplete 
cognitive function. These findings 
confirm the beneficial effects of 

physical exercise-induced improvements 
in cardiorespiratory fitness on vascular  
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risk and cognitive functions particularly 
in working memory. The second decade 
of life represents the cognitive peak; 
unlike previous studies there was a 
differentiated cognitive performance 
among the participants, based on health 

the presence of health risk such as 
elevated CRP. This physical activity has 
both physical and cognitive benefits 
among young adults. As such, 
increasing physical activity participation 
in moderate to vigorous physical 
activity to improve cardiorespiratory 
fitness and to promote healthy BMI may 
reduce or suppress vascular risk with 
potential positive effects on cognitive 
health. 
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