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ABSTRACT

Background. Preventing overweight and obesity in early childhood is a priority for healthcare systems worldwide due to
the harmful effects on health and economy over the medium and long term.

Objective. The aim of this study is therefore the identification of the determinants predictive of overweight and obesity
during the first 24 months of a child’s life.

Material and Methods. From May 2021 to January 2022, 1012 mother-child pairs were included in this study and were
interviewed at urban and rural health centers in the Skhirat-Temara in Morocco prefecture using a questionnaire. The
anthropometric measurements of the children were also taken according to World Health Organization standards.
Results. The prevalence of overweight and obesity in children aged 0-24 months was 16.5%. This prevalence increased
with age (12.5% for the 0-6 months group, and 15.5% and 21.5% respectively for the 7-12 months and 13-24 months
groups). Cesarean delivery (aOR=1.78; 95%CI: 1.26-2.51; p=0.001), more than two living siblings in the household
(aOR=1.48; 95%CI: 1.03-2.12; p=0.03), male gender (aOR=1.56; 95%CI: 1.10-2.20; p=0.01), and child age (aOR=0.94;
95%: 0.92-0.97; p<0.001) are significant predictors of overweight and obesity. Paternal smoking (aOR=2.16; 95%CI: 1.15-
4.06; p=0.01), short sleep duration (aOR=4.05; 95%CI: 1.27-12.88; p=0.01) in children aged 7-12 months, and combined
breastfeeding (aOR=5.88; 95%CI: 2.07-16.72; p<0.001) during the first six months in children aged 13-24 months are also
predictive determinants for this problem.

Conclusion. The identification of early predictors of overweight and obesity can be used by public health decision-makers
as a roadmap for action to prevent and improve health.
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INTRODUCTION

biological, environmental, behavioral and individual
factors that can affect their healthy development and

The evidence shows that the first 1,000 days of
a child’s life are a critical window of opportunity for
the child’s future development, growth and health.
This period covers the period from conception to the
end of the first 24 months of life [12]. Over this time,
the foetus, the newborn and the infant are confronted
with major challenges resulting from a combination of

expose them to the risk of overweight and obesity
[26, 28].

In recent decades, overweight and obesity in early
childhood has emerged as a serious public health
problem due to the harmful repercussions that can
result, and the major costs that can be incurred by the
nations’ healthcare systems [7, 63], particularly in the
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knowledge that once established in early childhood,
overweight and obesity can extend into adolescence
and adulthood [42]. As a result, this problem has the
potential to lead to a number of non-communicable
diseases, such as type 2 diabetes, cardiovascular
disease, high blood pressure, stroke, cancer,
osteoarthritis and mental health disorders [40].

However, overweight and obesity could be
prevented by identifying risk factors from an earlier
stage, especially those most likely to overwhelm
a child in the first 24 months of life [49]. Several
studies have explored the determinants of overweight
and obesity in early childhood, covering the period
from conception to the second year of life. The
main determinants are parental obesity, maternal
weight gain during pregnancy, gestational diabetes,
mode of delivery, birth weight of the newborn,
maternal smoking, socio-economic status, sleep,
breastfeeding, etc.[37, 27].

In fact, health policies throughout the world need
resolve to tackle this growing epidemic, which has
serious economic, social and health impacts, by
planning, developing and strengthening programs to
promote maternal and child health during this critical
period in a child’s life, covering diagnosis, monitoring,
awareness raising and education.

The present study aims to identify and predict the
determinants of overweight and obesity in children
aged 0-24 months in the prefecture of Skhirat-
Temara in Morocco, thus highlighting for public
health decision-makers the possibilities for action in
favor of modifiable risk factors for early and effective
prevention of this problem.

MATERIAL AND METHODS

Study settings, design, period and population

This is a cross-sectional study with descriptive and
analytical aims. It was conducted from May 2021 to
January 2022 in urban and rural health centers in the
prefecture of Skhirat-Temara, a province close to the
capital Rabat, with a total population of 570887 and
134998 households, for which the estimated annual
growth rate in population projections between 2014
and 2030 is 3%, the higher rate in the region [39].
The survey concerned consenting mother-child pairs,
resident in the Skhirat-Temara prefecture, and whose
children were aged 0-24 months, who consulted health
centers for various preventive and curative primary
health care services. Any couple whose child was born
prematurely, had a history of infection or diarrhea
within two weeks of the interview, or had a congenital
malformation or metabolic disease affecting growth
were excluded from the study.

Sample size determination

The estimated sample size was calculated on the
following formula to ensure that the results of this
study were representative [57]:

z2xpx(1-p)
n= )
Where: n=sample size, z = 1.96 for a 95% confidence level,
p is the estimated prevalence of childhood obesity, and
m = 5% is the margin of tolerable sampling error.

The 2018 National Population and Family Health
Survey [38] reported an obesity and overweight
prevalence of 13.7% for children under 5 years of age
in the Rabat-Salé-Kenitra region. Indeed, the sample
size calculated for this study was 182 participants
(with p=13.7%), although our study had included 1012
mother-child pairs.

Instruments and data collection

The study was carried out by a face-to-face
questionnaire administered to the mothers, who were
interviewed about their demographic, socio-economic
and clinical background, as well as data on their
partners and children. Based on evidence from previous
studies [27, 41], these data represent the variables that
have a potential risk for overweight and obesity:

Data concerning parents: the mother’s age, the
parents’ level of education (illiterate, low, medium and
high), the parents’ occupation (working or not), the mode
of delivery and the history of gestational diabetes. The
mothers were also interviewed about the notion of passive
smoking (smoking partner), as none of the mothers
included in this study were smokers or ex-smokers.

Child data: the child’s age, sex, rank in the siblings,
the method of breastfeeding adopted during the first six
months after birth: exclusive breastfeeding, combined
breastfeeding (breast milk, artificial milk and other
solid or pasty foods), or exclusive artificial feeding.
Lastly, the hours slept by the child in accordance by
age over a 24-hour period (compliant, non-compliant).
According to the recommendations of the American
Academy of Sleep Medicine [45]: for optimum health,
the recommended hours of sleep for children aged
4-12 months are 12-16 hours in 24 hours, and 11-14
hours in 24 hours for children aged 12-24 months.

The household data: residence, number of living
children and monthly household income, which
was defined according to the Moroccan guaranteed
minimum inter-professional income (SMIG) set at =
2800 Moroccan dirhams (MAD)~ $282.The dependent
variable for this study was overweight and obesity in
children aged 0-24 months. Then, anthropometric
measurements were taken by the investigator for
each child included in this study, according to WHO
standards. The variables measured were:
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The weight: We measured the child’s weight using
a digital baby scale with a maximum capacity of 20 kg,
The scale was calibrated before each weighing session.

The height was determined using a toise. The
same instrument was used throughout the survey. The
body mass index (BMI) calculated using the formula:
Weight (kg) / Height? (m?)

The WHO BMI-for-age (BMI/A) reference curves
for girls and boys (0-24 months) were used to determine
the BMI/A z-scores, and to classify the child’s weight as
normal, overweight, obese, wasted or severely wasted.
For this study, overweight was defined as a weight-for-
height Z score > 2 standard deviation (SD), obesity as
a weight-for-height Z score >3SD, wasting as a weight-
for-height Z score <-2SD and severe wasting as
a weight-for-height Z score <-3SD in accordance with
WHO recommendations [43].

Statistical analysis

In our study, the data collected were analysed
according to three age groups: the first group-included
children aged 0-6 months, while the second and third
groups covered children aged 7-12 months and 13-24
months in succession.

The determinants: mode of breastfeeding and sleep
duration, were only introduced into the analysis for the
second and third classes in order to study the impact
of the nature of breastfeeding during the first 6 months
of the child’s age on the development of possible
overweight or obesity. Thus, the majority of studies
looking at the evaluation of sleep duration, quality and
behaviors have set 6 months as the youngest age at
which to assess this determinant [64].

All data analyses for this study were performed
using Jamovi statistical software, version 2.3.16.
Statistical analyses were performed to generate: (i)
the predictive factors of overweight and obesity in
all the children participating in our study (children
from 0 to 24 months; N=1012), and then to generate
(i1) the predictive factors of overweight and obesity
in the children for 3 age categories (children from
0 to 6 months, children from 7 to 12 months and
children aged 13 to 24 months) after adjusting for
confounding factors. The normality of quantitative
variables was verified using the Kolmogorov Smirnov
test. Quantitative variables with asymmetrical
distributions are expressed as median and quartile, so
the study of the association between the “overweight
and obesity” outcome and the other quantitative
variables investigated in this study was carried out
using the Mann-Whitney U test. Categorical variables
were summarized as frequencies and percentages. The
Chi-square test and Fisher’s exact test were conducted
to compare differences in categorical variables among
groups regarding the outcome variable (overweight
and obesity).

Multiple logistic regression were used to generate
adjusted odds ratios (aOR) for a 95% confidence
interval. Variables with a p-value < 25% in the
univariate analysis were entered into the multiple
logistic regression models. The test was considered
significant for a p-value < 0.05.

Ethical considerations

This study was approved by the Ethics Committee
for Biomedical Research of the Faculty of Medicine
and Pharmacy, Mohamed V University, Rabat,
Morocco (ethical approval no. C68/20 issued on 18
February 2021). Prior to data collection, participants
were informed of the purpose of the study and its
benefits, as well as the respect of anonymity and
confidentiality during processing and publication of
results. Oral and written consent was then obtained
from all participants.

RESULTS

Characteristics of the study participants

A total of 1012 mother-child pairs were included in
this study. The prevalence of overweight and obesity
among the children was 16.5% (167 overweight and
obese children). The age median of the participating
mothers was 29 years old, more than two thirds were
illiterate or had a low level of education (64.9%), 6.4%
had gestational diabetes. The study also revealed
that the majority of participating households lived in
urban areas (88.3%), 70.6% had 2 children at most,
with less than $282 monthly for 42.1% of participating
households. The median age of the children in the
study was 8 months, more than half were boys (50.9%),
and 32.4% had been delivered by caesarean section.
The chi-square test and Fisher’s exact test showed
that mode of delivery, number of live births, child age
and sex were significantly associated with childhood
overweight and obesity in the current study (Table 1).

Determinants predictive of overweight and obesity in
participating children

For children from 0 to 24 months, multiple
regression models showed that: Cesarean delivery
(@OR=1.78; 95%CI: 1.26-2.51; p=0.001), more than
two living siblings in the household (aOR=1.48;
95%CI: 1.03-2.12; p=0.03), male gender (aOR=1.56;
95%CI: 1.10-2.20; p=0.01), and child age (aOR=0.94;
95%: 0.92-0.97; p<0.001) are significant predictors of
overweight and obesity (Table 1).

Table 2 shows the results of the predictive factors of
overweight and obesity in children aged 0 to 6 months,
where three factors are significantly associated with
the outcome variable. Children with the second or
higher sibling rank are more likely to be overweight
or obese compared to first-born children (aOR=1.87;
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Table 1. Univariate and multiple logistic regression analysis of risk factors for overweight and obesity in children aged

0-24 months (N=1012)

Overweight / Obesity
Variables Total Yes No P aOR p
N=1012 n (%) n (%) (95%CI)

167 (16.5) 845 (83.5)
Maternal age (year)
Median (IQR) | 292534) | 292535 | 292534 | 037 | |
Residence
Urban 894 (88.3) 141 (84.4) 753 (89.1) 0.08
Rural 118 (11.7) 26 (15.6) 92 (10.9)
Mother’s education level
[lliterate 167 (16.5) 25 (15) 142 (16.8)
Low 490 (48.4) 76 (45.5) 415 (49) 0.59
Medium 174 (17.2) 31 (18.6) 143 (16.9) ’
High 181 (17.9) 3521 146 (17.3)
Father’s education level
[lliterate 118 (11.7) 16 (9.6) 102 (12.1)
Low 506 (50) 84 (50.3) 422 (49.9) 079
Medium 222 (21.9) 37 (22.1) 185 (21.9)
High 166 (16.4) 30 (18) 136 (16.1)
Working mother
Yes 168 (16.6) 31 (18.6) 137 (16.2) 0.45
No 844 (83.4) 136 (81.4) 708 (83.8)
Working father
Yes 998 (98.6) 166 (99.4) 832 (95.5) 0,485
No 14 (1.4) 1 (0.6) 13 (1.5)
Monthly household income
<$282 426 (42.1) 67 (40.1) 359 (42.5)
$282— $504 369 (36.5) 58 (34.7) 311 (36.8) 0.44
>$504 217 (21.4) 42 (25.2) 175 (20.7)
Gestational diabetes
Yes 65 (6.4) 9(5.4) 56 (6.6) 0.55
No 947 (93.6) 158 (94.6) 789 (93.4)
Smoking husband
Yes 241 (23.8) 49 (29.3) 192 (22.7) 0.06
No 771 (76.2) 118 (70.7) 653 (71.3)
Mode of delivery
Cesarean 328 (32.4) 72 (43.1) 256 (30.3) 0.001 1.78 (1.26-2.51) 0.001
Vaginal 684 (67.6) 95 (56.9) 589 (69.7) 1
Number of living sibling
<2 714 (70.6) 107 (64.1) 607 (71.8) 0.04 1
>2 298 (29.4) 60 (35.9) 238 (28.2) 1.48 (1.03-2.12) 0.03
Age of child (Month)
Median (IQR) | 8(3-12 96-18) | 73-12 | <0.001* [094(092-097)| <0.001
Sex of child
Male 515 (50.9) 101 (60.5) 414 (49) 0.007 1.56 (1.10-2.20) 0.01
Female 497 (49.1) 66 (39.5) 431 (51)
Rank in the sibling
It 393 (38.8) 60 (35.9) 333 (39.4) 0.39
2" and more 619 (61.2) 107 (64.1) 512 (60.6) ’

Note: Most data values (except the median) are presented as frequencies and percentages;, a p-value < 0.05 was
statistically significant; o: Mann-Witney U test; p: fisher test
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Table 2. Univariate and multiple logistic regression analysis of risk factors for overweight and obesity in children up to
the age of 6 months (N=464)

Overweight/Obesity
Variables Total Yes No P aOR P
N =464 n (%) n (%) (95%CI)
58 (12.5) 406 (87.5)
Maternal age (years)
Median (IQR) | 28(24-33) | 28(25-33) | 28(2433) |  o0.67
Residence
Urban 435 (93.8) 52 (89.7) 383 (94.3) 0.3
Rural 29 (6.2) 6 (10.3) 23 (5.7)
Mother’s education level
Illiterate 72 (15.5) 11 (19) 61 (15)
Low 226 (48.7) 25 (43.1) 201 (49.5) 076
Medium 70 (15.1) 10 (17.2) 60 (14.8) '
High 96 (20.7) 12 (20.7) 84 (20.7)
Father’s education level
[lliterate 47 (10.1) 5(8.6) 42 (10.3)
Low 220 (47.4) 27 (46.6) 193 (47.3) 091
Medium 108 (23.3) 13 (22.4) 95 (23.4)
High 89 (19.2) 13 (22.4) 76 (18.7)
Working mother
Yes 393 (84.7) 7 (12.1) 64 (15.8) 0.46
No 71 (15.3) 51 (87.9) 342 (84.2)
Working father
Yes 458 (98.7) 85 (100) 400 (98.5) T
No 6 (1.3) 0 6 (1.5)
Monthly household income
<$282 188 (40.5) 20 (34.5) 168 (41.4)
$282-$504 171 (36.9) 21 (36.2) 150 (36.9) 0.38
>$504 105 (22.6) 17 (29.3) 88 (21.7)
Gestational diabetes
Yes 31 (6.7) 3(5.2) 28 (6.9) 078
No 433 (93.3) 55 (94.8) 378 (93.1)
Smoking husband
Yes 101 (21.8) 15 (25.9) 86 (21.2) 041
No 363 (78.2) 43 (74.1) 320 (78.8)
Mode of delivery
Vaginal 314 (67.7) 35 (60.3) 279 (68.7) 0.20 1
Cesarean 150 (32.3) 23 (39.7) 127 (31.3) ' 1.83 (1-3.34) 0.04
Number of living sibling
<2 331 (71.3) 35 (60.3) 296 (72.9) 0.04
>2 133 (28.7) 23 (39.7) 110 (27.1)
Median (IQR) 3(2-4) 4 (3-6) 3(2-4) <0.001*  ]0.63 (0.53-0.76) <0.001
Sex of child
Male 30 (49.6) 33 (56.9) 197 (48.5) 023
Female 234 (50.4) 25 (43.1) 209 (51.5)
Rank in the sibling
Ist 193 (41.6) 17 (29.3) 176 (43.3) 0.04 1
2" and more 271 (58.4) 41 (70.7) 230 (56.7) 1.87 (1-3.48) 0.04

Note: Most data values (except the median) are presented as frequencies and percentages;, a p-value < 0.05 was
statistically significant; o.: Mann-Witney U test; p: fisher test
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Table 3. Univariate analysis and multiple logistic regression of risk factors for overweight and obesity in children aged

7-12 months (N=302)

Overweight/Obesity
Variables Total Yes No » aOR »
N =302 n (%) n (%) (95%CI)
56 (18.5) 246 (81.5)
Maternal age (years)
Median (IQR) | 29(25-34) | 29.5(26-35) | 29 (25-34) | 0.43 | |
Residence
Urban 236 (78.1) 42 (75) 194 (78.9) 0.52
Rural 66 (21.9) 14 (25) 52 (21.1) )
Mother’s education level
[lliterate 48 (15.9) 8 (14.3) 40 (16.3)
Low 141 (46.7) 26 (46.4) 115 (46.7) 0.93
Medium 62 (20.5) 11 (19.6) 51 (20.7) ’
High 51 (16.9) 11 (19.6) 40 (16.3)
Father’s education level
[lliterate 36 (11.9) 589 31 (12.6)
Low 157 (52) 29 (51.8) 128 (52) 047
Medium 58 (19.2) 9 (16.1) 49 (19.9) '
High 51 (16.9) 13 (23.2) 38 (15.5)
Working mother
Yes 57 (18.9) 11 (19.6) 46 (18.7) 0.87
No 245 (81.1) 45 (80.4) 200 (81.3) )
Working father
Yes 298 (98.7) 55 (98.2) 243 (98.8) 0.56
No 4(1.3) 1 (1.8) 3(1.2) )
Monthly household income
<$282 131 (43.4) 23 (41.1) 108 (43.9)
$282-$504 102 (33.8) 22 (39.3) 80 (32.5) 0.6
>$504 69 (22.8) 11 (19.6) 58 (23.6)
Gestational diabetes
Yes 20 (6.6) 3054 17 (6.9) Lo
No 282 (93.4) 53 (94.6) 229 (93.1)
Smoking husband
Yes 74 (24.5) 21 (37.5) 53 (21.5) 0.01 2.16 (1.15-4.06) 0.01
No 228 (75.5) 35 (62.5) 193 (78.5) ) 1
Mode of delivery
Vaginal 204 (67.5) 33 (58.9) 171 (69.5) 0.12
Cesarean 98 (32.5) 23 (41.1) 75 (30.5) )
Number of living sibling
<2 212 (70.2) 37 (66.1) 175 (71.1) 0.45
>2 90 (29.8) 19 (33.9) 71 (28.9) )
Age of child (month)
Median (IQR) | 90912 | 90120 | 90912 | 0.91 | 1(0.84-12) | 0.92
Sex of child
Male 157 (52) 33 (58.9) 124 (50.4) 0.24
Female 145 (48) 23 (41.1) 122 (49.6) )
Rank in the sibling
I 112 (37.1) 22 (39.3) 90 (36.6) 07
2" and more 190 (62.9) 34 (60.7) 156 (63.4) )
BF method
Exclusive BF 144 (47.7) 22 (39.3) 122 (49.6)
Combined BF 120 (39.7) 27 (48.2) 93 (37.8) 0.32
Exclusive AF 38 (12.6) 7 (12.5) 31 (12.6)
Sleep duration
Non-compliant 13 4.3) 6 (10.7) 7(2.8) 0.01¢ 4.05 (1.27-12.88) 0.01
Compliant 289 (95.7) 50 (89.3) 239 (97.2) ) 1

Note: Most data values (except the median) are presented as frequencies and percentages;, a p-value < 0.05 was
statistically significant. BF= breastfeeding. AF= artificial feeding, a: Mann-Witney U test; p: fisher test
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Table 4. Univariate and multiple logistic regression analysis of risk factors for overweight and obesity in children aged

13-24 months (N=246)

Overweight/Obesity
Variables Total Yes No » aOR »
N =246 n (%) n (%) (95%CI)

53 (21.5) 193 (78.5)
Maternal age (years)
Median (IQR) | 30(25-36) | 30(24.5-36) | 30(25-35.5) | 078 | |
Residence
Urban 223 (90.7) 47 (88.7) 176 (91.2) 0,59/
Rural 23 (9.3) 6 (11.3) 17 (8.8) )
Mother’s education level
[lliterate 47 (19.1) 6 (11.3) 41 (21.2)
Low 123 (50) 25 (47.2) 98 (50.8) o1
Medium 42 (17.1) 10 (18.9) 32 (16.6) )
High 34 (13.8) 12 (22.6) 22 (11.4)
Father’s education level
[lliterate 35 (4.2 6 (11.3) 29 (15)
Low 129 (52.4) 28 (52.8) 101 (52.3) 0.59
Medium 56 (22.8) 15 (28.3) 41 (21.3) ’
High 26 (10.6) 4 (7.6) 22 (11.4)
Working mother
Yes 40 (16.3) 13 (24.5) 27 (14) 0.06
No 206 (83.7) 40 (75.5) 166 (86) )
Working father
Yes 242 (98.4) 53 (100) 189 (97.9) 0.58"
No 4 (1.6) 0 4(2.0) )
Monthly household income
<§$282 107 (43.5) 24 (45.3) 83 (43)
$282-504 96 (39) 15 (28.3) 81 (42) 0.07
>$504 43 (17.5) 14 (26.4) 29 (15)
Gestational diabetes
Yes 14 (5.7) 3(5.7) 11 (5.7) 1p
No 232 (94.3) 50 (94.3) 182 (94.3)
Smoking husband
Yes 66 (26.8) 13 (24.5) 53 (27.5) 0.66
No 180 (73.2) 40 (75.5) 140 (72.5) )
Mode of delivery
Vaginal 166 (67.5) 27 (50.9) 139 (72) 0.004 1
Cesarean 80 (32.5) 26 (49.1) 54 (28) ) 1.96 (1-3.84) 0.04
Number of living Sibling
<2 171 (69.5) 35 (66) 136 (70.5) 0.53
>2 75 (30.5) 18 (34) 57 (29.5) )
Age of child (Month)
Median (IQR) | 18(18-18) | 18(18-19) | 18(17.5-18) |  0.007*  [0.9 (0.78-1.03) | 0.15
Sex of child
Male 128 (52) 35 (66) 93 (48.2) 0.02 1.97 (1-3.87) 0.04
Female 118 (48) 18 (34) 100 (51.8) ) 1
Rank in the sibling
It 88 (35.8) 21 (39.6) 67 (34.7) 0.5
2" and more 158 (64.2) 32 (60.4) 126 (65.3)
BF method
Exclusive BF 128 (52) 13 (24.5) 115 (59.6) 1
Combined BF 96 (39) 30 (56.6) 66 (34.2) <0.001 5.88 (2.07-16.72) <0.001
Bottle feeding 22 (9) 10 (18.9) 12 (6.2) 1.79 (0.67-4.74) 0.23
Sleep duration
Non-compliant 40 (16.3) 917 31 (16.1) 0.87
Compliant 206 (83.7) 44 (83) 162 (83.9) )

Note: Most data values (except the median) are presented as frequencies and percentages;, a p-value < 0.05 was
statistically significant. BF= breastfeeding. AF= artificial feeding;
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95%CI: 1-3.48; p=0.04). Children delivered by
cesarean section have a 1.83 greater risk of being
overweight or obese than those delivered vaginally.
Likewise, the risk of overweight and obesity increases
by 0.63 fold when the child’s age is advanced by one
month (aOR=0.63; 95%CI: 0.53-0.76; p<0.001).
Tables 3 and 4 present the results of univariate
and multivariate logistic regression analysis for the
age range of 7 to 12 months, and over 12 months
successively. Paternal smoking (aOR=2.16; 95%CI:
1.15-4.06; p=0.01) and inadequate sleep duration
(@OR=4.05;  95%CI:1.27-12.88;  p=0.01)  were
associated with an increased risk of overweight and
obesity in children aged 7 to 12 months. Beyond this
age, delivery by caesarean section (aOR=1.96; 95%CI:
1-3.84; p=0.04), combined breastfeeding (aOR=5.88;
95%CI: 2.07-16.72; p<0.001) during the first six
months of the child’s life, and masculinity (aOR=1.97;
95%CI: 1-3.87; p=0.04) were found to be predictive of
overweight and obesity in children in this age group.

DISCUSSION

In this study, the prevalence of overweight and
obesity among all children in our population was
16.5%. However, this was higher than in Vietnam
and Colombia (10.7% and 5.8% respectively) [19, 2],
but slightly lower than in South Africa (17.3%) [56].
In addition, the distribution of children in the 3 age
groups revealed an increase in the prevalence of
overweight and obesity with age (12.5% for the 0-6
months group, and 15.5% and 21.5% respectively
for the 7-12 months and 13-24 months groups). This
could be explained by the dietary habits at this stage
of life, the low physical activity levels, and screen
time (television, tablet, mobile phone), especially
as the period of this study was during the Covid-19
pandemic, which was characterised by confinement
and a restriction on children playing outside [5, 62].
Furthermore, our study presents a series of predictors
of overweight and obesity in relation to the socio-
economic context, the peri- and post-natal context and
other child-related determinants.

Socio-economic determinants

In contrast to previous studies [8, 54, 70] our study
found that, children with more than 2 siblings, and
particularly those who are not the eldest, are more
likely to be overweight or obese. Possible explanations
for this are: the low level of education, the poor
standard of living in our population, or the high stress
levels of mothers with many children, which inhibit
them from adopting appropriate and healthy dietary
behaviors [1, 6, 11, 50] in accordance with the child’s
age, knowing that the first four months of a child’s life
is a key period when the risk of developing obesity

later in childhood is high [30]. It is therefore essential
to have a good control of these determinants, which are
closely linked and interact with each other, especially
during the first 24 months of a child’s life, in order to
determine a child’s nutritional status [26, 53].

Peri- and postnatal determinants

In this study, birth by caesarean section and
paternal smoking were shown to be predictive risk
factors for overweight and obesity in the child’s first 24
months of life, however, contrary to previous research
[3, 16, 28, 59], our study revealed no association of
gestational diabetes with the risk of overweight and
obesity in our population. In the first six months of
a child’s life and after the first year, birth by caesarean
section successively represents a risk of overweight
and obesity of 1.83 and 1.96 compared with vaginal
birth. This finding is consistent with the results of
previous studies that have demonstrated an increased
risk of overweight and obesity during the first six
months and at 24 months of age for Caesarean delivery
[23, 31, 47, 65, 69]. In addition, scheduled caesarcan
section has been found, although not confirmed by
other study [39], to increase the risk of overweight and
obesity at the age of 12 months [10, 36, 69]. A series
of studies have suggested an association between
caesarean delivery and a predisposition to obesity,
indicating that delivery by caesarean section alters the
colonisation of the neonatal microbiome by vaginal
microbes, leading to a lower abundance and diversity of
intestinal microbiota [36, 55]. Nevertheless, exposure
of the newborn to vaginal flora during vaginal birth
is important and beneficial for improving metabolism
and immune system function [18]. Therefore, the
choice of caesarean section as the mode of delivery
should be based on a medical indication to prevent the
risk of overweight and obesity in newborns.

The involvement of the mother and her
responsibility for the child’s well-being or risk has
always been emphasised, even before conception,
but the father’s contribution has often been discreet
or underestimated, especially as regards the risk
of overweight and obesity in the child [35]. Several
studies have shown that direct exposure to tobacco
in utero has a considerable impact on the risk of
overweight and obesity in early childhood compared
with exposure to paternal or family smoking [6, 22,
28]. In our study, children whose fathers smoked had
a two times greater risk of developing overweight or
obesity than children whose fathers were non-smokers.

In agreement with our finding Lindholm et al [29]
revealed that paternal smoking was well associated
with rapid weight gain between 6 and 12 months.
Several other studies have also shown that passive
smoking and paternal smoking, even well before and
after conception, may be associated with the risk
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of overweight in the child [9, 48, 66, 68]. Although
the mechanism between exposure to smoking and
overweight is not well defined, it is supposed that
exposure to tobacco may cause metabolic and
hormonal dysfunctions [25].

Child-related determinants

This study showed that the risk of overweight
and obesity changes with age. Overall, the risk of
overweight and obesity increases 0.94 fold when the
child’s age advances by one month between 0 and 24
months. It is lower during the first 6 months of life
(@OR=0.63). These results are inconsistent with those
reported in the study by Gebremichael et al, which
revealed that the risk of overweight and obesity was
higher in children aged less than 6 months (aOR =
5.19), followed by children aged 6 to 24 months (aOR =
1.97) [17]. The variation in these findings may suggest
that these age groups represent periods when various
factors contribute significantly to the development of
overweight and obesity in children, highlighting the
potential importance of infant diet in comprehending
these outcomes [62].

Similar to our study, numerous studies revealed
that the risk of overweight and obesity is greater in
boys than in girls [1, 8, 15, 17, 54, 61]. The fact that
boys are more overweight and obese than girls could
be explained by genetic, metabolic and environmental
differences [61]. In that context, studies have shown
a positive association between obesity and the Y
chromosome suggesting that paternal behaviors and
the environment faced by fathers represent a critical
challenge to the future health of the offspring through
potential damage and modification of male germ cells.
However, the evidence is currently limited and there is
only hypothesis [13, 20, 35, 60, 68].

Various studies revealed an association between the
risk of overweight and obesity in early childhood and
later life with the feeding mode and duration, rather
than the age of diversification and introduction of
solid foods [44, 46, 50, 52, 70]. In our study, combined
breastfeeding during the first 6 months of a child’s life
was a predictive risk factor for overweight and obesity
from the age of 13 months. Our results are consistent
with those of other studies which have shown that the
introduction of complementary foods before the age of
6 months has a negative effect on the development and
optimal growth of children. The benefits of exclusive
breastfeeding have been demonstrated as a protective
factor against overweight and obesity, as well as other
virtues such as protection against short- and moderate-
term illness [4, 50, 51, 67]. However, the beneficial
effect of breastfeeding may be reduced in the long
term due to a combination of genetic, environmental
and behavioral factors [51]. The duration and choice of
exclusive breastfeeding may depend on other factors,

such as caesarean delivery, which appears to have
a negative influence on the initiation of exclusive
breastfeeding and to reduce the period to 3 months
[50]. Moreover, a high level of maternal education
makes mothers more vigilant, aware and favorably
selective in terms of dietary habits and the lifestyle to
be established in their households [11, 50].

Ourstudyshowedthatchildrenwithinadequatesleep
duration were five times more likely to be overweight
or obese, but only in the 7-12 month age group.
However, epidemiological studies have suggested
that sleep duration may be associated with the risk
of overweight and obesity throughout an individual’s
life [21]. In a systematic review of prospective studies,
the authors revealed that insufficient sleep represents
both a high risk of overweight or obesity in infants,
children and adolescents, and also a modifiable risk
factor expressed in the inverse relationship between
the number of hours of sleep and the change in BMI
z-scores and BMI [14, 34]. Similar results have been
reported in Chinese studies reporting an inverse
relationship between sleep duration and BMI z-scores
in children aged 1-24 months [58, 71]. However, the
mechanism by which sleep deprivation affects weight
gain is not entirely clear, and studies have suggested
that in early childhood sleep duration and quality may
be at the origin of overweight and obesity through
hormonal changes, especially in leptin and ghrelin
secretion, in additional to specific dietary behaviors
involving diet quality and meal timing [24, 32, 33].
Based on the studies available, parental awareness of
the need to promote healthy and optimal sleep quality
and quantity from early childhood is necessary to
prevent the risk of overweight and obesity.

CONCLUSION

In this study we found an increase in the
prevalence of overweight and obesity with age
during the first 24 months of a child’s life. Moreover,
the risk of being overweight or obese depends on
a combination of multiple genetic, environmental,
behavioral and individual determinants, and the
main ones being: gender, sibling rank, number of
living siblings, caesarean delivery, paternal smoking,
combined breastfeeding during the first 6 months of
life, and inadequate sleep duration. However, this
problem can be prevented by developing public health
programs aimed at identifying and intervening early
in modifiable risk factors, as well as consolidating
monitoring and management programs for diagnosed
cases. In addition, raising parents’ awareness and
educating them are colossal measures for preventing
unhealthy dietary patterns and promoting appropriate
behaviors, such as preparing children properly for
sleep in order to improve its quantity and quality.
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Strength and limitations of the study

To the best of our knowledge, our study is the first
to investigate the predictive factors of overweight and
obesity during the first 24 months of a child’s life in
the prefecture of Skhirat-Temara; however, several
limitations can be identified; firstly, the type of cross-
sectional study does not allow us to establish a causal
relationship. Then, all the mothers classified as having
a history of gestational diabetes had no laboratory
evidence, even for the variable “number of hours of
sleep of the child”, which was assessed on the basis of
the mothers’ reports and not on the basis of objective
measurements such as actigraphy.
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