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A B S T R A C T   

Leptin contributes to the control of food intake and energy balance. However, its association with appetitive 
behaviors during childhood is not well understood. We aimed to investigate the association between leptin, 
assessed at birth and at 7 years of age (y), and appetitive behaviors assessed at 7 and 10 y. Children from a 
Portuguese cohort with assessment of leptin levels at birth from umbilical cord blood (n = 645) and at 7 y from 
venous blood samples (n = 587), were included. The Children's Eating Behavior Questionnaire assessed appe
titive behaviors at 7 and 10 y. Weight and height were measured at 7 and 10 y to derive BMI z-scores (BMIz). A 
series of Generalized Linear Models tested relationships between leptin and appetitive behaviors, adjusting for 
potential confounders (maternal age, education, pre-pregnancy BMI, smoking during pregnancy, child physical 
activity and child BMIz), and interaction terms for child sex and child BMIz. At 7 y, 116 boys and 118 girls were 
classified as having overweight/obesity, and these children had higher leptin levels. Cross-sectional analyses 
using the 7 y data produced the strongest results. Higher leptin at 7 y was significantly associated with lower 
scores on Satiety Responsiveness, Food Fussiness and Slowness in Eating, and higher scores on Food 
Responsiveness, Enjoyment of Food and Emotional Overeating at 7 y. Only the association with Emotional 
Overeating remained when adjusting for child BMIz. Significant interaction effects between child sex and leptin 
were found for appetite at 7 y, such that higher leptin was associated with higher Food Responsiveness 
(p  <  0.001) and lower Slowness in Eating (p  <  0.001) to a greater extent among boys. Umbilical cord blood 
leptin was not associated with appetitive behaviors at 7 or 10 y. Our results show that leptin levels are positively 
associated with food approach and negatively with food avoidant behaviors. Associations were more consistent 
in cross-sectional analyses (at 7 y), were largely dependent on child weight, and tended to be stronger among 
boys. Our findings support a role for leptin in affecting appetite, with potential consequences for current weight 
status and future weight gain.   

1. Introduction 

The worldwide epidemic of obesity and overweight (World Health 
Organization, 2018) demands greater knowledge of obesity-associated 
pathophysiological mechanisms that could drive excess intake. Adipose 
tissue is now understood to be not solely an energy reservoir, but a 
complex endocrine organ (Galic et al., 2010), and adipocytokines and 
their dysfunction (e.g. lack of, or resistance to, an adipose tissue-de
rived hormone) have been recognized as an etiological factor in obesity- 
associated disorders (Cao, 2014). Leptin is an adipocytokine playing a 
role in neuroendocrine function and energy balance (Farr et al., 2015). 
Primarily, leptin acts in the hypothalamus to coordinate energy 
homeostasis. Circulating leptin levels reflect the amount of stored body 

fat, with decreases driven by inadequate energy stores (e.g. during 
starvation or genetic leptin deficiency). This leptin response acts to 
enhance appetite and decreasing energy expenditure (Bates and Myers, 
2003). In contrast, higher levels of leptin (‘hyperleptinaemia’) decrease 
the drive to eat and enable energy utilization (Bates and Myers, 2003). 
Hyperleptinaemia has been robustly linked to excessive weight (Jois 
et al., 2015; Mi et al., 2010; Nappo et al., 2017), and can be explained 
by higher fat mass, since leptin release per gram of adipose tissue is, on 
average, two times greater in subjects with obesity compared to their 
lean peers (Galic et al., 2010). However, leptin does not act to decrease 
body weight in individuals with overweight, suggesting a leptin re
sistance phenomenon (Jois et al., 2015; Nappo et al., 2017). Over
weight and accompanying leptin resistance is frequently the 
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consequence of an overconsumption of highly palatable foods, which 
may, in turn, be driven by hedonic eating (i.e. eating based on pleasure) 
(Murray et al., 2014). 

Since leptin influences food intake (Kanoski et al., 2011) and plays a 
role in reward, motivational and cognitive processes (Farr et al., 2015), 
it may also have a role in driving eating behaviors, and in determining 
the development of these behaviors in childhood, i.e. leptin may be an 
etiological and maintenance factor for obesogenic eating behavior as 
well as an end-product of overeating and ensuing overweight. Previous 
studies have linked food approach behaviors assessed using the Chil
dren's Eating Behavior Questionnaire (CEBQ) (Wardle et al., 2001) (e.g. 
Enjoyment of Food, Food Responsiveness and Emotional Overeating) to 
increased weight gain among children (Derks et al., 2018; van Jaarsveld 
et al., 2011) and food avoidant behaviors (e.g. Food Fussiness and Picky 
Eating) to lower weight (Berger et al., 2016; Rahill et al., 2019). Fur
ther, one study of a small sample of children with obesity in Chile 
(n = 134) using the CEBQ and the Three-Factor Eating Questionnaire 
(de Lauzon et al., 2004), reported sex-specific relationships of poly
morphisms in the leptin gene and its receptor with food approach and 
food avoidant behaviors (Valladares et al., 2015). Another study aiming 
to examine changes in eating behaviors and plasma leptin concentra
tions in a sample of Canadian children with overweight/obesity 
(n = 78) following a 1-year intervention, found a positive correlation 
between plasma leptin and the CEBQ sub-scale Desire to Drink (Cohen 
et al., 2018). However, to our knowledge, there is a lack of studies that 
investigate, using a longitudinal design, if childhood appetitive beha
viors are associated with or predicted by leptin levels at birth or during 
childhood. There is also little understanding of how sex might impact 
this relationship, given that females have higher body fat and therefore 
higher leptin levels (Christen et al., 2018; Jois et al., 2015), with po
tential effects on appetite. 

The aim of this study was to investigate the association between 
leptin levels, assessed at birth and at 7 years, and appetitive behaviors 
at 7 and 10 years of age. We predicted that (i) higher leptin levels at 
7 years would be associated with higher scores on the food approach 
sub-scales Enjoyment of Food, Food Responsiveness, Emotional Overeating 
and Desire to Drink at 7 and 10 years of age; (ii) higher leptin levels at 
7 years would be associated with lower scores on the food avoidant 
behavior sub-scales Satiety Responsiveness, Food Fussiness, Slowness in 
Eating and Emotional Undereating at 7 and 10 years of age; (iii) leptin 
levels at birth, measured from the umbilical cord, would be associated 
with higher food approach behavior sub-scale scores and lower food 
avoidant behavior sub-scale scores at 7 and 10 years of age. We also 
anticipated that results would be modified by sex and BMI z-score such 
that we would see stronger associations between leptin and appetitive 
behaviors among girls, and among heavier children. 

2. Material and methods 

2.1. Participants 

This study included children from Generation XXI, an ongoing 
prospective population-based birth cohort from Northern Portugal. 
Recruitment occurred between April 2005 and August 2006, at all 
public maternity wards of the metropolitan area of Porto; they were 
responsible, at enrolment, for 91.6% of the deliveries in the whole 
catchment population. Of all eligible mothers, 91% agreed to partici
pate (8495 mothers and 8647 children at baseline). Further details 
about data collection are described elsewhere (Alves et al., 2012; Larsen 
et al., 2013). 

Follow-up assessments were undertaken at ages 4 years old (y) 
(April 2009–August 2011), 7 y (April 2012–March 2014) and 10 y (July 
2015–January 2017), with a participation rate of 86%, 80% and 76%, 
respectively. The present study included variables from the baseline 
(birth), 7 y and 10 y follow-ups. Among those who had umbilical cord 
blood collected at birth and a physical examination at 7 years of age 

(excluding twins and follow-up losses), adipocytokines, including 
leptin, were assessed in the umbilical cord blood (n = 899 children) 
and at 7 y, using a venous blood sample from the child (n = 729). 
Children were excluded if they (1) did not have information on eating 
behaviors at 7 and 10 y (n = 254 and n = 115, respectively), and (2) 
did not have information on variables of interest (n = 27 among 
children with blood measurement at 7 y), resulting in a final sample of 
645 with blood from the umbilical cord and 587 with a venous blood 
sample at 7 years of age. 

Comparisons of characteristics of the study sample with measures of 
venous blood at 7 y (n = 587) with the remaining sample at baseline 
(n = 8061), revealed that non-participants were slightly less heavy at 
birth (mean  ±  SD 3141.20 g  ±  563.38 compared with 
3228.72 g  ±  442.57, p  <  0.001) and their mothers were less edu
cated (mean  ±  SD 10.4  ±  4.25 completed years of education com
pared to 11.5  ±  4.22, p  <  0.001) and younger (mean  ±  SD 
28.9 y  ±  5.62 compared to 30.1 y  ±  5.20, p  <  0.001). There were 
no differences on maternal Body Mass Index (BMI) at baseline, or on 
child sex or BMI z-score (BMIz) at 7 y. The magnitudes of the differ
ences based on Cohen's d effect size values, were not high (0.26 for 
maternal education and 0.16 for birth weight), suggesting that the 
differences we observed were driven by the large sample size. 

2.2. Measures 

All newborns were weighed at birth and birth weight was extracted 
from clinical records. Additional data, such as maternal age, education, 
pre-pregnancy BMI, gestational weight gain, and whether the mother 
smoked during pregnancy, were obtained by face-to-face interviews 
conducted by trained researchers within 24 to 72 h of delivery. 

At birth, a cord blood sample (approx. 8.5 mL), and at the 7 y 
follow-up, a fasting venous blood sample (approx. 8 mL), was drawn 
using standard procedures for the determination of the leptin levels. 
Cord blood and venous blood samples were sent to the laboratory for 
analyses within a maximum of 2 h after collection, kept refrigerated 
until centrifugation at 3500 rpm within 15 min, and stored at −80 °C 
for later analysis. Leptin levels in plasma were determined by enzyme- 
linked immunosorbent assay (Mercodia Leptin ELISA kit, Mercodia AB, 
Uppsala, Sweden). 

At the same 7 y visit, height and weight were measured by trained 
researchers, following standard procedures. BMI was computed for each 
child, and age- and sex- specific BMIz scores using World Health 
Organization (WHO) reference data (de Onis et al., 2007) were calcu
lated. In order to assess differences in leptin levels by child weight 
status, under/normal weight and overweight/obese categories were 
created; children with BMIz  <  +1SD were classified as under/normal 
weight (Uw/Nw) and BMIz ≥ +1SD were classified as having over
weight or obesity (OW/Ob). This classification was based on the sample 
distribution and is used for sample descriptives. Child BMIz as a con
tinuous variable was used for the association and interaction analyses. 
In addition, physical activity was estimated by asking ‘How long does 
[name of child] spend, on average per day, in leisure-time activities 
(running, playing ball, cycling) during the week (Monday to Friday)?’ 
and ‘How long does [name of child] spend, on average per day, in 
leisure-time activities (running, playing ball, cycling) during the 
weekend (Saturday to Sunday)?’, with answers given in average time, 
per week/weekend, in hours. Weighted physical activity time was cal
culated using the following equation: ((time of physical activity in the 
weekend ∗ 2) + (time of physical activity in weekdays ∗ 5)) / 7, re
presenting the mean daily time in hours spent on physical activities 
over the whole week. 

2.3. Appetitive behaviors 

Appetitive behaviors were assessed at 7 and 10 y using the CEBQ, 
which was validated in a Portuguese sample of school-aged children 
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from Generation XXI (Albuquerque et al., 2017). Parents or main 
caregivers were asked to respond to the 35-item questionnaire, which 
assesses eight sub-scales: Satiety Responsiveness (CEBQ-SR - 5 items, e.g. 
My child leaves food on his/her plate at the end of a meal), Slowness in 
Eating (CEBQ-SE - 4 items, e.g. My child eats slowly), Food Fussiness 
(CEBQ-FF - 6 items, e.g. My child is difficult to please with meals), Emo
tional Undereating (CEBQ-EUE - 4 items, e.g. My child eats less when s/he 
is upset), Food Responsiveness (CEBQ-FR - 5 items, e.g. If allowed to, my 
child would eat too much), Enjoyment of Food (CEBQ-EF - 4 items, e.g. My 
child loves food), Desire to Drink (CEBQ-DD - 3 items, e.g. My child is 
always asking for a drink) and Emotional Overeating (CEBQ-EOE - 4 items, 
e.g. My child eats more when annoyed). The sub-scales Satiety Respon
siveness, Slowness in Eating, Food Fussiness and Emotional Under
eating were considered ‘food avoidant’ behaviors, and the remaining 
sub-scales, namely Food Responsiveness, Enjoyment of Food, Desire to 
Drink and Emotional Overeating were considered ‘food approach’ be
haviors, as previously described (Webber et al., 2009). Answers were 
given using a 5-point Likert scale, ranging from 1 - ‘never’ to 5 - ‘always’ 
such that the higher the score, the more frequent the eating behavior. In 
accordance with the original scale, five of the items were reverse- 
scored. For questionnaires that were missing < 50% of data items 
(around 3% of sample), sub-scale scores were calculated by replacing 
missing items with the mean of the present items. Albuquerque et al. 
(2017) reported good internal consistency for the validated CEBQ with 
Cronbach's α coefficients ranging from 0.74 to 0.85 at 7 y (Albuquerque 
et al., 2017), and from 0.76 to 0.84 at 10 y (Costa et al., 2020). Ade
quate internal consistency was also observed in the current population, 
with Cronbach's α coefficients ranging from 0.78 to 0.84 at 7 y and 
from 0.76 to 0.88 at 10 y (data not shown). 

2.4. Statistical analysis 

Continuous variables were expressed as mean and standard devia
tions (M (SD)) or median and interquartile ranges (Md (IQR)). Effect 
sizes were also estimated, using Cohen's d and eta squared for para
metric and non-parametric comparisons, and Cramérs V for categorical 
variables (Cohen, 1988; Husted et al., 2000; Lenhard and Lenhard, 
2016). Cohen's d effect sizes of ≥0.8 were considered large, 0.5–0.7 
intermediate, 0.2–0.4 small and < 0.2 as indicating no effect. For eta 
squared, effect sizes of ≥0.140 were considered large, 0.060–0.110 
intermediate, 0.010–0.039 small and < 0.003 as indicating no effect 
(Cohen, 1988). Normality was evaluated for each variable using the 
Kolmogorov–Smirnov test and leptin values were compared using Stu
dent's t-tests or Mann-Whitney U tests, stratified by child sex and weight 
status at 7 y. Cross-sectional associations between leptin levels and 
CEBQ sub-scale scores at 7 y, and prospective associations between 
leptin levels at 7 y and CEBQ sub-scale scores at 10 y were tested. 
Additionally, we tested the associations between cord blood leptin le
vels and appetitive behaviors at 7 and 10 y. For all analyses, crude and 
adjusted linear regression coefficients (β) and 95% confidence intervals 
(95% CI) were computed using Generalized Linear Models (GLzM). 
First, models were adjusted for potential confounders of relationships 
between leptin levels and appetitive behaviors, i.e. variables with 
known influences on both CEBQ sub-scale scores and adiposity (and 
therefore leptin levels). These were maternal age and education (e.g.  
Albuquerque et al., 2017; Boeke et al., 2013; Schrempft et al., 2016), 
pre-pregnancy BMI (e.g. Boeke et al., 2013; Kolko et al., 2018;  
Mantzoros et al., 2009), smoking during pregnancy (e.g. Boeke et al., 
2013; Rückinger et al., 2010), and child mean daily time of physical 
activity at 7 y (e.g. Cohen et al., 2018; Plonka et al., 2011). In the 10 y 
analyses, models additionally included the child's respective appetitive 
trait at 7 y. To investigate whether CEBQ-leptin associations were 
driven by or independent of established relationships between CEBQ 
and body weight (Berger et al., 2016; Derks et al., 2018; Rahill et al., 
2019), Model 2 was further adjusted for child BMIz at the respective 
age (i.e. BMIz at 7 y and at 10 y). Next, in order to assess potential 

modification effects of child weight (due to possible leptin resistance 
among children with overweight or obesity), and child sex (due to 
differences in body composition between boys and girls), two-way in
teraction terms (leptin levels × BMIz at each age (Model 3), and leptin 
levels × child sex (female as reference category) (Model 4a), were 
added to the previously adjusted model (i.e. Model 2)). In addition, 
since tests of collinearity (test of tolerance and Durbin-Watson test) 
indicated a tendency toward collinearity between BMIz and leptin le
vels, we also repeated Model 4 without controlling for BMIz (Model 4b). 
Three-way interactions (leptin levels × BMIz at each age × child sex) 
were also investigated, and added to Model 2. All variables, with the 
exception of the outcome variables, were centered at their means to 
reduce multicollinearity and ease interpretation in the interaction 
analyses (Aiken and West, 1991; Cohen et al., 2003). Statistical sig
nificance was set at a two-tailed p-value  <  0.05. All statistical analyses 
were carried out using IBM SPSS Statistics for Windows, Version 25.0. 
Armonk, NY: IBM Corp. released 2017. 

2.5. Ethics 

Generation XXI was approved by the University of Porto Medical 
School/S. João Hospital Centre Ethics Committee and by the 
Portuguese Data Protection Authority. All the phases of the study 
complied with the Ethical Principles for Medical Research Involving 
Human Subjects expressed in the Declaration of Helsinki. Accordingly, 
a written informed consent from the parents (or legal substitute) and an 
oral consent from the children were obtained at each evaluation. 

3. Results 

Table 1 shows comparisons of anthropometric and behavioral 
characteristics, at 7 and 10 years, between children with and without 
overweight/obesity classified according to 7 y data, for each sex. Ma
ternal pre-pregnancy BMI was significantly higher, in both sexes, 
among those children with overweight/obesity. Boys and girls with 
overweight/obesity showed higher leptin at 7 y than under/normal 
weight boys and girls, corresponding to large effect sizes (eta 
squared > 0.5). Girls in both weight categories also showed higher le
vels of circulating leptin compared to boys in both weight categories 
(p  <  0.001 according to Mann-Whitney testing). At both 7 and 10 y, 
boys and girls with overweight/obesity showed lower mean CEBQ 
scores on food avoidant sub-scales (Satiety Responsiveness, Slowness in 
Eating and Food Fussiness), and higher mean CEBQ scores on food 
approach sub-scales (Food Responsiveness, Enjoyment of Food, Emo
tional Overeating), compared to under/normal weight boys and girls. 
Among girls only, those with overweight/obesity showed lower Emo
tional Undereating at 7 y (Uw/Nw: M = 2.63, SD = 0.74 vs. Ow/Ob: 
2.31, 0.72 (p  <  0.001), and at 10 y (Uw/Nw: M = 2.50, SD = 0.72 vs. 
Ow/Ob: 2.33, 0.72 (p = 0.045)). The largest effect sizes for weight 
group comparisons of CEBQ scores were for Food Responsiveness in 
boys at 7 y (Cohen's d = 0.80, Uw/Nw: M = 1.86, SD = 0.58 vs. Ow/ 
Ob: 2.43, 0.87 (p  <  0.001)) and Satiety Responsiveness in girls at 7 y 
(Cohen's d = 0.73, Uw/Nw: M = 2.91, SD = 0.63 vs. Ow/Ob: 2.47, 
0.54 (p  <  0.001)). At 10 y, we observed larger effect sizes for En
joyment of Food among boys (Cohen's d = 0.67, Uw/Nw: M = 3.03, SD 
= 0.79 vs. Ow/Ob: 3.54, 0.71 (p  <  0.001)), and for Food Respon
siveness among girls (Cohen's d = 0.89, Uw/Nw: M = 1.93, SD = 0.62 
vs. Ow/Ob: 2.62, 0.96 (p  <  0.001)). Children with overweight/obesity 
at 7 y had a higher BMIz than those with under/normal weight at 10 y, 
indicating stability in weight status; this was also evident from corre
lations of BMIz values at 7 and 10y (Pearsons r = 0.88). 

Table 2 shows cross-sectional relationships between circulating 
leptin and appetitive behaviors at 7 y old. Since crude results were si
milar to those with the first set of adjustments for maternal character
istics and child's physical activity (Model 1), we present just the ad
justed results in the table; Model 2 was adjusted for maternal education, 
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maternal age, pre-pregnancy BMI, smoking during pregnancy, and child 
mean daily time of physical activity at 7 y, and also included child BMIz 
at 7 y as a covariate. According to the first multivariate model, higher 
circulating leptin levels at 7 y were associated with lower scores on sub- 
scales assessing food avoidant behaviors (Satiety Responsiveness, 
Slowness in Eating and Food Fussiness) and higher scores on those as
sessing food approach behaviors (Food Responsiveness, Enjoyment of 
Food and Emotional Overeating). In other words, we observed that, for 
example, a one-unit increase in leptin levels (in ng/dL) was associated 
with a decrease of 0.02 on the Satiety Responsiveness sub-scale (pos
sible range 1–5). We did not find any significant relationship between 
leptin levels and the sub-scales Emotional Undereating and Desire to 
Drink (Table 2). 

After further controlling for child BMIz at 7 y (Model 2), the asso
ciation between leptin and Emotional Overeating was maintained while 
the remaining sub-scales lost their statistical significance. 

Further analyses including 2-way interaction terms demonstrated 
no significant interactions between leptin levels and BMIz (Model 3). 
Since a tendency toward BMIz and leptin levels at 7 y tended toward 
collinearity, we performed analyses including BMIz and also excluding 
this variable from the models. In Model 4a, which included child BMIz, 
leptin was associated with lower Slowness in Eating at 7 y (β(95% CI) 
−0.03 (−0.06; −0.01)), however the interaction term leptin × sex 
was non-significant. In Model 4b, which did not include child BMIz, two 
significant interactions between leptin levels and sex emerged, such 
that higher leptin levels were associated with lower Slowness in Eating 
(β(95% CI) −0.07 (−0.09; −0.04)) and higher Food Responsiveness 
(β(95% CI) 0.05 (0.04; 0.07)) to a greater extent among boys. Because 
variables are centered to their means, we can interpret that a one-unit 
increase in leptin levels (in ng/dL) corresponds on average to a decrease 
of 0.07 on Slowness in Eating and an average increase of 0.05 of Food 
Responsiveness. To further examine these relationships, scatterplots for 

Table 1 
Maternal and child characteristics by weight status (with and without overweight/obesity) at 7 years old, stratified by sex (n = 587).          

Boys Girls 

Uw/Nw (< +1SD)  
(n = 173) 

OW/Ob (≥ + 1 SD)  
(n = 116) 

d Uw/Nw (< +1SD)  
(n = 180) 

OW/Ob (≥ + 1 SD)  
(n = 118) 

d 

Md (IQR)  

Maternal and child variables at baseline 
Mother's age (y) 31.0 (6.0) 30.0 (6.0)*  0.01b 30.0 (7.0) 30.0 (9.0)  0.01b 

Gestational weight gain (kg) 13.0 (6.0) 14.0 (30.0)  0.01b 13.0 (6.0) 15.0 (7.0)  0.01b 

Pre-pregnancy BMI (kg/m2) 22.4 (4.6) 24.3 (5.7)**  0.10b 22.3 (4.6) 24.4 (5.1)*  0.10b 

Mother education (y) 12.0 (17.0) 12.0 (16.0)  0.01b 12.0 (7.0) 9.0 (5.0)*  0.28b 

Smoking during pregnancy (yes) (n 
(%)) 

31 (18.0) 28 (24.6)  0.079a 33 (18.4) 30 (25.9)  0.089a 

Birth weight at baseline (g) – M (SD) 3249.7 (438.0) 3354.3 (428.3)*  0.26 3099.7 (474.5) 3285.9 (357.8)**  0.43 
Gestational age at birth (weeks) 39.0 (2.0) 39.0 (8.0)  0.03b 39.0 (2.0) 39.0 (5.0)  0.02b 

Intrauterine growth (n (%))       
SGA 21 (12.1) 9 (3.1)  0.077a 33 (18.3) 10 (8.5)  0.138a 

AGA 148 (85.5) 103 (88.8) 140 (77.8) 102 (86.4) 
LGA 4 (2.3) 4 (3.4) 7 (3.9) 6 (5.1) 

Umbilical cord blood leptin (ng/mL)c 11.8 (9.78) 11.3 (11.3)  0.00 17.9 (16.6) 19.4 (18.0)  0.00  

Child anthropometric and metabolic characteristics at 7 y 
BMI z-score – M (SD) −0.01 (0.67) 1.85 (0.70)**  2.72 −0.03 (0.69) 1.87 (0.68)**  2.77 
Leptin (ng/mL) 2.56 (1.75) 5.60 (5.34)**  0.55b 3.48 (2.85) 9.50 (9.0)**  0.65b  

Child eating behaviors at 7 y - M (SD) [CEBQ ranges from 1 (‘never’) to 5 (‘always’)] 
CEBQ-SR 2.85 (0.67) 2.44 (0.56)**  0.65 2.91 (0.63) 2.47 (0.54)**  0.73 
CEBQ-SE 3.06 (0.88) 2.47 (0.78)**  0.69 3.17 (0.83) 2.61 (0.73)**  0.71 
CEBQ-FF 3.03 (0.78) 2.83 (0.74)*  0.26 3.04 (0.72) 2.77 (0.72)*  0.38 
CEBQ-EUE 2.48 (0.73) 2.38 (0.74)  0.14 2.63 (0.74) 2.31 (0.72)**  0.43 
CEBQ-FR 1.86 (0.58) 2.43 (0.87)**  0.80 1.87 (0.55) 2.37 (0.86)**  0.72 
CEBQ-DD 2.31 (0.87) 2.33 (0.82)  0.02 2.34 (0.82) 2.32 (0.72)  0.00 
CEBQ-EF 2.86 (0.73) 3.34 (0.73)**  0.66 2.89 (0.69) 3.39 (0.76)**  0.70 
CEBQ-EOE 1.80 (0.57) 1.95 (0.64)*  0.24 1.77 (0.51) 1.93 (0.74)*  0.26  

Child anthropometric characteristics at 10 y 
BMI z-score - M (SD) 0.19 (0.97) 1.86 (0.75)** 1.87 −0.06 (0.93) 1.79 (0.69)** 2.19  

Child eating behaviors at 10 y - M (SD) [CEBQ ranges from 1 (‘never’) to 5 (‘always’)] 
CEBQ-SR 2.63 (0.67) 2.42 (0.61)*  0.32 2.79 (0.67) 2.35 (0.53)**  0.71 
CEBQ-SE 2.70 (0.93) 2.29 (0.79)**  0.46 2.94 (0.79) 2.45 (0.77)**  0.63 
CEBQ-FF 3.07 (0.83) 2.84 (0.73)*  0.29 2.96 (0.75) 2.76 (0.78)*  0.25 
CEBQ-EUE 2.39 (0.70) 2.42 (0.72)  0.05 2.50 (0.72) 2.33 (0.72)*  0.24 
CEBQ-FR 2.04 (0.71) 2.50 (0.84)**  0.60 1.93 (0.62) 2.62 (0.96)**  0.89 
CEBQ-DD 2.16 (0.73) 2.26 (0.74)  0.15 2.08 (0.70) 2.18 (0.71)  0.15 
CEBQ-EF 3.03 (0.79) 3.54 (0.71)**  0.67 3.01 (0.64) 3.53 (0.79)**  0.74 
CEBQ-EOE 1.88 (0.62) 2.14 (0.75)*  0.39 1.87 (0.52) 2.14 (0.71)**  0.44 

M (SD): means and standard deviations. Md (IQR): medians and inter-quartile ranges. d: Cohen's d effect size. BMI: Body Mass Index; CEBQ: Children's Eating 
Behavior Questionnaire; CEBQ-SR: Satiety Responsiveness; CEBQ-SE: Slowness in Eating; CEBQ-FF: Food Fussiness; CEBQ-EUE: Emotional Undereating; CEBQ-FR: 
Food Responsiveness; CEBQ-DD: Desire to Drink; CEBQ-EF: Enjoyment of Food; CEBQ-EOE: Emotional Overeating; SGA: small-for-gestational age; AGA: adequate- 
for-gestational age; LGA: large-for-gestational age. Child eating behaviors range from 1 - ‘never’ to 5 - ‘always’. Bold indicates values significantly different between 
weight groups: ** = ≤0.001; * = ≤0.05 p-value, based on independent sample t-test or Mann-Whitney U test for two samples (Uw/Nw vs. OW/Ob children). 

a Cramér's V effect size. 
b Eta squared effect size. 
c n = 645.  
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each sex were created, and are presented graphically in Fig. 1. Three- 
way interaction terms (leptin × BMIz × sex) did not reach statistical 
significance for any of the sub-scales (data not shown). 

Prospective relationships between leptin levels at 7 y and appetitive 
behaviors at 10 y are described in Table 3. As for the cross-sectional 
analyses, crude results were similar to the adjusted results and we 
therefore present only adjusted relationships of leptin levels at 7 y with 
appetitive behaviors at 10 y. Higher leptin levels at 7 y were associated 
with lower scores on the food avoidant sub-scale Satiety Responsiveness 
at 10 y. For example, a one-point increase of leptin (in ng/dL) at 7 y was 
associated with a decrease of 0.01 points on Satiety Responsiveness at 
10 y. No relationships were apparent for Food Fussiness, Slowness in 
Eating and Emotional Undereating. Higher leptin levels at 7 y were 
additionally associated with higher scores on the food approach sub- 
scales Food Responsiveness, Enjoyment of Food and Emotional Over
eating at 10 y, showing a similar pattern to the cross-sectional asso
ciations at 7 y. After further adjusting for child BMIz at 10 y (Model 2), 
none of these effects retained statistical significance. The models that 
included the two-way interactions between leptin and BMIz (Model 3) 
and between leptin and child sex (Models 4a and b), and the three-way 
interaction leptin × BMIz × sex (data not shown), were not significant 
for any of the sub-scales assessed at 10 y. 

Using umbilical cord blood, we analyzed associations of children's 
in utero leptin levels with later appetitive behaviors (at 7 y and 10 y). 
No significant relationships between cord blood leptin and appetitive 
behaviors later in childhood were detected (data not shown). 

4. Discussion 

The present study aimed to examine the relationship between leptin 
levels, assessed at birth and 7 y, and appetitive behaviors reported by 
parents at 7 and 10 years of age. 

First, in agreement with previous studies of school-aged children 
(Cohen et al., 2018; Gil-Campos et al., 2010; Madeira et al., 2016), we 
found that boys and girls with overweight/obesity at 7 y had two to 
three times greater leptin values early in life (at 7 y), compared to their 
under/normal weight peers, representing a large effect size, with cor
relations of leptin and BMIz at both ages ranging between 0.56 and 0.70 
(p  <  0.001) among boys and girls respectively. No group differences 
were found in leptin levels from umbilical cord blood. 

With the exception of rare genetic forms of leptin deficiency or 
mutations, circulating leptin correlates with BMI and total fat mass 
(Bates and Myers, 2003; Cohen et al., 2018; Olza et al., 2017; Wasim 
et al., 2016). Higher leptin among overweight individuals suggests 
possible leptin resistance and may be due to the disturbance of central 
and peripheral mechanisms (Olza et al., 2017). Importantly, leptin may 
be a biomarker of metabolic dysfunction among prepubertal children, 
with a 3% increased odds of metabolic syndrome for every 1-ng/dL 
increase of circulating leptin (Madeira et al., 2016). This leptin-asso
ciated cardiometabolic risk was also seen in a sample of European 
children, independent of child BMI and total fat mass (Nappo et al., 
2017), and thereby potentially mediating or exacerbating the negative 
health consequences of obesity. Notably, even among children in the 
overweight/obese category, serum leptin is strongly correlated with the 
degree of adiposity (Miller et al., 2014; Olza et al., 2017). 

We hypothesized that higher leptin levels at 7 years would be as
sociated with higher scores on food approach behaviors. Even though 
leptin is an anorexigenic (appetite-reducing) hormone, leptin levels at 
7 y were indeed cross-sectionally associated with higher food approach 
(Food Responsiveness, Enjoyment of Food, Emotional Overeating) at 
7 y and 10 y, independent of potential confounders (Model 1). These 
findings are consistent with a model in which leptin resistance, re
flected here by higher leptin levels, produces a weakened anorexigenic 
effect of leptin and thus promotes heightened food approach. 
Corroborating this interpretation, other studies of children and ado
lescents have shown associations between higher levels of leptin and Ta
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Fig. 1. Scatterplots illustrating associations between leptin levels (at 7 years old) and Food Responsiveness (CEBQ-FR) (a) and Slowness in Eating (CEBQ-SE) (b) at 
the same age for females and males. 
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greater eating in absence of hunger and greater energy consumption in 
a standardized behavioral test (Fisher et al., 2007), and self-reported 
loss of control over eating (Miller et al., 2014). 

Divergent to what was previously found in a Canadian sample of 
school-aged children (Cohen et al., 2018), we did not see a relationship 
between leptin levels and Desire to Drink. A limitation of the Desire to 
Drink sub-scale is that it does not describe the type of beverage the 
child has motivation to consume and therefore does not specifically 
assess consumption of sugary drinks – a well-known eating behavior 
linked to childhood obesity (Keller and Bucher Della Torre, 2015). Our 
failure to see a relationship between leptin and Desire to Drink could 
therefore be attributable to differing eating patterns and interpretations 
of question items between countries. However, it is also possible that 
leptin has stronger, and therefore more consistently observed, effects on 
approach of foods than drinks. 

The majority of the associations we observed between leptin levels 
and food approach traits at 7 y did not remain significant when adjusting 
for child BMIz (Model 2). This suggests that many of these leptin-appetite 
associations may be reflective of known associations between body 
weight and appetite. However, it is also consistent with leptin affecting 
eating behaviors with downstream effects on body weight. Further, 
eating more in response to emotional stimuli (Emotional Overeating) was 
associated with greater leptin independently of child BMIz (Model 2). 
This finding builds upon results from a Chilean (Valladares et al., 2015) 
and Belgian (Michels et al., 2017) study, the latter of which showed that 
higher leptin levels were associated with greater effects of stress, mea
sured by both a questionnaire on children's emotions and salivary cortisol 
measurements, and on emotional eating, measured by an eating behavior 
questionnaire, among girls (Michels et al., 2017). Consistent with both 
our findings and these other studies, leptin polymorphisms have been 
previously associated with greater preference for sweet taste, oper
ationalized by a single questionnaire item assessing sweet taste pre
ference among Japanese adults (Mizuta et al., 2008), and emotional 
eating primarily involves consumption of energy-dense comfort foods 
which are often high in sugar (Aparicio et al., 2017). The associations we 
observed may therefore be attributable to the action of leptin on dopa
minergic circuits subserving reward and motivation (DiLeone, 2009). 

To explore the possibility that the effect of leptin and appetite 
would differ depending on current levels of body fat, with heavier in
dividuals showing more leptin resistance and therefore more obeso
genic appetite profiles, we tested for interactions between leptin and 
BMIz. However, no interactions were observed in either the cross-sec
tional or the prospective analyses. This absence of effect may have been 
due to a lack of variance at the upper end of the weight distribution or 
the high correlation between child BMIz and leptin levels. Additional 
research, with larger sample sizes, is necessary to further understand a 
possible leptin resistance among children in higher weight categories 
and its effect of eating behaviors. 

Due to known sex differences in body fat, leptin and appetite, we also 
explored whether leptin-appetite associations differed by sex. Consistent 
with previous findings (Christen et al., 2018; Jois et al., 2015), we observed 
greater leptin levels among girls. However, associations between leptin 
levels and appetitive traits were greater among boys (Model 4b). Specifi
cally, for both sexes, higher leptin was associated with greater Food 
Responsiveness, with greater effects apparent among boys, potentially 
increasing the risk of future weight gain. As expected, these short-term 
effects (at 7 y) were more consistent than those observed three years later. 
Notably the results of Valladares et al. (2015) also varied by sex (Valladares 
et al., 2015). The sex difference we observed may be attributable to 
hormones, gender-specific genes or girls' higher body fat percentage 
(Christen et al., 2018; Jois et al., 2015) and pubertal development (Rogol, 
2009), which are stimulating factors for leptin and leptin resistance. 

Replication is necessary to confirm these exploratory findings. 
However, they are important as they extend the findings of previous 
studies exploring unadjusted associations between leptin and CEBQ 
scores (Cohen et al., 2018; Valladares et al., 2015), and suggest that for Ta
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some eating behavior relationships (Emotional Overeating) leptin levels 
are not simply a proxy for body weight, thereby recapitulating estab
lished associations between CEBQ sub-scales and body weight. Rather, 
leptin levels could be showing independent relationships with appetite. 

Our second hypothesis was that leptin levels would be negatively 
associated with scores on food avoidant sub-scales, i.e. Satiety 
Responsiveness, Slowness in Eating, Food Fussiness and Emotional 
Undereating. Our results showed that leptin levels were indeed asso
ciated with lower Slowness in Eating scores at 7 years. Further, this effect 
was modified by sex, such that associations were stronger in boys (Model 
4b). This is in contradiction to the Chilean study of children with obesity 
(Valladares et al., 2015), which found that girls with excessive weight 
and the presence of a leptin variant showed higher scores of Slowness in 
Eating. Our results suggest that, to a greater degree among boys, raised 
leptin levels failed to promote satiety. An inverse relation between leptin 
levels and satiety was also observed in a dietary intervention among 
obese 6–12 year-olds following a 2-month period consuming diets with 
low carbohydrate and low fat (Ibarra-Reynoso et al., 2015). Together 
these results support a model in which appetite and satiety result from 
the interplay of factors including leptin and leptin resistance, although 
further longitudinal studies are necessary to establish bidirectional as
sociations between appetite and leptin levels over time. 

Our last hypothesis was that umbilical cord blood leptin would pre
dict appetitive behaviors in childhood. The evidence for long-term effects 
of in utero leptin on child health are variable in extant literature, with 
longitudinal studies showing negative (Boeke et al., 2013; Karakosta 
et al., 2016) and also null associations (Meyer et al., 2018) between cord 
leptin and later child weight. Cohort studies have demonstrated the as
sociation between cord blood leptin and greater maternal pre-pregnancy 
BMI and child birth weight (Karakosta et al., 2013). However the re
lationship between cord blood leptin and weight during childhood is 
unclear, with some studies showing no effects by preschool-age 
(Chaoimh et al., 2016; Mantzoros et al., 2009) and another showing 
associations with fat mass, waist circumference and BMIz at school-age, 
but not adolescence (Simpson et al., 2017). In the current study, umbi
lical cord blood leptin was not significantly different between children 
overweight/obese at 10 y and their non-overweight peers, and no pro
spective association was found with appetitive behaviors at age 10. 

Our study had some limitations. Child eating behaviors were assessed 
using parent-report, which may introduce measurement error due to 
subjectivity and social desirability bias. However, CEBQ subscales have 
demonstrated good internal reliability in this population (Albuquerque 
et al., 2017) and good correspondence with objective behavioral mea
sures of eating (Carnell and Wardle, 2007). BMIz is a good population 
measure of excessive weight in children but is an indirect measure of fat 
mass (Freedman et al., 2017; Frühbeck et al., 2019). Large longitudinal 
studies including frequent and contemporaneous assessments of eating 
behaviors, leptin levels and adiposity throughout development are ne
cessary to confirm these findings and inform on causal relationships. 
Despite these limitations, this is one of the first studies to investigate 
prospective as well as cross-sectional associations between leptin levels 
and specific appetitive behaviors during the school-age years. Strengths 
include the population-based prospective design and the relatively large 
number of available leptin samples at birth and at 7 years. 

5. Conclusions 

To summarize, leptin levels were positively associated with food 
approach and negatively with food avoidant behaviors. Associations 
tended to be stronger in boys than girls, and were more consistent in 
cross-sectional analyses using data from children at 7 y of age. Given the 
correlation between leptin levels and body weight it is challenging to 
demonstrate relationships between leptin and appetitive behaviors that 
are independent of body weight. Nonetheless, we here observed some 
associations between leptin levels and appetitive traits, even when con
trolling for child BMIz at each age; this supports a potential role for leptin 

in affecting appetite, with consequences for both current weight status, 
and potential future weight gain. Future longitudinal research with 
larger samples of overweight and obese children could help to clarify our 
findings and conclusions. However, our results suggest that leptin re
sistance, which promotes overeating and mitigates against weight loss in 
adulthood, may occur with measurable impacts on eating behavior in 
early childhood. Interventions targeting appetitive behaviors to prevent 
obesity may therefore be beneficial during relatively early stages of 
eating behavior development. The long-term effects of leptin resistance 
on children's eating behaviors and obesity risk merit further study. 
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