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Abstract

Bariatric surgery is the most effective approach to treating morbid obesity, resulting in decreased
morbidity, mortality, and improved quality of life. Research on outcomes has generally been
restricted to young and middle-aged adults, despite a growing epidemic of obesity in older adults.
The use of bariatric surgery has been limited in older individuals, in part due to concerns that pre-
existing cognitive dysfunction increases the risk of poor post-surgical outcomes, including
cognitive decline. The literature on the relationship between obesity and cognition in older adults
is emerging, but fraught by several methodological limitations. While there is insufficient research
to determine the nature of cognitive outcomes following bariatric surgery in older adults, the aim
of this paper is to review the existing evidence and make the case for further study.
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The prevalence of obesity in older adults is a major public health concern. The humber of
adults aged 65 years of age and older in the United States is increasing, and the prevalence
rates of obesity in this population is approaching 40%?. Moreover, the number of older
adults living with obesity is expected to rise as other chronic diseases are better managed
and treated?. Yet, the treatment of obesity in older adults is an understudied phenomenon3.
Obesity has well-established consequences including hypertension, diabetes, coronary artery
disease and premature mortality*. Furthermore, the impact of weight on biomechanics and
the pro-inflammatory state induced by adipose-tissue specific inflammatory markers
promote incident functional decline and frailty®, resulting in a higher risk of
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institutionalization®. The prevalence rate of functional impairments is much higher in older
adults with obesity than those who are of normal weight’, which can lead to social isolation
and depression®9,

The rapid increase of older adults with obesity has led to a rise in the number of Medicare
beneficiaries in the United States seeking bariatric surgeryC. Bariatric surgery is an effective
means of improving medical co-morbidity and is increasingly recognized as an effective
therapeutic strategy in older adults!-13, However, in clinical practice, older age has been
associated with a lower likelihood of considering bariatric surgeryl4. Consequently, some
older adults who could be excellent candidates may not be offered this effective treatment.
Batsis and Dolkart suggest that a focus on physiologic rather than chronological age can
optimize clinical management of obesity among older adults®. A comprehensive geriatric
assessment incorporating a geriatrician or a provider with knowledge of issues specific to
older adults can markedly improve risk-stratification and pre-operative selection by focusing
on frailty, polypharmacy, and co-morbid medical issues®. Living situations, food security,
and social support are known social determinants of health that predict adverse post-
operative outcomes and can easily be addressed. Advanced care planning, a Joint
Commission requirement, can proactively allow discussions of patient and family concerns
with respect to outcomes.

As such, careful pre-surgical medical and psychological evaluation may allow many older
adults with obesity to be considered for weight-loss surgery. However, access to bariatric
surgery in such individuals may also be restricted due to concerns about neuropsychological
functioning, such as problems with memory and executive functions (e.g., impulse control)
contributing to difficulty adhering to pre- and post-surgical guidelines. Some degree of
cognitive decline is common during the normal aging process8, and epidemiological
evidence suggests that obesity can promote its accelerationl’. Despite this concern, there is
very little empirical research on the cognitive outcome of bariatric surgery in older adults
with obesity, or whether pre-surgical cognitive impairment is predictive of cognitive and
other outcomes (e.g., maintenance of weight loss). Although this body literature is growing,
much of this work has been conducted with young and middle aged adults8. Here, we
review the neuropsychological literature pertinent to bariatric surgery in older adults and
suggest that further research is needed in this population.

Neuropsychological Functioning in Older Adults with Obesity

Pre-surgical cognitive functioning has been of increasing interest as a factor in predicting
adverse surgical outcomes. Pre-surgical cognitive dysfunction in older adults has been
associated with higher rates of non-bariatric surgery post-operative delirium9-21 and
cognitive decline?2, longer hospital stay2?, and reduced likelihood of being discharged to
home19.20.23 Determining whether older adults with obesity are at greater risk for cognitive
dysfunction has important implications for bariatric surgery, such as informing pre-surgical
screening and planning for postoperative care needs.

The relationship between obesity and neuropsychological functioning in adults is an
evolving area of investigation. In adults 19-65 years of age, a recent review of 15 cross-
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sectional and 4 prospective studies concluded that greater body mass is associated with
poorer performance on measures of global cognitive functioning, processing speed, semantic
and episodic memory, and executive functions?4. In contrast, in older adults, obesity has not
been consistently associated with poorer performance on tests of any cognitive domain,
including those most commonly assessed such as executive functions (e.g., impulse control
and cognitive flexibility)25-27, episodic memory28, verbal working memory29:30,
psychomotor speed3031 or overall cognitive ability32. A recent study using the Montreal
Cognitive Assessment33, a commonly employed cognitive screening measure, found that
22% of older bariatric surgery candidates, 65 to 80 years of age, scored in the impaired
range (< 26/30)34. The relevance of impairment on this screening measure to surgical
outcome was not reported. This research contrasts to data suggesting that higher BMI may
be protective against cognitive decline in older adults?4:31:35 Such findings raised the so-
called “obesity paradox” observed in heart failure3¢, whereby obesity may actually be
associated with a decrease risk for cognitive and functional decline, as well as mortality, in
older adults?®.

Numerous factors may contribute to inconsistent cognitive findings and the obesity paradox.
Methodological heterogeneity abounds, such as differences in the specific cognitive tests
administered, comprehensiveness of the cognitive evaluation (i.e., screening test or just one
or two tests versus larger test battery), and failure to adequately control for potential
confounding factors such as obesity-related comorbidities (e.g., diabetes), demographic
characteristics (e.g., education, race), and mood. A recent study of adults 60-85 years of age
reported poorer psychomotor processing speed in those who were currently inactive,
irrespective of current or prior weight status3’. This is consistent with a burgeoning literature
showing a cognitive benefit in older adults with a history of regular exercise38 suggesting the
need to account for level of physical activity. BMI has also been argued to be an inaccurate
measure of adiposity in older adults?4-39, rendering the interpretation of relationships
between BMI and cognition in older adults problematic.

Few studies have evaluated the relevance of biomarkers to cognitive change in older adults
with obesity. An association was observed between higher BMI and poorer overall cognitive
functioning on a computerized test battery, an association that was partially accounted for by
inflammation (c-reactive protein) and elevated fasting plasma glucose (as a marker of insulin
resistance), but not hypertriglyceridemia®C. Another found no relationship between baseline
leptin and the average rate of cognitive decline over 6.2 years in those with a large waist
circumference, that is, >35 inches for women and >40 inches for men*L.

Finally, cognitive reserve may also be of salience. Cognitive reserve reflects individual
differences in cognitive processes or neural networks subserving performance of tasks that
contributes to resilience in the face of brain damage®2. As it is a hypothetical construct,
cognitive reserve cannot be directly measured. Rather, common proxy indicators include
educational attainment, occupational achievement, and performance on word reading test
based estimates of premorbid intellectual functioning#243. In a study of adults 65-101 years
of age, obesity was no longer associated with poorer verbal ability, processing speed, and
cognitive flexibility when cognitive reserve in early to mid-life (i.e., educational attainment,
leisure activities, cognitive level and physical demand of job) was taken into account®. In
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contrast, one other study reported that in individuals with higher BMI, greater number of
years of education was associated with better executive functioning in younger but not in
older adults?’.

Mild Cognitive Impairment and Obesity

There is little research on whether the presence of frank cognitive impairment prior to
bariatric surgery is associated with worse cognitive or weight outcomes following surgery.
Mild cognitive impairment (MCI) is considered a transitional stage of cognitive impairment
that is frequently, albeit not always, intermediate between normal cognition and dementia,
and is associated with an increased risk for dementia. It is characterized by subjective
concerns about a person’s cognitive functioning, objective evidence of cognitive impairment
that may include memory and/or other cognitive domains, and generally preserved
functional independence, that cannot be accounted for by delirium or a mental disorder such
as major depressive disorder>46, The diagnosis of MCI per se is non-specific with respect
to etiology, but certain biomarkers (e.g., amyloid-beta) may facilitate identification of MCI
due to Alzheimer’s disease (AD)*6:47.

While the impact of MCI on bariatric surgery outcomes has yet to be examined, an
understanding of the association between obesity and cognitive outcome in those with MCI
is of relevance, as it would help inform whether pre-existing cognitive impairment should be
an exclusion criterion for bariatric surgery in older adults. In a study of 83 older adults with
MCI, those with apathy, weight loss, and lower BMI were found to be at greater risk of
developing dementia by 24-month follow-up“8. A recent investigation of 1,394 subjects with
MCI pooled from across 14 studies reported that obesity was not associated with progression
to dementia®®. In addition, a multisite longitudinal study involving 6940 older adults (5,061
with normal cognition and 1,879 with MCI) observed that higher late-life BMI was
associated with a lower risk of incident MCI and Alzheimer’s disease®0. This held true
irrespective of APOE allele 4 status (a gene associated with heightened risk for dementia),
but not when rapid weight loss had occurred prior to diagnostic conversion. These findings
are consistent with earlier work that found that current obesity level is inversely associated
with dementia in older adults®?.

Non-surgical weight loss may be associated with cognitive improvement in MCI. A study of
intentional weight loss via caloric restriction for 12 months observed cognitive improvement
in 80 patients with MCI (mean age = 68.1 + 4.9 years of age, BMI = 35.5 + 4.4 kg/m2,
83.7% women)°2. Reduction of BMI was associated with improved verbal memory, verbal
fluency, executive function, and global cognition even after accounting for education,
gender, physical activity, and baseline test scores. The association was strongest for memory
and fluency in younger seniors (< 70 years), and for executive function in APOE allele 4
carriers (26.3% of the sample). Changes in insulin resistance, C-reactive protein, leptin and
intake of energy, carbohydrates, and fats were associated with greater improvement in
cognition. While in need of replication, this suggests that the presence of cognitive
impairment, at least when mild, may not hinder the ability to benefit from intervention in
terms of weight loss or cognition in older adults.
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Neuropsychological Outcome of Bariatric Surgery

The vast majority of research on neuropsychological outcome of bariatric surgery has
focused on adults from 18 to approximately 70 years of age. This burgeoning body of
research has generally found that cognition remains stable or improves following surgery in
domains such as attention, executive function, and memory18, with longitudinal studies
noting improvement in these domains a year or more after surgery®3-55. Of note, one study
reported that the prevalence of MCI dropped from 53.4% pre-surgery to 27.3% at the 12-
month follow-up in severely obese (BMI = 46) middle-aged individuals with MCI56.
Interestingly, poorer pre-surgical cognitive functioning, and failure to show improved
memory after surgery, has been reported for adults (mean age = 44.34) with a family history
of Alzheimer’s disease as compared to those without such a family history®”.

We sought to identify empirical papers that addressed the neuropsychological outcome of
bariatric surgery in older adults. We conducted a literature search for papers published
between January 1, 2000 and July 1, 2018 using PubMed and the Cochrane Library. Search
terms included bariatric, cognitive, neurologic, older adult, and elderly. The reference
sections of the papers identified were subsequently reviewed for further potentially relevant
reports.

One study was identified that included older adults and ascertained whether age was
predictive of cognitive change following bariatric surgery®8. The sample included 95 adults
(89.5% women) ranging from 20-70 years of age (mean age = 43.2, SD = 10.8), of whom
18.9% were 55 years of age or older (mean age for this subsample was not reported). The
participants completed a cognitive test battery before surgery, as well as 12 weeks and 12
months after surgery (94 had Roux-en-Y gastric bypass, 1 had gastric banding). Cognitive
testing included computerized adaptations of the Trail Making Test and the Austin Maze to
assess attention and executive functions, letter and animal fluency to assess language, and a
verbal list learning task to assess memory. In the overall sample, memory and attention/
executive functions were improved at both follow-up time points. Regression analyses,
controlling for baseline BMI, found that age was not a predictor of postsurgical change in
cognition. However, neither this nor any other study that included older adults reported
analyses specifically addressing whether the subset of older participants experienced
cognitive change following bariatric surgery.

The dearth of studies examining the neuropsychological outcome of bariatric surgery in
older adults is surprising given the prevalence of post-operative cognitive dysfunction
(POCD) in older adults who have undergone a variety of non-bariatric surgical procedures.
POCD, the deterioration of cognition temporally associated with a surgical procedure, may
occur after any type of surgery, and is seen in all ages, though especially in older adults>9:60,
The incidence of POCD in older adults has ranged from 10 to 38% within the first 2-3
months after non-bariatric surgery, and 3 to 24% at 6-12 months81. Others have reported
POCD may occur in up to 65% of older adults62. Furthermore, POCD has been associated
with a heightened risk for the development of dementia in some®3 though not other*
studies.
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A recent meta-analysis identified only six studies that examined the relationship between
obesity, BMI and/or weight and POCD that also met inclusion criteria for the analysis®L.
These consisted of 1432 older adults in total (mean age of 62 years or older), followed for 24
hours to 12 months after non-bariatric surgery (e.g., CABG, total hip replacement). The
authors demonstrated a non-significant higher risk (relative risk of 1.27) of POCD in persons
with BMI > 30 kg/m? versus those with BMI < 30 kg/m2. In contrast, BMI and body weight,
when used as continuous predictors, were unrelated to cognitive outcome.

Neurologic Outcome of Bariatric Surgery

In contrast to cognitive dysfunction, a variety of neurological complications have been
observed subsequent to bariatric surgery. These may involve the brain, spinal cord,
peripheral nerves, or muscles®®. These have been attributed largely to micronutrient
malabsorption. The rate of such complications may be as high as 5-10% of cases, with the
majority involving the peripheral nervous system6266. As with neuropsychological
outcomes, there is a dearth of information pertaining to the neurological outcome of bariatric
surgery in older adults. One study examined 1005 older adults (65 years and older, 30.8%
male), 84.6% of whom had laparoscopic gastric bypass (RYGB) and 15.4% sleeve
gastrectomy (SG)87. The rate of neurological complication (defined as present or absent, of
any type) was small and did not differ between RYGB (0.2%) and SG (0%) at 30-days post-
surgery. The onset of Wernicke’s encephalopathy has been observed subsequent to bariatric
surgery, though literature reviews have only reported identifying cases up to age 55
years®8:69 |t is unclear whether that is because Wernicke’s encephalopathy is rare in older
obese adults following bariatric surgery, and/or there has been limited use of the surgery in
older adults thus restricting the likelihood of observing the rare complication. Whether such
neurological complications in young or older adults is associated with cognitive changes has
yet to be determined.

Future Directions

Bariatric surgery is an effective treatment for obesity even in older adults. While concern has
been raised about cognitive functioning in older adults with obesity, which could impact
decision-making with regards to candidacy for bariatric surgery, no consistent relationship
has been observed between cognitive test performance and obesity in older adults. There is
also a dearth of empirical research directly addressing whether pre-surgical cognitive
impairment is associated with worse post-surgical outcomes, or whether bariatric surgery per
se has any effect on cognition, positive or negative, in older adults.

The American College of Surgeons and the American Geriatrics Society have recommended
pre-operative cognitive screening for older adults prior to surgical interventions20. A
standardized neuropsychological test battery for pre- and post-surgical evaluation of
bariatric surgery candidates has been proposed®; however whether that battery would
adequately address salient clinical questions in older adult surgery candidates remains to be
determined. In addition, further research examining the utility of brief cognitive screening
tests such as the MoCA for predicting outcome and tracking cognitive change would be
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helpful, given the frequent use of such measures in primary care and other health care
settings.

Gaining an understanding of post-bariatric surgery cognitive functioning in older adults may
yield additional benefits for post-surgical care. For example, better post-surgical cognitive
functioning has been associated with a higher percent total weight loss and lower BMI in a
sample of adults with a mean age of 43.6570, as well as greater adherence to postoperative
guidelines within a 4-6 week period after surgery’® in adult samples having mean ages in
the 40s. Further research will be essential to determine whether such findings generalize to
older obese adults.

It is important to note that there is also a paucity of clinical trials of non-surgical weight loss
interventions for obesity in older adults that also address the potential relevance of cognitive
functioning. As noted above, weight loss via caloric restriction was associated with cognitive
improvement in older adults with MCI and obesity52. Other work has found that
postmenopausal women with obesity who completed a 12-week calorie restriction program
showed amelioration of cognitive functioning’2. Combined dietary and exercise
interventions are notably lacking. Specifically, performance improved on measures of
memory, processing speed, executive functions immediately upon completion of treatment.
These changes were largely sustained to the end of a 4-week weight maintenance period.
The study also noted that completion of the program was associated with increased inferior
frontal gyrus and hippocampus gray matter volume, as well as increased hippocampal
resting-state functional connectivity, though effects were reduced over time. Such findings
indicate that non-surgical weight loss interventions could also have cognitively beneficial
effects, potentially by altering underlying brain structure and functional connectivity.

We suggest that carefully selected older adults should be considered for bariatric surgery.
Longitudinal studies will be essential to fully elucidate whether pre-existing cognitive
dysfunction (e.g., MCI) affects post-surgical outcomes (e.g., weight loss, adherence to
postoperative guidelines, cognitive change). As the sensitivity of cognitive screening tools to
post-bariatric surgical cognitive change has yet to be established, studies would benefit from
inclusion of a sufficiently comprehensive neuropsychological assessment. This should
consist at minimum of measures of memory, attention, and executive functions, as these
cognitive domains have been commonly associated with obesity and reported to change after
bariatric surgery in some studies.

It is unknown whether some older adults with obesity are more like to show cognitive
change, or to have a lesser cognitive benefit, following bariatric surgery or other weight loss
interventions. This information would be essential for surgical planning. Future studies of
older adults would therefore benefit from examining the impact of individual differences on
cognitive outcome. This may include factors such as cognitive reserve, various biomarkers
(e.g., inflammation, insulin resistance, and genetic markers related to risk and resilience for
cognitive decline in older adults,), as well as family history of dementia among other
potential predictors.
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A comprehensive evaluation program of research that includes pre-surgical medical,
psychological, and neuropsychological assessment in large samples of older adults is needed
to address these key issues and inform future avenues for intervention. Such work should
ideally follow patients longitudinally over several years, given evidence in younger samples
that cognition may continue to change after the post-acute bariatric surgical period.
Incorporation of appropriate control samples will also be essential given the natural course
of cognitive change in older adults, to ensure that any changes observed are due to the
intervention rather than other factors associated with normal aging.

References

1. Ogden CL, Fakhouri TH, Carroll MD, et al. Prevalence of obesity among adults by household
income and education - United States, 2011-2014. MMWR Morb Mortal WKly Rep. 12 22
2017;66(50):1369-1373. doi: 10.15585/mmwr.mm6650al [PubMed: 29267260]

2. Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths from coronary disease,
1980-2000. N Engl J Med. 6 7 2007;356(23):2388-2398. doi: 10.1056/NEJMsa053935 [PubMed:
17554120]

3. Batsis JA, Gill LE, Masutani RK, et al. Weight loss interventions in older adults with obesity: a
systematic review of randomized controlled trials since 2005. J Am Geriatr Soc. 2 2017;65(2):257-
268. doi: 10.1111/jgs.14514 [PubMed: 27641543]

4. Gregg EW, Cheng YJ, Cadwell BL, et al. Secular trends in cardiovascular disease risk factors
according to body mass index in US adults. JAMA. 4 20 2005;293(15):1868-1874. doi: 10.1001/
jama.293.15.1868 [PubMed: 15840861]

5. Alley DE, Chang VW. The changing relationship of obesity and disability, 1988-2004. JAMA. 11 7
2007;298(17):2020-2027. doi: 10.1001/jama.298.17.2020 [PubMed: 17986695]

6. Zizza CA, Herring A, Stevens J, Popkin BM. Obesity affects nursing-care facility admission among
whites but not blacks. Obes Res. 8 2002;10(8):816-823. doi: 10.1038/0by.2002.110 [PubMed:
12181391]

7. Batsis JA, Germain CM, Vasquez E, Bartels SJ. Prevalence of weakness and its relationship with
limitations based on the Foundations for the National Institutes for Health project: data from the
Health and Retirement Study. Eur J Clin Nutr. 10 2016;70(10):1168-1173. doi: 10.1038/ejcn.
2016.90 [PubMed: 27245209]

8. Newsom JT, Schulz R. Social support as a mediator in the relation between functional status and
quality of life in older adults. Psychol Aging. 3 1996;11(1):34-44. doi:10.1037/0882-7974.11.1.34
[PubMed: 8726368]

9. Mezuk B, Edwards L, Lohman M, Choi M, Lapane K. Depression and frailty in later life: a
synthetic review. Int J Geriatr Psychiatry. 9 2012;27(9):879-892. doi: 10.1002/gps.2807 [PubMed:
21984056]

10. Flum DR, Salem L, Elrod JA, Dellinger EP, Cheadle A, Chan L. Early mortality among Medicare
beneficiaries undergoing bariatric surgical procedures. JAMA. 10 19 2005;294(15):1903-1908.
doi: 10.1001/jama.294.15.1903 [PubMed: 16234496]

11. O’Keefe KL, Kemmeter PR, Kemmeter KD. Bariatric surgery outcomes in patients aged 65 years
and older at an American Society for Metabolic and Bariatric Surgery Center of Excellence.
Obesity Surg. 9 2010;20(9):1199-1205. doi: 10.1007/s11695-010-0201-4

12. Dorman RB, Abraham AA, Al-Refaie WB, Parsons HM, |kramuddin S, Habermann EB. Bariatric
surgery outcomes in the elderly: an ACS NSQIP study. J Gastrointest Surg. 1 2012;16(1):35-44;
discussion 44. doi: 10.1007/s11605-011-1749-6 [PubMed: 22038414]

13. Hazzan D, Chin EH, Steinhagen E, et al. Laparoscopic bariatric surgery can be safe for treatment
of morbid obesity in patients older than 60 years. Surg Obes Relat Dis. Nov-Dec 2006;2(6):613—
616. doi: 10.1016/j.so0ard.2006.09.009 [PubMed: 17138231]

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 February 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roth et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9

Funk LM, Jolles S, Fischer LE, Voils CI. Patient and referring practitioner characteristics
associated with the likelihood of undergoing bariatric surgery: a systematic review. JAMA surgery.
10 2015;150(10):999-1005. doi: 10.1001/jamasurg.2015.1250 [PubMed: 26222655]

Batsis JA, Dolkart KM. Evaluation of older Adults with obesity for bariatric surgery: Geriatricians’
perspective. J Clin Geront Geriatr. 2015;6(2):45-53. doi: 10.1016/j.jcgg.2015.01.001

Salthouse TA. Selective review of cognitive aging. J Int Neuropsychol Soc. 9 2010;16(5):754-760.
doi: 10.1017/S1355617710000706 [PubMed: 20673381]

Chan JS, Yan JH, Payne VG. The impact of obesity and exercise on cognitive aging. Front Aging
Neurosci. 12 20 2013;5:97. doi: 10.3389/fnagi.2013.00097 [PubMed: 24391586]

Spitznagel MB, Hawkins M, Alosco M, et al. Neurocognitive effects of obesity and bariatric
surgery. Eur Eat Disord Rev. 11 2015;23(6):488-495. doi: 10.1002/erv.2393 [PubMed: 26289991]

Adogwa O, Elsamadicy AA, Lydon E, et al. The prevalence of undiagnosed pre-surgical cognitive
impairment and its post-surgical clinical impact in elderly patients undergoing surgery for adult
spinal deformity. J Spine Surg. 9 2017;3(3):358-363. doi: 10.21037/js5.2017.07.01 [PubMed:
29057343]

Culley DJ, Flaherty D, Fahey MC, et al. Poor performance on a preoperative cognitive screening
test predicts postoperative complications in older orthopedic surgical patients. Anesthesiology. 11
2017;127(5):765-774. doi: 10.1097/ALN.0000000000001859 [PubMed: 28891828]

Jones RN, Marcantonio ER, Saczynski JS, et al. Preoperative cognitive performance dominates risk
for delirium among older adults. J Geriatr Psychiatry Neurol. 9 2016; 29(6):320-327. doi:
10.1177/0891988716666380 [PubMed: 27647793]

Silbert B, Evered L, Scott DA, et al. Preexisting cognitive impairment is associated with
postoperative cognitive dysfunction after hip joint replacement surgery. Anesthesiology. 6
2015;122(6):1224-1234. doi: 10.1097/ALN.0000000000000671 [PubMed: 25859906]

Zietlow K, McDonald SR, Sloane R, Browndyke J, Lagoo-Deenadayalan S, Heflin MT.
Preoperative cognitive impairment as a predictor of postoperative outcomes in a collaborative care
model. J Am Geriatr Soc. 3 2018;66(3):584-589. doi: 10.1111/jgs.15261 [PubMed: 29332302]

Smith E, Hay P, Campbell L, Trollor JN. A review of the association between obesity and cognitive
function across the lifespan: implications for novel approaches to prevention and treatment. Obes
Rev. 9 2011;12(9):740-755. doi: 10.1111/j.1467-789X.2011.00920.x [PubMed: 21991597]

Skinner JS, Abel WM, McCoy K, Wilkins CH. Exploring the “obesity paradox” as a correlate of
cognitive and physical function in community-dwelling black and white older adults. Ethn Dis.
Fall 2017;27(4):387-394. doi: 10.18865/ed.27.4.387

Smith E, Bailey PE, Crawford J, et al. Adiposity estimated using dual energy X-ray absorptiometry
and body mass index and its association with cognition in elderly adults. J Am Geriatr Soc. 12
2014,62(12):2311-2318. doi: 10.1111/jgs.13157 [PubMed: 25516027]

Kirton JW, Dotson VM. The interactive effects of age, education, and BMI on cognitive
functioning. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn. 2016;23(2):253-262. doi:
10.1080/13825585.2015.1082531 [PubMed: 26667889]

Fellows RP, Schmitter-Edgecombe M. Independent and differential effects of obesity and
hypertension on cognitive and functional abilities. Arch Clin Neuropsychol. 2 1 2018;33(1):24-35.
doi: 10.1093/arclin/acx045 [PubMed: 28525536]

Huntley J, Corbett A, Wesnes K, et al. Online assessment of risk factors for dementia and cognitive
function in healthy adults. Int J Geriatr Psychiatry. 2 2018;33(2):e286—293. doi: 10.1002/gps.
4790 [PubMed: 28960500]

Dahl Aslan AK, Starr JM, Pattie A, Deary I. Cognitive consequences of overweight and obesity in
the ninth decade of life? Age Ageing. 1 2015;44(1):59-65. doi: 10.1093/ageing/afu108 [PubMed:
25249169]

Kuo HK, Jones RN, Milberg WP, et al. Cognitive function in normal-weight, overweight, and
obese older adults: an analysis of the Advanced Cognitive Training for Independent and Vital
Elderly cohort. J Am Geriatr Soc. 1 2006;54(1):97-103. doi: 10.1111/j.1532-5415.2005.00522.x
[PubMed: 16420204]

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 February 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roth et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 10

Goncalves Damascena K, Batisti Ferreira C, Dos Santos Teixeira P, et al. Functional capacity and
obesity reflect the cognitive performance of older adults living in long-term care facilities.
Psychogeriatrics. 11 2017;17(6):439-445. doi: 10.1111/psyg.12273 [PubMed: 28589705]
Nasreddine ZS, Phillips NA, Bedirian V, et al. The Montreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am Geriatr Soc. 4 2005;53(4):695-699. doi:
10.1111/j.1532-5415.2005.53221.x [PubMed: 15817019]

Mohun SH, Spitznagel MB, Gunstad J, Rochette A, Heinberg LJ. Performance on the Montreal
Cognitive Assessment (MoCA) in older adults presenting for bariatric surgery. Obes Ssurg. 6 5
2018. doi: 10.1007/s11695-018-3206-z

Kim S, Kim Y, Park SM. Body mass index and decline of cognitive function. PLoS One.
2016;11(2):e0148908. doi: 10.1016/j.ahj.2008.02.014 [PubMed: 26867138]

Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris CM, McAlister FA. Body mass
index and mortality in heart failure: a meta-analysis. Am Heart J. 7 2008;156(1):13-22. doi:
10.1016/j.ahj.2008.02.014 [PubMed: 18585492]

Edwards MK, Dankel SJ, Loenneke JP, Loprinzi PD. The association between weight status,
weight history, physical activity, and cognitive task performance. Int J Behav Med. 6 2017;24(3):
473-479. doi: 10.1007/s12529-016-9621-4 [PubMed: 27943106]

Engeroff T, Ingmann T, Banzer W. Physical activity throughout the adult life span and domain-
specific cognitive function in old age: a systematic review of cross-sectional and longitudinal data.
Sports Med. 6 2018;48(6):1405-1436. doi: 10.1007/s40279-018-0920-6 [PubMed: 29667159]

Batsis JA, Mackenzie TA, Bartels SJ, Sahakyan KR, Somers VK, Lopez-Jimenez F. Diagnostic
accuracy of body mass index to identify obesity in older adults: NHANES 1999-2004. Int J Obes
(Lond). 5 2016;40(5):761-767. doi: 10.1038/ijo.2015.243 [PubMed: 26620887]

Gunathilake R, Oldmeadow C, McEvoy M, et al. The association between obesity and cognitive
function in older persons: how much Is mediated by inflammation, fasting plasma glucose, and
hypertriglyceridemia? J Gerontol A Biol Sci Med Sci. 12 2016;71(12):1603-1608. doi: 10.1093/
gerona/glw070 [PubMed: 27075896]

Zeki Al Hazzouri A, Haan MN, Whitmer RA, Yaffe K, Neuhaus J. Central obesity, leptin and
cognitive decline: the Sacramento Area Latino Study on Aging. Dement Geriatr Cogn Disord.
2012;33(6):400-409. doi: 10.1159/000339957 [PubMed: 22814127]

Stern Y Cognitive reserve. Neuropsychologia. 8 2009;47(10):2015-2028. doi: 10.1016/
j.neuropsychologia.2009.03.004 [PubMed: 19467352]

Soto-Anari M, Flores-Valdivia G, Fernandez-Guinea S. Level of reading skills as a measure of
cognitive reserve in elderly adults. Rev Neurol. 1 16 2013;56(2):79-85. [PubMed: 23307353]
lhle A, Mons U, Perna L, et al. The relation of obesity to performance in verbal abilities,
processing speed, and cognitive flexibility in old age: The role of cognitive reserve. Dement
Geriatr Cogn Disord. 2016;42(1-2):117-126. doi: 10.1159/000448916 [PubMed: 27632695]
American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed.
Washington, DC: American Psychiatric Press; 2013.

Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. Mild cognitive
impairment: a concept in evolution. J Intern Med. 3 2014;275(3):214-228. doi: 10.1111/joim.
12190 [PubMed: 24605806]

Risacher SL, Saykin AJ. Neuroimaging and other biomarkers for Alzheimer’s disease: the
changing landscape of early detection. Ann Rev Clin Psychol. 2013;9:621-648. doi: 10.1146/
annurev-clinpsy-050212-185535 [PubMed: 23297785]

Sobow T, Fendler W, Magierski R. Body mass index and mild cognitive impairment-to-dementia
progression in 24 months: a prospective study. Eur J Clin Nutr. 11 2014;68(11):1216-1219. doi:
10.1038/ejcn.2014.167 [PubMed: 25117990]

Bos I, Vos SJ, Frolich L, et al. The frequency and influence of dementia risk factors in prodromal
Alzheimer’s disease. Neurobiol Aging. 8 2017;56:33-40. doi: 10.1016/j.neurobiolaging.
2017.03.034 [PubMed: 28482212]

Bell SP, Liu D, Samuels LR, et al. Late-life body mass index, rapid weight loss, apolipoprotein E

epsilon4 and the risk of cognitive decline and incident dementia. J Nutr Health Aging.
2017;21(10):1259-1267. doi: 10.1007/512603-017-0906-3 [PubMed: 29188888]

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 February 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roth et al.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 11

Fitzpatrick AL, Kuller LH, Lopez OL, et al. Midlife and late-life obesity and the risk of dementia:
cardiovascular health study. Arch Neurol. 3 2009;66(3):336—342. doi: 10.1001/archneurol.
2008.582 [PubMed: 19273752]

Horie NC, Serrao VT, Simon SS, et al. Cognitive effects of intentional weight loss in elderly obese
individuals with mild cognitive impairment. J Clin Endocrinol Metab. 3 2016;101(3):1104-1112.
doi: 10.1210/jc.2015-2315 [PubMed: 26713821]

Alosco ML, Spitznagel MB, Strain G, et al. Improved memory function two years after bariatric
surgery. Obesity (Silver Spring, Md.). 1 2014;22(1):32—-38. doi: 10.1002/0by.20494

Alosco ML, Galioto R, Spitznagel MB, et al. Cognitive function after bariatric surgery: evidence
for improvement 3 years after surgery. Am J Surg. 6 2014;207(6):870-876. doi: 10.1016/j.amjsurg.
2013.05.018 [PubMed: 24119892]

Miller LA, Crosby RD, Galioto R, et al. Bariatric surgery patients exhibit improved memory
function 12 months postoperatively. Obes Surg.. 10 2013;23(10):1527-1535. doi: 10.1007/
$11695-013-0970-7 [PubMed: 23636994]

Rochette AD, Spitznagel MB, Strain G, et al. Mild cognitive impairment is prevalent in persons
with severe obesity. Obesity. 7 2016;24(7):1427-1429. doi: 10.1002/0by.21514 [PubMed:
27227797]

Alosco ML, Spitznagel MB, Strain G, et al. Family history of Alzheimer’s disease limits
improvement in cognitive function after bariatric surgery. SAGE Open Med.
2014;2:2050312114539477.

Alosco ML, Cohen R, Spitznagel MB, et al. Older age does not limit postbariatric surgery
cognitive benefits: a preliminary investigation. Surg Obes Relat Dis. Nov-Dec 2014;10(6):1196—
1201. doi: 10.1016/j.s0ard.2014.04.005 [PubMed: 25443078]

Deiner S, Silverstein JH. Postoperative delirium and cognitive dysfunction. Br J Anaesth. 12
2009;103 Suppl 1:i41-46. doi: 10.1093/bja/aep291 [PubMed: 20007989]

Winterer G, Androsova G, Bender O, et al. Personalized risk prediction of postoperative cognitive
impairment - rationale for the EU-funded BioCog project. Eur Psychiatry. 4 2018;50:34-39. doi:
10.1016/j.eurpsy.2017.10.004 [PubMed: 29398565]

Feinkohl I, Winterer G, Pischon T. Obesity and post-operative cognitive dysfunction: a systematic
review and meta-analysis. Diabetes Metab Res Rev. 9 2016;32(6):643-651. doi: 10.1002/dmrr.
2786 [PubMed: 26890984]

O’ Brien H, Mohan H, Hare CO, Reynolds JV, Kenny RA. Mind over matter? The hidden epidemic
of cognitive dysfunction in the older surgical patient. Ann Surg. 4 2017;265(4):677-691. doi:
10.1097/SLA.000000000000190 [PubMed: 27537541]

Evered LA, Silbert BS, Scott DA, Maruff P, Ames D. Prevalence of dementia 7.5 Years after
coronary artery bypass graft surgery. Anesthesiology. 7 2016;125(1):62—71. doi: 10.1097/ALN.
0000000000001143 [PubMed: 27127919]

Steinmetz J, Siersma V, Kessing LV, Rasmussen LS. Is postoperative cognitive dysfunction a risk
factor for dementia? a cohort follow-up study. Br J Anaesth. 6 2013;110 Suppl 1:i192-97. doi:
10.1097/ALN.0000000000001143 [PubMed: 23274780]

Berger JR, Singhal D. The neurologic complications of bariatric surgery. Handb Clin Neurol.
2014;120:587-594. doi: 10.1016/B978-0-7020-4087-0.00039-5 [PubMed: 24365339]

Frantz DJ. Neurologic complications of bariatric surgery: involvement of central, peripheral, and
enteric nervous systems. Curr Gastroenterol Rep. 8 2012;14(4):367-372. doi: 10.1007/
$11894-012-0271-7 [PubMed: 22661292]

Spaniolas K, Trus TL, Adrales GL, Quigley MT, Pories WJ, Laycock WS. Early morbidity and
mortality of laparoscopic sleeve gastrectomy and gastric bypass in the elderly: a NSQIP analysis.
Surg Obes Relat Dis. Jul-Aug 2014;10(4):584-588. doi: 10.1016/j.soard.2014.02.010 [PubMed:
24913586]

Aasheim ET. Wernicke encephalopathy after bariatric surgery: a systematic review. Ann Surg. 11
2008;248(5):714-720. doi: 10.1097/SLA.0b013e3181884308 [PubMed: 18948797]

Singh S, Kumar A. Wernicke encephalopathy after obesity surgery: a systematic review.
Neurology. 3 13 2007;68(11):807-811. doi: 10.1212/01.wnl.0000256812.29648.86 [PubMed:
17353468]

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 February 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Roth et al. Page 12

70. Spitznagel MB, Alosco M, Strain G, et al. Cognitive function predicts 24-month weight loss
success after bariatric surgery. Surg Obes Relat Dis. Sep-Oct 2013;9(5):765-770. doi: 10.1016/
j.s0ard.2013.04.011 [PubMed: 23816443]

71. Spitznagel MB, Galioto R, Limbach K, Gunstad J, Heinberg L. Cognitive function is linked to
adherence to bariatric postoperative guidelines. Surg Obes Relat Dis. Jul-Aug 2013;9(4):580-585.
doi: 10.1016/j.s0ard.2013.04.007 [PubMed: 23791534]

72. Prehn K, Jumpertz von Schwartzenberg R, Mai K, et al. Caloric Restriction in Older Adults-
Differential Effects of Weight Loss and Reduced Weight on Brain Structure and Function. Cereb
Cortex. 31 2017;27(3):1765-1778. doi: 10.1093/cercor/bhw008 [PubMed: 26838769]

J Nutr Gerontol Geriatr. Author manuscript; available in PMC 2020 February 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Roth et al.

Page 13

Take Away Points
. Obesity in older adults is not consistently associated with cognitive problems.

. There is a paucity of research evaluating the neuropsychological outcome of
bariatric surgery in older adults.

. A comprehensive program of research that includes pre-surgical medical,
psychological, and neuropsychological assessment in large samples of older
adults is needed.
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