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Abstract

Objective: The current study examines the prevalence of mild cognitive impairment (MCI) in 

a sample of adults with severe obesity and whether undergoing bariatric surgery reduces the 

frequency of MCI.

Methods: A total of 171 participants with severe obesity (mean age = 43.07 ± 11.21) completed 

computerized cognitive testing. A subset of participants underwent bariatric surgery as part of the 

Longitudinal Assessment of Bariatric Surgery (LABS) project. Mild cognitive impairment (MCI) 

was operationalized using commonly-used criteria to establish prevalence in the overall sample 

and to examine possible changes after bariatric surgery.

Results: More than half of the overall sample met criteria for MCI at baseline (53.8%) and 

MCI was prevalent even in young and middle-aged adults with severe obesity. Within the subset 

of participants that underwent bariatric surgery, the prevalence of MCI was reduced by 48.9% at 

12-month follow-up (from 53.4% to 27.3%).

*Address correspondence to: John Gunstad, PhD, Department of Psychological Sciences, Kent State University, 144 Kent Hall, Kent, 
OH 44242, Telephone: 330.672.2399, Fax: 330.672.3786, jgunstad@kent.edu. 

Conflict of Interest Disclosures: Dr. Devlin reports grants from the National Institutes of Health during the conduct of the study 
and personal fees from outside the submitted work. Dr. Crosby reports personal fees from Health Outcomes Solutions outside the 
submitted work. Dr. Courcoulas reports grants from NIH-NIDDK, grants from Covidien/Ethicon, grants from Nutrisystem, and project 
consultation for Apollo Endosurgery outside the submitted work. Mrs. Rochette, Dr. Spitznagel, Dr. Strain, Dr. Mitchell, and Dr. 
Gunstad declare no conflicts of interest.

Publisher's Disclaimer: This is the author manuscript accepted for publication and has undergone full peer review but has not been 
through the copyediting, typesetting, pagination and proofreading process, which may lead to differences between this version and the 
Version record. Please cite this article as doi:10.1002/oby.21514.

HHS Public Access
Author manuscript
Obesity (Silver Spring). Author manuscript; available in PMC 2021 December 22.

Published in final edited form as:
Obesity (Silver Spring). 2016 July ; 24(7): 1427–1429. doi:10.1002/oby.21514.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions—Findings suggest that many individuals with severe obesity meet criteria for MCI 

and that prevalence rates decline after bariatric surgery. A better understanding of the mechanisms 

linking severe obesity to adverse neurological outcomes is much needed.
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Introduction

More than one-third of adults meet criteria for obesity (BMI>30) and approximately 12% 

of men and 17% of women have severe obesity (BMI≥35) (1). In addition to risk for 

multimorbidity (2), research shows that obesity is a risk factor for poor neurocognitive 

outcomes, including Alzheimer’s disease (AD) and other forms of dementia (3-5). Recent 

work shows severe obesity is also associated with elevated risk for cognitive dysfunction and 

this risk appears to increase with age (6-8). Despite these findings, no study has examined 

the prevalence of mild cognitive impairment (MCI) in persons with severe obesity. The 

present study did so in adults ranging from 16-68 and examined possible changes after 

bariatric surgery.

Materials and Methods

Participants

Cognitive test performance for 120 surgery candidates and 51 demographically-and 

medically-similar control participants was extracted from a multi-site National Institutes 

of Health (NIH) study examining the effects of bariatric surgery on neurocognitive function. 

Surgical participants were part of the Longitudinal Assessment of Bariatric Surgery (LABS) 

project. All participants were required to be 18-70 years of age and English-speaking and 

excluded for a history of a neurological disorder or injury (e.g., dementia, stroke), past/

current history of severe psychiatric illness (e.g., schizophrenia), past/current history of 

alcohol or drug abuse, history of learning disorder or developmental disability, or impaired 

sensory function. The present study consisted of all participants with complete cognitive 

data, subjective report of cognitive function, and intact activities of daily living.

The mean age of the combined surgery and control samples (N = 171) was 43.07 ± 11.21, 

80.7% female and mean BMI of 44.91 ± 6.70. A total of 88 of the 120 bariatric surgery 

candidates from baseline had complete follow-up data. Surgery patients with complete data 

at follow-up were similar to those without, having a mean age of 44.11 ± 10.28, mean BMI 

of 46.91 ± 6.51, and 81.8% female. These two groups also did not differ on hypertension 

[χ2(1) = .85, p = .36], sleep apnea [χ2(1) = 1.99, p = .16], or diabetes [χ2(1) = .93, p = .34].

Measures

Neurocognitive Function—The Integneuro computerized neurocognitive battery has 

been previously described (9) and used in past studies of persons undergoing bariatric 

surgery. Performance in several cognitive domains was quantified, namely: Memory: verbal 

list learning, verbal list short-delay and long-delay recalls, verbal list recognition; Attention: 
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digit span forward, digit span backward, sustained attention, switching of attention-digits, 

verbal interference-word; Language: letter fluency, animal fluency; Executive Function: 

switching of attention-mixed, verbal interference-color, maze errors, and maze overrun 

errors.

Criteria for MCI—To promote generalizability to other samples, we utilized the 

operational definition for objective cognitive impairment in MCI established by Jak and 

colleagues: ≥ 1 SD below the normative mean on two or more tasks within the same 

cognitive domain (10). This approach has been used to characterize the severity of cognitive 

impairment in other samples, including past work in the Alzheimer’s Disease Neuroimaging 

Initiative (ADNI) project (11).

Procedures

Study procedures were approved by the appropriate human subjects protection boards and 

all participants provided written informed consent prior to study activities. Bariatric surgery 

patients completed the computerized cognitive battery and questionnaires within 30 days 

prior to surgery and 12 months post-operatively. Control participants completed the same 

procedures during a research visit.

Data Analysis

To facilitate interpretation, all raw scores of the neurocognitive measures were converted to 

z scores using existing normative data from the Brain Resource International Database on 

the basis of age, gender, and estimated IQ. Analyses established the prevalence of MCI and 

examined possible changes after bariatric surgery. Demographic and medical characteristics 

were compared using t-tests and chi-squares.

Results

MCI at Baseline in Adults with Severe Obesity

At baseline, 92 of 171 (53.8%) total participants met diagnostic criteria for MCI. Rates ilar 

across the adult lifespan [χ2(3) = 1.45, p = .69] (Table 1).

Predictors of MCI in Adults with Severe Obesity

Participants with MCI had a lower BMI (M=43.79 ± 6.15) compared to those without MCI 

(M=46.20 ± 7.10) [t(169) = 2.38, p = .02] but did not differ on age [t(169) = 1.03, p = .30], 

sex [χ2(2) = 1.59, p = .21], or the presence of hypertension [χ2(1) = .85, p = .36], sleep 

apnea .[χ2(1) = .00, p = .99], or diabetes [χ2(1) = .13, p = .72].

Change in MCI from Baseline to 12 Months Post-Surgery

Of the 88 surgery patients with complete data at baseline and 12 months post-operative 

follow-up, 47 (53.4%) met criteria for MCI at baseline. Rates of MCI were similar at 

baseline across age bands [χ2(3) = 1.06, p = .79].
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At 12-month post-operative follow-up, just 24 individuals met criteria for MCI (27.3 %), 

reflecting a 48.9% decrease from baseline [χ2(1) = 11.03, p = .001]. Rates of MCI were 

again similar across ages at 12 months post-surgery [χ2(3) = .39, p = .94] (Table 2).

Medical Predictors of MCI change from Pre- to Post-Bariatric Surgery

When comparing the subset of bariatric surgery patients that had stable MCI (i.e. both at 

baseline and 12 months; N = 24) to those that no longer met criteria at 12 months (N = 64), 

no differences in resolution rates were found for hypertension [χ2(1) = 2.54, p = .11], sleep 

apnea[χ2(1) = 0.02, p = 0.90], or type 2 diabetes [χ2(1) = 0.51, p = .47]. The groups also 

did not differ in age [t(45) = .43, p = .67], BMI at baseline [t(45) = −.75, p = .46], or BMI 

change from baseline to 12 months [t(31) = −.08, p = .94].

Discussion

The current study shows that MCI was present in a sample of adults with severe obesity 

and at a rate much higher than the general population (e.g. 54% vs. 6% in persons 51-59 

years of age; 12). This finding emerged using established MCI criteria and is consistent 

with the growing evidence for an association between obesity and adverse neurological 

outcomes, including stroke, AD, and other forms of dementia (3-5,13). However, given the 

relatively young age in the current sample and post-operative reduction in MCI prevalence, 

the extent to which meeting diagnostic criteria for MCI in this population specifically 

reflects a prodromal stage of AD or other neurological condition is unclear. Prospective 

studies with extended long-term follow-ups are much needed to elucidate the long-term 

cognitive benefits of bariatric surgery.

Although persons with severe obesity with and without MCI were generally similar in 

demographic and medical characteristics, participants with MCI had a lower BMI at 

baseline. This finding requires clarification, as past work suggests higher BMI is typically 

associated with greater impairment (14-15). However, the difference in BMI was small in 

the current study between these groups (43.79 ± 6.15 vs. 46.20 ± 7.10) and the extent of its 

clinical meaningfulness is unclear.

Notably, the prevalence of MCI declined sharply after bariatric surgery and resolution of 

common comorbidities was not associated with these cognitive improvements. Although 

there is a growing body of research showing that obesity is associated with poor 

neurocognitive outcomes, the mechanisms underlying this relationship and the cognitive 

improvements exhibited after bariatric surgery are unclear. More sophisticated assessments 

of known risk factors for poor cognitive outcomes (e.g. ambulatory beat-to-beat blood 

pressure, oral glucose tolerance testing) would provide a better understanding of their 

contribution. Future studies are also needed to clarify the role of other likely contributors, 

including metabolic and hormonal dysregulation, systemic and central inflammation, and 

disruption of the blood-brain barrier (5,16,17,18).

The current findings are limited in several ways. First, medical characteristics were obtained 

using self-report and chart review and direct assessment of these possible contributors will 

help to clarify outcomes. Similarly, very few studies have utilized advanced neuroimaging 
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in persons with severe obesity and examination of amyloid uptake and patterns of cerebral 

perfusion may provide key insight into the high rates of cognitive impairment found in this 

sample. Finally, though we found a lower prevalence of MCI at 12-month follow-up than 

baseline and cognitive improvements are known to last at least 2 years post-bariatric surgery 

(19), studies with extended follow-up visits (e.g. 10+ years) are needed to clarify whether 

these cognitive benefits persist into older adulthood.

In summary, the current findings demonstrate that a majority of adults with severe obesity 

meet criteria for MCI and that this prevalence is reduced following bariatric surgery. More 

work is needed to elucidate the mechanisms for cognitive impairment in this population and 

the extent to which weight loss may delay or even prevent development of conditions like 

AD.

Funding:

This work is supported by the National Institutes of Health (DK075119; PI Gunstad).

References

1. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult obesity in the 
United States, 2011-2012. JAMA 2014 2;311:806–14. [PubMed: 24570244] 

2. Agborsangaya CB, Majumdar SR, Sharma AM, Gregg EW, Padwal RS. Multimorbidity in a 
prospective cohort: prevalence and associations with weight loss and health status in severely obese 
patients. Obesity 2015;23:707–12. [PubMed: 25682926] 

3. Anstey KJ, Cerbuin N, Budge M, Young J. Body mass index in midlife and late-life as a risk 
factor for dementia: a meta-analysis of prospective studies. Obesity Rev 2011;12: e426–e437. DOI: 
10.1111/j.1467-789X.2010.00825.x.

4. Tolppanen AM, Ngandu T, Kareholt I, Laatikainen T, Rusanen M, Soininen H, et al. Midlife and 
late-life body mass index and late-life dementia: results from a prospective population-based cohort. 
JAlzheimers Dis 2014;38:201–209. [PubMed: 23948937] 

5. Spitznagel MB, Hawkins M, Alosco M, Galioto R, Garcia S, Miller L, et al. Neurocognitive Effects 
of Obesity and Bariatric Surgery. Eur Eat Disord Rev 2015;23:488–495. [PubMed: 26289991] 

6. Yau PL, Kang EH, Javier DC, Convit A. Preliminary evidence of cognitive and brain abnormalities 
in uncomplicated adolescent obesity. Obesity 2014; 22:1865–1871. [PubMed: 24891029] 

7. Cheke LG, Simons JS, Clayton NS. Higher BMI is Associated with Episodic Memory Deficits in 
Young Adults. Q J Exp Psychol 2015; DOI: 10.1080/17470218.2015.1099163.

8. Stanek KM, Strain G, Devlin M, Cohen R, Paul R, Crosby RD, et al. Body Mass Index and 
Neurocognitive Functioning Across the Adult Lifespan. Neuropsychology 2013; 27:141–151. 
[PubMed: 23527642] 

9. Paul RH, Lawrence J, Williams LM, Richard CC, Cooper N, Gordon E. Preliminary validity of 
“integneuro”: a new computerized battery of neurocognitive tests. Int J Neurosci 2005;115:1549–67. 
[PubMed: 16223701] 

10. Jak AJ, Bondi MW, Delano-Wood L, Wierenga C, Corey-Bloom J, Salmon DP, et al. 
Quantification of five neuropsychological approaches to defining mild cognitive impairment. Am 
JGeriatr Psychiatry 2009; 17:368–375. [PubMed: 19390294] 

11. Bondi MW, Edmonds EC, Jak AJ, Clark LR, Delano-Wood L, McDonald CR, et al. 
Neuropsychological criteria for mild cognitive impairment improves diagnostic precision, 
biomarker associations, and progression rates. JAlzheimers Dis 2014; 42:275–289. [PubMed: 
24844687] 

12. Kremen WS, Jak AJ, Panizzon MS, Spoon KM, Franz CE, Thompson WK, et al. Early 
identification and heritability of mild cognitive impairment. Int J Epidemiol 2014;43:600–610. 
[PubMed: 24370560] 

Rochette et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2021 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Strazzullo P, D’Elia L, Cairella G, Garbagnati F, Cappuccio FP, Scalfi L. Excess body weight 
and incidence of stroke: meta-analysis of prospective studies with 2 million participants. Stroke 
2010;41:e418–e426. DOI: 10.1161/SROKEAHA.109.576967. [PubMed: 20299666] 

14. Gunstad J, Paul RH, Cohen RA, Tate DF, Spitznagel MB, Gordon E. Elevated body mass index is 
associated with executive dysfunction in otherwise healthy adults. Compr Psychiatry 2007;48:57–
61. [PubMed: 17145283] 

15. Volkow ND, Wang GJ, Telang F, Fowler JS, Goldstein RZ, Alia-Klein N, et al. Inverse Association 
Between BMI and Prefrontal Metabolic Activity in Healthy Adults. Obesity 2009; 17:60–65. 
[PubMed: 18948965] 

16. Nguyen JC, Killcross AS, Jenkins TA. Obesity and cognitive decline: role of inflammation and 
vascular changes. Front Neurosci 2014; 8:375. [PubMed: 25477778] 

17. Bove RM, Gerweck AV, Mancuso SM, Bredella MA, Sherman JC, Miller KK. Association 
between adiposity and cognitive function in young men: Hormonal mechanisms. Obesity 2016; 
DOI: 10.1002/oby.21415.

18. Ryan L, Walther K. White matter integrity in older females is altered by increased body fat. 
Obesity 2014; 22:2039–2046. [PubMed: 24957741] 

19. Alosco ML, Spitznagel MB, Strain G, Devlin M, Cohen R, Paul R, et al. Improved memory 
function two years after bariatric surgery. Obesity 2013; 22:32–38. [PubMed: 23625587] 

Rochette et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2021 December 22.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Study Importance

• Obesity is associated with elevated risk for accelerated cognitive decline and 

Alzheimer’s disease.

• The current findings show a majority of adults with severe obesity meet 

diagnostic criteria for mild cognitive impairment (MCI), even young and 

middle-aged individuals.

• The prevalence of MCI declines after bariatric surgery.
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Table 1.

Prevalence of Mild Cognitive Impairment in Severely Obese Individuals

Baseline: Surgery Candidates and Controls Combined

Age (years) Total n # w/ MCI % w/ MCI χ2 p

18-29 21 11 52.4%

30-39 46 28 60.9%

40-49 47 25 53.2%

50+ 57 28 49.1%

Total 171 92 53.8% 1.45 0.69
a

MCI = mild cognitive impairment

a
Prevalence of MCI was not significantly different across age bands.
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Table 2.

Prevalence of Mild Cognitive Impairment Pre- and Post-Bariatric Surgery

Baseline 12 months

Age
(years) Total n # w/

MCI
# w/
MCI χ2 p # w/

MCI
% w/
MCI χ2 p

18-29 6 2 33.3% 1 16.7%

30-39 25 14 56.0% 7 28.0%

40-49 24 13 54.2% 7 28.0%

50+ 33 18 54.6% 9 27.3%

Total 88 47 53.4% 1.06 .79
a

24
b 27.3% .39 .94

a

MCI = mild cognitive impairment

a
Prevalence of MCI was not significantly different across age bands at either baseline or 12 month follow-up.

b
Rates of MCI declined significantly from pre- to post-bariatric surgery [χ2(1) = 11.03, p = .001].
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