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Abstract

There is a global increase in the prevalence of severe obesity in females during adolescence,
which is a critical period for neurocognitive development. An increasing number of adolescents
and young adults are now undergoing weight loss surgery as a treatment strategy for obesity.

In addition to metabolic complications, obesity has been linked to neurocognitive comorbidity,
and studies exploring cognitive performance in adolescents with severe obesity and the impact

of bariatric surgery on cognitive abilities are limited. Verbal memory and executive function

were assessed cross-sectionally in 69 females with moderate to severe obesity and 24 females
without obesity, 13-24 years old. In an exploratory analysis, cognitive changes were also assessed
longitudinally over 12 months in a subset of 35 females with moderate to severe obesity following
weight loss surgery (n = 21) or following usual care without surgery (1= 14). In cross-sectional
analysis, females with moderate to severe obesity showed lower scores for short-term and
long-term recall (verbal memory) and response inhibition and cognitive flexibility (executive
function) than the comparison group, when adjusted for age and baseline intelligence. Females
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with moderate to severe obesity who underwent surgery showed significant weight loss but

no improvement in verbal memory and executive function scores over 12 months compared

with those who did not have surgery. In conclusion, females with moderate to severe obesity
demonstrate worse performance in tests of verbal memory and executive function than the
comparison group without obesity. In addition, exploratory analyses provide no indication that
weight loss surgery improves these observed cognitive decrements over a period of 12 months.
Further studies are necessary to comprehensively evaluate changes in cognitive function following
bariatric surgery.
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Introduction

Recent studies indicate increasing rates of severe obesity both in female adolescents aged
16-19 years [1] and in adult women compared with men [2]. As a consequence, weight
loss surgery (WLS) in this population has also been on the rise [3-6]. In addition to
metabolic complications, severe obesity is associated with a broad range of mood [7, 8],
emotional [8, 9], and cognitive alterations [10, 11]. Multiple authors have examined the
relationship between pediatric obesity and neurocognitive outcomes and have reported a
negative correlation between body weight and cognitive indices [11-13]. These deficits were
mainly noted in the areas of language [11, 14], memory [11, 14], and executive function
aspects of cognitive function [12, 13]. Adolescents with obesity have also been shown

to have structural and functional changes in brain regions that regulate these cognitive
functions [12, 15].

Recent metanalyses exploring the cognitive impact of WLS in adults indicate positive
effects of WLS on neurocognitive measures [16]. Possible improvements in associated
comorbidities such as hypertension and insulin resistance, changes in adipokines/
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inflammatory cytokines, and in the gut microbiome have been cited as possible mechanisms
underlying the structural and functional brain changes thought to mediate neurocognitive
effects [16]. Despite the abundance of studies in adults, literature examining cognitive
endpoints after WLS in adolescents and young adults is sparse. In a small pilot study,
researchers examined memory and executive function and its associated neural correlates

in adolescents and young adults aged 14-21 years. The authors found no improvements

in assessed cognitive functions 4 months after surgery [17]. However, in a second-related
manuscript, the authors reported reduced neural activation with fMRI tasks indicating
improvement in neural performance to memory and reward-based tasks [18]. Adolescence
and young adulthood mark a crucial phase of brain maturation and behavioral development;
however, data are limited regarding cognitive changes in adolescents and young adults
undergoing WLS. It is therefore important to evaluate the impact of WLS on cognitive
indices during this important period of neurobehavioral development.

In this study, adolescent/young adult females with moderate to severe obesity were
compared to adolescent/young adult females without obesity (comparison group) to examine
the cognitive profile of the study cohort with obesity with respect to participants in the
comparison group. Memory and executive function were chosen as study endpoints, as they
represent key cognitive domains that determine academic outcomes and are reported to be
impacted in individuals with obesity [13]. It was hypothesized that females with moderate
to severe obesity would have lower scores for (a) short-term and long-term recall (verbal
memory) and (b) response inhibition and cognitive flexibility (aspects of executive function)
compared with the comparison group. In addition, an exploratory analysis was conducted to
compare changes in verbal memory and executive function over 12 months in a subsample
of the studied adolescent and young adult females with moderate to severe obesity who
underwent WLS vs. those who did not undergo surgery and were followed with routine care.

Study Participants

Data from two previous studies from the group conducted between 2011 and 2018 (R01
HDO060827 and RO1 DK103946) were pooled to obtain the cognitive data. All participants
were between 13 and 24 years of age. Females with moderate to severe obesity had a

body mass index (BMI) > 40 kg/m? or BMI > 35 kg/m? with major comorbidities. The
comparison group included healthy females without obesity (BMI between the 10th-90th
percentiles) or other chronic medical conditions. Both groups were recruited for studies
assessing bone health and metabolism; therefore, exclusion criteria included conditions
other than WLS affecting bone metabolism, including primary ovarian insufficiency,
hyperprolactinemia, thyroid dysfunction, and smoking [19]. Females in the comparison
group were included from a study that evaluated bone outcomes in athletes with amenorrhea
and controls (RO1 HD060827) [20], and females in the obesity group were recruited

from an ongoing trial that examines bone outcomes after WLS (R01 DK103946) and
includes those undergoing surgery (surgical group) and those followed without surgery and
routine care (non-surgical group) [21, 22]. Participants (including comparison group) were
recruited through advertisements in the Partners HealthCare system, medical clinics, local
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newspapers, and colleges. In addition, participants with obesity (including those undergoing
WLS) were recruited from area hospitals and weight loss centers that perform WLS in
adolescents and young adults with moderate to severe obesity. Participants 18 years of age
and older and parents of subjects < 18 years provided consent, and informed assent was
obtained from subjects < 18 years. Changes in depressive and anxiety symptoms following
WLS have been previously reported [8], and the current study is the first to analyze and
report changes in cognitive indices. All studies were approved by the Institutional Review
Board of Partners HealthCare.

Study Design

Cross-sectional component—Cognitive assessments in 69 females with moderate to
severe obesity were compared with 24 females from comparison group of similar age
without obesity.

Longitudinal component—Cognitive testing was repeated in a subset of 35 females with
moderate to severe obesity 12 months after (i) undergoing WLS (surgical group; Roux-en-Y
gastric bypass [RYGB]: n= 3, vertical sleeve gastrectomy [VSG]: n= 18; total n=21) and
(ii) 14 females who were being followed without surgical intervention (non-surgical group).

Neurocognitive Tests

Participants underwent three different neuropsychological tests as shown below: (i)
Wechsler Abbreviated Scale of Intelligence (WASI), which was used to test for general
intellectual ability and included (a) Vocabulary Test that measured indices of fluid
intelligence and (b) Matrix Reasoning that measured crystallized intelligence; (ii) the
California Verbal Learning Test—Second Edition (CVLT-II) that was used to test for verbal
memory by means of short-term and long-term recall; and (iii) Delis-Kaplan Executive
Function System Color-Word Interference Test (D-KEFS CWIT) that assessed executive
function, including (a) response inhibition (participants named the color of the ink for words
representing colors printed in dissonant ink color) and (b) cognitive flexibility (subjects
named the color of the ink, unless words were framed in a box, where subjects were
instructed to read aloud the word instead).

Statistical Analysis

JMP Pro12 was used for analysis. The Shapiro Wilk test was performed to test for normality.
Mean and standard error of mean (SEM), or median and interquartile ranges (IQR) are
presented for parametric and non-parametric data, respectively. Independent 2-sample #tests
or Wilcoxon rank sum tests were used to compare continuous variables (age, BMI, cognitive
scores) depending on their distribution. Chi-square tests were used to compare categorical
variables (race/ethnicity). Matched-pair analyses were conducted to assess cognitive score
changes over 12 months. Linear regression was used to compare groups, controlling

for confounding variables (age, baseline intelligence, and BMI). p values < 0.05 were
considered statistically significant. Effect sizes for change in cognitive scores and BMI were
calculated using formula r= Z/sqrt N for differences between surgical and non-surgical
groups for Wilcoxon tests and Cohen’s d for #tests. A posteriori power analysis for our
primary confirmatory hypothesis achieved a power of 93% to reject the null hypothesis
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of equal means with a significance level (alpha) of 0.050 using a two-sided two-sample
unequal-variance £test.

Cross-sectional analysis across weight groups

Participants in the comparison group had a median age of 19.5 (18.9-20.3) years and BMI of
21.7 (20.1-23.7) kg/m?, whereas females with moderate to severe obesity had a median age
of 18.3 (16.4-20.4) years and median BMI of 44.8 (40.9-48.8) kg/m? (p= 0.04 and < 0.001
for age and BMI, respectively). The comparison group was 79% Caucasian vs. the group
with moderate to severe obesity, which was 61% Caucasian (p= 0.007).

Scores differed between females with moderate to severe obesity and the comparison group
for all cognitive tests including WASI, CVLT-II, and D-KEFS CWIT and are shown in Table
1. Females with moderate to severe obesity consistently showed lower cognitive scores than
the comparison group, including WASI vocabulary scores, CVLT-11 verbal short-term recall
and long-term recall scores (p < 0.01 for all), and D-KEFS CWIT response inhibition and
cognitive flexibility scores (p < 0.0001 for all) after controlling for age. These differences
persisted after also controlling for baseline WASI scores (p < 0.01 for all).

Longitudinal analysis in participants with moderate to severe obesity

Participant characteristics for surgical and non-surgical groups are presented in Table 2. BMI
in the surgical group decreased by 14.1 (9.1-15.7) kg/m? over 12 months compared with the
non-surgical, whose BMI increased slightly (0.3 kg/m? [- 1.7-1.1]) (p < 0.0001). Baseline
and 12-month follow-up scores and changes in scores over 12 months are presented in
Tables 3, 4, and 5, respectively. There were no significant differences in intelligence, verbal
memory, and executive function scores between those who did vs. those did not undergo
surgery, both for within group matched pair analysis at baseline and 12 months and for the
between group comparison of changes in the scores over 12 months of follow-up. These
findings persisted after adjusting for age, baseline BMI, and baseline cognitive performance
scores, respectively, in separate models.

Discussion

The investigation revealed two main findings. First and consistent with our hypothesis, it
showed that adolescent and young adult females with moderate to severe obesity performed
worse on tests engaging verbal memory and executive function compared with females
without obesity. These findings are consistent with other studies in adolescents and adults
[12, 13], suggesting that the current study cohort was similar to other study populations
demonstrating detrimental effects of obesity on human cognition [13]. Second, in this study
sample, cognitive function did not improve following WLS despite significant weight loss
compared to those who did not undergo surgery.

The physiology underlying cognitive alterations in obesity is still debated. Inflammation,
adipokines, alterations in gut hormones and in the microbiome, and associated metabolic/
psychiatric comorbidities represent possible biological mechanisms that might predispose
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individuals to cognitive alterations in obesity [23]. Interestingly, most adult studies report

an improvement of cognitive function following WLS [16]. However, adult data may not

be reflective of the impact of obesity and subsequent weight loss in adolescents and young
adults, who are at a critical period of brain maturation and development. In the study cohort
of 21 participants undergoing weight loss surgery and 14 non-surgical participants, cognitive
assessments were repeated 12 months post-WLS or routine care, and in contrast to data
reported in adults, there were no improvements in these endpoints in the surgical vs. the
non-surgical group, suggesting that cognitive indices may not necessarily improve with
weight loss in this younger cohort.

To our knowledge, only one previous study in adolescents has compared memory and
executive function in 10 participants who underwent VSG to 12 controls without obesity
and 14 participants with obesity waitlisted for WLS, finding no group differences in
changes in cognitive indices 4 months following surgery [17]. In the same sample with

a smaller n ranging from 6 to 8 WLS participants with functional-MRI, the authors
showed improvement in an n-back task (assessing working memory) and monetary incentive
delay task (measuring reward-based decision-making) 4 months after VVSG surgery [18];
however, episodic memory did not improve in this study. A higher BMI at 18 years of age
was indicative of poorer recovery of cognitive function in a cohort of adults undergoing
WLS, suggesting a link between adolescent weight status and future cognition [24]. Taken
together, these findings bring up the important point that cognitive alterations from obesity
acquired earlier in life may not improve with weight loss and may have a long-lasting
impact.

The small number of participants in the study is a limitation but is reflective of the small
number of adolescent participants undergoing WLS despite the recent increase in utilization
rates. Our posteriori analysis had adequate power for the primary confirmed hypothesis.
Measurement of adipokines, gut hormones, and the microbiome and their changes following
WLS may provide additional information. However, currently these data are not available.
Our exploratory analysis served to generate hypothesis for future studies which should also
consider controlling for comorbidities to shed light on their role in cognitive changes.

The current study is a significant addition to the existing sparse literature on cognitive
changes in adolescents following WLS, and in this study cohort, there was no evidence for
improvement in memory and executive function even with significant weight loss. Further
research is warranted examining the effect of age of obesity onset on cognitive alterations in
a larger adolescent population. While WLS is effective for inducing weight loss, preventive
strategies to avoid obesity in children should be emphasized in the first place to avoid
possible detrimental effects on cognition.
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Table 2:

Participant characteristics for non-surgical and surgical groups

Non-surgical (n=14) Surgical (n=21) p

Age at baseline (years) 16.5 (+0.57) 18.7 (£0.49) 0.007
Ethnicity (% Non-Hispanic) 57 57 0.59
Race (% White) 57 62 0.53
BMI at baseline (kg/m?) 40.8 (37.3-46.7) 475 (42.4-54.4)  0.004
BMI at follow-up (kg/m2)  40.3 (36.4-47.1) 31.8(29.3-39.3)  0.01

Mean and standard errors with #test p values and median and interquartile range with Wilcoxon rank sum test p values are presented for parametric
and non-parametric values, respectively. Chi-squared test was used for race and ethnicity
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Page 10

Baskaran et al.

1S9 {dualaji=iu]|

PIOM-10]0D WIBISAS UOIOUNS 8ANNIEXT uejdey-si|ad L /MO ST~ ‘UoIIp puodss—Isa] BuiuresaT [gIsA BILIONIRD //-1 TAD ‘90uabi|a1u] JO 8[20S PaleIABIqqY J9ISYIBM 8Ul/SH/M SUONRIABIGOY

Ajonnoadsal ‘sanjea oLawered-uou pue sLaweled 10) pajussald ale senjeA d 1S8) WINS Yuel UOXO0D|IAN YIIM abues aj1nienbiaiul pue uripaw pue sanjeA d 15817 YIIM SI0119 pJepue)s pue Uesaj

(L1=0) (e1=0v)
w0  (005-00€) 0Ey (e'6v-0€y) 0'Ly  dwn uonajdwod Buryonums/uoniqiyu|
(0z =v) (eT=v)
1€0 (ezF) Tey (L2¥) gsy aw} uona|dwod uomigiyuy
LIMO S43x-a
€60  (0°05-0'S€) 0°05 (e'15-8'8¢) 0°'SY 11081 8313 Aejop-HuoT
S0 (e'z¥) T8y (92F) vy |[eva1 91y Aejap-lioys
L¥'0 9T9 STy (Ten Ty 112931 Wis) Loys
1I-1IAD
(0z=v)
6T°0 (€29 0wy (62¥) 68y Asengeaon
(eT=v)
1240] (TT9 605 (8T¥Ges Buluoseas x1e
1SYM
d (tz=u)Eolins (yT =u) roIfins-uoN aulpseq

sdnoub [ea16ans pue [eaIbins-uou 10} $2103S (LIMD S43M-A) uonauny aAnNIBxa pue ‘(11-11AD) Aowsaw [egan ‘(1SWA) dousbijjaiul auljaseq

Author Manuscript

‘€ 9|geL

Author Manuscript

Author Manuscript

Author Manuscript

Obes Surg. Author manuscript; available in PMC 2022 July 01.



Page 11

Baskaran et al.

PI0/W-10]0D) WBISAS LOIIUNS BAIINYaXT UeldeX-SI18Q L/MD S7FX-T ‘UONIPT PU0IBS—IsaL Bululea [eqIa BILIONIED //-L TAD ‘80udbi||olu] JO 3[edS PajelnaIqqy JBISUIIM 3L} /SHZM SUONRIABIYY

1S3 {dualaj=iu]

KlaAnoadsal ‘senjen oLnswesed-uou pue oujswesed 1oy pajussaid aie sanjeA d 18] Wins yuel UOX0d|IA UM abuel aj1enbisiul pue ueipaw pue senjeA d 15817 YIIM SI0LI9 pIepuels pue uesiy

(y1=0) (T =w)
880  (0'€s-0'€v) 0°0S (0'26-€'58) §'TG 3w uona|dwod Buryonms/uonigiyu|
(6T=V) wT=0)
850  (0'€s-0'ev) 0°05 (0'09-€2v) S'18 awi) uone|dwod uonigiyuy
LIMO S43x-d
120 (S25-0'S¥) 0°0S (€95-0'0€) S'2v 11081 8313 Aejop-HuoT
690 (ezH T8y (eeF) 96v |[e981 984y Aejap-Loys
96°0 (T29) 8y 0v ¥ ogy |[e98J Wiisl-1IoyS
11-1IAD
(0z=v) (eT=v)
L00 (rz¥) 66y (0e¥) zes AJeInqeaon
(0z=v)
690  (5'95-G'SY) 0°€S (5°55-0vv) 561 Buluoseas X1IeN
ISVM
d (Tg=u)Eolins (yT =u) eI6INs-UoN syow g1
sdno.b

[ea161ns pue [ea161NS-Uou 40y SYIUOW ZT 18 $3109s (LIAMD S43M-A) uonauny aAlINdaxe pue ‘(11-L1AD) Alowaw JeauaA ‘(1ISWMW) duabijjaul dn-mojjo4

Author Manuscript

‘v algeL

Author Manuscript

Author Manuscript

Author Manuscript

Obes Surg. Author manuscript; available in PMC 2022 July 01.



Page 12

Baskaran et al.

ISEIRCRIVEIEIBEIN]]

PIOM-10]0D) WRISAS UONIUNS 3ANNDEXT UeldeN-s118d LMD S7FH-G ‘UONIPT puodas—Isa BuiLIeaT [edua eILIONIED /=L TAD ‘92UabI||alu] JO a[eds PereIAaIqqy Ja|SUIaM aU} /ST SUONRIARIGAY

AjoAnoadsal ‘senje oLnawesed-uou pue ornawesed 1oy pajuasaid ase sanjeA d 18} Wins yuel UOX0J|IAN UMM abuel aj1enbiaiul pue ueipaw pue sanjeA d 15817 YIIM SI019 pJepuels pue uesiy

T.0-=4 T0000>
6.'0-=/  T0000>

([g2-1-02) 12—
([tT-l-1D¢eo

([zeL -1-0vv -) 885 —
([zsT-1-T6-) T¥T -

1N g pa1adxa 9, ul abuey)
(zw/Bx) NG ur 8Bueyd
abueyd ybiap

(91 =v) (z1=0)
020-=4 820 (5¥1-0) 0°€ (8'9-0'¢-)0'¢  awn uonajdwod Buryonums/uonigiyu|
(8T =v) (eT=v)
v00-=/ 180 (01-€v (0ot-0e-)0€ awiy uong|dwiod uomqiyul
LIMD s43Ma
€20-=4 8T'0 (52-0)0'S (05-€9-)0 11081 8313 Aejop-HuoT
67°0=p LT0 (Zz9o (oz9er 112931 83, Aejap-Loys
yT0=4 oo (56-0) 0 (e¥1-€0) 0'S 118931 Wis) Loys
11-1IAD
(61 =v) (e1=v)
G000 =P 86°0 (ez9 e (0z® e Asengeaon
(0z =v) (eT=v)
9T0-=/ GE0 (0z-55-)0 (s1-08-)€- Buruoseal xureIN
ISVM
8zIs 1943 d (Tz=u) oibIns  (¥T = u) [e21BNs-UoN abueyo 1g-IN2T

sdnoJb [ea1bins pue |eaIBins-uou

Joj dn moJ|0J JO SYIUOW-ZT 43N0 1yBIam pue $a109s (1LIAD S43M-A) uonouny aAinaaxa pue ‘(11-11AD) Aowsw [eglan ‘(1SwMN) aauabijaiul ul abuey)

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Obes Surg. Author manuscript; available in PMC 2022 July 01.



	Abstract
	Graphical Abstract
	Introduction
	Methods
	Study Participants
	Study Design
	Cross-sectional component
	Longitudinal component

	Neurocognitive Tests
	Statistical Analysis

	Results
	Cross-sectional analysis across weight groups
	Longitudinal analysis in participants with moderate to severe obesity

	Discussion
	References
	Table 1
	Table 2:
	Table 3:
	Table 4:
	Table 5

