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Abstract

Background—There is growing evidence that obesity is associated with poor neurocognitive
outcome. Bariatric surgery is an effective intervention for morbid obesity and improves many
comorbid medical conditions that are associated with cognitive dysfunction. The effects of
bariatric surgery on cognition are unknown.

Methods—~Prospective study total of 150 individuals (109 bariatric surgery patients enrolled in
the Longitudinal Assessment of Bariatric Surgery (LABS) project and 41 obese controls that did
not undergo surgery) completed cognitive evaluation at baseline and 12 week follow-up.
Demographic, medical, and psychosocial information was also collected to elucidate possible
mechanisms of change.

Results—Many bariatric surgery patients exhibited impaired performance on cognitive testing at
baseline (range from 4.6%-23.9%). However, surgery patients were no more likely to exhibit
decline on two or more cognitive tests at 12-week follow-up than obese controls [12.84% vs.
23.26%; ¥2 (1) = 2.51, p = .11]. Group comparisons using repeated measures MANOVA showed
surgery patients had improved memory performance at 12 week follow-up [A = .86, F(4, 147) =
5.88, p<.001], whereas obese controls actually declined. Regression analyses showed surgery
patients without hypertension had better short delay recall at 12 weeks than those that did [ =
0.31, p =.005], though other demographic and medical variables were largely unrelated to test
performance.
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Conclusion—The current results suggest that cognitive impairment is common in bariatric
surgery patients, though these deficits may be at least partly reversible. Future studies are needed
to clarify underlying mechanisms, particularly longitudinal studies employing neuroimaging and
blood markers.
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INTRODUCTION

More than one-third of American adults are obesel and there is growing evidence that
excess weight is associated with poor neurocognitive outcome. Elevated body mass index
(BMI) has been identified as an independent risk factor for Alzheimer’s disease, stroke, and
vascular dementia.2~3 Recent work extends these findings and indicates that elevated BMI
is associated with cognitive dysfunction and cognitive decline prior to these severe
neurological disorders.4™5 Though the pattern varies somewhat across studies, deficits on
tests of memory and executive function are commonly reported.4~6

Bariatric surgery is a safe and effective intervention for morbid obesity,7~8 though its
effects on cognition are unknown. All major surgeries involve some risk of cognitive
dysfunction9 and the nutritional deficiencies that can emerge post-operatively in this
population10~11 may confer greater risk. However, it is also possible that bariatric surgery
provides cognitive benefits to many individuals. Post-operative weight loss improves or
resolves many comorbid medical conditions with reversible cognitive deficits, including
hypertension,12~13 Type 2 diabetes,14 reduced cardiovascular fitness,15-16 sleep apnea,17
and depression.18719 Perhaps most obviously, bariatric surgery also results in substantial
weight loss.20 As described above, there is growing evidence that obesity is an independent
risk factor for reduced cognitive performance. Resolution of these conditions in other
populations is known to improve cognitive performance, suggesting bariatric surgery may
provide cognitive benefits.

Bariatric surgery candidates exhibit impairments on cognitive testing,21 though no study has
examined changes following surgery. The current study did so to determine the risk of
cognitive impairment following bariatric surgery and to identify possible cognitive benefits
associated with these procedures.

METHODS

Trial Design and Participants

A total of 150 participants were recruited into this multi-site prospective examination of the
cognitive effects of bariatric surgery, 109 Bariatric Surgery Patients and 41 Obese Controls.
All Bariatric Surgery patients were part of the Longitudinal Assessment of Bariatric Surgery
(LABS) parent project and all participants were recruited from existing LABS sites
(Columbia, Cornell, and Neuropsychiatric Research Institute).7 For study inclusion,
Bariatric Surgery Patients were required to be enrolled in LABS, between 20-70 years of
age, and English-speaking. Exclusion criteria included history of neurological disorder or
injury (e.g. dementia, stroke, seizures), moderate or severe head injury (defined as >10
minutes loss of consciousness21), past or current history of severe psychiatric illness (e.g.
schizophrenia, bipolar disorder), past or current history of alcohol or drug abuse (defined by
DSM-IV criteria), history of a learning disorder or developmental disability (defined by
DSM-1V criteria), or impaired sensory function. Inclusion/exclusion criteria for matched
control participants included the above criteria for surgical patients, except they were not
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enrolled in the LABS project, had no history of bariatric surgery procedures, and no reported
interest in pursuing bariatric surgery in the next two years.

Within the sample, just 5 Bariatric Surgery patients underwent an adjustable gastric banding
procedure and thus no comparisons for type of surgery were conducted. At baseling,
Bariatric Surgery Patients were generally similar to Obese Controls, though they had higher
BMI and were more likely to have hypertension, type 2 diabetes, and sleep apnea. See Table
1. At follow-up, Bariatric Surgery Patients lost a greater proportion of initial body weight
than Obese Controls (—16.80% vs. —1.24%, t(150) = 10.40, p<.001). Importantly, no
individual was identified by clinical care providers regarding new onset of significant
neurologic or psychiatric disorder post-operatively.

Interventions and Clinical Follow-Up

Outcomes

All procedures were approved by the appropriate Institutional Review Boards and all
participants provided written informed consent prior to study involvement. Bariatric Surgery
Patients completed a series of self report instruments and a computerized cognitive test
battery within 30 days prior to and 12 weeks after surgery (x 14 days). Obese Controls
completed these measures at equivalent intervals. Medical records were reviewed by
research staff to corroborate and supplement participant self-report.

The primary endpoint was change in cognitive test performance as measured by alternate
forms of the Integneuro test battery. This cognitive test battery consists of estimated
premorbid intellectual abilities as well as performance in multiple cognitive domains (e.g.
executive function, memory) and can be completed in 45-60 minutes. It has good
psychometric properties and has been employed in past studies examining obesity and
cognitive function.6-22723 Specific tests included:

Digit Span Forward—This test assesses basic attention. 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. The dependent measure is the total number of correct trials forward and backward.

Switching of Attention—This test is a computerized adaptation of the Trail Making
Test24 and consists of two parts. In the first part, participants are presented with a pattern of
25 numbers in circles and asked to touch them in ascending order. In the second part, 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. The first part of this test assesses
attention and psychomotor speed whereas the second part taps these abilities as well as
executive function. Time to completion for each test is used as the dependent variable.

Verbal Interference—This task taps the ability to inhibit automatic and irrelevant
responses and has similarities to the Stroop Color Word Test.25 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. The test has two parts. In part 1, 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. In part 2, the subject is
required to name the color of each word as quickly as possible, assessing executive
functioning. Each part lasts for 1 minute. The dependent variable will be the number of
words correctly identified in each trial.
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Maze Task—This task is a computerized adaptation of the Austin Maze26 and assesses
executive function. Participants are presented with a grid (8x8 matrix) of circles and asked
to identify the hidden path through the grid. Distinct auditory and visual cues are presented
for correct and incorrect responses. The trial ends when the subject completed the maze
twice without error or after 10 minutes has elapsed. The dependent variable is the number of
total errors on the task.

Verbal List-learning—~Participants are read a list of 12 words a total of 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 again asked to recall target words. Finally, a recognition
trial comprised of target words and foils is completed. Four dependent variables are
generated from this task, specifically Total Learning (sum of words recalled on all learning
trials), Short Delay Free Recall, Long Delay Free Recall, and Recognition.

Letter Fluency—This test asks individuals to generate words beginning with a given letter
of the alphabet for 60 seconds. A different letter is used for each of the three trials. Total
number of correct words generated across the three trials will serve as the dependent
variable.

Animal Fluency—Participants are asked to generate as many animal names as possible in
60 seconds. Total correct serves as the dependent variable.

Statistical Analysis

RESULTS

A series of analyses were conducted to determine the effects of bariatric surgery on
cognitive function. First, distributions of key variables were examined for violations of
normality. None were identified and no transformations were applied. Descriptive statistics
and frequency counts were used to determine the prevalence of cognitive impairment at
baseline, 12-weeks, and change from pre- to post-operative assessments in Bariatric Surgery
Patients. Repeated measures MANOVA compared cognitive test performance in Bariatric
Surgery Patients and Obese Controls in each cognitive domain (i.e. memory, attention,
executive function, language). Bonferroni-corrected post-tests were used to clarify any
significant omnibus tests. Finally, hierarchical regression identified predictors of improved
test performance in Bariatric Surgery Patients. Test performance at 12-week follow-up
served as the dependent variable. In Step 1, baseline values for age, BMI, test performance
at baseline, and absence/presence of medical conditions associated with cognitive
impairment (i.e. hypertension, type 2 diabetes, and sleep apnea) were entered. In Step 2, 12-
week values for BMI and these medical conditions were entered to determine those variables
most closely associated with change in cognitive test performance.

Clinical Interpretation of Cognitive Test Performance in Bariatric Surgery Patients

At baseline, the average cognitive test performance in Bariatric Surgery Patients generally
fell within the low average to average range when compared to normative test data. See
Table 2. However, there was substantial variability in test performance, as a number of
Bariatic Surgery Patients exhibited impaired performance (= 1.5 SD below normative data).
For example, 23.9% of patients exhibited impaired test performance on Learning, and 22.9%
Recognition Memory. In contrast, just 7.3% had deficits on Verbal Interference-Color.

At 12-week follow-up, the average performance for the Bariatric Surgery group was within
the average or above average range for all cognitive tests. The proportion of Bariatric
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Surgery Patients who showed a > 1.5 SD post-operative decline on each test ranged from
0.0% for Recognition Memory to 9.5% for Digit Span. Importantly, Bariatric Surgery
Patients were no more likely to exhibit decline on two or more cognitive tests than were than
Obese Controls [12.84% vs. 23.26%:; y2 (1) = 2.51, p = .11]. This finding was confirmed
through a series of Chi-Square analyses, as the proportion of participants that declined was
equivalent across all tests (all p>.05).

Cognitive Differences between Bariatric Surgery Patients and Obese Controls

Repeated measures MANOVA was used to compare the cognitive test performance of
Bariatric Surgery Patients to Obese Controls from baseline to 12 weeks. See Table 3. On
memory tests, repeated measures MANOVA indicated a main effect for timepoint [A = .76,
F(4, 147) = 11.36, p<.001], though not for group [A = .99, F(4, 147) = 0.32, p = .87].
However, a significant group x timepoint interaction emerged [A = .86, F(4, 147) = 5.88, p<.
001], with Bariatric Surgery Patients showing improved performance on all four memory
indices at 12 week post-operative. More specifically, Bonferroni-corrected posttests revealed
improved test performance on Learning [F(1, 150) = 10.99, p = .001], Short Delay Free
Recall [F(1, 150) = 12.18, p =.001], Long Free Delay Recall [F(1, 150) = 19.53, p< .001],
and Recognition [F(1, 150) = 9.60, p =.002] indices. Unexpectedly, control participants
showed a decline in memory performance in Short Delay Free Recall [F(1, 42) =5.59,p =.
023] and Long Delay Free Recall [F(1, 42) = 9.90, p = .03], though not for Learning [F(1,
42) = 3.37, p = .07] or Recognition [F(1, 42) = 2.60, p = .11].

For the attention domain, no effect for group [A = .98, F(3, 144) = 0.99, p = .40] or group x
timepoint interaction emerged [A = .98, F(3, 144) = 0.83, p = .48]. A main effect for
timepoint emerged [A = .89, F(2, 144) = 5.86, p = .001]. Follow-up analyses indicated that
the Bariatric Surgery group improved on Switching of Attention [F(1, 104) = 9.63, p = .002]
and Obese Controls on Verbal Interference—Text [F(1, 42) = 4.81, p = .03].

For the executive function domain, no significant effects emerged for group [A = .99, F(3,
146) = 0.46, p = .71] or group x timepoint interaction [A = .98, F(3, 146) =0.77, p = .52]. A
significant main effect for timepoint emerged [\ = .67, F(3, 146) = 24.56, p <.001]. Follow-
up analyses indicated that both groups improved on all measures, specifically: Bariatric
Surgery Patients, Switching of Attention-Number/Letter [F(1, 108) = 26.34, p<.001], Verbal
Interference—Color/Word [F(1, 108) = 32.30, p<.001], and Maze Errors [F(1, 108) = 21.83,
p<.001]; Obese Controls, Switching of Attention-Number/Letter [F(1, 40) = 8.42, p =.006],
Verbal Interference—Color/Word [F(1, 40) = 9.91, p = .003], and Maze Errors [F(1, 40) =
14.44, p<.001].

For the language domain, no significant effects emerged for group [A = .99, F(2, 149) =0.86,
p = .42], timepoint [A = .96, F(2, 149) = 2.83, p = .06], or group x timepoint interaction [A
=.99, F(2, 149) = 0.88, p = .42].

Predictors of Improved Cognitive Function in Bariatric Surgery Patients

Regression analyses were used to identify possible predictors of improved test performance
in the Bariatric Surgery Patients. Significant incremental prediction after control variables
was found for Short Delay Free Recall [R? change = .09, F(4, 97) = 3.67, p = .008], as
patients without hypertension at 12 week post-operative exhibited better test performance
than those that did [ = 0.31, p = .005]. See Table 4. No incremental prediction was found
for Learning [R2 change = .05, F(4, 97) = 1.97, p = .11], Long Delay Free Recall [R? change
=.02, F(4, 97) = 0.92, p = .45], Recognition [R? change = .02, F(4, 97) = 0.89, p = .47], or
Switching of Attention—Numbers [R2 change = .04, F(4, 97) = 1.54, p = .20].
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COMMENT

Consistent with past studies, results indicate that cognitive deficits are common in
candidates for bariatric surgery. Interestingly, Bariatric Surgery Patients showed improved
memory function 12 weeks post-operatively, though this improvement was largely unrelated
to medical conditions or change in weight status. Several aspects of these findings warrant
brief discussion.

Obesity is now recognized as an independent risk factor for cognitive dysfunction4™5 and
bariatric surgery candidates have been shown to exhibit impairments on neuropsychological
testing.21 A similar pattern emerged in the current sample, as 18.3% of patients exhibited
deficits on a measure of executive function and 23.9% on a memory index. These findings
encourage screening for cognitive dysfunction in bariatric surgery candidates to promote
optimal outcomes, as deficits in these cognitive abilities are associated with poorer
adherence to medical regimen in patients with medical conditions like type 2 diabetes and
HIV.27728 For example, it is easy to imagine that the problems with organization, planning,
or self-monitoring found in persons with executive dysfunction would make adhering to the
post-operative medical regimen more difficult. Similarly, given the risk of neurological
dysfunction due to vitamin deficiency in bariatric surgery patients,29 the value of brief
screening for cognitive dysfunction both pre- and post-operatively should be examined.

Analyses also showed that several tests improved in bariatric surgery patients relative to
obese controls, including multiple memory indices and a test of psychomotor speed. Should
they be replicated, these findings suggest that obesity-related cognitive dysfunction is at
least partly reversible in some persons. Prospective studies are needed to examine cognitive
function at a longer post-operative time period in bariatric surgery patients, especially as
body weight often reaches its nadir 18—-24 months post-surgery. Our ongoing project will
determine whether these cognitive benefits are maintained at 12 and 24 months over time
and examine whether cognitive dysfunction helps to predict weight re-gain. Though
estimates vary, some bariatric surgery patients exhibit significant weight re-gain30 and
given its importance for adherence to medical regimen in other populations, it appears likely
that cognitive impairment might help predict those patients at highest risk. Similarly,
prospective studies will help determine whether bariatric surgery patients are at lower risk
for cognitive decline and Alzheimer’s disease than obese individuals that do not undergo
surgery. Such studies are particularly needed given the growing number of older adults that
undergo bariatric surgery.31

Less clear are the possible mechanisms for the improvements in cognitive function in
bariatric surgery patients. Bariatric surgery improves many medical conditions with
reversible cognitive deficits.12717 In the current study, regression analyses showed that the
absence of hypertension at 12 week follow-up was associated with better performance on
one memory index (Short Delay Free Recall). No additional predictors emerged for this or
any other cognitive test, highlighting a need to determine the contribution of novel risk
factors such as insulin resistance, biomarkers like brain derived neurotrophic factor and
leptin, and endothelial function. Each of these are associated with cognitive function and
altered following bariatric surgery.32735

Future studies should also clarify the mechanisms for the decline in memory performance of
obese controls. Recent work has shown that obesity can interacts with age to exacerbate
cognitive decline4, though that observed decline occurred over a period of years, not
months. Exploratory analyses within our sample did not identify a clear mechanism for the
reduced performance over time, as 79.1% declined on at least one memory test and almost
48.9% on two or more. No available demographic (e.g. age, gender) or medical variable
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(e.g. hypertension, type 2 diabetes) distinguished controls who declined from those that did
not. One speculative explanation could involve differences in glycemia control following
meal ingestion, as poorer glucose tolerance after eating has been linked to acute impairments
in cognitive function.36~37 Another might involve the neuropathological changes of
morbidly obese individuals that show similarities to Alzheimer’s disease,38 a condition
typified by memory impairment. Future work in this area may shed key insight into the
physiological processes linking obesity and poor neurocognitive outcome..

Findings from the current study are limited in several ways by the chosen methodology.
Being an observational study, we were unable to randomize participants to surgery or
control groups. Although the groups were similar in cognitive test performance at baseling,
they differed on medical variables that facilitate approval for bariatric surgery from third-
party payers, including type 2 diabetes and hypertension. However, our direct comparison of
obese controls at each timepoint alleviates this concern somewhat and provides an
ecologically valid examination of cognitive function in this population. Similarly, future
studies are much needed to identify the mechanisms for cognitive benefits following
bariatric surgery, including a direct comparison of gastric bypass and banding procedures.
As noted above, there are numerous potential biomarkers or physiological processes that
likely contribute to cognitive dysfunction in obesity. A growing body of literature also
suggests both structural and functional abnormalities on neuroimaging in obese
individuals39~41 and studies should examine possible post-operative changes in these
indices. Mechanistic studies will benefit from following bariatric patients for a longer period
of time to maximize weight loss. Finally, future studies should compare the potential
cognitive benefits of behavioral weight loss to that found in surgery patients, as
cardiovascular fitness is associated with better cognitive function in both healthy and patient
groups.15-16 The low levels of physical activity found in many bariatric surgery patients42
may also contribute to the observed cognitive dysfunction.

Results from the current study suggest that uncomplicated bariatric surgery does not confer
significant risk of cognitive dysfunction at 12 weeks post-operatively and may actually
provide some cognitive benefits. Additional studies are needed to examine this possibility at
longer post-surgery intervals and clarify mechanisms for change.
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