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Abstract

Background
This study aimed to evaluate the association of the number of family children and birth order with later body mass index (BMI) in
a pediatric population.

Methods
This cross-sectional nationwide study was conducted in the framework of the �fth survey of a national school-based surveillance
program, entitled Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable disease (CASPIAN-V) Study.
Participants were 14,400 students, aged 7–18 years, who were selected by random cluster sampling from 30 provinces in Iran.
Multinomial regression models were used to evaluate the odds ratio (OR) and 95% con�dence intervals (95% CI) of the number of
family children or the birth order for later excess weight.

Results
The �rst-born children had signi�cantly higher OR for obesity, and the third-born children had higher OR of underweight compared
to the �rst-born ones (OR 1.22, 95% CI 1.05–1.42). Moreover, children within the three-, four-, and �ve-child families had higher OR
of underweight than those with one-child families (OR 0.88, 95% CI 0.77- 1).

Conclusion
The birth order and number of children were associated with underweight and overweight or obesity in children and adolescents.
Future studies are necessary to assess the underlying determinants.

Background
The epidemic of non-communicable diseases (NCD) is a global problem that is expected to rise considerably in low- and middle-
income countries (1). Excess weight is one of the most common risk factors for most NCDs. Growing body of evidence exists
about the worldwide increase in the mean body mass index (BMI) (2), as well as the prevalence of obesity and overweight (3), with
substantial variation in levels and trends in different countries (1, 4). The origin of obesity in children is complex, and multiple
factors including genetic, social, cultural, and behavioral factors seems to interact (5, 6).

Research has suggested that the changes in family structure can affect the risk of obesity in children (5, 7). Some studies have
found that only children with higher BMI and greater fat mass are at a greater risk of fatness or obesity (8–10). Although some
authors explored the impact of birth order on the occurrence of obesity, they have not come up with consistent �ndings. For
instance, some authors showed that higher BMI is correlated with greater fat mass in �rstborn children (11–13). However, such
associations were not con�rmed by other studies (9, 14). It has also been shown that children are at a lower risk of obesity in
families with a larger number of children (5, 7).

The in�uence of birth order and/or number of siblings on adolescent body composition can be explained from both biological and
social perspectives. For instance, it has been observed that lower-birth-order infants are more likely to be smaller at birth than later-
born children (15, 16) and they tend often to experience catch-up growth, which is a growth pattern associated with obesity risk
(14). On the other hand, as lower-birth-order children have fewer siblings they have fewer opportunities for playing games and
doing other physical activities (17).

Given birth order and total number of siblings are mathematically correlated; it is not possible to measures their respective
conditional effects on overweight/obesity, as each factor is adjusted for the other. A study attempted to measures these effects
separately by dividing the number of siblings into younger and older categories and then comparing the models covering both
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younger and older siblings with a model that included just the total number of siblings. It was shown that compared to birth order,
the total number of children was a stronger predictor of overweight/obesity (16). Given the reduction of fertility rates worldwide
(17) and the increasing number of families with only 1 child (18) a systematic analysis of the in�uence of these demographic
changes on overweight and obesity is essential. Thus, the present study aimed to determine the association between the number
of children, birth order, and later BMI in a large nationally-representative sample of children and adolescents.

Methods
This nationwide cross-sectional study was conducted as part of the �fth survey of a surveillance program entitled “Childhood and
Adolescence Surveillance and Prevention of Adult Non communicable disease study” (CASPIAN study). This study was
accomplished among 7-to 18-year-old students in primary and secondary schools of urban and rural areas of 30 provinces of Iran
using multistage, strati�ed cluster sampling method (19). Strati�cation was performed in each province based on the living area
(urban/rural) and level of education (primary/ secondary). The sampling size was proportional to population in each province with
equal sex ratio. This means that the number of boys and girls was the same in each province. There were 48 clusters in each
province and 10 statistical units in each cluster, thus a total of 14,400 students participated in this study at national level. A
comprehensive description of the protocol is previously described (19).

Procedure and measurements
The data collection process was performed by trained health care professional team, and after identifying students based on
inclusion criteria, the mission and purpose of the study was explained to them. Then informed consent form and questionnaires
were completed through interview with students and their parents. Speci�c questionnaires were extracted from the World Health
Organization-Global School Student Health Survey (WHO-GSHS) (20). Validity and reliability of the Persian translated version of
this questionnaire was con�rmed in a previous study (21).

Physical examination was performed under standard anthropometric techniques by a team of trained health care experts. Weight
was measured to the nearest 0.1 kg using a calibrated scale placed on a �at ground, and height was measured to the nearest 0.1
cm using a portable stadiometer (22). BMI was calculated as weight (kg) divided by height squared (m2). Waist circumference was
measured to the nearest 0.1 cm three times, and the average of three values was used for the analyses. A non-elastic tape was
used to measure waist circumference at a point midway between the lower border of the rib cage and the iliac crest at the end of
normal expiration (23).

De�nition of terms
To evaluate the screen time (ST) behaviors, the number of hours per day individuals spent watching television (TV) and/or videos,
personal computer, or electronic games was calculated. ST was categorized into two groups: less than 2 h per day was de�ned as
low, and 2 h per day or more was de�ned as high group (24).

Socioeconomic status (SES) included father’s job and education, mother’s job and education, having private car and computer, and
type of student’s school (private, public) variables, summarized under one main component, by principle component analysis
(PCA) method. SES was categorized into tertiles. The �rst tertile was de�ned as a low SES, the second tertile as a moderate, and
the third tertile as a high. To de�ne healthy and unhealthy eating behaviors, students were asked to determine the frequency of
consumption of breakfast, fruit, vegetables, milk, sugar sweetened beverages (carbonated drinks and synthetic fruit juices), fast
foods (sausages, hamburgers and pizza), sweets (cakes, candies, biscuits, and chocolates), and salty snacks (chips, pretzels, and
salty puff pates). According to PCA method, two factors were loaded in PCA method; in the �rst factor, consumption of breakfast,
fruit, vegetables, and milk was loaded, which was de�ned as healthy eating behavior, and in the second factor, intake of sugar
sweetened beverages, fast foods, sweets, and salty snacks were loaded, de�ned as unhealthy eating behavior. Healthy and
unhealthy eating behavior factor was categorized into tertiles. The �rst tertile was de�ned as low, the second tertile as moderate,
and the third tertile as high.

Physical activity (PA) was assessed through a validated questionnaire (25) included weekly frequency of leisure time physical
activity outside the school. Having su�cient physical activity was de�ned as at least 30 min of exercise per day that led to
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sweating and large increases in breathing or heart rate. Physical activity was categorized into two groups: the �rst group was
de�ned as low and the second group as high.

WHO growth curves were used to categorize BMI; to de�ne underweight as age and sex-speci�c BMI < 5th percentile, overweight as
age and sex-speci�c BMI between 85th -95th percentile, and obesity as BMI for > 95th percentile for age and sex (26). Parents were
also asked about their BMI and history of suffering from obesity and diabetes during their lives.

Ethical concerns
Study protocols were reviewed and approved by ethical committees and other relevant national regulatory organizations. The
Research and Ethics Council of Isfahan University of Medical Sciences approved the study (Project Number: 194049). After
complete explanation of the study objectives and protocols, written informed consent and verbal consent were obtained from the
parents and students, respectively.

Statistical analysis
STATA package ver. 11.0 (Stata Statistical Software: Release 11. College Station, TX: Stata Corp LP. Package) was used. All
statistical measures were estimated using survey data analysis methods. Results were provided as mean and standard deviation
(SD) for continuous variables and as percentage for categorical variables. Multinomial regression models were used to evaluate
the odds ratio (OR) and 95% con�dence intervals (95% CI) of "the number of children" or "birth order" for underweight, overweight
and obesity. Adjustment has been done for sex, age, region, birth weight, physical activity, screen time, socio-economic status,
parental BMI, obesity history, and diabetes history.

Results
From 14274 enrolled students with mean age of 12.3 ± 3.2 y, 7228 (50.6%) were boys. Mean of BMI was 18.5 ± 4.7 kg/m2, and the
prevalence of underweight, overweight, and obesity was estimated 16.1%, 9.4%, and 11.4%, respectively. The average age of
mothers and fathers at the time of birth was 25.87 and 31.1 y, respectively.

The characteristics of students according to the BMI status are presented in Table 1. There was no signi�cant difference in
parental age at the time of the child's birth among children’s BMI status groups. There were signi�cant differences in terms of birth
order and the number of children according to the children weight status (P < 0.001) as prevalence of obesity was higher in the �rst
children of families as well as singletons and those with one sibling. Moreover, there were signi�cant differences in sex, residence
area, physical activity, and SES among the children BMI status groups (P < 0.05). Parental BMI was signi�cantly different among
the children BMI status groups (P < < 0.001); as obese children had parents with larger BMI compared to other groups (P < 0.05).
Age of children was also signi�cantly different among children BMI status groups (P < < 0.001). Post hoc analysis showed that the
underweight children were signi�cantly younger compared to the normal weight and overweight groups (P < 0.05). Moreover, there
was signi�cantly difference in children age between overweight and obese groups (P < 0.05).
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Table 1
Characteristics of the study population according to the child weight status: CASPIANV study

  Underweight Normal weight Overweight Obese Pvalue

Age, mean (sd) 12.02(3.05) 12.3(3.2) 12.54(3.05) 12.2(3.06) < 0.001*

Sex Boy 1248(54.8) 4400(49.4) 621(46.7) 896(55.5) < 0.001

girl 1029(45.2) 4506(50.6) 709(53.3) 719(44.5)

Region Urban 1476(64.8) 6233(69.9) 1049(78.9) 1337(82.8) < 0.001

  Rural 803(35.2) 2681(30.1) 281(21.1) 278(17.2)  

Parental BMI, mean (sd) 25.5(4.8) 26.4(4.81) 26.9(5.05) 27.53(5.2) < 0.001*

Paternal age at birth (years) <=30years 1145(52.1) 4470(51.9) 676(52.1) 799(50.9) 0.31

n (%) 31-35years 524(23.9) 2229(25.9) 322(24.8) 397(25.3)  

  > 35years 528(24) 1907(22.2) 300(23.1) 373(23.8)  

Maternal age at birth (years) <=30years 1728(78.4) 6777(78.8) 1040(80.3) 1221(78.2) 0.78

n (%) 31-35years 344(15.6) 1329(15.4) 192(14.8) 249(15.9)  

  > 35years 133(6) 496(5.8) 63(4.9) 92(5.9)  

Birth order �rst 923(41.2) 3798(43.4) 546(41.6) 687(43) < 0.001

n (%) second 576(25.7) 2383(27.3) 401(30.6) 471(29.5)  

  third 374(16.7) 1267(14.5) 198(15.1) 237(14.8)  

  forth or more 370(16.5) 1295(14.8) 167(12.7) 203(12.7)  

Number of children ≤ 2 863(38.0) 3764(42.7) 575(43.5) 757(47.1) < 0.001

n (%) 3–4 1005(44.3) 3707(42) 552(41.8) 646(40.2)  

  ≥ 5 402(17.7) 1348(15.3) 194(14.7) 203(12.6)  

Physical activity Low 741(34.9) 2746(33) 441(35.1) 494(32.7) 0.03

n (%) Medium 657(30.9) 2767(33.2) 440(35) 521(34.5)  

  High 727(34.2) 2810(33.8) 377(30) 495(32.8)  

SES Low 797(36.6) 2882(33.8) 411(32.5) 439(28.4) < 0.001

n (%) Medium 706(32.4) 2828(33.2) 403(31.9) 532(34.5)  

  High 675(31) 2805(32.9) 450(35.6) 573(37.1)  

Sleep duration, mean (sd) 8.58(1.23) 8.57(1.23) 8.59(1.26) 8.54(1.25) 0.74*

Screen time Low 1904(85.5) 7294(83.8) 1076(82.9) 1287(82.4) 0.06

n (%) high 324(14.5) 1405(16.2) 222(17.1) 274(17.6)  

Unhealthy food intake low 633(33.9) 2286(32.6) 320(31.2) 450(35.2) 0.25

n (%) moderate 603(32.2) 2289(34.1) 346(33.7) 428(33.5)  

  high 634(33.9) 2339(33.3) 360(35.1) 400(31.3)  

* According to the ANOVA test, other p-values are based on chi-square test

SES = Socioeconomic status, SD = Standard deviation
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  Underweight Normal weight Overweight Obese Pvalue

Healthy food intake low 614(32.8) 2334(33.3) 339(33) 438(34.3) 0.75

n (%) moderate 632(33.8) 2382(34) 358(34.9) 405(31.7)  

  high 624(33.4) 2298(32.8) 329(32.1) 435(34)  

* According to the ANOVA test, other p-values are based on chi-square test

SES = Socioeconomic status, SD = Standard deviation

Results of logistic regression analysis investigating the association between birth order and the number of children and child
weight status are presented in Table 2. Odds of underweight was higher in the third children compared with the �rst children after
adjusting for confounding factors including sex, age, region, birth weight, physical activity, screen time, SES, parental BMI, obesity,
and diabetes history (OR: 1.22, 95%CI: 1.05–1.42). The second children were more likely to be overweight compared with the �rst
children (OR: 1.17, 95%CI: 1.02–1.34); this association lost its signi�cance after controlling for confounders. Children within three-
to four-children families had higher odds of underweight in comparison to those within two-child families or less (OR: 1.14, 95%CI:
1.02–1.29), as well as children within �ve-child families or more compared to small families (OR: 1.25, 95%CI: 1.05–1.48).
Moreover, students with 2–3 siblings were less likely (OR: 0.87, 95%CI: 0.77–0.97) to be obese than their single peers or peers with
one sibling although its signi�cance was attenuated after controlling for probable confounding factors.

Table 2. Results of the multinomial logistic regression of birth order and number of children and child weight

status
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  Underweight   Overweight Obese

  Crude

 OR

(95%CI)

 

Pvalue Adjusted

  OR*

(95%CI)

Pvalue Crude

 OR

(95%CI)

 

Pvalue Adjusted

  OR*

(95%CI)

Pvalue Crude

 OR

(95%CI)

 

Pvalue Adjusted

  OR*

(95%CI)

Pvalue

Birth order

First 1   1   1   1   1   1  

Second 0.99(0.88-

1.12)

0.93 0.98(0.86-

1.11)

0.74 1.17(1.02-

1.34)

0.03 1.16(0.99-

1.35)

0.056 1.09(0.96-

1.24)

0.18 1.04(0.9-

1.19)

0.6

Third 1.21(1.06-

1.4)

0.005 1.22(1.05-

1.42)

0.01 1.09(0.91-

1.29)

0.35 1.1(0.91-

1.35)

0.31 1.03(0.88-

1.21)

0.69 1.07(0.89-

1.3)

0.45

Forth

or

more

1.18(1.03-

1.35)

0.02 1.14(0.97-

1.34)

0.1 0.9(0.74-

1.08)

0.25 0.86(0.69-

1.07)

0.18 0.87(0.73-

1.03)

0.09 0.96(0.79-

1.17)

0.7

Number of children      

≤2 1   1   1   1   1   1  

3-4 1.18(1.07-

1.31)

0.001 1.14(1.02-

1.29)

0.03 0.97(0.86-

1.1)

0.69 0.98(0.85-

1.13)

0.78 0.87(0.77-

0.97)

0.01 0.88(0.77-

1.00)

0.05

≥5 1.3(1.14-

1.49)

<0.001 1.25(1.05-

1.48)

0.01 0.94(0.79-

1.12)

0.50 0.99(0.8-

1.24)

0.96 0.75(0.63-

0.88)

0.001 0.85(0.69-

1.05)

0.14

 

*Adjusted for sex, age, region, birth weight, physical activity, screen time, socio-economic status, parental BMI,

obesity history, diabetes history.
 

Discussion
This study con�rmed the association between the number of children, birth order, and later BMI in a nationally-representative
sample of children and adolescents. The current �ndings showed that the odds of underweight was higher in the third children
compared with the �rst children; this result remained signi�cant even after adjusting for confounding factors. The second children
were more likely to be overweight compared with the �rst children, but this association lost its signi�cance after controlling for
confounding factors. A previous study found that last-born children showed lower odds of obesity than only children (5). A study in
Sweden showed that birth order was inversely associated with BMI; �rst-borns had a BMI of 0.8% and 1.1% higher than the second
born and third born children, respectively (27). In contrast, some studies have reported that the oldest children were signi�cantly
associated with overweight or increased adiposity (13, 28).
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This association can be justi�ed in light of the fact that lower-birth-order infants are more likely to be smaller at birth than later-
born infants (15, 29, 30). The former group is tend to undergo catch-up growth, a pattern associated with obesity risk (14). Khong
et al. (31) suggested that pregnancy leads to permanent anatomical changes in the spiral arteries that can be associated to the
number of previous pregnancies. This �nding suggests that birth weight can be increased with increasing parity. Some studies
purpose that differences in fetal nutrition and changes in this in successive pregnancies, re�ected in e.g. birth weight (the
Developmental Origins Hypothesis), have been put forward (12, 14). Another study suggested that psychosocial origin may explain
the associations. Interaction patterns between family members may be mentioned as the underlying mechanism explaining the
association of birth order and weight status (32).

Also we found that children within three- to four-children families had higher OR of underweight in comparison to those within one-
or two-child families, as well as children within �ve-child families or more compared to smaller families. Moreover, those children
and adolescents with more than two siblings were less likely to be obese than their single peers or peers with one sibling; however,
its signi�cance was attenuated after controlling for potential confounding factors. A study found that children who had no siblings
had the highest risk of obesity through 8th grade (33). Another study reported that singletons were 1.30 times more likely to be
overweight than their peers with at least one sibling (34). A longitudinal study conducted in the USA showed that only children had
higher mean BMI compared to those who had at least two brothers, even after adjustment for possible confounding factors (8). In
contrast, a study did not show any association between the number of siblings and overweight in Chinese adolescents (35).

The presence of siblings may provide greater opportunity for games and other physical activities (36). Hallal et al. (36) suggested
that a higher number of siblings, regardless of the activity level of each individual sibling, promotes active lifestyles in the long run.
Moreover, boys without any sibling have been shown to spend more time watching television than those with siblings (37).
Siblings may also be a stimulus for child-to-child interactions, cooperative play, or activities that increase the time each child
devotes to physical activity (38).

Previous studies have presented that the number of siblings may in�uence children’s weight status through effects on parental
time and attention allotted to children and on the nature and extent of interactions among siblings (39, 40). A previous study
showed that single children had signi�cantly higher intakes of many nutrients per 1000 kcal compared to children with sibling(s)
(41), which might be explained by the fact that a mother with one child is more concerned with persuading her child to eat and
grow than is a mother with several children (42). Therefore, additional siblings may decrease parental attention and availability of
food for each child, resulting in the reduction of the odds for overweight (43). Research has also suggested that children in single-
child families have considerably greater access to foods and thus intake more nutrients than children with siblings (41). One
reason is that a mother with an only child tries to pursuade the child to eat compared a mother with more than one child (42).
Accordingly, as the number of children increases there will be less food for each child, reducing the OR for overweight, especially in
poor families (8).

This study was conducted on a large representative sample of Iranian children and adolescents; however, it has some limitations.
Regarding the cross-sectional nature of the study, casual associations could not be provided. Moreover, we missed the pubertal
status of the study participants, which might largely affect the body size interpretation. Furthermore, psychopathological variables
and pathological eating behaviors were not considered in the present study.

Conclusion
The insights from this study can be used by practitioners and researchers to better identify children at risk. Since associations
observed in this study are in�uenced by family practices and functioning, further exploration of underlying processes in�uencing
family-based interventions is essential. The �ndings of this study can encourage practitioners and researchers to examine
parenting practices used in single-child families for effective implementation of family-based program. Future studies can also
survey parents about different interaction patterns among siblings and to the association of these patterns with obesity risk
factors. The data on birth order and number of children data can be used as a novel and successful approach to identify at-risk
children and to develop recommendations and interventions involving the home setting, aiming to help reduce pediatric obesity
rates.
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What Is Already Known On This Subject?
The origin of obesity in children is complex and multiple factors including genetic, social, cultural and behavioral all seems to
interact. Recent studies have suggested the most important variables associated with childhood obesity are family variables.

What this study adds?
In this study, birth order and number of family children were associated with underweight, overweight or obesity in a nationally-
representative sample of children and adolescents. Prevalence of obesity in �rst-born children was higher. Furthermore, our results
showed that third-born children had higher odds of underweight than �rst-born children.
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