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Abstract: Obesity is a noticeable public health problem worldwide. It is well known that obesity affects physical health
and cognitive function. It impairs all domains of cognitive function. Moreover, obesity affects both metabolic activity
and cerebral structure of the brain. Bariatric surgery is surgical procedures that help patients with extreme obesity to lose
weight. Multiple domains of cognitive function improve 24 to 36 months after bariatric surgery. Mechanism of such
improvement is still questionable. It may be related to improvement of underlying medical condition, improved glucose
regulation and insulin sensitivity, or correction of leptin and ghrelin systems. In this article, we review the effect of

bariatric surgery on cognitive function and its possible mechanism.
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INTRODUCTION

Obesity is an obvious public health problem.
Its prevalence in the United States estimated to be
35.1% in 2011-2012 (1) and 33.7 in 2014 [2].

It is well known that obesity leads to multiple
medical conditions [3]. Diabetes, hypertension, and
coronary artery disease are comorbidities associated
with obesity [4]. Also, obesity is connected to increased
mortality and morbidity [5]. Moreover, those with
morbid or extreme obesity (body mass index [BMI] >40
kg/m2) have the highest risk of psychiatric
comorbidities. Additionally, obesity is linked to
Alzheimer’s disease and vascular dementia [6].

Obesity affects multiple domains of cognitive
function including attention, executive function, and
memory [7, 8]. Gunstad et al. found that learning and
memory are affected by obesity in young to middle-
aged persons [9]. Another study stated that 23.9% of
severely obese persons showed learning deficit and
22.9% showed declined memory performance [10].
Binge eating disorder (BED), described by the
American Psychiatric Association in 2013, is the
recurrence of binge eating episodes involving the
consumption of an objectively large amount of food
with a simultaneous subjective sense of loss of control
over eating. Obese individuals with BED showed
executive function and decision making deficits more
than obese non-BED controls [11, 12]. Moreover, there
is theory of emotional eating which describes that
overeating episodes with loss of control on over eating

is associated with emotional distress in obese adults [13,
14].

Both Positron emission tomography (PET) and
functional magnetic resonance imaging (fMRI) measure
metabolic activity within the brain and show cerebral
structure. Obesity affects both metabolic activity and
cerebral structure [6]. The grey matter volume of the
hypothalamus, prefrontal, anterior temporal and inferior
parietal cortices, and the cerebellum was decreased with
increased BMI and waist circumference with
the waist circumference is a more important than BMI,
mainly in females [15]. Functional magnetic resonance
imaging shows that morbidly obese patients suffer from
deterioration in functional connectivity of appetite
control networks, which also mediate executive
functions [16]. Recent studies confirmed that morbidly
obese patients show decrease in white and grey matter
densities in brain regions which associated with
impaired food intake control and cognitive-emotion
regulation [17, 15, 18- 21].

Overview of bariatric surgery

NIH Consensus Development Conference
Panel [22] recommended bariatric surgery for those
with class 3 obesity (BMI >40 kg/m2) and for those
with class 2 obesity (BMI=35-39.9 kg/ m2) associated
with high-risk comorbid conditions such as type 2
diabetes or cardiovascular disease [22]

There are different Bariatric surgical
procedures which include Roux-en-Y gastric by-pass
(RYGB), sleeve gastrectomy (SG), vertical banded
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gastroplasty (VBG), adjustable gastric banding (AGB),
laparoscopic  adjustable gastric band (LAGB),
biliopancreatic  diversion with duodenal switch
(BPD/DS) and laparoscopic mini gastric by-pass
(MGB).

Roux-en-Y gastric by-pass is an irreversible
procedure, which leads to restriction of food intake and
malabsorption of consumed food [23]. The procedure is
typically done through laparoscopic approach. Staples
are used to first create a 15- to 30-mL gastric pouch.
The jejunum is then divided and connected to the
gastric pouch, effectively bypassing sections of the
small intestine. The SG leads to the restriction of food
intake via the creation of a gastric sleeve but, unlike the
RYGB, does not involve malabsorption as the small
intestine remains fully intact [24].

The most common and the gold standard
procedure done in USA and Canada is RYGB [25, 23,
26]. Regarding weight loss outcomes, RYGB and SG
show similar results, so SG done when RYGB is
contraindicated [24].

Twenty five percent and thirty two percent are
the average 2-year weight losses with VSG and RYGB.
Also, bariatric surgery associated with dramatic
improvement in type 2 diabetes, hypertension, sleep
apnea, hyperlipidemia, hospitalizations, and reduced
uses of medications among others [27, 28].

Cognitive function measurement

There are multiple domains of cognitive
functions which include perception, attention, memory
and executive function. The latter includes higher order
processes such as planning, regulation and goal-oriented
behavior [29].

The Neuropsychological assessment battery
(NAB) is a comprehensive modular battery of tests
normed for adults between the ages of 18-97 years. The
full NAB consists of 36 individual tests across five
cognitive domains: (a) Attention, (b) Language, (c)
Memory, (d) Spatial, and (e) Executive Functions [30,
31]. These tests measure pre-intervention and post-
intervention performance on tests.

To assess the cognitive function after bariatric
surgery, several studies used the following tests:
Attention/executive  function:  Digit span total,
Switching of attention, Verbal interference, Maze task,
Memory: Verbal list-learning, Language: Letter
fluency, Animal fluency [32-35]. Other studies used
California Verbal Learning Test Il, Wechsler Memory
Scale 111, Brief Visuospatial Memory Test—Revised,
Controlled Oral Word Association Task (COWAT),
Stroop Colour and Word Test (Golden version),
Wisconsin Card Sorting Task, Colour Trails Test Part A

and B, Paced Auditory Serial Attention Test [36] lowa
Gambling Task, Rey Auditory Verbal Learning Test,
Rey Complex Figure Test, and Trail Making Test [37].

The cognitive function after bariatric surgery

In the last few decades, a considerable increase
of performing bariatric surgeries was recorded. In
1990s, about 16,000 procedures were carried out
compared to more than 103,000 and 220,000 procedures
in 2003 and 2008 respectively [38].

Such records raise concerns about the effect of
these procedures on overall health and cognitive
function. The National Institute of Diabetes and
Digestive and Kidney Diseases (NIDDK) establish
Longitudinal Assessment of Bariatric Surgery (LABS)
project, which is a multicenter longitudinal follow-up
examination of the outcome of bariatric surgery [6]

Group of researchers published series of
studies that show the relation between cognitive
function and bariatric surgery over 4 years. They
concluded that cognitive impairment improved after the
surgery on memory, executive function, and attention
domain up to 36 months but the attention domain may
slightly decline after 24 months with weight regain [33,
39, 10, 40, 6].

Waldstein SR et al. stated that high blood
pressure coupled with central or total obesity showed
decline in the performance of participants in tests of
motor speed and manual dexterity as well as executive
function [41].

Most of studies reveal that cognitive function
recovers after bariatric surgery but this recovery may be
affected by premorbid factors. Cases with history of
depression are anticipated to have reduced cognitive
recovery. Also, there is a positive association between
the depression and anxiety scores and weight loss [42].
Interventions by counseling may be useful in
ameliorating depression, but further studies are needed
[43]. Moreover, bariatric surgery patients with family
history of Alzheimer’s disease did not show recovery in
memory performance after surgery in comparison to
those without family history [44]. On the other hand,
history of binge eating disorder and older age did not
show effect on postoperative cognitive improvement
[32, 45]

Although, the mechanisms by which
postoperative cognitive recovery occur, explained in
different studies, there is inconsistent conclusion about
it. One of the early explanations is that the medical
conditions associated with obesity which resolve after
surgery may be linked to postoperative cognition
improvement [39, 46]. Another study owes the decrease
of depressive symptoms after bariatric surgery to
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several factors. These include deactivation of
inflammatory pathways, normalization of hypothalamic
pituitary adrenal axis functioning, reversal of insulin
resistance, and reduction of psychological distress due
to massive weight loss [47]. Improvement in glucose
regulation and insulin sensitivity, as early as one month
and one year, respectively, after bariatric surgery may
related to improved cognitive function [48, 49, 34]..
Improved liver function and decrease preoperative
Alkaline  Phosphatase  (ALP) accompanied by
postoperative cognition improvement [50, 51]. Leptin
and ghrelin systems are appetitive hormones
responsible for regulation of food intake, energy, and
weight, these hormones disturbed in obese adults [52].
After bariatric surgery serum leptin and ghrelin levels
improved [53, 54]. Increased serum ghrelin levels were
associated with recovered attention/executive function
at the 12-month after surgery [35]. As well, serum
leptin levels were decreased and brain’s sensitivity to its
level is increased via increased its brain permeability.
This is linked to improved cognitive function
postoperatively [55, 35].

In obese patients, increase of long-term
cerebral metabolic activity is associated with structural
brain abnormalities which causes cognitive decline. All
of this is reversible with weight loss after bariatric
surgery [37]. Interestingly, recent study discovered that
there is acute recovery of brain structural abnormalities
in obese patients within one month postoperatively [56].

CONCLUSION

In conclusion, obesity is accompanied by
cognitive impairment in all domains. All research
studies prove that bariatric surgery shows obvious
improvement in cognitive function after 24 and 36
months  follow-up. The mechanism of such
improvement is inconclusive till now. Further research
is needed to detect the long term effect of these
surgeries on the cognition and to identify the possible
mechanism.
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