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Abstract
Childhood obesity is associated with stress. However, most treatment strategies include
only dietary and physical activity approaches. Mindfulness may assist in weight reduction,
but its effectiveness is unclear. We assessed the effect of mindfulness on stress, appetite
regulators, and weight of children with obesity and anxiety. A clinical study was conducted
in a pediatric hospital. Eligible children were 10–14 years old, BMI ≥95th percentile,
Spence anxiety score ≥55, and who were not taking any medication or supplementation.
Participants were assigned to receive an 8-week conventional nutritional intervention (CNI)
or an 8-week mindfulness-based intervention plus CNI (MND-CNI). Anthropometry, body
composition, leptin, insulin, ghrelin, cortisol, and Spence scores were measured at baseline
and at the end of the intervention. Anthropometry was analyzed again 8 weeks after
concluding interventions. Log-transformed and delta values were calculated for analysis.
Thirty-three MND-CNI and 12 CNI children finished interventions; 17 MND-CNI children
accomplished 16 weeks. At the end of the intervention, significant reductions in anxiety
score (−6.21 ± 1.10), BMI (−0.45 ± 1.2 kg/m2), body fat (−1.28 ± 0.25%), ghrelin (−0.71 ± 0.37
pg/mL), and serum cortisol (−1.42 ± 0.94 µg/dL) were observed in MND-CNI children.
Changes in anxiety score, ghrelin, and cortisol were different between groups (P < 0.05).
Children who completed 16 weeks decreased BMI after intervention (−0.944 ± 0.20 kg/m2,
P < 0.001) and remained lower 8 weeks later (−0.706 ± 0.19 kg/m2, P = 0.001). We concluded
that mindfulness is a promising tool as an adjunctive therapy for childhood obesity.
However, our findings need confirmation in a larger sample population.
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Introduction
Pediatric obesity is a pathological condition that leads to
important health consequences in childhood and later
life (1, 2). In addition to diet and sedentary behavior,
psychological factors such as stress, depression, and
anxiety associated with obesity have been found in up to
86% of cases (2, 3). Most treatment strategies in children
aim to improve life styles through dietary or physical
activity approaches only. In the last decade, several studies
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have included psychological interventions to prevent
or reduce obesity, most of them in adults and with
unclear results.
The mechanisms involved in the association between
stress and obesity have not been fully described. Scientific
evidence suggests that individuals under chronic stress lose
the ability of conscientious eating, resulting in a sustained
increase in the consumption of calorie-dense food (4, 5).
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In fact, most of the eating disorders identified in children,
such as emotional eating (eating in absence of hunger),
binge eating (eating a large amount of food in a short
period of time), external eating (eating as a result of
external prompts, such as those in TV advertisements),
and mindless eating (unconscious eating as when
eating in front of a computer screen), share a common
scenario that is an adaptation in response to stress (6).
Importantly, obese patients with these eating disorders
have demonstrated a poor response to conventional
weight loss interventions (6). Therefore, the search for
efficient strategies to reduce stress in children with obesity
is essential.
Mindfulness is a psychological technique focused
on attention, awareness, and meditation that has been
successfully used to reduce the stress associated with
diseases such as cancer, multiple sclerosis, attention
deficit disorder and anorexia nervosa, amongst others (7,
8, 9). It has been proposed that mindfulness could be a
potential adjuvant therapy to reduce body weight (10).
The rationale is that, by reducing stress, mindfulness may
affect cortisol (11), which secondarily may affect some
hormones involved in appetite regulation such as insulin
(12), leptin and ghrelin (13). However, the results of these
investigations are controversial (7, 8, 9, 10, 11, 12, 13).
Most of the studies conducted to date have separately
analyzed the influence of mindfulness in different
outcomes related to obesity, such as eating behavior
(14, 15), subjective stress (16), serum cortisol (17, 18),
or body weight (19, 20) in adult populations with
conflicting results. To the best of our knowledge, only a
few studies have been conducted in pediatric groups. One
of these pediatric studies reported an association between
dispositional mindfulness (non-trained mindfulness
characteristics) and eating behavior, since it inversely
correlated with calorie intake when eating in the abscence
of hunger (21). Similar results were detected in another
descriptive study, which reported that dispositional
mindfulness was associated with subjective stress, but not
with cortisol response (22). Later, Shomaker et al., with an
intervention design, found that a mindfulness program
decreased depressive symptoms and insulin resistance in
overweight girls at risk of type 2 diabetes (12). Changes
in body weight were not analyzed in any of these studies.
The main aim of our study was to determine the effect
of an 8-week mindfulness-based intervention on stress,
appetite regulators, and body weight of school children
with coexisting obesity and anxiety, under the hypothesis
that mindfulness will help to improve the response to
dietary restriction, likely by decreasing stress.
https://ec.bioscientifica.com
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Secondarily, we evaluated the effect on relapse by
conducting anthropometric investigations 8 weeks after
concluding the 8-week intervention period.

Material and methods
Study population
A clinical study was conducted in the Medical Nutrition
Research Unit in a Pediatric Hospital of the Instituto
Mexicano del Seguro Social (IMSS) in Mexico City. The
research protocol was authorized by the IMSS National
Committee of Scientific Research (R-2017-785-096)
and registered in ClinicalTrials.gov (clinicaltrials.gov
NCT03495310).
Selected children were recruited from four elementary
and middle schools located in the neighborhood of the
Research Unit. Because small groups permit more efficient
mindfulness sessions, interventions were carried out in
two phases. For the first phase, we recruited children in
January–March and the intervention sessions were held
in April–May 2018; for the second phase, children were
recruited in June–July and the intervention sessions were
held in September–October 2018.
Given that a reduction of 9.4 ± 11 nmol cortisol (23)
and 1.8 ± 1.7 kg body weight (10) were reported in adults
exposed to mindfulness interventions, we used these
values to estimate sample size. Considering an 80% power
and alpha 0.05, the estimated sample was 22 children;
20% was added to replace dropouts giving a final sample
of 27 children per group.

Study design
Field workers visited participant schools to conduct
anthropometry and to apply an anxiety questionnaire
to children 10–17 years old, from both sexes, in order to
identify potential candidates. Eligible children were those
with BMI ≥95 percentile (24), a total Spence anxiety score
≥55 (25), without clinical evidence of chronic diseases,
and not taking any medication or supplementation.
The parents of children identified with coexisting
obesity and anxiety were asked to attend an informative
meeting where they were invited to participate. Written
informed parental consent, in addition to the assent of
the children, were obtained from all participants. Those
who agreed to participate were assigned to a group that
received an 8-week mindfulness intervention along with
a conventional nutritional intervention (MND-CNI) or to
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a group that received an 8-week conventional nutritional
intervention (CNI) only. Although a randomized trial
was planned and randomization was generated through
an electronic program (26), once the protocol procedures
were explained to parents, most made being assigned
to the MND-CNI group a condition of participation,
resulting in an imbalanced sample size.
After being assigned to a group, children were asked
to attend the Research Unit at 07:00 h after 8–10 h of
fasting to determine weight, height and body composition
(percentage body fat), and to take blood samples to measure
serum insulin, leptin, ghrelin, and cortisol. Materials and
instructions were provided for the sampling of saliva at
home to determine the cortisol response curve. The same
procedures were repeated after the 8-week intervention
period. Anthropometry was repeated again 8 weeks after
finishing the 8-week intervention period to assess weight
recovery or relapse.
Interventions
Conventional nutrition intervention (CNI)
Written dietary recommendations attached to the World
Health Organization guidelines were prescribed. Such
recommendations included a hypocaloric diet consistent
with a 700 kcal restriction of the usual dietary intake (27).
Children and at least one parent or caregiver attended
half-hour sessions, once a week, to revise and solve
questions about diets. For the MND-CNI group, this halfhour dietary activity was offered immediately before the
2-h mindfulness sessions.

Mindfulness intervention (MND)
The mindfulness intervention was provided by two
certified mindfulness consultants using the method
developed for children by the ‘Escuela Española de Desarrollo
Transpersonal’ (Mindfulness-Based Stress ReductionEat Mindful) (28) once permission was granted. The
intervention for children consisted of instructor guided
2-h sessions, once a week, for 8 weeks. Sessions included
interactive activities and guided discussions to teach
standard mindfulness skills to be used as simple practices
in daily life. Mindfulness activities during sessions
included exercises to: (i) practice meditation, (ii) learn
different types of breathing, (iii) improve body awareness
using body scan and organ senses scanner techniques,
(iv) understand the transient character of emotions,
(v) acquire abilities to observe and release thoughts, (vi)
use the semaphore technique to detect those anxiety
https://ec.bioscientifica.com
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signals that provoke impulsive reactions, and (vii)
practice conscious eating. At the end of each session, a
short homework exercise was assigned to help children to
apply mindfulness skills to daily life.
At least one parent or caregiver of each child was
asked to attend the 2-h mindfulness sessions, delivered
in parallel with the sessions provided to the children, but
in a different room, to learn mindfulness attitudes and
reinforce the information given to children.

Measurements
Anthropometry
Weight and height were measured with standard
procedures using electronic scales (InBody 230, model
MW160, Tokyo, Japan) and fixed stadiometers (Holtain
Limited). BMI z-scores were calculated with Epi-Info
software (EPI-INFO 2000, release 3.2.2). Percentage body
fat was measured by bioelectrical impedance (InBody 230,
model MW160).

Anxiety symptoms and perceived stress
We used the Spence self-report questionnaire, which
is regularly used in the Psychiatry Department of our
hospital, to detect subjective stress and anxiety. The
questionnaire consists of 44 questions separated into
seven subscales designed to assess: (a) social phobia,
(b) panic disorder, (c) agoraphobia, (d) generalized anxiety
disorder, (e) obsessive-compulsive disorder, (f) separation
anxiety disorder, and (g) fear of physical injury. Subscales
are counted separately to produce scores pertinent to the
specific sub-construct and to obtain an overall anxiety
symptom score. Appropriate responses must fall between
0 (never) and 3 (always) points (25). To identify children
with anxiety, we used a cutoff point ≥55 for total score,
as long as at least one subscale was altered (subscale score
≥84 percentile). The questionnaire has been previously
validated and translated into 20 languages including
Spanish (29).

Laboratory determinations
Peripheral blood samples were obtained early in the
morning after 8–10 h of fasting, centrifuged at 1006 g
to separate serum, and preserved at −70°C. Insulin and
cortisol were determined by chemoluminiscence (Siemens
Healthcare Diagnostic Products) and leptin and acylated
ghrelin were determined with a magnetic beads-based
immunoassay (Human Metabolic Hormone Bead Panel
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HMHE MAG-34K, EMD Millipore Corporation) using a
MAGPIX microplate reader (Luminex Corporation, Austin,
Texas, USA). The coefficients of variation were ≤10%.
Saliva cortisol response
Children collected saliva samples at home for 2
consecutive days to calculate the cortisol response curve
at baseline and at the end of the 8-week period. Parents
and children were instructed to collect a saliva sample
upon awakening while the child still in bed, another
sample 30 min after waking up, and a third sample
immediately before sleeping. Children were instructed
to collect the first and second samples before eating,
drinking, or brushing their teeth, and the night sample
when already in bed and at least 20 min after taking some
food or doing any physical activity. Each sample was
collected and labeled in 2 mL polystyrene tubes using the
passive drool method. Salivary cortisol was determined
with an ELISA method (R&D Systems). The coefficient of
variation was ≤12%. Three parameters were calculated:
(i) the cortisol awakening response (CAR), obtained by
subtracting awakening value from the 30-min value;
(ii) Slope-1 (S1), calculated by subtracting awakening
value from that before sleeping; and (iii) Slope-2 (S2), as
the difference between the 30-min value and the sleeping
value (30, 31). Values obtained on the first and second
day were averaged.
Statistical analysis
STATA v.12.0 software was used for statistical analysis. A
P-value of ≤0.05 was considered statistically significant.
Data are presented as mean ± s.e. or as frequency as
appropriate. Delta values of all parametric variables were
calculated by subtracting final (time 8) from basal (time
0) values. A non-normal distribution was observed for
most of the quantitative variables using the Shapiro–Wilk
test; therefore, log-transformation was used for statistical
analysis. Paired t-test, Student t-test, and χ2 analyses were
used for inferences. Because of differences in sample sizes,
we used the Levene test to discard different variances.
Given that variances were not different (P = 0.198), we
used Student t-test for equal variances to assess differences
in the response to intervention.

Results
From 700 screened children, 206 were evaluated for
eligibility. Sixty-three who met the selection criteria and
https://ec.bioscientifica.com
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Figure 1
Flow diagram.

agreed to participate were enrolled, 47 in the MND-CNI
group and 16 in the CNI group. Thirty-three MND-CNI
and 12 CNI children completed the 8-week intervention
period. Anthropometry of 17 MND-CNI and three CNI
children was assessed again at week 16. The causes of
subjects dropping out of the study were mainly parental
time conflicts with the schedule of sessions, and children
objecting to blood sampling (Fig. 1).
Anthropometric, biochemical, and psychological
characteristics were comparable between groups attending
the first and second phases (P ≥ 0.450). Therefore, both
phases were analyzed together.
Baseline
Raw analysis confirmed that anthropometric and body
fat measurements were above normal ranges, but the
means of biochemical parameters were found to be within
reference values (24, 32, 33, 34) (Table 1).
By design, all included children had a Spence anxiety
score ≥55 points. The total mean and subscale scores were
comparable between groups (Table 2). The most frequently
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Baseline anthropometric and biochemical characteristics of participants stratified by treatment.
MND-CNI (n = 33)

Sex, female
Puberty
Age, years
Weight, kg
Height, cm
BMI, z-score
Body fat, %
Insulin, µU/mL
Ghrelin, pg/mL
Leptin, ng/mL
Serum cortisol, µg/dL

11
26
11.3 ± 0.28
65.3 ± 2.76
151.5 ± 1.71
2.52 ± 0.09
42.7 ± 0.88
12.1 ± 1.40
14.7 ± 0.53
14.8 ± 1.48
11.2 ± 0.78

CNI (n = 12)

Count
Mean ± s.e.

P-value

Reference values

0.584
0.859
0.358
0.458
0.979
0.468
0.017
0.434
0.168

<1.5 (24)
<30 (24)
<17 (32)
<23.32 (33)
<18 (32)
11.5 ± 5.7 (34)

5
12
11.5 ± 0.41
66.2 ± 4.2
154.5 ± 2.60
2.35 ± 0.19
41.3 ± 2.11
10.2 ± 2.10
12.9 ± 0.44
14.1±3.28
8.84 ± 0.72

Statistical analysis was conducted with Student t-test using log-transformed data.
CNI: conventional nutrition intervention group; MND-CNI: mindfulness plus CNI.

altered subscales were ‘separation anxiety disorder’
(84.8 and 83.3%) and ‘generalized anxiety disorder’
(66.7 and 58%) for MND-CNI and CNI, respectively.
Forty-nine children (40 MND-CNI and nine CNI)
provided saliva samples to determine cortisol response.
Comparison of this group with a group of college students
with a proven stress-free status (35) revealed an elevated
30-min cortisol concentration in our children even if
compared with the highest range of the non-stressed
students (Fig. 2).
End of 8-week follow-up
Changes in anxiety scores were significantly different
between groups; while a reduction in the total score in
the MND-CNI group (P < 0.001) was observed, no changes
were perceived in CNI children (P = 0.838). A detailed
analysis demonstrated that all subscale scores decreased
significantly in the MND-CNI group. In contrast, the
‘agoraphobia and panic’, ‘separation anxiety’, and ‘social
phobia’ subscales increased significantly in the CNI group
(Table 2). Accordingly, the proportion of children with
altered subscales decreased in the MND-CNI group and
increased in the CNI group (P < 0.05).
Likewise, significant reductions in BMI, body fat,
and ghrelin were observed in the MND-CNI group,
while these variables did not change in the CNI group
(Table 3). In addition, the MND-CNI group exhibited a
marginal decrease in serum cortisol (P = 0.071) compared
to a significant increase in the CNI group (P = 0.016).
Changes in serum ghrelin and cortisol were statistically
different between groups (Fig. 3). Spence score total
deltas correlated with BMI deltas (r = 0.551, P < 0.001) and
cortisol deltas (r = 0.316, P = 0.041).
https://ec.bioscientifica.com
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Saliva samples for the cortisol response curve at both
basal and final times were available for 25 MND-CNI and
four CNI children. Neither group showed any significant
change in the cortisol response curve. CAR change was
0.63 ± 1.10 µg/dL (P = 0.480) for the MND-CNI group and
−1.06 ± 0.76 µg/dL (P = 0.900) for the CNI group.
End of 16-week follow-up
Seventeen MND-CNI and three CNI children attended the
Research Unit at week 16 for anthropometric assessment.
Since the number of CNI children who attended was
insufficient for statistical analysis, we present only
comparisons of weight, height, and BMI z-scores within
the MND-CNI group. Body weight did not change during
the 8-week intervention period (−371 ± 528 g, P = 0.493) or
at the end of the 16-week period (1000 ± 603 g, P = 0.117).
In contrast, significant increases in height were observed at
both times (154 ± 31 and 234 ± 41 mm respectively, P < 0.001).

Figure 2
Salivary cortisol response curve of school children at baseline (n = 49),
compared with the salivary cortisol response of non-stressed college
students (n = 32).
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0.014
0.038
0.027
0.294
0.246
0.500
0.162

0.58 ± 0.22
0.08 ± 0.41
0.41 ± 0.19
0.08 ± 0.14
0.25 ± 0.35
0 ± 0.27
0.66 ± 0.64

0.022
0.002
0.001
0.003
0.133
0.011
<0.001
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Values are mean ± s.e.
a
Within group comparisons, Paired-t test. bBetween groups comparisons of Delta values, Student t-test.
CNI: conventional nutrition intervention; MND-CNI: mindfulness intervention + CNI.

7.08 ± 0.69
8.08 ± 1.09
7.33 ± 0.77
4.75 ± 0.56
7.41 ± 0.75
8.83 ±0.66
58.75 ± 1.23
6.5 ± 0.70
8.0 ± 0.96
6.9 ± 0.77
4.66 ± 0.58
7.16 ± 0.72
8.83 ± 0.64
58.08 ± 0.98
0.021
<0.001
<0.001
<0.001
0.020
<0.001
<0.001
5.24 ± 0.70
6.27 ± 0.58
5.36 ± 0.43
4.18 ± 0.43
6.06 ± 0.62
7.0 ± 0.48
55.45 ± 1.24

−1.96 ± 0.76
−2.21 ± 0.37
−1.96 ± 0.47
−1.30 ± 0.33
−1.21 ± 0.57
−2.18 ± 0.56
−6.21 ± 1.10

Final
Basal
Delta

7.21 ± 0.85
8.48 ± 0.58
7.33 ± 0.48
5.48 ± 0.58
7.27 ± 0.66
9.18 ± 0.50
61.66 ± 1.04

MND-CNI group (n = 33)

Pa
Basal

Final

Agoraphobia and panic disorder
Separation anxiety disorder
Social phobia
Fear of physical injury
Obsessive compulsive disorder
Generalized anxiety disorder
Total scale

Table 2

Effect of interventions in the Spence anxiety score.

CNI group (n = 12)

Pa

Delta

Pb
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© 2020 The authors
Published by Bioscientifica Ltd

Figure 3
Deltas of cortisol, ghrelin, and BMI are presented. Statistical analysis was
conducted with paired t-test and Student t-test as appropriate.

Thus, because BMI is a function of weight and height,
BMI z-scores decreased significantly at the end of the
8-week intervention period (−0.12 ± 0.04 kg/m2, P = 0.004)
and continued below the baseline value at week 16
(−0.17 ± 0.05 kg/m2, P = 0.004) (Fig. 4).

Discussion
To our knowledge, this is the first study to investigate
the usefulness of mindfulness as adjuvant treatment in
pediatric obesity, and to simultaneously examine its
effect on three outcomes: stress, appetite regulators, and
body weight. Children who received the mindfulness
intervention exhibited significant declines in anxiety
scores, ghrelin, and BMI, as well as maginal decreases
in serum cortisol. Moreover, the observed effect on BMI
persisted beyond the period of intervention.
It is important to emphasize the probable effect of
mindfulness on the stress imposed by a dietary regimen.
In this study, both groups were exposed to dietary
interventions for calorie restriction, but only the control
group showed significant increases in some anxiety
measures. This raises questions regarding the potentially
This work is licensed under a Creative Commons
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Figure 4
BMI of children who received the mindfulness intervention and
completed 16-weeks follow-up (n = 17). Significant decreases were
observed from basal to week 8 and from basal to week 16. Pared t-test
was used for comparisons.

negative effect that stress may have on intentional weight
loss in this population. Thus, in cases where the stress of
engaging in dietary restriction might result in unsuccessful
attempts at weight loss, our research supports the
inclusion of mindfulness sessions as a possible method
of counteracting anxiety in children engaged in calorie
restriction strategies.
However, some limitations of our study merit
consideration. We are aware that the study was statistically
underpowered for the detection of differences between
groups in the BMI response to intervention, because the
sample size of the control group was smaller than the study
design originally planned. Statistically, this is read only as
a likelihood greater than 5% (8% in this case) that groups
are truly different, but unfortunately it also put in doubt
the confidence of our results. Nevertheless, we believe
that the consistency in the results, such as a significant
BMI reduction in the mindfulness group (P = 0.009,
Table 3), a sustained decrease in the subgroup who
attended for the full 16 weeks (Fig. 4), and the
Table 3
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significant correlation between changes in BMI and in
anxiety, permits us to interpret our results as finding a
beneficial effect of mindfulness sessions on the BMI of
obese children with anxiety. Nonetheless, we recognize
the need to confirm our result with a larger, balanced
sample population.
Another point to discuss is that even though the
study was planned as a randomized clinical trial, the study
became an imbalanced design because the study was not
blinded, as once parents received information about the
two arms of the study, most of them decided to enrol
only if assigned to the mindfulness group. In addition, at
the end of the first phase of the study (at the finishing of
the first group) we observed an undoubted improvement
in the Spence anxiety score in the mindfulness group
only, which made us consider it unethical to continue
to assign children to the control group; we therefore
assigned children to this group only if the parents were
unable to attend the mindfulness sessions. Thus, because
of parental self-selection, a systematic selection bias may
have occurred, which may have affected the reliability of
our results. Nevertheless, it is important to consider that
BMI and cortisol were not different at baseline (Table 1),
which suggests no selection bias; although we know that
because of the small sample size in the control group, this
lack of statistical power does not preclude the existence
of a selection bias, we must remember that by design,
children in both groups were all obese and all exhibited
anxiety. Therefore, we are confident that there was no
bias and that our interpretation of the results is accurate.
Once last source of potential bias exists: the parents
in each group may have had a different motivation
regarding intervention. Those in the mindfulness group
may have had much greater level of engagement with
the intervention procedures, including the restricted diet.

Effect of interventions in anthropometric and biochemical variables.
MND-CNI group (n = 33)

Weight, kg
Height, cm
BMI, kg/m2
BMI Z-score
Body fat, %
Insulin, µU/mL
Ghrelin, pg/mL
Leptin, ng/mL
Cortisol, µg/dL

CNI group (n = 12)

Delta

Pa

Delta

Pa

Pb

0.61 ± 0.37
1.06 ± 0.17
−0.12 ± 0.16
−0.07 ± 0.03
−1.28 ± 0.25
3.14 ± 2.33
−0.71 ± 0.37
0.19 ± 0.64
−1.42 ± 0.94

0.113
<0.001
0.009
0.008
<0.001
0.177
0.036
0.326
0.071

1.02 ± 0.88
1.11 ± 0.25
−0.05 ± 0.09
−0.05 ± 0.09
−1.24 ± 0.91
0.11 ± 1.82
0.83 ± 0.75
−0.68 ± 1.18
2.26 ± 0.93

0.136
<0.001
0.467
0.276
0.111
0.254
0.154
0.276
0.016

0.311
0.563
0.081
0.383
0.527
0.571
0.026
0.271
0.015

Values are mean ± s.e.
a
Within-group comparisons, Paired-t test. bBetween-group comparisons of Delta values, Student t-test.
CNI: conventional nutrition intervention; MND-CNI: mindfulness intervention + CNI. Statistical analyses were conducted with log-transformed data.
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Nevertheless, even if the beneficial results observed in
the MND-CNI group are the consequence of the parental
engagement with the mindfulness program, we think that
this remains a positive outcome from this study.
It is also important to clarify why we compared the
baseline salivary cortisol response curve of our children
with that of a stress-free sample of students (35). Since
we found serum cortisol between normal ranges at
baseline (Table 1, 35), it could be interpreted that our
children were not stressed. However, salivary cortisol was
high when compared with that of non-stressed students
(Fig. 2), ratifying the status of stress at baseline and
coinciding with anxiety score data. Nevertheless, no effect
on the salivary cortisol response curve was observed, as
reported by others (18, 22). It is possible that mindfulness
did not affect the cortisol response, but it is also likely
that unreported mistakes committed in the process of
obtaining the saliva specimens affected the results, for
instance, in the timing of sampling or in any of the other
aspects that are required for an appropriate technique, as
suggested by Smyth and coworkers (36). Unfortunately,
while we provided instructions for sampling, we did not
monitor the adequacy of the saliva sampling procedure.
Nonetheless, we think that such behavior in the cortisol
response does not necessarily reflect a lack of effect on
stress, given that improvements in anxiety scores and
serum cortisol were observed.
We are aware that the scientific literature is full of
different mindfulness programs. Such heterogeneity
in the intervention tool may be, at least partially,
responsible for the controversial results among studies.
Thus, we recognize that our results reflect only the
mindfulness program of the ‘Escuela Española de Desarrollo
Transpersonal’ (EEDT). An important strength of the
EEDT program is that it includes mindfulness for stress
reduction tools together with some strategies to promote
conscious eating (28), but we recognize that no formal
studies have been conducted to test its efficacy. Other
strong points are that we provided mindfulness sessions
to the parent-child dyad to improve the efficacy of the
intervention, as has been previously suggested (37), and
also that the mindfulness intervention was delivered by
personnel previously trained and certified by the EEDT.
Regarding the effect on appetite-regulator hormones,
ghrelin concentration decreased in the MND-CNI group,
but not in the CNI group, suggesting that the effect of
mindfulness on BMI may be exerted through influence on
appetite or eating behavior, as suggested by others (38, 39,
40, 41). This is relevant because, physiologically, ghrelin
is an appetite-stimulating hormone that increases when
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energy supply is low, but also seems to drive hedonic
food consumption. Thus, as stress also induces hedonic
eating, it is probable that this hormone also mediates
the conduct of eating under stress (13). Our results are
congruent with this role of ghrelin on appetite, because
a decline in ghrelin concentration was observed after the
mindfulness intervention as reported previously (42, 43).
Finally, we are aware that the magnitude of the
reduction in BMI we found may not be remarkable.
However, considering that an adequate weight loss for
children at this age should not be greater than 10% of
their basal body weight in 6 months (44), we believe
that the changes we observed in BMI in a short period
may be biologically significant and relevant enough to
consider mindfulness as a suitable approach to support
longer-term weight loss interventions in children. In fact,
our result is in line with that reported in a recent paper
that proposes a 0.6 decrease in BMI z-score as biologically
significant, since it is associated with at least 5% reduction
in percentage body fat (45).
In conclusion, our results suggest that mindfulness
is a promising tool when used as an adjunctive therapy
for childhood obesity, either because of its potential to
decrease stress or because it could counteract the stress
associated with a restrictive dietary regimen. However, we
recognize that our findings need to be confirmed with a
larger, balanced sample population.
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