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Improved cognitive functioning in obese adolescents after
a 30-week inpatient weight loss program
Stijn Vantieghem1, Ivan Bautmans2, Ann De Guchtenaere3, Ann Tanghe3 and Steven Provyn1

INTRODUCTION: Studies linked obesity with a large number of medical conditions including decreased cognitive functioning. The
relation between BMI and cognition was proven in adults, but in adolescents the results are conflicting. Further, limited data are
available on the impact of weight loss on cognition. This study analyzed the impact of a 30-week lasting weight loss program on
cognition and determined the impact of changes in body composition and self-perceived fatigue on changes in cognition.
METHODS: Sixty-two obese adolescents were evaluated at baseline and after 30 weeks. Stroop test (ST; selective attention),
Continuous Performance Test (CPT; sustained attention) and Ray Auditory verbal learning test (RAVLT; short-term memory) were
assessed. Additionally, body composition parameters and fatigue (MFI-20) were evaluated.
RESULTS: Improved reaction times were found for ST and CPT after the intervention, but were independent for reductions in BMI,
fat mass, fat%, and fatigue. Short memory also improved with decreased fatigue as an influencing parameter. Accuracy of ST and
CPT showed no significant changes.
CONCLUSION: A 30-week lasting inpatient weight loss program improved selective attention, sustained attention, and short-term
memory. Changes in body composition did not explain the improvements in cognitive functioning. Decreased fatigue resulted in
improved aspects of cognition.
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INTRODUCTION
Obesity, defined as an excess accumulation of fat mass, is a well
known world-wide problem due to increased sedentary behavior
and unhealthy eating habits. An imbalance in caloric intake and
expenditure is very often the reason for fat accumulation. The
World Health Organization uses BMI cutoffs of 25 and 30 kg/m2 to
define respectively overweight and obesity, in children and
adolescents the use of age- and sex-specific cutoffs are
mandatory.1 In Flanders, 5% of the children and adolescents,
both boys and girls, between 2 and 17 years are obese.2

The consequences of being obese can be dramatic, it is not only
linked with physiological problems such as increased heart
problems, arterial hypertension, diabetics, CVA, and cancer,3 but
also with the increased psychological disorders such as depression,
decreased quality of life, and increased self-perceived fatigue
(SpF).4,5 Additionally, adult obesity is also related to the decreased
cognitive function6 and structural brain differences.7 These correla-
tions were also found in adolescents, even when correcting for
socio-economic factors, blood pressure, and serum lipid profile.8

Adolescents with increased BMI-z scores scored poor on the Stroop
task9 and had increased reaction times on the Continuous
Performance Test (CPT)10 compared to normal weight peers.
Further, obese subjects with increased uncontrolled eating behavior
scored worse on inhibitory control and working memory.10 A
literature review provided evidence that diet and exercise interact
with cognition, neuroplasticity, and mood in adults, but in children
and adolescents the evidence remains ambiguous.11–13

This study incorporated the Stroop task test (response inhibi-
tion), the CPT (sustained attention), and the Rey Auditory Verbal

learning test (RAVLT) (short-term memory) to assess the different
aspects of cognition. With the chosen tests, the effectivity of the
provided weight loss program on cognitive functioning in obese
adolescents was investigated. Additionally, the impact of body
composition and SpF on cognitive functions was evaluated.

METHODS
Recruitment and participants
All obese adolescents (BMI 40.0 ± 8.4) between 12 and 18 years of
age (mean age 15.8 ± 1.8), who started a weight loss program at
the Zeepreventorium (De Haan, Belgium), a specialized residential
center for obese children in Belgium, were invited to participate.
At baseline, 62 subjects (18 boys, 44 girls) were included. After the
30-week lasting multi-dimensional weight loss program, 48 sub-
jects (12 boys, 36 girls) were willing to be reassessed (23% dropout
rate). A control group of 30 normal weight1 (mean age 16.0 ± 1.1)
sportive adolescents (16 boys, 14 girls) at Koninklijk Atheneum
Etterbeek (Brussels, Belgium) were assessed in the same period of
obese baseline measures. The parents of all participating minors
provided written informed consent. The study was approved by
the Academic Ethical committee of the Brussels Alliance for
Research and Higher Education (IRB B200-2016-072).

Multi-disciplinary obesity treatment program
Physical activity. Obese adolescents received an individualized
and monitored exercise program consisting of fitness exercises
(strength and endurance), physiotherapy (psychomotor training),
and swimming. Every 2 months the exercise program was adapted
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according to the participants’ progression. During the first
2 months, two exercise moments per week were implemented,
consisting of physiotherapy (combination of psychomotor and
aerobic training) and swimming. The next 4 months, three training
sessions per week were provided consisting of fitness exercises
(initiation level), physiotherapy, and swimming.

Diet. Depending on the age and sex, individual energy intake
was determined, ranging between 1450 and 2690 kcal per day
consisting of 23% protein, 51% carbohydrate, and 26% fat. The
participants were encouraged to consume six meals a day:
breakfast, healthy morning snack, lunch, healthy afternoon snack,
dinner, and healthy evening snack. The healthy snacks were fruit
or low-fat dairy products.

Measures
Anthropometric and body composition measures. Standing height
was measured with a stadiometer (Seca 217, SECA, Hamburg,
Germany) to the nearest 0.1 cm. Body weight as well as body
composition (fat mass, fat percentage, fat-free mass, and muscle
mass) were determined with a class III Bioelectrical Impedance
Analysis device, Tanita MC780MAS, to the nearest 0.1 kg (Tanita,
Tokyo, Japan) following a standardized protocol.14 Between the
knees, an isolating panel was placed to avoid shortcuts through
touching knees. BMI was calculated as weight/height2 (kg/m2)

Self-perceived fatigue. SpF was assessed using the Dutch15

version of the Multidimensional Fatigue Inventory (MFI-20). The
MFI-20 covers five domains of fatigue: general fatigue, physical
fatigue, mental fatigue, reduced motivation, and reduced
activities. Each subscale includes four items with five-point
categories, resulting in a subscale score range of 4–20, with
higher scores indicating greater fatigue. Also, a total MFI score
(score range from 20 to 100) was calculated by summing up the
scores of the five subscales. Internal consistency of the total MFI-
20 score for this population was measured by Cronbach’s α,
α=0.87 which indicates a good internal consistency.16

Cognitive tasks
Rey Auditory Verbal learning test: The Dutch (native language
spoken by the participants) version of the RAVLT was used to assess
short-term memory.17 Fifteen words were five times read aloud by a
trained staff member. Participants were each time asked to recall as
many words as possible. After 20min, at the end of the test battery,
participants were asked to recall as many words as possible and to
recognize the words within a list of 30 words. The sum of recalled
words of the five first trials, the amount of recalled words of the recall
session, and the amount of correctly and incorrectly recognized
words during the recognition trial were used as outcome measures.

Stroop task test: E-prime 2.0 software was used to program and
execute the Stroop task test (Psychology Software Tools, Inc.,

Pittsburg, PA).18 This test was used to assess selective attention
and response inhibition.19 Three parts were incorporated in this
test:20 (I) A simple reaction time test. (II) The words yellow, red,
blue, and green were shown in matching colors (congruent
condition) and non-matching colors (incongruent condition).
Subjects responded by pushing the button corresponding to the
color in which the words were displayed. (III) The words yellow,
red, blue, and green were again shown in congruent and
incongruent conditions. This time the subjects responded by
pushing the button matching to the word displayed on the
screen. The three parts were separated by a 30-s rest period.
Outcome measures were accuracy (%) and reaction time (ms).

Rosvold CPT: E-prime 2.0 software was used to program and
execute the Rosvold CPT.18 During a 7-min period, sustained
attention was measured. Brief description of the test, letters were
presented every 1000ms, when an ‘X’ appeared on the screen the
subjects were asked to push the space bar.

Data analysis
Data were analyzed using SPSS 24.0 for mac (SPSS, Chicago,IL).
Descriptives for age, weight, length, BMI, body fat, self-perceived
fatigue, Stroop test (accuracy and reaction time), RAVLT (total
score, recall and recognition) and CPT (accuracy and reaction time)
are displayed as mean ± SD. To determine normality of the data,
one-sample Kolmogorov–Smirnov test was used. Differences
between baseline measures and the control group were assessed
by independent samples t-test or Mann–Whitney U for respec-
tively parametric and non-parametric data. Data obtained after the
intervention were compared with baseline measures using paired
sample t-test for all parametrical data and the Wilcoxon test for
non-parametrical data. Effect size for each group:1 baseline obese
group vs normal weight peers (O vs NW) and2 baseline obese
subjects vs post-intervention obese subjects (intervention) was
calculated using the absolute values of Cohen’s d (Cohen’s
d= (mean2−mean1)⁄SDpooled; SDpooled= √(((N1− 1) × SD12+
(N2− 1) × SD22) ⁄ (N1+ N2)− 2)).
The impact of cognitive functions on decreased fat outcomes

was assessed using multiple linear regression stepwise method.
Reductions in fat mass and fat percentage were used as
dependent variables, cognitive outcomes along with age and
sex (male is the neutral sex) as independent variables. Model
performance fit was assessed using multiple correlation (R2).
Longitudinal data analyses were performed using repeated
measures mixed models to evaluate changes in cognitive
functions from baseline and post intervention adjusting for
changes in body composition parameters and SpF.

RESULTS
At baseline, the obese group (15.8 ± 1.8 years) had similar age as
the control group (16.0 ± 1.1 years) and comparable length

Table 1. Descriptives

Group statistics Baseline O N= 62 NW N= 30 Post intervention N= 48 p-value Cohen’s d

Mean ± SD Mean ± SD Mean ± SD O vs NW Intervention O vs NW Intervention

Weight (kg) 110.65 ± 24.75 60.71 ± 10.35 91.59 ± 21.18 <0.001 <0.001 2.35 0.82

Length (cm) 166.29 ± 7.72 169.70 ± 10.71 168.97 ± 8.30 0.09 <0.001 0.38 0.34

BMI (kg/m²) 39.90 ± 8.19 20.95 ± 2.11 32.21 ± 7.15 <0.001 <0.001 2.77 0.99

Fat percentage (%) 47.26 ± 9.09 20.56 ± 6.33 36.40 ± 9.52 <0.001 <0.001 3.22 1.17

Fat mass (kg) 53.69 ± 21.23 12.42 ± 4.32 34.69 ± 16..69 <0.001 <0.001 2.34 0.98

Total self-perceived fatigue 53.62 ± 11.04 46.04 ± 9.44 48.60±11.14 <0.01 <0.05 0.71 0.45

O obesity, NW normal weight peers
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(Table 1). Anthropometric measures were significantly higher (all
p < 0.001) in obese subjects at baseline even as total SpF (p <
0.01) compared to the control group. Post-intervention values in
obese subjects improved all significantly for anthropometric
measures and SpF (Table. 1). Cohen’s d of obese vs normal weight
peers (O vs NW) were all higher compared to intervention
(Table 1).

Cognition
Normal weight adolescents had enhanced reaction times (RT) and
accuracy scores on CPT compared to obese subjects (both p <
0.001; Table 2). After the weight loss intervention, obese subjects
improved RT (p < 0.001) and a trend to improved accuracy (p=
0.056) was found (Table 2). Cohen’s d for accuracy and RT in O vs
NW were respectively 0.71 and 1.00, whereas Cohen’s d for
accuracy and RT of the intervention were respectively 0.18 and
0.28 (Table 2).
Total and recall scores of the RAVLT improved significantly

(respectively p < 0.01 and p < 0.001), and a trend to significance for
recognition (p= 0.06) was noticed after the intervention. Cohen’s
d was calculated for intervention total score, recall, and recogni-
tion (respectively 0.43, 0.5, and 0.22) (Table 2). No significant
differences were found between baseline obesity measures and
the control group.
Stroop task test reaction times of normal weight adolescents

and post intervention were all significantly higher compared to
baseline obese values (Table 3). Cohen’s ds of O vs NW were all
higher compared to intervention Cohen’s d (Table 3).
Accuracy of the Stroop task decreased significantly for the

simple stimulus (p < 0.05) after completing the intervention and
was increased for word incongruent stimuli in normal weight
adolescents compared to the obese group (Table 4) other stimuli
were not significantly different with baseline measures of the
obese subjects.

Reaction time of the continuous performance test along with
sex and age were selected to estimate the decrease in fat
percentage (F3,47= 9.410, p < 0.0001, R2= 0.35).
Decrease in fat%=−39.11 (constant)− 4.25 × sex+ 1.12 ×

age+ 0.03 × reaction time CPT

Interaction effects
Repeated measures ANOVA (mixed model) with calculated
differences in fat mass, fat percentage, BMI, and self-perceived
fatigue as covariates revealed limited evidence of interaction with
sustained attention and response inhibition. Increased accuracy in
Stroop task, modality “color congruent”, was associated with
decreased SpF (F1,42= 4.424; p < 0.05). A trend to significance
(F1,42= 3.078; p= 0.08) was found for the influence of reduced fat
mass on improvements reaction time for the Stroop task modality
“word congruent”. Changed accuracy or reaction time in CPT
could not be explained by changes in fat mass, fat percentage,
BMI nor by SpF. Improved short-term memory, measured by
means of RAVLT, was significantly influenced by decreased SpF
(F1,41= 5.534; p= 0.02), RAVLT was not influenced by changes in
anthropometric measures.

DISCUSSION
The general idea of weight loss programs is losing body weight
and body fat in particular. Fat was already linked with increased
health problems in adults and adolescents as described in the
introduction. Current study examined the impact of a weight loss
program on cognition and explored the importance of reduced
anthropometric measures and SpF on changes in cognitive
functions in obese adolescents.
The effectivity of the program was proved by the strong

significant reductions in body weight, BMI, fat mass, and fat
percentage after the weight loss program. Moreover, enhanced

Table 2. Continuous Performance Test (CPT) and Ray Auditory Verbal Learning Test (RAVLT)

Baseline O N= 62 NW N= 30 Post intervention N= 48 p-value Cohen’s d

Mean ± SD Mean ± SD Mean ± SD O vs NW Intervention O vs NW Intervention

CPT

Accuracy (%) 94 ± 8 99 ± 2 95 ± 6 <0.001 0.056 0.71 0.18

Reaction time (ms) 457.99 ± 50.59 412.35 ± 33.21 444.01 ± 47.21 <0.001 <0.001 1.00 0.28

RAVLT

Total score 49.70 ± 7.67 49.56 ± 10.09 53.15 ± 8.42 0.94 <0.01 0.02 0.43

Recall 11.49 ± 2.48 11.48±2.93 12.68 ± 2.29 0.97 <0.001 0.01 0.50

Recognition 14.43 ± 0.85 13.96 ± 1.48 14.62 ± 0.85 0.14 0.06 0.43 0.22

O obesity, NW normal weight peers

Table 3. Reaction time Stroop Test (ms)

Baseline O N= 62 NW N= 30 Post intervention N= 48 p-value Cohen’s d

Mean ± SD Mean ± SD Mean ± SD O vs NW Intervention O vs NW Intervention

Color congruent 764.64 ± 125.08 650.17 ± 98.42 714.87 ± 145.37 <0.001 <0.001 0.98 0.37

Color incongruent 880.01 ± 169.12 751.31 ± 131.26 832.36 ± 194.88 <0.001 <0.001 0.81 0.26

Word congruent 816.26 ± 136.26 718.92 ± 98.52 732.21 ± 135.52 <0.001 <0.01 0.78 0.62

Word incongruent 941.25 ± 161.21 838.47±136.95 851.35 ± 164.17 <0.01 <0.001 0.67 0.55

X 693.02 ± 113.35 619.82 ± 80.74 644.43 ± 118.62 <0.01 <0.001 0.70 0.42

O obesity, NW normal weight peers, X simple stimulus
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responds inhibition, sustained attention, and short-term memory
were found after this 30-week lasting multi-disciplinary weight loss
program. Improved reaction times were obtained for all modalities
of the Stroop task test (response inhibition) and CPT (sustained
attention). Similar improved reaction times were found by
Delgado-Rico and colleagues in obese adolescents for cognitive
inhibition after a 12-week multi-component intervention.21 Accu-
racy, a second parameter beside reaction time, did not change. The
high accuracy scores between 88 and 98% are possibly an
explanation for this status quo. Similar unchanged accuracy results
were found in adolescents following a physical activity program.18

Beside reduced reaction times for Stroop task and CPT, improved
results on the RAVLT (short-term memory) were acquired. Even
though significant improvements on all the cognitive tasks were
found after the intervention, comparison with the healthy,
physically active control group revealed that further improvements
are still possible, for this a continuous effort is necessary.
This study has found that beside a positive impact of the

intervention program on cognitive parameters, enhanced cogni-
tive functions at baseline resulted in higher fat loss, along with
younger age and male sex. Pauli and colleagues linked impulsivity
and inattention to higher BMI in obese children and pointed out
to the importance of impulsivity regulation to improve weight
reductions at younger age,22 but the effect was not verified after
an intervention. Additionally, increased impulsivity in young girls
resulted in a less beneficial weight outcome.23 In previous
studies,22,23 BMI was used to evaluate the intervention outcome
instead of fat measures. Because BMI is a (weight/length2) ratio, it
does not evaluate fatness and can give wrong indications.
Finally, this study aimed to determine whether improvements in

cognition were attributed to changes in body composition
parameters or SpF. No proof was found that changes in fat,
weight, or BMI were responsible for increased cognitive functions.
Presented data suggest that decreased SpF was responsible for
improved aspects of cognition such as short-term memory and
response inhibition. In contrast, Delgado-Rico and colleagues
attributed greater loss in BMI to improved response inhibition21

and proved that reduced inhibitory control resulted in greater BMI
loss.24 Different baseline BMI measures between the studies and a
steeper BMI decrease in current study are plausible determining
factors for contradicting outcomes. Studies have demonstrated
that exercise, an adapted diet, or the benevolent effect of the
combination of both, enhanced cognition.13,18,25 Because no
objective data of food intake and physical activity were available
at the Zeepreventorium before and during the intervention, we
hypothesized that changes in lifestyle due to a multidimensional
weight loss program were of importance for improved cognition.
Previous research linked increased physical activity and decreased
body fat already with reduced SpF,16 but the effect on cognition
needs to be clarified in future research.
Current study revealed novel insights concerning the impact of

a multi-dimensional weight loss program on cognition and the
interaction between SpF and aspects of cognition.

The strength of this study was the use of absolute fat measures
to evaluate progress instead of BMI. Second strength is the link
between decreased SpF and improved cognitive outcomes. A
possible limitation of this study is the use of the Multi-dimensional
Fatigue Inventory developed by Smets and colleagues.15 This
questionnaire is not yet validated in adolescents although
promising properties were already found, such as a high internal
consistency and the possibility to discriminations levels of SpF
based on body composition.16 To fully understand the influence of
the multi-dimensional weight loss program on cognitive functions,
objective physical activity and nutritional data are warrant to
reveal new insights in the interaction with cognition.

CONCLUSION
This study also found, beside positive changes in body composi-
tion, cognitive improvement and decreased self-perceived fatigue
in obese adolescents who participated in a 30-week inpatient
weight loss program. Greater fat mass loss in obese adolescents
was associated with improved cognitive functions, lower age and
male sex. Further, this is the first study that attributes decreased
SpF to improved aspects of cognition after a weight loss program
in obese adolescents.
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