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Abstract

Cognitive impairment is common in severe obesity. Lack of physical activity is a likely contributor
to impairment in this population, as many obese persons are inactive and physical activity has
been positively and independently associated with cognitive function in healthy and medically-ill
samples. This study investigated whether physical activity, measured by self-report of aerobic
physical activity in 85 bariatric surgery candidates, was associated with cognitive function. A
subset of 31 participants also completed objective activity monitoring. Steps/d and high-cadence
min/week, representative of ambulatory moderate to vigorous physical activity (MVPA), were
calculated. Approximately one quarter of participants self-reported at least 30 min/d of aerobic
MVPA, at least 5 d/week. Median steps/d was 7949 (IQR = 4572) and median MVPA min/week
was 105 (IQR = 123). Cognitive deficits were found in 32% of participants (29% memory,

10% executive function, 13% language, 10% attention). Controlling for demographic and medical
factors, self-reported aerobic physical activity was weakly correlated with lower attention (7=
-0.21, p=0.04) and executive function (r=-0.27, p< 0.01) and both self-reported aerobic
physical activity and objectively-determined MVPA min/week were negatively correlated with
memory (r=-0.20, p=0.04; r=-0.46; p=0.02, respectively). No other correlations between
physical activity measures and cognitive function were significant. Contrary to expectations,
greater levels of physical activity were not associated with better cognitive functioning. Such
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findings encourage future studies to clarify the association among cognitive function and physical
activity in obese persons.
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Methods

Obesity is increasingly recognized as an independent risk factor for adverse neurocognitive
outcomes. Elevated body mass index (BMI) is associated with increased risk for neurologic
disorders such as stroke [1], Alzheimer’s disease, and vascular dementia [2—4]. Elevated
BMI is also associated with structural and functional abnormalities on neuroimaging

in the absence of these disorders, including decreased blood flow [5], reduced white

matter integrity [6,7], and smaller grey matter and total brain volume relative to normal
weight [8]. Consistent with these adverse brain changes, persons with elevated BMI often
exhibit cognitive dysfunction on testing [9-14], with the most common deficits being the
domains of memory and executive function [9,10,14]. Cognitive impairment is particularly
prevalent in severely obese persons, with up to 25% of individuals demonstrating clinically
meaningful levels of impairment on neuropsychological testing [10].

Past studies have shown multiple factors contribute to cognitive dysfunction in obese
persons, including severity of obesity and comorbid conditions like hypertension and type
2 diabetes [15]. Though not previously examined, another likely contributor to cognitive
impairment in adults with severe obesity is low levels of physical activity [16-18].
Bariatric surgery patients are often sedentary [19] and numerous studies show regular
physical activity reduces risk for dementia [20-23] and cognitive decline [24]. Much of

the research in this area has demonstrated an association between improved cardiovascular
fitness and participation in moderate- to high-intensity exercise on structural and functional
neurocognitive outcomes. For example, increased cardiorespiratory fitness is associated
with reduced brain atrophy [25], preservation of gray and white matter [26,27], and

greater hippocampal volumes [28]. Similarly, moderate- to high-intensity aerobic exercise
is associated with increased gray and white matter volume [29] and functional connectivity
in the prefrontal cortex [30]. Consistent with these findings, moderate-to high-intensity
aerobic exercise has also been shown to improve cognitive functioning, including executive
functioning, attention, visuospatial functioning, and processing speed, across patient and
healthy samples [30-33].

This preliminary study examined the contribution of physical activity to cognitive function
in severely obese adults. Specifically, we examine whether physical activity is associated
with memory, attention, executive function, and/or language among adults undergoing
bariatric surgery. Based on previous findings, we hypothesized that higher levels of physical
activity would be associated with better performance on tests of cognitive function.

All procedures were approved by the appropriate Institutional Review Boards and all
participants provided written informed consent prior to study involvement.
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Trial design and participants

Measures

Attention

The original sample included 122 adults who were recruited for an ancillary study focused
on cognitive function from the Longitudinal Assessment of Bariatric Surgery-2 (LABS-2)
parent project [34]. Of the original sample, 17 participants were excluded from analyses

due to missing cognitive function data (7= 14) or self-reported physical activity data (n=
3). Inclusion criteria for the ancillary study included age between 20-70 years and being
English-speaking. Exclusion criteria included a history of neurological disorder or injury
(e.g. dementia, stroke, seizures), history of moderate to severe head injury (defined as >

10 min of loss of consciousness) [35], past or current history of alcohol or drug abuse
(DSM-1V criteria) [36], history of a learning disorder or developmental disability (defined
by DSM-IV criteria) [36], or impaired sensory function that precluded computerized testing.
Some analyses were further limited to a subset of 31 of these individuals with valid objective
physical activity data. All measurements were completed prior to bariatric surgery. Medical
and demographic characteristics of the sample are presented in Table 1.

Cognitive function—The Integneuro cognitive test battery is a standardized and
semi-automated computerized battery that estimates intellectual abilities and assesses
performance in multiple cognitive domains. Tests are administered in a fixed order using
pre-recorded instructions and a touch-screen computer. For each test, the task is introduced
and the participant is provided with sample items to ensure comprehension. The battery
has demonstrated good construct validity in comparison to standard neuropsychological
measures and has been shown to have good test- retest reliability [37,38]. For this study,
tests were categorized into four domains: Attention, Executive Function, Memory and
Language. These tests included:

Digit span backward—Digit span assesses basic auditory attention. Participants are
presented with a series of digits on the touch-screen, separated by a 1-s interval. Participants
are then immediately asked to enter the digits on a numeric keypad on the touch-screen

in the reverse order of presentation. The number of digits in each sequence is gradually
increased from 3 to 9, with two sequences at each level. The score for this task is the total
number of correct trials.

Span of visual memory—This task is similar to Spatial Span from the Wechsler Memory
Scales [39]. Participants are asked to recreate highlighted forward and backward patterns on
the screen. The score is the total number of correct trials.

Switching of attention — digits—This test is a computerized adaptation of the Trail
Making Test A [40]. Participants are presented with a pattern of 25 numbers in circles and
asked to touch them in ascending order. This test assesses attention and psychomotor speed.
The score is time to completion.

Verbal interference — word—This test is similar to the Word trial on the Stroop Color
Word Test [41]. Participants are presented with color words one at a time. Below each

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galioto et al.

Page 4

colored word is a response pad with the four possible words displayed in black and in a
fixed format. During a 1-min period participants are required to identify the name of each
word as quickly as possible after it has been presented on the screen, providing a measure of
attention. The score is the number of words correctly identified.

Executive function

Memory

Language

Switching of attention — digits and letters—This test is a computerized adaptation
of the Trail Making Test B [42]. Participants are presented with an array of 13 numbers
(1-13) and 12 letters (A-L). Participants are asked to touch numbers and letters alternately
in ascending order. This test taps both attentional abilities and executive function. The score
is time to completion.

Verbal interference — color—This test is similar to the Color Word trial of the Stroop
Color Word Test [43]. Participants are presented with colored words one at a time. To
measure executive function, the subject is required to hame the color of the ink rather than
the target word as quickly as possible during a 1-min period. The score is the number of
words correctly identified.

Maze task—The maze task assesses executive function and is a computerized adaptation

of the Austin Maze [44]. Participants are presented with an 8 x 8 matrix of circles and

are asked to identify the hidden path through the grid. Unique auditory and visual cues are

presented for correct and incorrect responses. When participants have completed the maze

twice without error, or after 10 min has passed, the trial ends. The score is the total number
of errors committed.

Verbal list — learning—This test has two components. Participants are read a list of 12
words a total of four times and asked to recall as many words as possible following each
trial. Following presentation and recall of a distraction list, participants are asked to recall
target words (i.e. words from the original list). After a 20-min delay, participants are again
asked to recall target words. Finally, a recognition trial comprised of target words and foils
is completed. The first score is the number of words recalled after a short delay. The second
score is the number of words recalled after the 20-min delay. The third score is the number
of words correctly identified as a target or foil word.

Verbal fluency—This test has two components. For the letter fluency task, participants
are asked to generate words beginning with a given letter of the alphabet (F, A and S), for
60 s. The test is done three times. The first score is the number of correct words generated
across all three trials. For the animal fluency task, participants are asked to generate as many
animal names as they can in 60 s. The second score is the total number of correct animal
names.

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.
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Computing composite scores for cognitive domains

Raw scores for each measure were transformed into z-scores based on age, gender and
estimated intelligence to promote generalizability and facilitate clinical interpretation. A
composite score for each domain of cognitive function (memory, attention, executive
function, and language) was created by averaging the z-scores from each of the specific
tests within that domain.

Physical activity

Objective assessment of ambulatory physical activity—Detailed procedures for
measuring physical activity for this study have been described elsewhere [16]. Participants
were asked to wear the StepWatch™ 3 Activity Monitor (OrthoCare Innovations,
Washington, DC) [45], a microprocessor-controlled biaxial activity monitor, fastened above
the ankle, that combines acceleration, position and timing information to count steps per
minute, for 7 d prior to surgery. Participants returned monitors via mail. Nonwear periods
were identified by intervals of at least 120 min with no activity [46]. Daily wear time

was calculated as 24 h minus the duration of nonwear periods. Days with less than 10 h

of wear time were excluded. Step counts at the minute level were used to calculate mean
daily steps and mean daily minutes of ambulatory moderate-vigorous activity (MVPA) (i.e.
estimated from the number of minutes with 80 steps or more), as well as mean daily minutes
of bout-related ambulatory MVPA (a bout was established when 8 min out of a 10 min
window met the threshold of 80 steps or more. A bout ended with three consecutive minutes
below this threshold) [47]. Daily MVPA values were standardized to 1-week periods by
multiplying the mean daily values by 7.

Rapid assessment of physical activity (RAPA)—The RAPA is a nine-item self-report
questionnaire designed to easily assess usual physical activity levels of adults 50 and older,
which has been found to be comparable to other validated physical activity surveys among
older adults [48]. It was selected for this study because the physical activity patterns of
severely obese adults are similar to older adults [16]. For the current effort, we utilized

the aerobic activity score, determined from responses to seven yes or no items, which are
arranged in ascending order based on duration, frequency and level of usual aerobic activity
(e.g. “I do 30 minutes or more a day of moderate physical activities, 5 or more days a week”
is a score of 6). The highest item with an affirmative response equals the participant’s score
(range 0 to 7). Higher scores reflect greater levels of physical activity. A score of 6 or above
is considered to be active [48].

Other measures

Height and weight were measured by trained research staff using standardized protocols.
BMI was calculated as height in meters divided by weight in kilograms squared. Age was
determined from participant’s self-reported date of birth. Participants also self-reported sex
and currently having or having a history of a diagnosis of asthma, diabetes or hypertension
by a health care professional.
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Statistical analyses

Results

Descriptive statistics were used to characterize the sample. Pearson and partial correlations,
controlling for BMI, diabetes, hypertension and asthma status, were conducted to test
associations among the indices of physical activity and the four cognitive function domain
scores (attention, executive function, memory and language), which were already adjusted
for age, gender and estimated intelligence. Statistical significance was defined as p < 0.05.
The statistical software package used for all analyses was SPSS version 20.

Low rates of physical activity in the sample

Among the subset of individuals with valid objective physical activity data (7= 31), median
steps per day was 7949 steps/d (IQR = 4572). Using standard step per day indices [49],
16.1% of individuals were sedentary (less than 5000 steps/d), 29.0% were low active (5000
to 7499 steps/d), 32.3% were somewhat active (7500 to 9999 steps/d), 12.9% were active
(10 000 to 12 499 steps/d) and 9.7% were highly active (12 500+ steps/d). Ambulatory
MVPA for this sample ranged from 4 to 650 min/week (median = 105.0; IQR = 123.2).
Bout-related MVPA ranged from 0 to 584 min/week (median = 0.0; IQR = 48). Only 41.9%
of participants (7 = 13) achieved any bout-related ambulatory MVPA; 35.5% (7= 11)
achieved at least 30 min/week of bout-related MVPA, 19.2% (n = 6) achieved at least 60
min/week, and only 2 participants (6.4%) achieved at least 150 min/week.

Scores on the aerobic subscale of the RAPA ranged from 2 to 7, with the average being 3.9
(SD = 1.4. Based on this self-report measure, 21.9% of participants were considered active.

Cognitive impairment is prevalent among obese persons

Clinically meaningful levels of cognitive impairment (<1.5 SD below the mean) were found
in all domains. In this sample, 32.3% (7= 10) exhibited deficits in at least one domain.

Nine individuals (29.0%) demonstrated impairment in memory; composite scores ranged
from —2.38 to 2.65 (median = —0.72, IQR = 2.70). Four individuals (12.9%) demonstrated
impairment in language; composite scores ranged from -1.99 to 2.76 (median = 0.01, IQR

= 1.25). Three individuals (9.7%) demonstrated impairment in executive function; composite
scores ranged from —2.74 to 1.94 (median = -.03, IQR = 1.60). Three individuals (9.7%)
demonstrated impairment in attention; composite scores ranged from —2.06 to 1.40 (median
=0.04, IQR = 1.46).

Physical activity is unrelated to cognitive function

Pearson and partial correlations between measures of physical activity and cognitive
function, are presented in Table 2. After controlling for BMI, diabetes, hypertension and
asthma status, there were weak negative correlations between RAPA scores and executive
function (r=-0.27, p=0.006), attention (r=-0.21, p=0.04) and memory (r=-0.20,
p=0.04). Among the subsample, minutes of ambulatory MVPA per week was negatively
associated with attention (r=—0.46, p=0.02). No other significant correlations between
physical activity and cognitive function emerged.

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.
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Discussion

The current study examined the association between physical activity and cognitive function
among severely obese individuals. Similar to previous work in this population, including

the larger LABS-2 cohort from which participants were selected, [16, 50] physical activity
levels were low, with nearly one-quarter (self-report) to less than one-tenth (objective
monitoring) of bariatric surgery candidates meeting the national recommendation of at least
150 min MVPA/week [51]. The current findings are also consistent with previous research
demonstrating that cognitive impairment is prevalent among obese individuals [9, 10, 14]
with cognitive deficits exhibited in 22% of participants. However, contrary to expectations
and findings in other samples, [20, 22, 52, 53] after adjusting for potential covariates,

there was not a significant association between steps/day and bout-related min/week of
MVPA and any of the cognitive function scores. More surprising, self-reported aerobic
physical activity was weakly correlated with lower attention and executive function, and
both self-reported aerobic physical activity and objectively-determined min/week of MVPA
(not bout-related) were negatively correlated with memory performance. Such findings
suggest that there is little association between physical activity and cognitive function
among severely obese adults in an observational, naturalistic setting. Several aspects of these
findings warrant brief discussion.

Though several possibilities exist, the most likely explanation for the current findings
involves the low levels of physical activity observed in the sample. Previous research has
suggested that cognitive function can be improved through physical activity that enhances
cardiovascular fitness [54], and that intensity of physical activity (rather than duration) is
most important for cognitive benefits [55, 56]. Similarly, much of the research supporting
the association between activity and cognitive function examines the effects of moderate-
to high-intensity aerobic training programs [29, 30]. However, low levels of bout-related
MVPA (the type of physical activity to most likely improve levels of cardiovascular fitness
[29, 30]) were observed in our sample (i.e. only 41.9% of participants achieved any bout-
related ambulatory MVPA, only 2 (6.4%) of which achieved the suggested minimum of 150
min/week of bout-related MVPA) and it is possible that no (or very few) participants were
above the threshold of physical activity duration or intensity needed to provide cognitive
benefits.

Because this was an exploratory study with a small sample size we did not adjust for
multiple comparisons, but this did make the study more susceptible to type I errors. Given
this fact, coupled with the very low levels of MVPA exhibited by the current sample, it
appears likely that the observed associations between some measures of physical activity
and cognitive function, which were weak to low, are due to statistical artifact instead [57]
of a possible adverse effect of physical activity in this population. Finally, given the known
adverse effects of elevated BMI on cognitive function, it is possible that, in this sample, the
adverse effects of severe obesity out-weigh the potential benefits of low levels of physical
activity on cognitive function.

The mechanisms by which higher levels of physical activity may lead to improved cognitive
function among obese are not entirely understood and are likely to be multifactorial. One
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likely possibility is that increased levels of physical activity may lead to improvement or
resolution of obesity-related medical conditions that are known to impair cognition such as
type 2 diabetes mellitus [58], heart disease [59] and sleep apnea [60]. Additionally, greater
physical activity and cardiovascular fitness are related to reduced systemic inflammation
and circulating biomarkers (e.g. brain derived neurotrophic factor (BDNF) [61], leptin [62],
ghrelin [63]) which are implicated in obesity and related to cognitive dysfunction. Finally,
increased physical activity levels are likely related to improved cognitive function through
their association with improved structural and functional brain outcomes [25-30]. Future
studies are needed to clarify the possibility that physical activity can attenuate the adverse
neurocognitive effects of obesity.

Several aspects of this preliminary, naturalistic study may limit generalizability. A primary
limitation involves the small sample size and use of cross-sectional data. Past studies of
physical activity and cognitive function often follow individuals for periods of several weeks
to months [52, 64] and it is possible that activity levels over an extended period of time

are better predictors of neurocognitive outcomes than briefer periods of monitoring. Thus,
another possible explanation for the limited findings involves the short duration of objective
physical activity assessment (i.e. 3—7 d), which may not be fully representative of typical
physical activity among these individuals. To address this limitation, a self-report measure
of usual aerobic physical activity was also evaluated. However, given the bias of subjective
physical activity assessment [65], it is not clear whether it better represented actual usual
physical activity behavior compared to the objective monitor. Furthermore, despite having an
adequate range of values, it appears likely that many individuals were not physically active
enough to improve cognitive function. In effect, it is likely that a threshold exists for the
benefits of physical activity on cognitive function. Randomized clinical trials of physical
activity interventions which promote a high level of MVVPA would provide clearer insight
into the cognitive benefits of physical activity in this population. Larger, prospective studies
may also clarify the association between physical activity and cognition, especially in light
of findings that suggest both physical activity and cognition improve following bariatric
surgery [66,67].

Conclusions

The current study supports previous research demonstrating low levels of physical activity
and high rates of cognitive impairment among severely obese individuals. Although higher
physical activity levels were not associated with better cognition in this study, future
research should examine this relationship using randomized clinical trials designed to
evaluate the effect of MVVPA on change in cognitive function over time. Such findings would
directly determine the contribution of improved physical activity and cardiovascular fitness
to cognitive impairment in obese persons.

References

1. Hu G, Tuomilehto J, Silventoinen K, et al. Body mass index, waist circumference, and waist-hip
ratio on the risk of total and type-specific stroke. Arch Int Med 2007;167:1420-7. [PubMed:
17620537]

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galioto et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 9

. Gustafson D, Rothenberg E, Blennow K, et al. | An 18-year follow-up of overweight and risk of

Alzheimer disease. Arch Int Med 2003;163:1524-8. [PubMed: 12860573]

. Kivipelto M, Ngandu T, Fratiglioni L, et al. Obesity and vascular risk factors at midlife and the risk

of dementia and Alzheimer disease. Arch Neurol 2005;62:1556-60. [PubMed: 16216938]

. Whitmer R, Gunderson E, Quesenberry CP Jr, et al. Body mass index in midlife and risk of

Alzheimer disease and vascular dementia. Curr Alzheimer Res 2007;4:103-9. [PubMed: 17430231]

. Willeumier K, Taylor D, Amen D. Elevated BMI is associated with decreased blood flow in the

prefrontal cortex using SPECT imaging in healthy adults. Obesity (Silver Spring) 2011;19:1095-7.
[PubMed: 21311507]

. Stanek K, Grieve S, Brickman A, et al. Obesity is associated with reduced white matter integrity in

otherwise healthy adults. Obesity (Silver Spring) 2011;19:500-4. [PubMed: 21183934]

. Mueller K, Anwander A, Méller HE, et al. Sex-dependent influences of obesity on cerebral white

matter investigated by diffusion-tensor imaging. PLoS One 2011;6:e18544. [PubMed: 21494606]

. Gunstad J, Paul R, Cohen R, et al. Relationship between body mass index and brain volume in

healthy adults. Int J Neurosci 2008;118:1582-93. [PubMed: 18853335]

. Gunstad J, Paul R, Cohen R, et al. Elevated body mass index is associated with executive

dysfunction in otherwise healthy adults. Compr Psychiatry 2007;48:57-61. [PubMed: 17145283]
Gunstad J, Lhotsky A, Wendell C, et al. Longitudinal examination of obesity and

cognitive function: results from the Baltimore longitudinal study of aging. Neuroepidemiology
2007;34:222-9.

Gunstad J, Paul R, Cohen R, et al. Obesity is associated with memaory deficits in young and
middle-aged adults. Eat Weight Disord-St 2006;11:e15-9.

Lokken K, Boeka A, Yellumahanthi K, et al. Cognitive performance of morbidly obese patients
seeking bariatric surgery. Am Surg 2010;76:55-9. [PubMed: 20135940]

Boeka A, Lokken K. Neuropsychological performance of a clinical sample of extremely obese
individuals. Arch Clin Neuropsych 2008;23:467-74.

Waldstein SR, Katzel LL. Interactive relations of central versus total obesity and blood pressure to
cognitive function. Int J Obes 2006;30:201-7.

Debette S, Seshadri S, Beiser A, et al. Midlife vascular risk factor exposure accelerates structural
brain aging and cognitive decline. Neurology 2011;77:461-9. [PubMed: 21810696]

King WC, Belle SH, Eid GM, et al. Physical activity levels of patients undergoing bariatric
surgery in the Longitudinal Assessment of Bariatric Surgery (LABS) study. Surg Obes Relat Dis
2008;4:721-8. [PubMed: 19026376]

Jakicic JM, Gregg E, Knowler W, et al. Activity patterns of obese adults with type 2 diabetes in the
look AHEAD study. Med Sci Sports Exerc 2010;42:1995-2005. [PubMed: 20386337]

Bond DS, Unick JL, Jakicic JM, et al. Objective assessment of time spent being sedentary in
bariatric surgery candidates. Obes Surg 2011;21:811-4. [PubMed: 20393808]

Bond DS, Thomas JG, Unick JL, et al. Self-reported and objectively measured sedentary behavior
in bariatric surgery candidates. Surg Obes Relat Dis 2013;9:123-8. [PubMed: 23265767]

Abbott RD, White LR, Ross W, et al. Walking and dementia in physically capable men. JAMA
2004;292:1447-53. [PubMed: 15383515]

Larson EB, Wang L, Bowen JD, et al. Exercise is associated with reduced risk for incident
dementia among persons 65 years of age and older. Ann Intern Med 2006;144:73-81. [PubMed:
16418406]

Laurin D, Verreault R, Lindsay J, et al. Physical activity and risk of cognition and dementia in
elderly persons. Arch Neurol 2001;58:498-504. [PubMed: 11255456]

Kramer AF, Hahn S, Cohen NJ, et al. Ageing, fitness and neurocognitive function. Nature
1999;400:418-9. [PubMed: 10440369]

Gow AJ, Mortensen EL, Avlund K. Activity participation and cognitive aging from age 50 to 80 in
the glostrup 1914 cohort. J Am Geriatr Sociol 2012;60:1831-8.

Colcombe S, Kramer AF. Fitness effects on the cognitive function of older adults: a meta-analytic
study. Psychol Sci 2003;14:125-30. [PubMed: 12661673]

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galioto et al.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 10

Rovio S, Spulber G, Nieminen LJ, et al. The effect of midlife physical activity on structural brain
changes in the elderly. Neurobiol Aging 2010;31:1927-36. [PubMed: 19062136]

Marks BL, Madden DJ, Bucur B, et al. Role of aerobic fitness and aging on cerebral white matter
integrity. Ann N 'Y Acad Sci 2007;1097:171-4. [PubMed: 17413020]

Erickson KI, Prakash RS, Voss MW, et al. Aerobic fitness is associated with hippocampal volume
in elderly humans. Hippocampus 2009;19:1030-9. [PubMed: 19123237]

Colcombe SJ, Erickson KL, Scalf PE, et al. Aerobic exercise training increases brain volume in
aging humans. J Gerontol A Biol Sci Med Sci 2006;61:1166—70. [PubMed: 17167157]

Voss MW, Heo S, Prakash RS, et al. The influence of aerobic fitness on cerebral white matter
integrity and cognitive function in older adults: results of a one-year exercise intervention. Hum
Brain Mapp 2013;34:2972-85. [PubMed: 22674729]

Dustman RE, Ruhling RO, Russell EM, et al. Aerobic exercise training and improved
neuropsychological function of older individuals. Neurobiol Aging 1984;5:35-42. [PubMed:
6738784]

Blumenthal JA, Emery CF, Madden DJ, et al. Long-term effects of exercise on psychological
functioning in older men and women. J Gerontol 1991;46:352-61.

Albinet C, Boucard G, Bouquet C, Audiffren M. Increased heart rate variability and executive
performance after aerobic training in the elderly. Eur J Appl Physiol 2010;109:617-24. [PubMed:
20186426]

Belle SH, Berk PD, Courcoulas AP, et al. Safety and efficacy of bariatric surgery: longitudinal
assessment of bariatric surgery. Surg Obes Relat Dis 2007;3:116-26. [PubMed: 17386392]
Alexander M Mild traumatic brain injury: pathophysiology, natural history, and clinical
management. Neurology 1985;45:1253-60.

American Psychiatric Association — APA. Diagnostic and statistical manual of mental disorders.
4th ed. Washington (DC): American Psychiatric Press; 2000.

Paul R, Lawrence J, Williams L, et al. Validity of IntegNeuroTM: a new automated, computerized
and standardized battery of neurocognitive tests. J Integr Neurosci 2005;115:1549-67.

Williams LM, Simms E, Clark CR, et al. The test-retest reliability of a standardized neurocognitive
and neurophysiological test battery: “neuromarker.” Int J Neurosci 2005;115:1605-30. [PubMed:
16287629]

Wechsler D Wechsler memory scale — three. San Antonio, TX: Psychological Corporation; 1999.
Reitan R Validity of the Trail Making Test as an indicator of organic brain damage. Percept Motor
Skills 1958;8:271-6.

Golden C Stroop color and word task: a manual for clinical and experimental uses. Chicago, IL:
Stoeling; 1978.

Walsh K Understanding brain damage — a primer of neuropsychological evaluation. Melbourne:
Churchill Livingstone; 1985.

Gillberg IC, Billstedt E, Wentz E, et al. Attention, executive functions, and mentalizing in anorexia
nervosa eighteen years after onset of eating disorder. J Clin Exp Neuropsychol 2010;32:358-65.
[PubMed: 19856232]

Pefias-Lled6 E, Loeb K, Martin L, Fan J. Anterior cingulate activity in bulimia nervosa: a fMRI
case study. Eat Weight Disord 2007;12:78-82.

Boone DA, Coleman KL. Use of a step activity monitor in determining outcomes. J Prosthet Orthot
2006;18:86-92.

King WC, Li J, Leishear K, et al. Determining activity monitor wear timeL an influential decision
rule. J Phys Act Health 2011;8:566-80. [PubMed: 21597130]

King WC, Engel SG, Elder KA, et al. Walking capacity of bariatric surgery candidates Surg Obes
Relat Dis 2012;8:48-61. [PubMed: 21937285]

Topolski TD, LoGerfo J, Patrick DL, et al. The Rapid Assessment of Physical Activity (RAPA)
among older adults. Prev Chronic Dis 2006;3:A118. [PubMed: 16978493]

Tudor-Locke C, Bassett DR Jr. How many steps/day are enough? Preliminary pedometer indices
for public health. Sports Med 2004;34:1-8. [PubMed: 14715035]

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Galioto et al. Page 11

50. Bond DS, Jakicic JM, Unick JL, et al. Pre- to postoperative physical activity changes in bariatric
surgery patients: self-report vs. objective measures. Obesity (Silver Spring) 2010;18: 2395-7.
[PubMed: 20379143]

51. Centers for Disease Control, U.S. Department of Health and Human Services. Physical activity
guidelines for Americans. Atlanta, GA: Centers for Disease Control and Prevention (CDC),
National Center for Chronic Disease Prevention and Health Promotion: 2008, 6-17- = 2010; 2008.

52. Anderson-Hanley C, Arciero PJ, Westen SC, et al. Neuropsychological benefits of stationary bike
exercise and a cybercycle exergame for older adults with diabetes: an exploratory analysis. J
Diabetes Sci Technol 2012;6:849-67. [PubMed: 22920811]

53. van Gelder BM, Tijhuis MA, Kalmijn S, et al. Physical activity in relation to cognitive decline in
elderly men: the FINE Study. Neurology 2004;63:2316-21. [PubMed: 15623693]

54. Angevaren M, Aufdemkampe G, Verhaar HJJ, et al. Physical activity and enhanced fitness
to improve cognitive function in older people without known cognitive impairment. Cochrane
Database Sys Rev 2008;(2):CD005381.

55. Angevaren M, Vanhees L, Wendel-Vos W, et al. Intensity, but not duration, of physical activities
is related to cognitive function. Eur J Cardiovasc Prev Rehabil 2007;14:825-30. [PubMed:
18043306]

56. Brown BM, Peiffer JJ, Sohrabi HR, et al. Intense physical activity is associated with cognitive
performance in the elderly. Transl Psychiatry 2012:e191. [PubMed: 23168991]

57. Wiseman S The effect of restriction of range upon correlation coefficients. Brit J Educ Psychol
1967;37:248-52. [PubMed: 6063110]

58. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of physical activity —a
systematic review of longitudinal studies. BMC Public Health 2013;13:813. [PubMed: 24010994]

59. Conti AA, Macchi C. Protective effects of regular physical activity on human vascular system. Clin
Ter 2013;164:293-4. [PubMed: 24045510]

60. Quan SF, O’Connor GT, Quan JS, et al. Association of physical activity with sleep-disordered
breathing. Sleep Breath 2007;11:149-57. [PubMed: 17221274]

61. Jung SH, Kim J, Davis JM, et al. Association among basal serum BDNF, cardiorespiratory fitness
and cardiovascular disease risk factors in untrained healthy Korean men. Eur J Appl Physiol
2011;111:303-11. [PubMed: 20878177]

62. Reseland JE, Anderssen SA, Solvoll K, et al. Effects of long term changes in diet and exercise on
plasma leptin concentrations. Am J Clin Nutr 2001;73:240-5. [PubMed: 11157319]

63. Spitznagel MB, Benitez A, Updegraff J, et al. Serum ghrelin is inversely associated with cognitive
function in a sample of non-demented elderly. Psychiatry Clin Neurosci 2010;64: 608-11.
[PubMed: 21029250]

64. Hansen AL, Johnsen BH, Sollers JJ 3rd, et al. Heart rate variability and its relation to prefrontal
cognitive function: the effects of training and detraining. Eur J Appl Physiol 2004;93:263-72.
[PubMed: 15338220]

65. Westerterp KR. Assessment of physical activity: a critical appraisal. Eur J Appl Physiol
2009;105:823-8. [PubMed: 19205725]

66. King WC, Hsu JY, Belle SH, et al. Pre- to postoperative changes in physical activity: report from
the longitudinal assessment of bariatric surgery-2 (LABS-2). Surg Obes Relat Dis 2012;8:522-32.
[PubMed: 21944951]

67. Gunstad J, Strain G, Devlin MJ, et al. Improved memory function 12 weeks after bariatric surgery.
Surg Obes Relat Dis 2011;7:465-72. [PubMed: 21145295]

Int J Neurosci. Author manuscript; available in PMC 2021 December 16.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Galioto et al.

Demographic and medical characteristics of the study sample.

Table 1.

Full sample (n = 105)

Subsample (n = 31)

Mean (SD) [range] or%

Age, years 43.3 (11.0) [20-66]
BMI, kg/m?  46.8 (6.7) [35.7-75.0]
Female 68.6%
Diabetes 22.9%
Hypertension 42.9%
Asthma 15.2%

RAPA 3.9 (1.4) [2-6]

Mean (SD) [range] or%
435 (11.1) [21-61]
48.6 (8.7) [35.7-75.0]
67.7%

32.3%

51.6%

12.9%

4.2 (1.7) [2-6]

Note: RAPA — Rapid Assessment of Physical Activity
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