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Table 1 Descriptive statistics and correlation results of children’s BMI and slowness in eating(N=99)

A5 FHME iR I 1 2 3 4
1 4R 10.476 0.855 8.917~12.083 - 0.110 0.112 -0.042
2 M5 - - - 0.110 - 0.204* ~0.091
3 BMI 0.577 1.328 —2.687~3.339 0.112 0.204* - —0.383% %
4 BEITH 10.654 3.332 4~18 ~0.042 -0.091 —0.383 %% -

a) N, BEZR & *, P<0.05; *** P<0.001; —, JCEIE
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a=-0.238, P=0.017 b=0.371, P < 0.001

¢'=-0.277, P=0.003 y
|-

\

Body Mass Index

Slowness in Eating /\ )
. @eMmy

N ¢ =-0.365, P < 0.001 i
Indirect effect: ~0.088, 95%Cl [-0.171, -0.020]

Bl 1 (MO 0)) LSBT0 5 BRI B RIS OCHR. (a) JLEE AT N 5BMIE A R (=0.383, P<0.001), HUSEREA
JLEMISr, IR LG tZ K 95% B AR XA (b) JLEN BATH 55 [ R AR S COCR (=0.221, P=0.028), B &R a1 JL
HEIFIY, AR AL A 2k B 95% EARIX [H]. () JLABMIS F ] K R AR IEARSE S R (7=0.304, P=0.002), HUmFon &ML, AT
HEBEL L0 12k K2 95% B AR X 1] (d) JLEEBMIS f& 41 0] B 2R R AL IEAH JEOE 2 (=0.392, P<0.001), HLAF R R LGS, JFA R
ALK 5%EFIXIEL. (e) JLHME 1T SBMIZ A Z5H SR i B AR ], i A8 s S JE 4y [ iz 2R, B s Xk 5 s [l BMI,
EHATTRHEEL LG, T PCC, JRAHF L, SE, M EATH

Figure 1 (Color online) Structural brain correlates of children’s slowness in eating and BMI. (a) Children’s slowness in eating is negatively correlated
with BMI (=-0.383, P<0.001), with scatter points representing the scores of each child, along with the corresponding fitted curve and 95% confidence
interval. (b) Children’s slowness in eating is negatively correlated with the volume of posterior cingulate cortex (r=—0.221, P=0.028), with scatter points
representing the scores of each child, along with the corresponding fitted curve and 95% confidence interval. (c) Children’s BMI is positively correlated
with the volume of lingual gyrus (#=0.304, P=0.002), with scatter points representing the scores of each child, along with the corresponding fitted curve
and 95% confidence interval. (d) Children’s BMI is positively correlated with the volume of the posterior cingulate cortex (#=0.392, P<0.001), with
scatter points representing the scores of each child, along with the corresponding fitted curve and 95% confidence interval. (¢) A mediation pathway
diagram of the brain structural correlation between children’s slow eating behavior and BMI, with the posterior cingulate cortex volume as the mediating
variable, indicating the region of the posterior cingulate cortex. BMI, body mass index; LG, lingual gyrus; PCC, posterior cingulate cortex; SE, slowness
in eating
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Table 2 Mediation analysis results
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Neuroimaging association between children’s slowness in eating
and body mass index: A study based on Chinese children’s
brain structural norms
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The increasing rate of overweight and obesity among Chinese children poses risks to physical and mental health. Therefore,
it is necessary to pay attention to the issue of childhood obesity and investigate the cognitive neural mechanisms of how
children’s eating behavior affects obesity. Slowness in eating is a potential key factor in children’s dietary behavior that can
help control their food intake. This practice not only enhances the feeling of fullness but also reduces energy intake,
effectively preventing and improving obesity issues. The correlation between children’s slowness in eating behavior and
body mass index (BMI) involves complex brain associations, which have not been thoroughly explored in existing studies.
This study innovatively interprets the association between children’s slowness in eating and BMI from the perspectives of
satiety and reward, and investigates the structural changes in the corresponding brain regions. In the study, 99 children aged
8.917-12.083 (M,,=10.476, SD=0.855) with a BMI ranging from —2.687-3.339(Mp\,=0.577, SD=1.328) were selected.
Children’s slow eating behavior was measured through the slowness in eating dimension of the Children’s Eating Behavior
Questionnaire. Brain imaging data were collected using a magnetic resonance imaging scanner to obtain cortical volume of
brain regions, which were then mapped onto the Chinese children’s brain volume norms to derive the relative position
parameters of individual brain region volumes within those norms. The results of the correlation analysis indicated that
BMI was negatively correlated with slowness in eating (+=—0.383, P<(0.001), and positively correlated with lingual gyrus
volume (=0.304, P=0.002) and posterior cingulate cortex volume (+=0.392, P<0.001). Slowness in eating was negatively
correlated with posterior cingulate cortex volume (r=—0.221, P=0.028). The mediating model indicated that the volume of
the posterior cingulate cortex had a mediating effect between slowness in eating and body mass index in children, with a
mediation effect value of —0.088. The robust correlation between the volumes of the lingual gyrus and the posterior
cingulate cortex with BMI elucidates the pivotal influence of visual processing, reward anticipation, and executive control
on both the modulation of slowness in eating and the development of obesity. Posterior cingulate cortex plays an important
role in reward and executive control functions, guiding attention focus (eating experience, eating process), and supporting
internally guided cognition (reward state, satiety state). Children with slowness in eating can perceive the eating process,
recognize satiety signals, and stop eating behavior in a timely manner, whereas children who eat quickly often overlook
satiety signals in the rewarding eating experience, which is often associated with overeating and obesity. This study
provides robust evidence of the brain structural basis for children’s slow eating behavior and body mass index, and offers
theoretical reference for improving the problem of childhood obesity by starting with slowing down the pace of eating
during meals.

children, slowness in eating, posterior cingulate cortex, lingual gyrus, body mass index, magnetic resonance
imaging
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