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Abstract

The double burden of malnutrition (DBM) has been described in many low-/middle-income countries. We investigated food addiction,
thyroid hormones, leptin, the lipid/glucose profile and body composition in DBM children/adolescents. Subjects were allocated into
groups according to nutritional status: control (C, 7 28), weight excess (WE, # 23) and DBM (WE plus mild stunting, 7 22). Both the
DBM and WE groups showed higher mean insulin concentrations than the control (DBM =57-95 (95 % CI 47-88, 70-14) pmol/l, WE =
74-41 (95 % CI 61-72, 89-80) pmol/l, C =40-03 (95 % CI 34-04, 47-83) pmol/l, P < 0-001). WE and DBM showed more food addiction symp-
toms than the control (3-11 (95 % CI 2:33, 3-89), 3-41 (95 % CI 2-61, 4-20) and 1-66 (95 % CI 0-95, 2:37)). In DBM individuals, addiction
symptoms were correlated with higher body fat and higher insulin and leptin levels. These data provide preliminary evidence consistent
with the suggestion that DBM individuals have a persistent desire to eat, but further studies are required to confirm these results in a larger
study. These hormonal changes and high body fat contribute to the development of diabetes in long term.
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Low- and middle-income countries are undergoing a rising
prevalence of weight excess (WE), although a large prevalence
of undernutrition is still present”. Together, WE or undernutri-
tion affects almost 2-5 billion people worldwide.

The co-existence of undernutrition and WE is defined as
the double burden of malnutrition (DBM) and occurs either in
the same individual, within a family or in a population®. The
DBM has been reported in Latin America®, Eastern Europe™,
Southeast Asia®” and Africa’®!V, especially sub-Saharan Africa?.
In Brazil, a prevalence of 0-3 % DBM was found, especially among
adolescents older than 14 years'?,

It is well known that undernutrition or WE is accompanied by
profound endocrine changes. For example, undernutrition is
associated with a decrease in insulin"®, leptin and thyroid hor-
mone concentrations’>!?. It is believed that the decrease in
these hormones aims to reduce energy expenditure. In contrast,
WE increases insulin”, leptin'®
authors have suggested that the increase in leptin and thyroid

and thyroid hormones"”. Some

hormones could counteract the excess energy stored and facilitate
increased expenditure?%2V,

Profound metabolic consequences as a result of these
endocrine changes are well known. For example, increases in
glucose® and TAG® have been described in obese children.
In contrast, the glucose concentration may be normal in stunted
children™® but is decreased among more severe cases of
undernutrition®”. Increased insulin sensitivity occurs in this
condition™”. A new way to analyse alterations in glucose and
TAG called the metabolic load index (MLD) has recently been
proposed®. This index is a way to express the metabolic chal-
lenge faced by cells, as it is known that high metabolic loads can
predispose cells to diseases”.

There is increasing evidence that the consumption of
hyperpalatable foods is associated with symptoms of food
addiction®*??_ One study indicated that adults with a positive
score for food addiction have more difficulties losing weight
and maintaining health status®®| representing an additional risk

Abbreviations: BMI/A, BMI for age; DBM, double burden of malnutrition; HAZ, height-for-age Z-score; MLI, metabolic load index; WE, weight excess; WHIR,

waist-to-height ratio.
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for the development of CVD and metabolic diseases. In addition,
the presence of food addiction and its symptoms demand new
methodologies and specific treatments for nutritional disorders.
One study found a prevalence of food addiction of 2-:6 % overall
among Dutch adolescents (14-21 years), but the prevalence
doubled (5:9 %) among those with WE®. A much higher preva-
lence was found among Brazilian children. A recent study from
our research group found a prevalence of food addiction of 24 %
among Brazilian children with WE (9-11 years old)®?,

To our knowledge, studies of DBM that analysed stunting
plus WE in the same child or adolescent and its association with
food addiction are non-existent. This is important to provide sub-
sidies for the prevention and treatment of this condition, as it
aggravates their disease condition. With this aim, we investigated
in children and adolescents the presence of food addiction, thy-
roid status, leptin, insulin, glucose and lipid profiles, as well as
body composition and the MLI in DBM and compared them with
eutrophic controls and those with WE and without stunting.

Materials and methods
Study design and population

A cross-sectional study was conducted with children and adoles-
cents from 7 to 16 years of age, both sexes, from eight public
schools located in a low-income area of Jodo Pessoa city
(Brazil). In these schools, anthropometric evaluations were per-
formed on 2966 students. The subjects included in the study
were divided as follows: (1) control group (C), height-for-age
Z score (HAZ)>0-0 and <2-0 and BMI for age (BMI/A)
> —1-0 and < 0-5 Z score; (2) WE group, HAZ > 0-0 and < 2-0
Z score and BMI/A > 1.0 Z score; and (3) DBM group (mild stunt-
ing plus WE in the same child/adolescent), HAZ < —1-0 Z score
and BMI/A > 1.0 Z score, matched for age and sex. All students
who met the DBM criteria (17 48) were invited to participate;
however, nineteen did not agree, and seven were excluded
due to autoimmune or neurological diseases. None of the partic-
ipants in the present study had CVD, renal or endocrine diseases.

The present study was approved by the Research Ethics
Committee of the Federal University of Paraiba (CAAE
97686018.0.0000.5188), and all procedures were conducted fol-
lowing the Helsinki Declaration. All parents and participants
signed consent to participate in the research.

Anthropometric assessment

The students were weighed on a digital scale platform (Wiso —
W721) with a capacity of 180kg and a precision of 100 g.
Height was measured using a stadiometer (Alturaexata) with a
precision of 1 mm. All anthropometric measurements were
obtained using the method described by Lohman et al.®V.
Nutritional status was calculated using WHO AnthroPlus soft-
ware (v1.0.4 WHO).

Waist circumference and hip circumference were evaluated
with the individual standing, with the abdomen relaxed and arms
relaxed at the side of the body, using an inelastic measuring tape
with a precision of 1 mm. The waist-to-hip ratio was assessed by
the simple division of waist circumference by hip circumference

in centimetres, and the waist-to-height ratio (WHtR) was also
assessed by the division of waist circumference by height.

Body composition

Triceps and subscapular skinfolds were measured by an adip-
ometer (Sanny — AD1009), and the body fat percentage was cal-
culated according to Slaughter et al.%*. The measurements were
obtained in duplicate, always on the left side of the body, by the
same evaluator in all children and adolescents.

Biochemical analysis

Blood samples were obtained after an overnight fast of 12 h and
centrifuged at 3000 rpm for 15 min. The serum was stored at —80°C
for further analysis. Total cholesterol, HDL, LDL, TAG and glu-
cose were analysed by the enzymatic colorimetric method in
an automated analyser (Chem Well T — Labtest) following the
manufacturer’s recommendations (Bioclin, Belo Horizonte).
Insulin, thyroid-stimulating hormone, free T3 and free T4
were measured by the chemiluminescence method, and leptin
was measured by ELISA according to the protocol recommended
by the manufacturer. The MLI was calculated as the sum of TAG
and glucose (both in mg/dl) to quantify the metabolic state'®.
This index is associated with the metabolic challenge during fast-
ing or after a meal due to the adjustments necessary to the main-
tenance of energetic homoeostasis. The homeostasis model
assessment of insulin resistance (HOMA-IR) was employed to
analyse insulin resistance according to Matthews et al.®?.

Assessment of food addiction and socio-economic status

The Yale Food Addiction Scale for Children (YFAS-C) was devel-
oped by Gearhardt et al.*® to investigate food addiction in chil-
dren using a questionnaire with twenty-five items grouped in
accordance with seven symptoms: tolerance; withdrawal; taking
the substance often in larger amounts or over a longer period
than was intended; persistent desire or unsuccessful effort to
cut down or control substance use; spending a great deal of time
in activities necessary to obtain or use the substance or to recover
from its effects; giving up social, occupational or recreational
activities because of substance use; and continuing the sub-
stance use with the knowledge that it is causing or exacerbating
a persistent or recurrent physical or psychological problem. To
be classified as food addiction, clinical distress and three or more
symptoms are necessary®?. The YFAS-C, validated in Brazilian
children and adolescents®>, was applied to identify the pres-
ence of food addiction in the participants of the present study.
YFAS-C is categorised into specific symptoms that resemble sub-
stance dependence. The participants’ mother/father answered a
questionnaire about family socio-economic status and the health
of children/adolescents.

Statistical analysis

The variables were assessed for normality using the Shapiro—
Wilk test. Variables without a normal distribution were log-
transformed when applicable, and geometric means are shown.
Anthropometric, socio-economic, biochemical, and hormone
data and the mean of the symptoms of food addiction were
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analysed by two-way ANOVA, by group and sex, and Bonferroni
adjustment was used for multiple comparisons. ANCOVA cor-
recting for sex and weight was used for body composition data.
The y* test was used to analyse food addiction. Hormones,
anthropometric data and food addiction were analysed using
Pearson’s correlation or Spearman’s analysis. The level of signifi-
cance adopted was 5% (o < 0-05). For statistical analysis, SPSS
software (IBM version 20.0) was used.

For the sample size calculation (Epi Info software version
7.2.3.0), the prevalence of 0-3 % (12 37; 95 % CI 0-23, 0-45) of par-
ticipants presenting the DBM was used, along with 27-3 % of con-
trols being exposed (fourteen), paired at a 1:2 ratio between
cases and controls, a power of 80 % and a CI of 95 %, resulting
in sixty participants being required and divided into the three
groups. To predict losses and to avoid possible confounding
factors, 25 % was added to this number, resulting in a total of
seventy-three being divided into the groups.

Results

Table 1 summarises the socio-economic and anthropometric
characteristics of the participants. No differences between
groups were found in the years of schooling of the legal guard-
ian, the number of people at the residence or the family income.
The mean ages were similar among groups. The WE group
showed a higher weight than the DBM and C groups. Height
and HAZ were significantly lower in the DBM group than in
the other two groups, while BMI/A and waist circumference
were significantly higher in the DBM and WE groups. The
waist-to-hip ratio was significantly higher in DBM than in C sub-
jects. WE subjects showed a higher WHtR than DBM and C sub-
jects, while DBM individuals had a higher WHtR than C subjects.
The WHIR of the boys in the C group was higher than that of the
girls, but the girls in the DBM and WE groups had a higher WHtR
than the boys (interaction, P= 0-045).

Table 2 shows the distribution of positive symptom scores
and food addiction diagnoses. The DBM group showed a higher
percentage of the symptom ‘persistent desire or repeated unsuc-
cessful attempt to quit’ than the other two groups. The WE and
DBM groups showed a higher percentage of the symptom ‘con-
tinued use despite knowledge of adverse consequences’ and
‘withdrawal’ than the C children. In addition, these two groups
showed a tendency (4? test, P=0-05) of a higher percentage of
‘clinical distress’ symptoms than the C group. There was no sig-
nificant difference between the groups in the percentage of food
addiction as a final diagnosis. The WE and DBM groups showed
a higher mean of symptoms of food addiction than the controls.

DBM and WE subjects showed a higher fat mass, expressed as
either absolute or percentage values, and lower fat-free mass
compared with those in the C group (Table 3). No differences
in fat mass were found between the WE and DBM groups.

Total cholesterol, insulin, leptin and HOMA-IR of the DBM
and WE groups were significantly higher than those of the C
group (Table 4). The WE group had a higher LDL concentration
than the C group, and DBM showed a higher glucose concentra-
tion than the WE group. The DBM group showed a higher con-
centration of TAG but without a difference in the post hoc

Bonferroni test. The MLI was higher in the DBM group than in
the C group. No differences were found for thyroid-stimulating
hormone, free T3 or free T4 between groups. Boys showed
higher mean free T3 levels than girls (5-51 (95 % CI 5-26, 5-78)
and 499 (95% CI 4-76, 5-24) pmol/l, respectively), and girls
had a higher concentration of leptin than boys (21-71 (95 % CI
16-11, 29-27) and 7-57 (95 % CI 5-68, 10-09) ng/dl, respectively).
No interactions between group and sex were found.

Table 5 shows the correlations between anthropometric/bio-
chemical variables and food addiction symptoms. Apart from
two symptoms (‘substance taken in larger amount and for longer
period than intended’ and ‘tolerance’), all other symptoms
showed positive correlations with body fat and BMI/A.
Specifically, positive correlations were found between the symp-
toms 2 — ‘persistent desire or repeated unsuccessful attempt to
quit, 5 — ‘continued use despite knowledge of adverse conse-
quences’ and 7 — ‘characteristic withdrawal symptoms and sub-
stance taken to relieve withdrawal’ and BMI/A, WHtR, % of fat
mass and leptin. Symptom 3 — ‘Much time/activity to obtain,
use, or recover’ was negatively correlated with age but positively
correlated with BMI/A, percentage of fat mass and leptin.
Symptom 7 — ‘characteristic withdrawal symptoms and sub-
stance taken to relieve withdrawal’ was the most correlated
symptom, as it was positively correlated with all anthropometric
variables studied, total cholesterol, LDL and leptin. There was no
correlation between the MLI and the symptoms of food
addiction.

Discussion

The presence of food addiction in children and adolescents is
being increasingly recognised, especially among individuals
with WE®%3%_ This condition may aggravate the deleterious
effects of the disease while further hindering treatment and pre-
venting WE.

It is possible that the DBM represents an even more complex
situation due to the metabolic changes that have been described
in chronic undernutrition during growth and stunting®”. In fact,
a study from our research group investigated the ability of
stunted children to control food intake and appetite at lunch
when snacks were offered in the mid-morning®®. The results
showed impaired control of food intake among stunted children,
as the daily energy intake per body weight was higher in stunted
children than in controls, signalling that these children tended to
overeat when food was available. In addition, these findings sug-
gested that this behaviour could be associated with the higher
susceptibility to weight gain found among stunted children®?49,

The previous results that stunted children tend to overeat
opportunistically® can help to explain the findings of the
present study. In particular, the symptom of ‘persistent desire
or repeated unsuccessful attempt to quit’ was more prevalent
among DBM children and adolescents than in the other two
groups. This symptom, in fact, was found in almost 50 % of
the subjects with DBM.

Another important finding of the present study was that the
correlation data provide evidence that BMI/A, body fat and lep-
tin are positively correlated with many food addiction symptoms.
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Table 1. Socio-economic and anthropometric characteristics of the studied groups
(Median values and minimum—-maximum values; mean values and standard deviations)
Groups
Control (14 boys, 14 girls) Weight excess (12 boys, 11 girls) DBM (11 boys, 11 girls) P
Minimum— Minimum— Minimum— Effect of  Effect of
Median  maximum Mean SD Median  maximum Mean SD Median  maximum Mean SD group sex
=
Years of schooling of the responsible guardian 12 1-12 12 3-12 12 3-12 0-595 n
Number of persons in the house 4 2-11 4 2-7 4 2-10 0917 »
Monthly family income (US$) 387 217-1658 382 254-714 304 45-638 0-290 -
Age (years) 12.59 2.08 12.34 210 1206 221 0-688 0144 @
Weight (kg) 44.72 10-04 63-321 1822 48.70% 13.62 <0-001 0-195 §
Height (cm) 157-34 12.89 156-89 11-80 140-35tf 1178 < 0-001 0-621 =
HAZ (Z score) 0-58 0-60 0-83 0-53 -142tf 040 <0-001 0156 3
BMI/A (Z score) -0-27 0-52 2.031 0-63 1.87¢ 060 <0-001 0827 S
WC (cm) 65-48 4.83 80-76t 10-20 7513tf 978  <0-001 0862 X
WHR 0-79 0-05 0-82 0-07 0-831 0-04 0-017 < 0-001
WHtR 0-44 0-05 0-62t 0-04 055t 0.05 <0-001 0-202

DBM, double burden of malnutrition; HAZ, height-for-age; BMI/A, BMI for age; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

* Kruskal-Wallis or two-way ANOVA (group and sex). Age: (group (F(2,67)=0-376), sex (F(1,67)=2-181), interaction factor (F(2,67) =0-608); P=0-547); weight: (group (F(2,67)=11-631), sex (F(1,67)=1-712), interaction factor
(F(2,67) =0-618); P=0-542); height: (group (F(2,67)=14-034), sex (F(1,67)=0-247), interaction factor (F(2,67)=0-334); P=0-717); HAZ: (group (F(2,67)=123-481), sex (F(1,67)=2-058), interaction factor (F(2,67)=0-585);
P=0-560); BMI/A: (group (F(2,67)=121-171), sex (F(1,67) = 0-048), interaction factor (F(2,67) =0-302); P=0-741); WC: (group (F(2,67) =21-202), sex (F(1,67) =0-031), interaction factor (F(2,67) = 0-714); P=0-493); WHR: (group
(F(2,67) =4-347), sex (F(1,67) = 14-960), interaction factor (F(2,67) = 1-488); P=0-233); WHtR: (group (F(2,67) =73-962), sex (F(1,67) = 1-659), interaction factor (F(2,67) = 3-257); P=0-045).

1 Mean value was significantly different from the control group (Bonferroni’s post-test).

1 Mean value was significantly different from the weight excess group (Bonferroni’s post-test).
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Table 2. Symptom scores, food addiction diagnoses and total numbers of symptoms in the studied groups

(Numbers and percentages; mean values and 95 % confidence intervals)

Weight
Control excess DBM
(14 boys, (12 boys, (11 boys,
14 girls)t 11 girls)t 11 girls)t
Food addiction symptoms n % n % n % P
Substance taken in larger amount and for longer period than intended 8 38-1 7 33-3 6 286 0-973
Persistent desire or repeated unsuccessful attempt to quit 5 167 11 36-7 14 46-7 0-004
Much time/activity to obtain, use or recover 4 211 7 36-8 8 421 0177
Important social, occupational or recreational activities given up or reduced 7 28-0 11 44.0 6 28-0 0-223
Continued use despite knowledge of adverse consequences 4 167 10 41.7 10 41.7 0-028
Tolerance 13 36-1 8 222 15 417 0-075
Characteristic withdrawal symptoms; substance taken to relieve withdrawal 4 177 10 41.7 10 41.7 0-028
Commitment or distress clinically 2 133 8 53-3 5 33-3 0-050
Non-food addiction 26 35-6 16 219 17 233 0-097
Food addiction} 2 2.7 7 9-6 5 6-8
Total symptoms of food addiction 0-003
Mean 1.66 311§ 341§
95 % Cl 0-95, 2.37 2.33, 3-89 261,420

DBM, double burden of malnutrition.

* 47 test or two-way ANOVA (group and sex). Total symptoms of food addiction: (group (F(2,67) = 6-394), sex (F(1,67) =0-913); P=0-343, interaction factor (F(2,67) = 0-434);

P=0-649).
1 Participants who scored positively for the symptom (%).

1 Yale Food Addiction Scale for Children food addiction diagnosis: the presence of three or more symptoms and clinical impairment or distress.

§ Mean value was significantly different from the control group (Bonferroni’s post-test).

Table 3. Body composition of the studied groups
(Mean values and 95 % confidence intervals)

Groups

Weight excess

Control (14 boys, 14 girls)

(12 boys, 11 girls)

DBM (11 boys, 11 girls)

Mean 95 % ClI Mean 95 % ClI Mean 95 % CI P*
FM (%) 19.95 17.97, 21.93 30611 2831, 32:92 3187t 29.72, 34-02 <0-001
FM (kg) 11.31 1012, 12.50 16-23t 14.85, 17-62 17-10t 15.72, 18-30 < 0-001
FFM (%) 80-05 78-07, 82-02 69-421 6712, 71.72 68-121 65-98, 70-27 < 0-001
FFM (kg) 40-43 39-24, 41-62 35-501 34-12, 36-88 34.72% 33-43, 36-02 < 0-001

DBM, double burden of malnutrition; FM, fat mass; FFM, fat-free mass.
* ANCOVA corrected for sex and weight.

1 Mean value was significantly different compared with the control group (Bonferroni’s post-test).

Specifically, the great majority (5-6 out of 8) of the symptoms
were positively correlated with BMI/A, abdominal fat mass, %
fatmass and leptin. The total number of symptoms of food addic-
tion was also positively correlated with the BMI/A and leptin
concentrations.

Another important finding was that there was a higher meta-
bolic challenge in DBM children and adolescents than in con-
trols. This implies an availability of energetic substrates for
tissues and an additional demand for physiological systems for
proper control. The maintenance of high glucose over time
can increase the allostatic load and predispose individuals to
the development of type 2 diabetes“".

Serum glucose was higher in DBM children and adolescents
than in those with WE. It has been described that undernour-
ished children show alterations in glucose and insulin metabo-
lism, with an increase in insulin sensitivity and lower insulin
production among stunted individuals"®, but as these children

gain body weight (HAZ Z scores >—2 and <—1 and BMI/A > 85 P),
there is an increase in insulin resistance?. The increase in cortisol
concentration found in stunted children® can contribute to the
development of insulin resistance”, and the unhealthy lifestyle
and increase in BMI/A in children with DBM contribute to the
impairment of glucose metabolism™.

A limitation of the present study is the low number of children
and adolescents studied. The reason was the low prevalence of
DBM found in this population, although almost 3000 children
and adolescents were evaluated from eight different schools.
A further difficulty was the need to select participants with similar
age, sex and socio-economic conditions to compose the three
study groups. Despite the low number of children and adoles-
cents studied, our findings showed the importance of this study
and the need for further investigations. Another limitation that
needs to be acknowledged is the cross-sectional design, which
does not allow for cause/effect analysis.
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Table 4. Metabolic and hormonal profiles of the studied groups

(Mean values and standard deviations; geometric means and 95 % confidence intervals)

Groups
Control (14 boys, 14 girls) Weight excess (12 boys, 11 girls) DBM (11 boys, 11 girls) P*
Geometric Geometric Geometric Effect of Effect of
Mean  sp mean 95 % ClI Mean sD mean 95 % ClI Mean sb mean 95 % ClI group sex

TC (mg/dl) 116-48 29-59 147-291 34-38 143101 41.81 0-005 0-779

HDL (mg/dl) 3432 11.02 3520 1293 3666 1027 0778 0-180 ~

LDL (mg/dl) 45.64 2221 68991 21-63 5623 2724 0-003 0-164 O

TAG (mg/dl) 7825 32.91 10525 51-66 11068 63-37 0-046 0-383 &L

Glucose (mmol/l) 491 056 4.59 0-43 509t 072 0-018 0-446 &

Insulin (pmol/l) 40-03 34.-04, 47-83 7441t 61-72, 89-80 57-95t 4788, 70-14 <0-001 0-673 k<

HOMA-IR 1.45 1.21,1.77 2511 2.04, 3-11 2161 1.75, 2.68 0-001 0-567 8

MLI (mg/dl) 162-30 1484, 179-0 179-37 163-1, 200-6 19431t 174.9, 2160 0-047 0-209 o

TSH (mlIU/1) 1.57 1.32,1-87 1-51 1.25, 1-83 1.23 1.01, 1-51 0179 0-624 Q

FT3 (pmol/l) 510 4.87,543 5.36 5.07, 571 521 4.91, 5.55 0-535 0-004 g

FT4 (pmol/l) 12-30 11-81, 12.89 12.55 12.00, 1322 12-30 11.70, 12.92 0-758 0-279 =

Leptin (ng/dl) 378 271,527 2527t 17-65, 36-77 21.75% 15.06, 31-87 <0-001 <0-001

DBM, double burden of malnutrition; TC, total cholesterol; HOMA-IR, homoeostasis model assessment of insulin resistance; MLI, metabolic load index; TSH, thyroid-stimulating hormone; FT3, free triiodothyronine; FT4, free thyroxine.

* Two-way ANOVA (group and sex). Total cholesterol: (group (F(2,67) =5-671), sex (F(1,67) = 0-080), interaction factor (F(2,67) = 0-481); P=0-620); HDL: (group (F(2,67) = 0-252), sex (F(1,67) = 1-834), interaction factor (F(2,67) = 0-043);
P=0-958); LDL: (group (F(2,67)=6-190), sex (F(1,67)=1-978), interaction factor (F(2,67) =0-853); P=0-431); TAD: (group (F(2,67)=3:213), sex (F(1,67) =0-772), interaction factor (F(2,67) = 1-275); P=0-286); glucose: (group
(F(2,67) =4-289), sex (F(1,67) = 0-588), interaction factor (F(2,67) =0-224); P=0-800); insulin: (group (F(2,67) = 11-992), sex (F(1,67) =0-180), interaction factor (F(2,67) = 0-224); P=0-800); HOMA-IR: (group (F(2,67) = 8-055), sex
(F(1,67) =0-331), interaction factor (F(2,67) =0-159) P=0-854); MLI: (group (F(2,67) = 3-211), sex (F(1,67) = 1-611), interaction factor (F(2,67) = 0-968) P=0-385); TSH: (group (F(2,66) = 1-768), sex (F(1,66) = 0-242), interaction factor
(F(2,66) = 1-397); P=0-255); FT3: (group (F(2,67) = 0-630), sex (F(1,67) = 8-663), interaction factor (F(2,67) = 0-848); P=0-433); FT4: (group (F(2,67) = 0-278), sex (F(1,67) =1-190), interaction factor (F(2,67) = 0-263); P=0-770); leptin:
(group (F(2,67) = 37-408), sex (1,67) = 25-765), interaction factor (F(2,67) = 0-442); P=0-645).

1 Mean value was significantly different from the control group (Bonferroni’s post-test).

1 Mean value was significantly different from the weight excess group (Bonferroni’s post-test).
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Table 5. Correlation of anthropometric characteristics, metabolic factors, leptin concentration and symptoms of food addiction
HOMA-
Age HAZ BMIA WC WHR WHtR %FM TC LDL IR MLI Leptin
1. Substance taken in larger -0-105 0-087 0-080 —0-024 0086 -0-023 0-001 0034 -0-027 -0-091 -0-040 0-010
amount and for longer period
than intendedt
2. Persistent desire or repeated 0-108 -0-184 0-317** 0-384** 0-144  0.292* 0-336** 0072 —-0-049 0-260* 0-131  0-408**
unsuccessful attempt to quitt
3. Much time/activity to obtain, use —0-283* 0-093 0-340** 0-130 0036 0159 0-297* 0-195 0-076 0-084  0-061 0-290*
or recovert
4. Important social, occupational —0-050 0-164 0-249* 0-247*  0-001 0.232* 0-274* 0-171 0201 -0-060 -0-007 0-169
or recreational activities given
up or reducedt
5. Continued use despite 0-135 —-0-037 0-248* 0-302** -0-094  0-273* 0-378** 0-163 0-087 0-216 0-161  0-392**
knowledge of adverse
consequencest
6. Tolerancet -0-035 -0-067 0-093 -0-025 0200 -0-021 0-088 0-106 0-074 -0-024 0-127 -0-003
7. Characteristic withdrawal 0-066 0-018 0-379** 0-441** 0-299* 0-337** 0-356** 0-353** 0-270* 0-090 0104 0-242*
symptoms; substance taken to
relieve withdrawalt
8. Commitment or distress 0-163  0-032 0-210 0-306** 0-047  0-307** 0-299* 0-287* 0-343**  0-105 0-167 0-237*
clinicallyt
Total number of symptomst 0-001 -0-039 0-449** 0-371** 0179  0-365** 0-454** 0-332** 0-226 0-149 0-062 0-388**

HAZ, height-for-age; BMI/A, BMI for age; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; %FM, percentage of fat mass; TC, total cholesterol;
HOMA-IR, homoeostasis model assessment of insulin resistance; MLI, metabolic load index.

*P<0-05, ** P<0-01 (two-tailed).
1 Spearman’s correlation.
1 Pearson’s correlation.

In conclusion, the present data provide preliminary evidence
consistent with the suggestion that DBM children and adoles-
cents may have a persistent desire to eat, but further studies
are required to confirm these results in a larger population.
Food addiction symptoms were best correlated with body fat
and leptin. Together, these findings indicate changes in the
DBM associated with the development of non-communicable
diseases in the long term and the need for specific attention to
aspects related to food addiction.
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