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Summary. Objectives: To evaluate the association between various environmental factors and the anthro-
pometric measurements of children and adolescents. Methods: This retrospective studywasperformed from 
September 2017 to April 2018 and included 393 children aged 2-18 years. Data were extracted through 
patient and/or parentinterviews and from medical records of endocrine ambulatory clinics. Results: Among 
underweight children,the proportion of mixed-fed children was the highest, and among normal weight chil-
dren, most were either bottle-fed or mixed-fed. Most overweight children were mixed-fed, and most obese 
children were breastfed. Underweight status was noted most commonly in children playing videogames for 
<2 hours/day, followed by those playing>4 and 2-4 hours/day. Normal weight was noted most commonly 
in those playing for >4 hours/day, followed by those playing <2 and 2-4 hours/day. Overweight status was 
noted most commonly in those playing videogames for >4 hours/day, followed by those playing 2-4 and <2 
hours/day. Most children playing videogames for <2 hours/day were obese. Mean BMIs were the highest in 
those who exercised 1-2 times/week. P-values for the association between passive smoking indoors and BMI, 
weight, and height were 0.045, 0.150, and 0.854, respectively. Regarding socioeconomic status, log BMI 
values were 1.22, 1.23, and 1.26 in low-, medium-, and high-income families, respectively (P-value, 0.001). 
Conclusion: Children who were bottle-fed in their first year of life, played video games >2 hours/day, did not 
exercise regularly, were exposed to indoor passive smoking, and had a high socioeconomic status had a higher 
BMI and weight than their counterparts. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction

Monitoring a child’s growth is an adequate ap-
proach for measuring the health and nutrition status of 
children, with normal growth indicating good health 
and nutrition conditions (1). Over the past decade, a 
significant increase in the body mass index (BMI) of 
children in Jeddah has been noted (2). The estimated 
average prevalence of obesity in Jeddah is 17.8% (3). 
Recent studies conducted in three different regions 

(central, northern, southwestern) of Saudi Arabia 
showed a noticeable difference in growth rates among 
children and adolescents (4), which variation may be 
attributed to genetic heterogeneity and prenatal and 
postnatal environmental effects (5). Global research 
supports the putative influence of environmental fac-
tors onchildren’s growth (4, 5). 

Feeding type is associated with growth in chil-
dren. Breastfed children exhibit lower body weight and 
height than their bottle-fed counterparts (6). The type 
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of foods consumed (7, 8); the socioeconomic status 
(SES) of parents, family size, and maternal education 
(9); and other environmental factors such as the use 
of electronic devices, sleep deprivation, participation 
in physical exercise (10-12), and exposure to smoking 
(13) all affect children’s growth and development.

However, studies comprehensively investigating 
the relationship between various environmental fac-
tors and growth are lacking. Thus, we aimed to identify 
these factors and their relationship with growth among 
children and adolescents in Jeddah, Kingdom of Saudi 
Arabia.

Methods

Study Design 

This retrospective cohort study was conducted in 
the departments of pediatrics and endocrinology at 
various ambulatory pediatric endocrine clinics in Jed-
dah city, Saudi Arabia, between September 2017 and 
April 2018.This study was conducted in accordance 
with STROBE (EQUATOR) guidelines.

Participants

The participants were healthy 393 children and 
adolescents aged between 2 and 18 years. Those below 
the age of 2 years and above the age of 18 years were 
excluded from this study. Children with chronic condi-
tions and medical syndromes were also excluded. 

Data Collection 

Data was collected from interviews with patients 
and/or their parents and by reviewing clinical medical 
records through the Phoenix system.

Anthropometric Measurements

Pediatric measurements including height, weight, 
and BMI were obtained from the medical records of 
the patients. The standard deviation (SD) values for 
height and weight were calculated using the growth 
calculator software “http://growthcalc.chip.org/”.

Data variables

Various environmental factors were reviewed, in-
cluding the type of child nutrition during the first year 
of life (breast, bottle, or mixed feeding). Data on daily 
physical activity levels (exercise duration and number 
of days of exercise per week), time spent on electronic 
devices and video games per day, and duration of sleep 
were also reviewed. Additionally, we also reviewed 
data on the socioeconomic class, which was assesse-
dusingfamily income, number of rooms in a family’s 
residence, and number of family membersand exposure 
to passive cigarette smoking (evaluated by gauging 
whether family members smoked indoors or outdoors, 
and the number of smokers in the household).

Definitions 

BMI is the best measure for weight categoriza-
tion and is defined as the weight in kilograms divided 
by the height in square meters. Children were grouped 
according to their BMI values as normal (5th to < 85th 
percentile), overweight (85th to < 95th percentile), obese 
(≥ 95th percentile), or underweight (< 5th percentile) 
using World Health Organization data (14). The use 
of video games and electronic devices was measured 
based on whether children played them for more or 
less than 2 hours per day (15). The average duration of 
physical activity and exercise among children is consid-
ered to range from 30 to 60 min per day (16). SES was 
measured by the monthly income of the family, family 
size, and number of rooms in the house. The monthly 
income was defined as ‘low’ if it was 2000-4000 Ri-
yals, ‘middle’if it was 5000-9000 Riyals, and ‘high’ if 
it was higher than10,000 Riyals (17). Family size was 
defined as ‘small’ if there were 3 or fewer members, 
‘medium’if there were 4-6 members, and ‘large’ if there 
were more than 6 members. Houses with 3 rooms or 
fewer were defined as ‘small’, those with 4-6 rooms 
were defined as ‘medium’, and those with more than 
6 rooms were defined as ‘large’. The appropriate sleep 
duration per day for toddlers is between 11 and 14 
hours, for preschoolers between 10 and 13 hours, for 
school-aged children between 9 and 11 hours, and for 
teenagers between 8 and 10 hours (18). Exposure to 
smoking is thought to affect children’s growth; light 
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smoking was defined as the smoking of 1 to 9 ciga-
rettes per day, while heavy smoking was the smoking 
of more than 10 cigarettes/day, according to Ferris et 
al. 1985 (19). 

Ethical considerations

Approval for this study was obtained from the In-
stitutional Review Board of King Abdulaziz Univer-
sity Hospital before study implementation. Confiden-
tiality of patient data was maintained according to the 
Declaration of Helsinki.

Statistical analysis 

Data were analyzed using the Statistical Pack-
age for Social Science (IBM SPSS) version 22. The 
sample included 393 children treated at medical clin-
ics in Kingdom of Saudi Arabia, Makkah Region. The 
relationship between environmental factors that affect 
growth and body measurements was tested using vari-
ous statistical methods.

One-way analysis of variance and an independ-
ent sample t-test were used to test the relationship be-
tween environmental factors and body measurements, 
under the assumption that the continuous data fol-
lowed a normal distribution depending on the normal 
curve. Spearman’s correlation test was used for ordinal 
variables to test the relation of environmental factors 
such as lifestyle and eating habits with BMI, weight, 
and height. Descriptive statistics were reported as pro-
portions for qualitative variables and statistics were re-
ported as the mean and SD for quantitative variables. 
Results were considered significant at P <0.05.

Results 

This study included a total of 393 children and 
adolescents aged between 2 and 18 years. A total of 
211 (53.7%) of them were boys, and 182 (46.3%) were 
girls.

Of all the children who were screened, 100 
(25.4%) were bottle-fed, 129 (32.8%) were breastfed, 
and 164 (41.7%) received mixed feeding (bottle-feed-
ingand breast feeding). 

The relationship between feeding types and body 
mass index (BMI) categories is demonstrated in Ta-
ble 1. Height categories are explained in Figure 1, and 
weight categories in Figure 2.

Forthe feeding types, the p-values for group dif-
ferences were 0.381, 0.018, and 0.009, respectively, for 
height, weight, and BMI.

Table 1. Weight categories among the feeding types in the first 
year

Body mass 
index 
categories

Type of feeding

Bottle 
feeding 

Breastfeeding Mixed 
feeding

Underweight 59 89 124

21.7% 32.7% 45.6%

Normal weight 31 30 31

33.7% 32.6% 33.7%

Overweight 7 7 8

31.8% 31.8% 36.4%

Obesity 3 2 0

60.0% 40.0% 0.0%

Total 99 129 163

25.3% 33.0% 41.7%

P-value= 0.018

Figure 1. Height according to feeding types in the first year
Children who were breastfed or received mixed feeding were 
taller than bottle-fed children
SD, standard deviation
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Regarding video games, 338 (86.2%) children 
played video games, and 54 (13.8%) did not. A total of 
121 (35.8%) children played video games for less than 
2 hours per day, 84 (24.9%) played video games for 2-4 
hours, and 133 (39.3%) played video games for more 
than 4 hours. In 127 (34.5%) children, video games 
interfered with the daily routine, and in 241 (65.5%) 
children, video games did not interfere with the daily 
routine. 

Details ofBMI categories among children who 
played video games are demonstrated in Figure 3. The 
P-values for the weight and height categories were 
0.870 and 0.244, respectively. 

Details regarding height categories are provided 
in Figure 4, and those regarding the association be-
tween the weight categories and time spent playing 
videogamesare provided in Figure 5.

Regarding physical activity, 51 (35.4%) children 
exercised 1-2 times per week, 39 (27.1%) exercised 
3-5 times per week, and 54 (37.5%) exercised every 
day, and their mean BMI values were 19.25, 19.0, and 

17.40, respectively (P-value of 0.037). The P-value 
for differences in height was 0.278. Among children 
who exercised daily, 16 (11.2%) exercised for less than 
30 min/day, 69 (48.3%) for 30-60 min/day, and 58 
(40.6%) for more than 60 min/day. Their mean weights 
were 1.3275, 0.0501, and -0.1740, respectively (P-val-
ue of 0.029). Forheight, the SDs of the means were 
-0.1531, -0.5438, and -0.8260, respectively (P-value 
of 0.251).

As for sleep duration and its effect on growth, 
6 (50%) toddlers slept for less than 11 hours/day, 
and 6 (50%) slept for 11-14 hours/day; 44 (48.4%) 
preschoolers slept for less than 10 hours/day, and 
47(51.6%) for 10-13 hours/day. A total of 76 (35.7%) 
school-aged children slept for less than 9 hours/day, 
132 (62%) for 9-11 hours/day, and 5 (2.3%) for more 

Figure 2. Weight according to types of feeding.
children who were bottle-fed had higher weight values than 
children who were breastfed or received mixed feeding
SD, standard deviation

Figure 3. BMI according to timespent playing video games
Children who played video games for less than 2 hours/day had 
lower log BMI values than those in the other groups
BMI, body mass index

Figure 4. Height according to hours spent playing video games
Children who played video games for more than 4 hours/day 
were shorter than their counterparts in the other groups
SD, standard deviation

Figure 5. Weight according to hours spent playing video games
children who played video games for less than 2 hours/day were 
underweight or had normal weight, while children who played 
for 2 hours and more, were overweight or obese
SD, standard deviation
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than 11 hours/day. Eleven (15.1%) teenagers slept for 
less than 8 hours/day, 50 (68.5%) for 8-10 hours/day, 
and 12 (16.4%) for more than 10 hours/day. The mean 
BMI value of children who slept <8h was 1.2384, for 
8-10h was 1.2412, and for >10 h was 1.2195 (P-val-
ues of 0.225, 0.730, and 0.512 for BMI, height, and 
weight, respectively).

Regarding passive smoking exposure, 274 
(69.7%) children came from families with no smok-
ers, and 96 (24.4%) had one parent who was a smoker. 
Both parents of11 children (2.8%) smoked and more 
than two family members of 12 (3.1%) children were 
smokers. As for the number of cigarettes smoked per 
day, 32(27.4%) smokers smoked 1-9 cigarettes per day, 
46 (39.3%) smoked more than 10 cigarettes per day, 
and 39 (33.3%) smoked shisha every day. A total of 68 
(56.2%) family members smoked inside the house, and 
53 (43.8%) smoked outside the house. The log BMI 
value for passive smoking inside the house was 1.2656, 
with P-values of 0.045, 0.150, and 0.854 for BMI, 
weight, and height, respectively, while the log BMI 
for passive smoking outside the house was 1.2307. 
Regarding the number of smokers in the house, the 
log BMI values were 1.23, 1.31, and 1.27, respectively, 
in cases with no smokers in the house, cases in which 
both parents were smokers, and cases in which there 
were more than 2 smokers in the house, with a P-val-
ue of 0.017. The P-values for height and weight were 
0.872 and 0.139, respectively.

As for SES and its relationship with growth, 96 
(24.4%) of the participants’ families had a low income 
(2000-4000SR), 170 (43.3%) had a medium income 
(5000-9000SR), and 127 (32.3%) had a high income 
(>10,000). This was reflected in the log BMI values 
of 1.22, 1.23, and 1.26, respectively, with a P-value of 
0.001. The height P-value was 0.259 and weight P-
value was 0.801.

A total of 131 (33.4%) families lived in a property 
with 3 rooms or fewer, 207 (52.8%) had 4-6 rooms, 
and 54(13.8%) had more than 6 rooms. The P-values 
were 0.0001, 0.253 and 0.287 for BMI, weight, and 
height, respectively. As for family size, 34 (8.7%) chil-
dren had 3 or fewer members in their families, 269 
(68.4%) had 4-6 members, and 90 (22.9%) had more 
than 6 members. Families with 3 or less members had 
a log BMI= 1.19, those with 4-6 members had a log 

BMI=1.23, and those with more than 6 members had a 
log BMI=1.26, with a P-value= 0.001. The weight and 
height P-values were 0.691 and 0.995, respectively.

Discussion 

Types of Feeding

Previous studies have shown the relationship be-
tween environmental factors and their effect on chil-
dren’s growth. The maintenance of a good nutritional 
status is crucial to the healthy growth of children and 
adolescents. Nutrition during the first year of life criti-
cally affects children’s growth later in life. The pro-
vision of nutrition in the first year of life is divided 
into: breastfeeding, bottle feeding and mixed feeding. 
Many studies have shown that children who have been 
breastfed have a lower body weight and shorter body 
length than their bottle-fed counterparts (6, 20, 21). 
Similarly, in our study, we found that children who 
were bottle-fed had higher BMIand weight values 
than children who were breastfed or received mixed 
feeding; there was no significant relationship between 
the height categories and feeding types.

Video Games

In Saudi Arabia, with the increase in the number 
of children with sedentary lifestyles and the time spent 
playing video games, children spend less time exercis-
ing, playing sports, or performing other activities;this 
affects their growth negatively by increasing obesity 
rates and therate of sleep deprivation (10, 11, 22). In 
Jeddah, in 2016, studies found that 68.4% of children 
played video games for 2 hours or more and 48% ex-
ercise for less than 30 minutes per day. An increased 
BMI was found among children who spent ≥2 hours 
per day on electronic devices (15). In comparison, 
38.90% of children who played video games for less 
than 2 hours/day were underweight or had anormal 
weight, while among children who played for 2 hours 
and more, 47.60% were overweight and 40% were 
obese. An increased BMI was observed,over the years, 
among children who spent more than 2 hours/day 
playing video games.
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Sleep Duration

Several studies have demonstrated the relation-
ship between sleep duration and weight. In Korea, a 
study indicated that a longer sleep duration in adoles-
cents was associated with a lower BMI (12). Another 
study showed that children who had a short sleep du-
ration had an increased BMI (23). However, our study 
revealed no significant association between BMI, 
weight and height categories, and sleep duration.

Exercise and Physical Activity

In 2013, a study conducted by Al-Ghamdi in Ri-
yadh, showed positive association between exercise du-
ration and BMI, with BMI increase observed with a de-
crease in the time spent on physical activities. This study 
included 397 students, and a notable proportion of chil-
dren who did not exercise or exercised for less than 30 
minutes were either obese or severely obese (16). These 
findings are similar to our results, in which children who 
exercised every day for 60 minutes or more had a lower 
body weight. In our study,a significant association was 
observed between decreased levels of physical activity 
and increased body weight and BMI.

Passive Smoking

Data from the National Study of Health and 
Growth in England and Scotland indicate that chil-
dren’s height is associated with the number of smok-
ers in their households, taking birth weight into ac-
count. Additionally, an analysis of data on 5,903 chil-
dren from a study of primary schools in England and 
Scotland in 1982 showed that the number of cigarettes 
smoked by parents at home was significantly linked to 
the attained height of their children (13). The preva-
lence of smoking in Saudi Arabia ranges from 11.6-
52.3% among adults, indicating that many children are 
at the risk of being exposed to indoor pollutants (24). 
Our study revealed that children with family members 
who smoke indoors have a higher BMI than children 
with family members who smoke outdoors. No effect 
was observed on weight or height individually. Re-
garding the number of passive smokers in the house, a 
high log BMI mean was observed when both parents 

were smokers, compared to cases in which none or one 
of the parents was a smoker. No significant association 
was observed between the number of smokers in the 
house and the height or weight standard deviations. 

Socioeconomic Status

The relationship between parents’ SES, and chil-
dren’s weight is complicated. Previous studies have 
shown that a low SES may lead to risky behaviors (lack 
of physical activity, poor diet, and sedentary lifestyle) 
and can result in obesity and overweight (25, 26). 
Similarly, children living in relatively wealthy fami-
lies are likelyto receive more attention and specialized 
care from parents who offer a variety of cultural and 
physical activities and educate them on the virtues of a 
healthy diet (27). 

Family Income

In another study performed on 1,072 children in 
Saudi Arabia, 95% of the obese children came from 
families with high incomes (28). In less industrial-
ized countries, overweight and obesity are prevalent 
in families with higher incomes (29). In our previous 
study, we demonstrated a higher risk of overweight in 
relation to high family income (30). This could be at-
tributed to the fact that children from high-income 
families have increased accessibility to fast food and 
dine out multiple times a week while families with low 
incomes tend to depend more on homemade meals. 
The present study’s findings align with those ofthe pre-
vious studies because higher BMI values were associ-
ated with a higher SES, as we observed a directrela-
tionship between SES (in terms of family income and 
number of rooms) and BMI. 

Family Size

Children in households with more than 4 mem-
bers were 1.35 times likelier to be underweight than 
families with 1-4 members (31). We found that chil-
dren from families with 4-6 members or more were 
likelier to have a higher BMI than their counterparts 
with 3 or fewer family members; this finding contra-
dicts that of the previous study.
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Study limitation

Our study is limited by the relatively small sam-
ple size; therefore, our findings may not be generaliz-
able to the general population of Saudi Arabia. Future 
studies should include a larger sample size, along with 
a detailed survey to help understand the magnitude of 
each factor individually.

Conclusion 

A notable increase in both BMI and weight was 
found to be more significantly associated with bot-
tlefeeding thanwith breastfeeding or mixedfeeding. 
Moreover, spending time playing video games, lack 
of exercise, exposure to indoor passive smoking, and 
high SES were also associated with increased BMI and 
weight.

Recommendation

We recommend the provision of global education 
for parents, focusing on the benefits of breastfeeding, 
indoor physical activity, limiting the use of electronic 
devices and videogames to less than 2 hours/dayand 
discouraging exposure to indoor passive smoking,to 
optimize the growth of children and adolescents.
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