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SUMMARY

OBJECTIVE: The aim of this study was to determine the potential association of foot pain and plasmatic adipocytes as physiological
biomarkers of childhood obesity with the incidence of flatfoot in a cohort of Egyptian school children aged 6 -12 years.

METHODS: A total of 550 Egyptian schoolchildren (220 boys and 330 girls) aged 6-12 years were randomly invited to participate in this
descriptive survey analysis. For all children, we assessed the diagnosis and severity of flatfoot as well as plasma adipocytes, as well
as adiponectin, leptin, resistin, IL-6, and TNF-a, using the Dennis method and immunoassay techniques respectively. Foot pain was
assessed by using a standard VAS of 100 mm and Faces Pain Scale, respectively.

RESULTS: Flat foot was predicted in 30.4% of school-age children, most of them showed a higher frequency of overweight (33.3%) and
obesity (62.5%). Boys showed higher ranges of flat foot than girls. Foot pain significantly correlated with flat foot and obesity among
the studied populations. In overweight-obese children, plasmatic adipocyte variables, as well as adiponectin, leptin, resistin, IL-6, TNF-o.
showed significant correlations with foot stance, especially in boys. Also, the studied adipocyte variables along with BMI, age, gender
explained about~65% of the variance of flatfoot with pain among our school-age students.

CONCLUSION: Foot pain showed an association with flat foot and childhood obesity in 30.4% of school-age students (6-12 years). Foot
pain was shown to correlate positively with the incidence of flat foot and changes in adiposity markers, as well as adiponectin, leptin,
resistin, I1-6, TNF-o..
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PLASMATIC ADIPOCYTE BIOMARKERS AND FOO

PAIN ASSOCIATED WITH FLATFOOT IN SCHOOLC

LDREN WITH OBESITY

INTRODUCTION

Childhood is frequently associated with deformi-
ties in the lower extremities." In children, flexible or
flat feet are the most (90%) frequent foot problems.?
These abnormalities result in other feet complications
such as gait disorders, foot depression, poor foot func-
tion, severe musculoskeletal pathologies, and a nega-
tive effect on the quality of life.™* A limited ankle joint
range of motion with a higher risk of foot pain, knee
pain, foot injury, stress fracture, abnormal gait, and
poor exercise performance were associated with flat
foot, particularly in children.*?

In children with obesity, higher frequency of
flatfoot was reported compared to those of normal
weight.”® Also, weight-bearing or obesity increases
pressure on the plantar area, which consequently
produces an increase in foot length, width, and as a
result, a change in foot size.®"°

In obese adolescents, higher levels of visfatin,
leptin, and lower adiponectin concentrations were
evaluated compared to their healthy counterparts.®®
Also, subjects with obesity showed an increase in the
levels of tumor necrosis factor-a. (TNF-a) and inter-
leukin-6 (IL-6) as pro-inflammatory markers."" In
addition, leptin and resistin as biomarkers of child-
hood obesity showed a correlation with bone mineral
density (BMD) and bone mineral content (BMC) of

the femoral neck and lumbar spine,*"

thus playing
a significant role in mediating the foot-bone axis. After
considering the aforementioned studies,® " the aim of
this study was to determine the potential association
of foot pain and plasmatic adipocytes as physiological
biomarkers of childhood obesity with the incidence of
flatfoot in a cohort of Egyptian school children aged

6 -12 years.

METHODS
Subjects

This cross-sectional study included a total of 550
Egyptian schoolchildren (boys n=220 and girls n=330)
aged 6-12 years who were randomly invited in Septem-
ber 2014 and June 2015 from different elementary and
Prep public schools in Mansoura, Egypt, to partici-
pate in this descriptive survey analyses. Children with
muscle weakness, paralysis, intellectual disability,
endocrine and cardiovascular disorders, congenital
abnormalities below the level of the ankle, cerebral
palsy, history of surgery, and musculoskeletal or neu-
rologic diseases were excluded from this study. The

demographic and clinical data of the participants are
in Table (1).

Anthropometric measurements
Based on the BMI cut off criteria previously

1.6 and specific to age and gender,

devolved by Cole et a
the participants in the study were divided into four
categories: underweight (BMI; > 16.2 kg/m?), normal
weight (BMI; 16.2 -17.3kg/m?), overweight (BMI; 17.4
-21.45kg/m?), and obese (BMI; > 22 kg/m?). In addi-
tion, waist-to-height ratio (WHtR) was also calculated

1.7 and other authors.®%

according to Ashwel et a
Assessments of adipocytokines
ELISA kits specific for leptin and resistin were
used to estimate adipocytokines in plasma samples
of all the participants. Also, IL-6 and TNF-a Cytokines
production in plasma samples was evaluated with an
ELISA assay kit (EndogenTema, USA).

Assessment of Flat foot

Flat foot was significantly estimated by a well-
trained trauma physician and orthopedist by using a
classic wooden podoscope (60 x 40 x 40 cm). Finally,
based upon Denis measurements, children who dis-
played second- and third-grade plantar footprint were
well-defined as flatfooted.?®

Foot pain was assessed by using a standard vali-
dated VAS of 100 mm.?" Due to the conceptual com-
plexity required to understand VAS, especially for
younger ages,?*? VAS scores of our subjects with
ages below eight years were standardized based on a

pre-validated Faces Pain Scale.®?*

Statistical analysis

The statistical SPSS software for Windows v.20
package was used to calculate frequencies of the stud-
ied variables. Both ANOVA and Dunnett post hoc test
was used to compare the data between groups. The
%> test was applied to determine the statistical asso-
ciation between the studied variables; the data were
considered significant at p < 0.05 with 95% CI.

RESULTS

The study sample was comprised of 550 school-age
students, 220 boys, and 330 girls (60%). Mean age
was 10.1+ 0.3 years; p= 0.11 for boys and p= 0.50 for
girls. The participants were classified, based on BMI,
into four groups. Abnormal body weight was reported
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in 240 (43.6%) of the subjects; they were classified
into low weight (4.16%), overweight (33.3%), and obese
(62.5%) (Table 1).

In this study, flatfoot was estimated in 30.4%
(n=167), higher in boys than in girls (boys: 32.27, girls:
28.8%; p=0.01) up to the age of 10 years (16.9%), with-
out difference in the prevalence rates with respect to
age (p=0.21), as shown in figure (1A), and figure (1B).
The prevalence of flatfoot peaked at 6, 7, and eight
years old for both boys and girls. The prevalence of
flatfoot in schoolchildren aged seven and eight years
was significantly higher (all P=0.001) than in older
children, regardless of gender (Figure 1B).

In addition, compared to subjects with normal
weight, higher significant rates of flatfoot were
reported in subjects with obesity (52%, P=0.001),
overweight (31.25%, P=0.01), and low weight (33.3 %,
p=0.01), respectively, as seen in the figure (1C).

Foot pain was shown to increase in overweight
and obese children with flat foot compared to chil-
dren with normal weight (Figure 1A & 1B). Foot pain
scores correlated positively with adiposity markers in
obese children with flatfoot (P=0.001).

In figure (1D) and table (2), there was a significant
increase in the plasma levels of adiponectin, leptin,

resistin, Il-6, and TNF-a. in overweight (P=0.01) and
obese (P=0.001) subjects compared to normal-weight
subjects. Underweight subjects showed lower levels of
the studied parameters, but the data obtained was not
statistically significant (P=0.13). Subjects with flatfoot
showed higher (P=0.001) levels of adiponectin, leptin,
resistin, Il-6, and TNF-a compared to subjects with
normal foot stance (Figure 1D).

In this study, younger age (8 =-0.256), male gender
(B =-0.089), and overweight ( =0.316) were closely
related to flat foot incidence among obese subjects
(table 2). Along with age and gender, adiponectin (
=0.125), leptin (f = 0.235), resistin (§ = 0.136), 1-6 (
= 0.146), TNF-a (§ = 0.325), and BMI were also pre-
dictors of flatfoot (f =0.258). The studied variables
explained 65% of the variance among our school-
aged students.

In addition, our data showed that school children
with obesity had a higher risk of flat foot (6.1 times;
P=0.001) and foot pain (8.5 times;P=0.001), with sig-
nificant increase (p=0.005) in the level of adipocytes
cytokines, as well as adiponectin, leptin, resistin, 11-6,
and TNF-a, compared to subjects with normal BMI
(Table 2). Also, there were detrimental effects of foot
pain (1.11 times; P=0.001) and flat foot (2.69 times;

TABLE 1. ANTHROPOMETRIC AND DEMOGRAPHIC MEASUREMENTS OF THE DIFFERENT POPULATION GROUPS OF
A SAMPLE OF SCHOOLCHILDREN AGED 6-12YRS (MEAN + STANDARD DEVIATION).

Boys (n=220)

Parameters LW(n=14) NW(n=126) OW(n=30) OB (n=50)

Mean +SD 95% Cl Mean +SD 95%Cl Mean +SD 95% Cl Mean +SD 95% Cl
Age (Years) 9.9+0.8 9.4-10 70.1+0.8 9.7-10 9.6+0.8 9.2-10 70.3+0.8 9.9-102
Weight (kg) 28.3%36™ 251-29.2 34.253 32.5-36 486259 39.2-52 58.9+12.4™ 51.4-65
Height (m) 1.46+0.2 1.4-1.49 1.5+£0.2 147-1.6 1.7x0.2" 1.6-1.78 1.79+0.2™ 1.76-1.9
BMI (kg/m2) | 1520.3™ 14.6-15.4 16.9+0.3 16-17.2 214+0.29™ 20.1-22 26.5+3.6™" 25.6-27
WC (cm) 54+4.8" 52.6-55.3 63.146.4 62.7-64 75.9+¢8.5™ 74.8-76 86.5£9.1" 85.7-87
HP (cm) 61+3.7" 60.8-62.3 76.144.8 75.7-77 82.9+54™ 81.8-84 925+96™ 90.7-93
WHR 0.44+0.8™ 0.43-0.45 0.48+0.8 047-0.5 0.54+0.8™ 0.53-0.6 0.62+0.8™ 0.63-0.7
WHR 0.48+0.3" 0.47-0.49 0.53+0.3 0.5-0.54 0.58+0.3" 0.57-0.6 0.69+0.3™ 0.68-0.8

Girls (n=330)

Parameters LW(n=16) NW(n=164) OW/(n=50) OB (n=100)

Mean+SD 95% Cl Mean+SD 95%Cl Mean +SD 95% Cl Mean £SD 95% Cl
Age (Years) 9.910.8 9.7-10 70.3+0.8 9.9-10.1 9.8+0.8 9.3-10.2 10.2+0.8 9.8-10.1
Weight (kg) 28.6+3.8" 26-294 36.4+5.6 35.8-37 51.846.9" 51.2-53 62.9+11.2"™" 61.4-64
Height (m) 1.47+0.2 1.4-1.49 1.53+0.2 1.51-16 1.76£0.2" 1.7-1.78 18202 1.76-1.9
BMI (kg/m2) | 14.6+0.6™ 13.8-15 17.2+0.7 16-17.3 21.6+0.29™ 20.1-22 26.9+34™ 26.1-28
WC (cm) 53.9+4.6™ 52.6-55 64.4+6.1 63.7-65 76.3+8.1" 75.4-77 84.7+8.9" 83.7-86
HP (cm) 61.6+3.9" 60.5-63 77.4%4.9 76.8-78 84.8458™ 83.5-86 93.8#9.8™ 91.5-95
WHR 0.44+0.8™ 0.4-0.44 0.48+0.8 0.46-0.5 0.55+0.8™ 0.54-0.6 0.60+0.8™" 0.62-0.6
WHIR 0.47+0.3" 0.46-0.5 0.54+0.3 0.51-0.6 0.63+0.3" 0.6-0.7 0.67+0.3™ 0.65-0.7

Statistical analyses by One-way ANOVA with Dunnett post-hoc test. “'p < 0.01, *'p < 0.001. LW, low weight; OW, overweight; OB, obesity; NW: normal weight; BMI, body mass index;

WG, waist circumference; HP, hip circumference; WHR, waist to height ratio; WHtR: Waist-to-height ratio.
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P=0.001) reported in subjects with low weight com-
pared to normal subjects.

DISCUSSION

The findings of this study showed that foot pain
was significantly associated with flat foot and adipos-
ity markers in all subjects. The prevalence of flatfoot
significantly (all P=0.001) peaked at six, seven, and
eight years of age for both boys and girls compared
to older children, regardless of gender. Other stud-
ies had similar results, most of which on younger or
infants and showing ratios of flatfoot.’"*#2% During
childhood, age, gender, adiposity, and ligamentous
laxity are considered the most predisposing factors
and strongly determine the prevalence of flatfoot.2°%

Overall, in this study, flatfoot was found in 30.4% of
the study population. Boys had higher prevalence rates
for flatfoot than girls (32.27 in boys vs28.8% in girls;
p=0.01). Consistent with current results, previous

research found flat foot in 52% of boys and 36% of
girls aged 3-6 years old."»#"*

This study showed that 43.6% of the subjects
had an abnormal change in BMI. The prevalence of
increased BMI was 33.3% in overweight and 62.5%
in obese schoolchildren, respectively. Our results
are consistent with other studies, which reported a
relatively high prevalence of overweight, and obesity
among children aged 6-12 years."""

In this study, BMI correlated positively with flat
foot among school-age children. The prevalence for
flatfoot was significantly higher in schoolchildren
with obesity (52%, P=0.001), overweight (31.25%,
P=0.01), and low weight (33.3 %, p=0.01) compared
to the prevalence of flat foot (17.2 %) in children with
normal weight. Consistent to our results, significant
variations in the prevalence of flatfoot were reported
in under-weight (13.9%), normal-weight (16.1%), over-
weight (26.9%), and obese (30.8%) schoolchildren aged
3-18 years.™" This may be explained by the fact that

FIGURE 1. PREVALENCE OF FLATFOOT IN SCHOOL-AGE STUDENTS (6-12 YEARS) BASED ON
GENDER [A], AGE [B], OBESITY [C], AND PHYSIOLOGICAL CHANGES IN ADIPOCYTOKINES
AND INFLAMMATORY CYTOKINES [D]. STATISTICAL ANALYSES BY ONE-WAY ANOVA
WITH DUNNETT POST-HOC TEST; TEST (- %2) WERE USED TO ANALYZE CORRELATIONS.
HIGHER RATES OF FLAT FOOT WAS ESTIMATED IN BOYS ™ P <0.01 (BOYS VS. GIRLS)

[A]l. THE PREVALENCE OF FLATFOOT IN SCHOOLCHILDREN AGED 7 AND 8 YEARS

WAS SIGNIFICANTLY HIGHER (ALL P=0.001) THAN IN CHILDREN WITH OLDER AGES
REGARDLESS OF GENDER [B]. ALSO, STUDENTS WITH OVERWEIGHT AND OBESITY
SHOWED HIGHER RATES OF FLAT FOOT COMPARED TO THOSE WITH LOW OR NORMAL
WEIGHTS [C]. ™ P = 0.02, ™ P <0.001 (OW/OB VS LW OR NW), * P = 0.01(LW VS NW). ALSO,
ADIPOCYTOKINES AND INFLAMMATORY CYTOKINES SIGNIFICANTLY CORRELATED WITH
FOOT STANCE [D]. ™ P <0.001(FFVSNF). NORMAL FOOT (NF); FLAT FOOT (FF); LW: LOW
WEIGHT; NW: NORMAL WEIGHT, OW: OVERWEIGHT; OB: OBESITY.
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TABLE 2. BETA REGRESSION COEFFICIENT (B), ORS (95% ClI), AND P-VALUES FOR FACTORS EFFECT ON THE
PROBABILITIES OF FOOT PAIN AND FLATFOOT IN SCHOOLCHILDREN WITH OBESITY.

Low weight Overweight Obesity
Parameters
B OR (95% Cl) P-value | B OR (95% Cl) P-value |f OR (95% ClI) P-value

Age -0.256 | 1.2(0.6-1.5) 0.01 -0135 [1.1(0.86-1.3) 0.01 -0.245 |1.0(0.9-1.3) 0.01
Gender -0.089 | 1.4(11-2.2) 0.05 -0.314 | 1.7(11-2.7) 0.05 -0.258 | 11(0.6-1.5) 0.01
Weight 0.316 21(11-34) 0.01 0.224 [1.3(11-1.8) 0.01 0.315 1.5(11-1.6) 0.01
BMI 0.258 2.6(11-3.1) 0.01 0124 |1.6(11-1.9) 0.01 0139 1.3(11-1.8) 0.01
Foot Pain (Yes/No) 0125 111(0.8-1.7) 0.001 0.321 |[3.2(1.8-76) 0.003 0.345 85(4.5-116) 0.001
Flat foot (Yes/No) 0235 |269(3.5-58) | 0001 | 0145 |48(3.1-82) 0005 | 0128 |61(3.5-91) 0.001
Adiponectin, ng/mL 0136 21(1.8-4.3) 0.05 0321 [1.8(11-32) 0.01 0.215 29(15-32) 0.005
Leptin, ng/mL 0.146 15(01-23) 0.01 0.324 [1.2(094-24) 0.05 0124 37(294-51) 0.005
Resistin, ng/mL 0325 |118(0.8-25) |001 0324 |15(11-29) 0.01 0384 |16(11-32) 0.005
IL-6, pg/mL 0.450 23(12-37) 0.05 0314 |37(29-49) 0.05 0131 31(29-56) 0.005
TNF-a, pg/mL -0.256 | 1.45(1.2-29) 0.03 0245 [14(11-2.8) 0.04 0.214 19(1.3-36) 0.005
SR2 (%) 0135 |35(286-457) | 0001 | 0425 |627(489-751) | 0.001 0512 | 657 (56.7 — 86.4) | 0.001

Entered variables to the model (multinomial logistic regression): £R2 = summation of cumulative values of R relating to studied variables. Adiponectin, leptin, resistin, IL-6, TNF-a.. IL-6,
Interleukin-6 cytokine; TNF-a, tumor necrosis-a. cytokine; ORs, odds ratios; Cl, confidence interval; Beta regression coefficient (B); BMI, body mass index. Hierarchical multiple regressions

were used to estimate correlations

excess weight exerts more stress and load on the lig-
aments and soft tissues of the foot, which induces
injuries and deformities in the feet.

In our study, a significantly higher likelihood of
flatfoot (33.3 %, p=0.01) was reported in elementary
school children aged 6-8 years old who were under-
weight, suggesting that underweight children were
likely to have flatfoot, compared with those of nor-
mal weight (17.2 %). Similarly, a higher likelihood of
flatfoot was reported in younger ages of underweight
preschool children.”*"” Obesity was shown to be cor-
related with the incidence and development of foot
pain.2-9,12-16

The results of the current study showed that in
overweight (P=0.01) and in obese (P=0.001) children
with flatfoot, there is a significant increase in the lev-
els of adiponectin, leptin, resistin, IL-6, and TNF-c,
in comparison to normal subjects. Similarly, a posi-
tive higher prevalence of foot pain with obesity was
reported in young and adult subjects with flatfoot.™2*
Pain and biomechanical changes in weight-bearing
joints, such as the hip, knee, or foot structures were
shown to be correlated with metabolic changes in

adipokine profile, particularly higher levels of adi-

ponectin and leptin.™20-24

CONCLUSION

Foot pain showed an association with flat foot and
childhood obesity in 30.4% of school-age children (6-12
years). Foot pain was shown to correlate positively
with the incidence of flat foot and changes in adipos-
ity markers, such as adiponectin, leptin, resistin, 11-6,
TNF-a.
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RESUMO

OBJETIVO: O objetivo deste estudo foi determinar a potencial associacdo de dor no pé e adipécitos plasmdticos como biomarcadores
fisiolégicos da obesidade infantil com incidéncia de pé plano em uma coorte de escolares egipcios de 6 a 12 anos.

METODOS: Um total de 550 escolares egipcios (220 meninos e 330 meninas) com idades entre 6 e 12 anos foram convidados aleatoriamente
para participar desta andlise descritiva. Para todas as criangas, diagndstico e gravidade do flatfoot, bem como adipécitos plasmdticos;
adiponecting, lepting, resisting, IL-6 e TNF-a foram avaliados pelo método de Dennis e técnicas de imunoensaio, respectivamente. A
dor no pé foi avaliada usando uma EVA padrdo de 100 mm e a Faces Pain Scale, respectivamente.

RESULTADOS: O pé plano foi predito em 30,4% das criangas em idade escolar; a maioria apresentou maior frequéncia de sobrepeso
(33,3%) e obesidade (62,5%). Os meninos apresentaram maiores faixas de pé plano do que as meninas. A dor no pé correlacionou-se
significativamente com pé plano e obesidade entre as populagées estudadas. Em criang¢as obesas com sobrepeso, varidveis adipocitdrias
plasmadticas; adiponectina, leptina, resistina, IL-6 e TNF-a. apresentaram correlagdo significativa com a postura do pé, em meninos e
meninas. Além disso, as varidveis estudadas dos adipécitos, juntamente com o IMC, idade e sexo, explicaram cerca de 65% da varidncia
do pé plano com a dor entre os nossos alunos em idade escolar.

CONCLUSAO: A dor no pé mostrou associacdo com pé plano e obesidade infantil em 30,4% dos estudantes em idade escolar (6-12 anos).
A dor no pé se correlacionou positivamente com a incidéncia de pé plano e a mudanga nos marcadores de adiposidade; adiponecting,
lepting, resistina, IL-6, TNF-c.

PALAVRAS-CHAVE: P¢ chato. Obesidade pedidtrica. Doengas do pé. Biomarcadores. Obesidade/complicagdes.
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