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Abstract
Introduction/Purpose—Previous work from our group demonstrated improved memory
function in bariatric surgery patients at 12 weeks post-operatively relative to controls. However,
no study has examined longer term changes in cognitive functioning following bariatric surgery.

Materials and Methods—A total of 137 individuals (95 bariatric surgery patients, 42 obese
controls) were followed prospectively to determine whether post-surgery cognitive improvements
persist. Potential mechanisms of change were also examined. Bariatric surgery participants
completed self-report measurements and a computerized cognitive test battery prior to surgery and
at 12-week and 12-month follow-up; obese controls completed measures at equivalent time points.

Results—Bariatric surgery patients exhibited cognitive deficits relative to well established
standardized normative data prior to surgery, and obese controls demonstrated similar deficits.
Analyses of longitudinal change indicated an interactive effect on memory indices, with bariatric
surgery patients demonstrating better performance post-operatively than obese controls.

Conclusion—While memory performance was improved 12 months post-bariatric surgery, the
mechanisms underlying these improvements were unclear and did not appear attributable to
obvious post-surgical changes, such as reductions in BMI or co-morbid medical conditions. Future
studies employing neuroimaging, metabolic biomarkers, and more precise physiological
measurements are needed to determine the mechanisms underlying memory improvements
following bariatric surgery.
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Introduction
Obesity represents a significant public health problem [1] and is associated with comorbid
medical conditions including hypertension, diabetes, and sleep apnea [2] and also represents
a significant risk factor for neurocognitive sequelae. While these comorbid conditions are
associated with adverse neurocognitive outcomes [3-5], midlife obesity is now established
as an independent risk factor for Alzheimer’s disease, vascular dementia, and stroke [6,7].
While the pattern of cognitive deficits varies across studies, the most common deficits have
been noted in the domains of memory and executive function amongst overweight and obese
individuals of various ages, and regardless of gender [8-10]. Moreover, clinically
meaningful levels of cognitive impairment are present in up to a quarter of obese
participants [11].

Recent work suggests that weight loss is associated with improved cognitive function in
some individuals. For example, a recent meta-analysis of intentional, behavioral weight loss
reported modest improvements on memory (d = .13) and attention/executive function (d = .
14) in obese persons. The studies included ranged from 28 days to 12.8 months in study
duration and as a result the amount of weight lost was heterogeneous across studies [12]. In
extending this work, our lab found that bariatric surgery patients exhibited improved
memory test performance at 12 weeks post-operatively after an average change in BMI from
46.45 to 38.61. Specifically, bariatric surgery patients demonstrated improved learning,
short delay recall, long delay recall, and recognition at 12 weeks post-operatively, while
control participants exhibited no change or even a decline on these tasks. However, the
mechanisms of change remained unclear as this improvement was found to be largely
unrelated to the patients’ reported medical conditions or change in weight [11].

The current study sought to determine if cognitive improvements following surgery are
transient or if long term cognitive benefits are attained. In addition, we aimed to identify
potential mechanisms of change. Bariatric surgery patients were assessed at baseline, 12-
weeks and 12-months post-operative time points to examine the impact of bariatric surgery
on cognition function and performance compared to obese controls tested at similar
intervals. BMI and the patient reported presence of diabetes, hypertension, and sleep apnea
were also measured at each time point to evaluate their contribution to changes in cognitive
performance following surgery.

Methods and Procedures
Participants

A total of 137 participants were included in the current study and were recruited from a
multi-site longitudinal examination of the cognitive effects of bariatric surgery (95 bariatric
surgery patients, 42 obese controls). All bariatric surgery patients were part of the
Longitudinal Assessment of Bariatric Surgery (LABS) project and all participants were
recruited from some of the existing LABS sites, including Columbia, Cornell, and
Neuropsychiatric Research Institute [13]. Obese controls were recruited from outpatient
clinics at the same locations through study advertisement (e.g., flyers). Individuals with a
history of neurological disorder or injury or a history of severe psychiatric illness were
excluded from the study. Control participants had not undergone bariatric surgery and
reported no interest in pursuing surgery in the next two years. Additional study inclusion/
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exclusion criteria are described in detail elsewhere [11]. Bariatric surgery patients
underwent either Roux-en-Y bypass procedure or adjustable gastric banding surgery. Within
this sample, only two bariatric surgery patients underwent adjustable gastric banding. Thus,
no comparisons for surgery type were made.

Interventions and Clinical Follow-Up
All procedures were approved by the appropriate Institutional Review Boards and all
participants provided written informed consent prior to beginning study procedures.
Bariatric surgery patients completed self-report measures of demographic and medical
history information and as well a computerized cognitive test battery within 30 days prior to
and 12-weeks and 12-months after surgery. Obese controls completed the same
measurements at equivalent intervals of time. Regarding medical history, participants were
asked to indicate if they currently have, previously had, or have no history of medical
conditions including hypertension, diabetes, and sleep apnea based on diagnoses they have
received from their healthcare providers. This information was then dichotomized to current
presence/absence of the condition to facilitate analyses. Medical records were reviewed by
research staff to corroborate patient report of medical conditions and to supplement
participant self-report.

Cognitive test battery—The primary outcomes measures were change in cognitive test
performance at 12 week and 12 month follow-up. Cognitive test performance was assessed
using alternate forms of the Integneuro test battery, which has good psychometric properties
and has been employed in past studies examining obesity and cognitive function [9,14,15].

Verbal List Learning—Participants are read a list of 12 words 4 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 words from the original list. After a 20-
minute filled delay, participants are asked to recall target words. Finally, a recognition trial
comprised of target words and foils is completed.

Digit Span Forward—Participants are presented with a series of digits on the touch-
screen, separated by a one-second interval. The subject is then immediately asked to enter
the digits on a numeric keypad on the touch-screen. The number of digits in each sequence
is gradually increased from 3 to 9, with two sequences at each level.

Switching of Attention—This test is a computerized adaptation of the Trail Making Test
[16] and consists of two parts. First, participants are presented with a pattern of 25 numbers
in circles and asked to touch them in ascending order. Then, an array of 13 numbers (1-13)
and 12 letters (A-L) is presented. Participants are asked to touch numbers and letters
alternately in ascending order.

Verbal Interference—This task taps the ability to inhibit automatic and irrelevant
responses and has similarities to the Stroop Color Word Test [17]. Participants are presented
with colored words one at a time. Below each colored word is a response pad with the four
possible words displayed in black and in fixed format. First, the subject is required to
identify the name of each word as quickly as possible after it is presented on the screen, thus
providing a measure of attention. Then, the subject is required to name the color of each
word as quickly as possible, assessing executive functioning. Each part lasts for 1 minute.

Maze Task—This task is a computerized adaptation of the Austin Maze [18] and assesses
executive function. Participants are presented with a grid (8×8 matrix) of circles and asked
to identify the hidden path through the grid. Distinct auditory and visual cues are presented
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for correct and incorrect responses. The trial ends when the subject completed the maze
twice without error or after 10 minutes.

Letter Fluency—This test asks individuals to generate words beginning with a given letter
of the alphabet for 60 sec. A different letter is used for each of the three trials.

Animal Fluency—Participants are asked to generate as many animals as possible in 60
sec.

Statistical Analyses
Raw test scores were converted into T-scores using well established normative data based on
age, and when possible, education and gender. Missing cognitive data was excluded listwise.
It is noted that there is missing data for clinical characteristics (e.g., medical variables, BMI)
at various time points. This data is missing because it was not recorded at the site during the
patient’s visit. Composite scores made up of individual tests were created for each cognitive
domain at baseline to examine group differences. No group differences were found and
baseline levels of cognitive performance were therefore not controlled for. Descriptive
statistics were used to demographically and medically characterize the sample, as well as to
determine the prevalence of cognitive impairment at each time point. Consistent with
practice in many clinical settings, cognitive impairment was defined as performance falling
> 1.5 standard deviations below the normative mean (i.e., performing meaningfully below
expectations). It is noted that the term “cognitive impairment” is not meant to imply a
dementia diagnosis. T-tests and chi-square analyses were used to examine potential
demographic and medical differences between groups. Chi-square analyses were used to
examine differences in prevalence rates of cognitive impairment within the sample over
time; performance was dichotomized into impaired performance (i.e., performance below
1.5 standard deviations) and intact performance. Repeated measures MANOVA were used
to compare neuropsychological test performance of the bariatric surgery patients and obese
controls in each cognitive domain. Significant omnibus tests were further examined with
Bonferroni-corrected post-hoc tests. Performance on cognitive tasks were examined for
main effects of time (i.e., does performance change over time collapsed across groups) and
group (i.e., is there a group difference in performance collapsed over time), as well as an
interactive effect of group × time (i.e., does performance change over time as a function of
group). Mixed modeling analyses were used to examine potential underlying mechanisms of
change for significant cognitive measures. Specifically, the main effects for time and
medical variables, as well as the time by medical variable interaction were examined. Each
medical variable and memory task were examined individually. Specifically, for
dichotomized medical variables we examined the linear and curvilinear main effect of time,
the main effect of the medical variable, and the interactive effect. The same effects were
examined for BMI with the appropriate changes made to accommodate a continuous
variable. Non-significant time relationships were dropped from further analyses; if both
linear and curvilinear time relationships were non-significant, the linear relationship was
retained in further analyses.

Results
Demographic/Medical Characteristics

Bariatric surgery patients and obese controls were demographically similar (Table 1).
However, at baseline bariatric surgery patients had greater BMI and were more likely to
have hypertension, type 2 diabetes, and sleep apnea. By 12-month follow-up bariatric
surgery patients had significantly decreased BMI from baseline [t(65)=28.64, p<.001] and
significantly differed from the BMI of obese controls [t(87)=8.18, p<.001]. In addition,
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fewer bariatric surgery patients had type 2 diabetes and sleep apnea by 12-months and were
significantly less likely to have type 2 diabetes than obese controls, who had demonstrated
an increase in type 2 diabetes prevalence. Moreover, by 12-month follow-up, surgery
patients were no more likely to have hypertension or sleep apnea than obese controls. At 12-
week follow up the mean percentage of excess weight loss for bariatric surgery patients was
34.70% and 68.13% by 12-months. At 12-week follow up, bariatric surgery patients had lost
a mean of 17.06% (n = 75) of their initial weight and a mean of 34.23% at 12-months (n =
66).

Prevalence of Impairment among Bariatric Surgery Patients and Obese Controls
Cognitive impairment was common in both bariatric surgery patients and matched controls
at baseline (Table 2), though no between-group differences emerged in prevalence of
impairment at baseline. However, by 12-months, the prevalence of impairment was
significantly reduced on three of the four memory indices and on a measure of executive
function within bariatric surgery patients. In contrast, there were no significant changes in
the prevalence of impaired performance among the obese controls by 12-months. However,
at 12-month follow-up, a between-group difference in the prevalence of impairment on the
recognition memory task was observed, with obese controls demonstrating a significantly
higher rate of impairment on this task when compared to bariatric surgery patients.

Cognitive Differences between Bariatric Surgery Patients and Obese Controls
Memory—There was a significant group × time interaction [λ=.87, F(8,128) = 2.34, p= 02,
ηp

2=.13] with significant univariate differences between groups over time for learning
[F(2,270)=5.63, p<.01], long delay [F(2,270)=6.36, p<.01], and recognition [F(2,270)=5.00,
p=.01]. The effect for short delay was non-significant [F(2,270)=2.73, p=.07]. More
specifically, Bonferroni-corrected comparisons indicated bariatric surgery patients had
significantly improved on recognition at 12-weeks (p<.001) and on all 4 indices of memory
by 12-months (p<.001 for all indices; see Table 3). Performance of obese controls on
recognition improved from baseline to 12 weeks (p=.02) but declined from 12 weeks to 12
months (p=.03). Performance on all indices at 12 months did not differ from baseline
performance for obese controls. When compared to each other, bariatric surgery participants
performed significantly better than obese controls at 12-months on the long delay (p = .02)
and recognition (p = .02) tasks; with the Bonferroni-correction, there was a trend for
bariatric surgery patients to perform better than obese controls on the learning task (p = .07)
at 12-months. In addition, a main effect for time [λ=.57, F(8,128)=11.30, p<.001, ηp2=.41]
was found, but there was no effect for group [λ=.99, F(4,132)=0.33, p=.86, ηp2=.01]. See
Table 3.

Attention—No group × time interaction (p= .99) or effect for group (p=.13) were
demonstrated. However, a significant effect of time was observed [λ=.80, F(6,130)=5.31,
p<.001, ηp

2=.20]. Specifically, performance on digit span [F(2, 270)=4.52, p=.01] and
switching of attention number task [F(2,270)=12.96, p<.001] significantly changed over
time (see Table 3).

Executive Function—There was no group × time interaction (p=.74, ηp
2=.03] or effect

for group (p=.06). However, there was a significant effect of time [λ = .55, F (6,130) =
18.06, p < .001, ηp

2 = .46]. Specifically, performance on the switching of attention letter/
number task [F (2,270) = 15.12, p < .001], verbal interference color/word task
[F(2,270)=26.26, p<.001], and maze errors [F(2,270)=25.47, p<.001] significantly changed
over time (see Table 3).
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Language—No significant group × time interaction (p=.97) or effects for group (p=.11) or
time (p=.97) were found (see Table 3).

Predictors of Improved Memory Function in Bariatric Surgery Patients
Mixed modeling analyses were used to identify predictors of improved memory among
bariatric surgery patients. Specifically, change in presence/absence of medical conditions, as
well as change in BMI were examined individually for each memory index . Individuals
missing the medical variable of interest at any time point were excluded from the analyses.
See table 4 for significant parameter estimates.

Diabetes—Diabetes was related to performance on the long delay memory task with non-
diabetic individuals performing better (T=50.10 ± 1.05) than diabetics (T=45.8 ± 1.56).

Sleep Apnea—Sleep apnea status was related to change in performance on the learning
memory task. Baseline performance was similar among those with and without sleep apnea
and was within low average range. Following surgery, both groups remained relatively
stable though increased in performance by 12 months, with both groups performing within
the average range. However, those with sleep apnea demonstrated a somewhat sharper
increase in performance (see Figure 1).

Hypertension—Hypertension did not significantly influence memory performance.

BMI—BMI was related to the rate of change in performance on the short delay recall task.
All patients demonstrated similar performance by 12-week follow-up. However, by 12-
month follow-up, individuals who were 1SD below the mean BMI demonstrated a sharp
increase in performance while those 1SD above the mean BMI declined in performance.
Patients with the mean BMI showed a generally linear increase in performance (see Figure
2).

Discussion
Obesity is a known risk factor for adverse neurocognitive outcomes [6,7] and is associated
with cognitive deficits, particularly in aspects of memory and executive function [8-10].
Consistent with these findings, 24.2% of bariatric surgery candidates exhibited impaired
performance (i.e., T < 35) on a measure of memory and 12.6% on an executive function
measure. However, by 12-month follow-up bariatric surgery patients demonstrated average
to high average performance and the rate of impaired performance significantly decreased
on several indices of memory and on an executive function task. These findings extend
beyond our previous work, which found improved performance on three indices of memory
and one test of attention at 12 week follow-up [11]. Such findings suggest that bariatric
surgery patients with the most severe cognitive impairment may be showing the most benefit
on neuropsychological test performance; however, further work is needed to clarify this
possibility.

Bariatric surgery patients demonstrated striking improvements on tasks of memory from
baseline to 12-month follow-up. Prior to surgery, deficits were most notable for tasks of
memory, with 24.2% of patients exhibiting decreased learning and 22.1% showing
decreased recognition (i.e., T< 35). However, by 12 month-follow up, these rates of
impairment significantly dropped to 9.5% and 5.3%, respectively, and had reached the
average range for the group. These findings are interesting given the substantial evidence
linking obesity to dementia, and in particular Alzheimer’s disease. As previously reviewed,
elevated BMI in midlife is strongly related to an increase risk of dementia. However, in late-
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life, elevated BMI appears to serve as a buffer against cognitive decline [19], and these
paradoxical findings may be explained by the weight loss that typically precedes dementia
diagnosis [20,21]. The surgical candidates in this sample were in mid-life (mean age 43
years) suggesting that, based on weight, they may be at elevated risk for dementia.
Moreover, when this is considered within the context of their reduced memory performance
at baseline, they may have had a particularly increased vulnerability for developing
Alzheimer’s disease, as decreased memory performance, including learning and recognition,
is a hallmark of the disease.

Consistent with this possibility, obese individuals show cerebral atrophy, particularly in
frontal and temporal brain regions, as well as white matter hyperintensities [22-28]. In
addition, neuropathological changes similar to those seen in Alzheimer’s disease, have been
found post-mortem in morbidly obese elderly individuals who had no history of dementia or
neurological impairment. Specifically, increased levels of amyloid-β, amyloid- β precursor
protein, and tau have been found in the hippocampus of morbidly obese individuals over the
age of 65 [29]. Moreover, the levels found in some individuals approached, or was equal to,
the levels seen in Alzheimer’s disease [29]. Taken together, the memory deficits noted at
baseline suggest these individuals may have been at risk for a disease trajectory consistent
with that of Alzheimer’s disease. However, following surgery the majority of these
individuals demonstrated improved memory function, raising the possibility of an altered
disease trajectory. To clarify this possibility, future studies should examine the cognitive
effects of bariatric surgery and obese controls over extended follow-up intervals (e.g., 15-20
years) to determine whether surgery-related weight loss ultimately reduces risk of
Alzheimer’s disease and other degenerative disorders.

In contrast to performance on tests of memory, no significant changes were demonstrated
within the other cognitive domains. While both attention and executive function changed
over time, no significant group differences emerged. It is possible that the observed effect of
time was related to practice effects and further work is needed to clarify the effect of
bariatric surgery on cognitive performance within these domains.

While substantial gains in memory were observed, these changes were largely unrelated to
medical variables, as reported by the patients and corroborated through medical chart
reviews, or change in BMI for bariatric surgery patients. Although some medical conditions
and BMI were related to cognitive performance or influenced the rate of change over time,
no clear pattern emerged to identify distinct contributory factors, and our limited findings
may be, in part, due to Type I error. Hypertension, diabetes, sleep apnea are all known
conditions that can negatively impact cognition [3-5], but some may have partly reversible
effects. For example, improved cognitive function has been found in hypertensive
overweight and obese individuals engaging in an exercise and dietary program targeted at
reducing hypertension [30]. The reason as to why mechanisms of change were not identified
remains unclear. One potential explanation for the lack of associations may be the nature by
which patient medical history was obtained. More precise physiological analyses (e.g.,
continuous ambulatory blood pressure measurements, repeated mixed meal testing) is
required to determine the exact extent of disease severity. It is also possible that the
examination of individual medical variables is not sufficient for identifying potential
underlying mechanisms of change and examination of a possible interactive effect is
warranted. In addition, other potential risk factors known to impact cognition need to be
assessed including measures of cerebral blood flow and endothelial function as well as
circulating biomarkers (e.g., brain-derived neurotrophic factor). These factors are known
contributors to cognitive function and are implicated in obese persons.
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The current findings are limited in several ways. Due to the observational nature of the
parent LABS project, individuals were not randomized to surgery or control groups.
Although baseline cognitive performance was similar among controls and bariatric surgery
candidates, the groups differed on several medical variables that are known to impact
cognition. However, the presence of such conditions is often a requirement for bariatric
surgery candidates in order to obtain payment coverage from third-party payors and a
randomized trial may be impractical. In addition, while the Integneuro cognitive test battery
is psychometrically sound, a more detailed assessment of specific aspects of memory (e.g.,
verbal versus visual memory) and more complex measures of executive function (e.g.,
inhibitory control) would likely aid in further clarifying the precise nature of the cognitive
profiles of obese individuals pre- and postoperatively. Finally, future studies that
longitudinally follow bariatric surgery patients for longer durations to fully understand the
long-term effects of surgery on cognition are needed.

In sum, the current study found improved memory function in obese individuals following
bariatric surgery. However, the underlying mechanisms of change remain unclear as change
in memory was largely unrelated to medical variables or BMI. Further work, including
neuroimaging and evaluation of biomarkers, is needed to elucidate contributing factors. A
greater understanding of specific cognitive strengths and weaknesses that emerge following
bariatric surgery will likely help guide treatment recommendations and provide insight into
possible long-term neurocognitive outcomes in this population.
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Figure 1.
Sleep Apnea Status and Learning Performance (n = 84).
Note. SA+ indicates presence of sleep apnea; SA- indicated absence of sleep apnea.
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Figure 2.
Interactive Effect of BMI and Time on Short Delay Recall (n = 62).
Note. BMI = Body Mass Index; -1SD indicates one standard deviation below the sample
mean BMI; +1 SD indicates one standard deviation above the sample mean BMI.
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Table 1

Demographic and Clinical Characteristics.

Characteristic Bariatric Surgery Patients (N=95) Obese Controls (N=42) Test statistic p

Baseline

 Age (years; M ± SD; range) 43.23 ±10.84; 21-41 39.93 ± 11.22; 19-61 1.63 .11

 Women (%) 89.48 90.48 0.03 .86

 BMI (kg/m2) 46.19 ± 5.90 40.77 ± 6.04 4.92 < .001

 Hypertension (%) 46.81(n=94) 17.50 (n=40) 10.22 .001

 Type 2 Diabetes (%) 27.66 (n=94) 9.76 (n=41) 4.31 .04

 Sleep Apnea (%) 38.95 9.76 (n=41) 11.59 .001

12-week follow-up

 BMI (kg/m2; M ± SD) 37.44 ± 4.63 (n=75) 41.37 ± 5.24 (n=22) 3.40 .001

 Excess Weight Loss (%) 34.70 (n=75) -0.65 (n=22) 14.93 < .001

 % of Initial Weight Lost 17.06 (n = 75) -0.11 (n=22) 16.57 < .001

 Hypertension (%) 39.56 (n=91) 25.00 (n=40) 2.59 .11

 Type 2 Diabetes (%) 20.88 (n=91) 12.82 (n=39) 1.18 .28

 Sleep Apnea (%) 27.47 (n=91) 5.00 (n=40) 8.58 .003

12-month follow-up

 BMI (kg/m2; M ± SD)* 30.23 ±5.23 (n=66) 40.79 ± 5.64 (n=23) 8.18 <.001

 Excess Weight Loss (%) 68.13 (n=66) 1.76 (n=23) 15.84 < .001

 % of Initial Weight Lost 34.22 (n=66) 0.89 (n=23) 16.92 < .001

 Hypertension (%)‡ 38.37 (n=86) 37.50 (n=32) 0.01 .93

 Type 2 Diabetes (%)*† 15.12 (n=86) 31.25 (n=32) 3.87 .05

 Sleep Apnea (%)*‡ 18.82 (n=85) 25.00 (n=32) 0.54 .46

Note.

*
denotes Baseline > 12 month for bariatric surgery patients;

†
denotes Baseline < 12 month for obese controls;

‡
denotes trend for Baseline < 12 month for obese controls.
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Table 4

Mixed Modeling Parameter Estimates of Significant Predictors of Memory Performance in Bariatric Surgery
Patients.

Medical Variable Linear

Main Effect Interaction

Cognitive & Medical Variables Estimate t Estimate t

Long Delay Recall & T2DMa 4.22 2.73** 0.04 0.63

Learning & SAa -0.01 -0.01 -0.13 -2.05*

Short Delay Recall & BMIb -0.02 -0.21 -0.01 -2.19*

Note. T2DM = type 2 diabetes; SA = sleep apnea.

a
indicates n = 84;

b
indicates n = 62;

*
indicates p ≤ .05;

**
indicates p ≤ .01.
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