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The Association of Paternal and Maternal
Body Mass Index on Childhood Overweight

Chen-Chung Fu', Yin-Ming Li*, Jih-I Yeh?,
Li-Yu Wang’ and Hans Hsienhong Lin'

Purpose: Obesity often aggregates within families, and parental obesity
has been identified as a risk factor. To examine the different effects of
maternal and paternal body mass index on the prevalence rate and risk of
overweight in children. Materials and Methods: A total of 1,418 students,
aged 12 or 13 years, were recruited for analysis. Children’s body height,
weight and waist and hip circumferences were obtained. Self-reported body
height and weight of their parents were collected. The 85th percentile of
body mass index (BMI) was used as cutoff points to identify the children

.being overweight. Spearman’s correlation and logistic regression analysis
were used to examine the parent-offspring BMI relationship. Paternal and
maternal BMI were classified into four groups using the quartile categories
to examine their different effects on the prevalence rate and risk of children
overweight. Results: The association of children’s BMI with parents’ BMI
was the strongest, closely followed by children’s waist circumference whereas
waist-hip ratio barely had any association. The Spearman’s correlation
coefficient of the mother-daughter association was the highest among all
the parent-offspring association. Among the boys, the prevalence rate for
being overweight increased significantly from 9.2% in the lowest quartile to
21.3% in the highest quartile of paternal BMI (p trend<0.005). The effect of
maternal BMI on the prevalence rate for being overweight was also noted
(p trend<0.0001). Among the girls, an increasing rate of being overweight
for the increasing quartile of paternal and maternal BMI was also noted (p
trend<0.0001). Multiple logistic regression analysis revealed that maternal
BMI was significantly associated with boys’ overweight with the odds ratios
increased from 1.0 in the lowest quartile to 2.33 in the highest quartile of
maternal BMI (p<0.001). However, the association between paternal BMI
and boys’ overweight was marginally significant (p=0.055). Among the girls,
both maternal and paternal BMI were significantly associated with girls’
overweight (p<0.001 and p=0.001, respectively). Conclusion: Maternal BMI
was an independent risk factor of overweight in both boys and girls. Paternal
BMI was also associated with girls’ overweight.
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INTRODUCTION

The prevalence of obesity among
children and adolescents has increased
gradually and is a major global public
health problem because of the health
consequences and greater risk of obesity
in adulthood™”. Obesity in the adults is
difficult to deal with; therefore, obesity
prevention should start as early as possible,
particularly in the pediatric population.
However, the cause of childhood obesity has
not been elucidated completely, nor have
specific target groups for early intervention
measures been identified, even though it
is assumed that a complex interaction of
genetic, environmental, and behavioral
factors is responsible. Obesity often
aggregates within families and parental
obesity has been identified as a risk factor”.
Nevertheless, some studies in the infants
and preschool children revealed that only
a weak relationship between parental body
mass index (BMI) and child adiposity™?.
It is probable that parental-child adiposity
correlation will be more obvious in the
teenagers since childhood fatness increasing
linearly with an increasing level of parental

¥ The different effects of paternal

fatness
and maternal BMI on their offspring’
s overweight are another issue worth to
be investigated. Some studies showed
that the risk of childhood overweight
was significantly associated with both

™8 while other

parental and maternal BMI'
studies only demonstrated the effect of
maternal BMI on the trend of increasing

prevalence of children’s overweight™”.
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One plausible reason for this contradictory
result is in the definition of cutoff points
for overweight and obesity by using BMI.
Although the BMI is an easy-to-calculate
“surrogate for obesity”, especially in large
studies, however, the cutoff values vary
considerably among investigators and
countries and the rationale for the choice of
cutoffs is rarely provided. As a result, some
conflicts existed, for example, in the Asia-
Pacific region; a cutoff point of 25 of BMI
for obesity was used in some studies'?,
while the value of 27 was recommended
by the Department of Health in Taiwan!".
In North America and Europe, most of the
surveys used the NHAMES 11 criteria (BMI
>27.8 kg/m” in males and > 27.3 kg/m” for
females) or NHANES III criteria (BMI >
30 in males and females) as obesity cutoff
point™'? Thus, it is difficult to compare
the studies” results because of the different
cutoff values for the definition of obesity.
Using the percentile categories in the
studied population may be a solution around
this issue, and also ensures adequate sample
sizes in the obese group as mentioned by
Lake et al'"!.

There are many studies exploring the
impact of parental BMI on their children’
s overweight or adiposity, and inconsistent
results was noted that some studies verified
the significant effects of both paternal
and maternal BMI on their children’

t"%121% while others failed to

s overweigh
demonstrate the effect of fathers’ BMI "]
and that of mother’ BMI"®. The purpose
of this study was to examine the different

effects of maternal and paternal BMI on the
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prevalence rate and risk of overweight in a
population of adolescents. In this study, the
paternal and maternal BMI were classified
into four groups by using the percentile

categories.

MATERIALS AND METHODS

This study surveyed all the first grade
students of junior high schools in Hualien
city of Taiwan at 2001. Questionnaires were
distributed to the students and their parents
2 weeks before the health screening. Data
on the following demographic variables
were obtained from their biological parents:
age, educational levels, current marital
status, ethnicity and self-reported height and
weight.

The well-trained nurses obtained body
height, body weight and waist and hip
circumferences of the children. Weight was
measured in light clothing while height
was measured to the nearest 0.1cm with
the head held in the Frankfort plane. Waist
circumference measurement was taken
midway between the inferior margin of
the last rib and the crest of the iliac bone
in a horizontal plane, taken to the nearest
0.1cm. For hip circumference the measure
was taken around the pelvis at the point of
maximal protrusion of buttock. Totally, there
were 1,724 students aged 12 or 13 years.
Among them, 306 students did not attend
for physical check or failed to complete
the questionnaires. Thus, 1,418 (82.3%)
students were recruited for analysis. During
analysis, paternal and maternal BMI were

classified into four groups using the quartile
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categories to ensure adequate sample size in
each group. The investigation was approved
by the Ethics Committee of the Buddhist
Tzu Chi General Hospital (Hualien,
Taiwan). All students and their parents were
carefully instructed about the details of
the study and gave their written informed

consent to participate in the study.

Definition of childhood overweight

Although the use of BMI to help define
overweight in children was recommended,
there is no internationally acceptable
éstablished cutoff point of BMI to define
overweight in children. Therefore, we used
the 85th percentile of BMI, as cutoff points
to identify the children being overweight
which have been recommended by Barlow
and others'*'”. The 85th percentile values
of BMI were as follows: for the boys aged
year 12 and 13 were 25.36 and 26.03,
respectively, and for the girls, 22.52 and
23.96, respectively.

Statistical analysis

SAS for Window software was
used for the statistical analysis. The
associations between children’s BMI, waist
circumference and waist-hip ratio (WHR)
and parental BMI were assessed by using
Spearman’s correlation coefficients. The
prevalence of overweight in the boys and
girls was calculated for each quartile of
paternal and maternal BMI, respectively,
and was tested by the linear test for
trend. Logistic regression analysis was
then performed to compare the effects

of maternal and paternal BMI on being
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overweight in the boys and girls. The odds children and their parents. Boys were taller
ratios and their 95% confidence interval and heavier than girls. In addition, the mean
(C.1.) were calculated as measures of waist circumference and waist hip ratio of
risk for being overweight. The dependent boys were bigger than those of girls. The
variable was the status of overweight mean age of mothers and fathers were 39.8
children, and the independent variable was and 43.4 years, respectively. Mothers had a
paternal and maternal BMI, which classified lower mean BMI value than fathers.

into four groups by using the percentile Table 2 displays the relations between
categories. BMI of parents and children’s BMI, waist

circumference and WHR. In general, the
RESULTS association of children’s BMI with parents’
BMI was the strongest, closely followed

«
Table 1 shows the characteristics of by children’s waist circumference whereas

Table 1. The Characteristics of Children and Their Parents

Boys (n=698) Girls (n=720) Fathers (n=1,418) Mothers (n=1,418)

Age (years) 12.5(0.5) 12.5(0.5) : 43.4(5.2) 39.8(5.0)
Height (cm) 154.8(8.1) 154.1(5.8) 168.7(5.6) 157.8(5.1)
Weight (kg) 51.1(13.1) 47.2 (10.0) 69.7(10.8) 56.4(8.5)
BMI (kg/m®) 21.0(4.3) 19.8 (3.6) 24.5(3.4) 22.7(3.3)
Waist (cm) 72.0(11.6) 66.4 (9.0)

Hip (cm) 87.7(9.5) 87.9(8.1)

Waist-hip ratio 0.82(0.06) 0.76 (0.06)

Data expressed as mean (standard deviation)

Table 2. Spearman’s Correlation Coefficients of Children’s BMI, Waist Circumference and
Waist-Hip Ratio and Their Parents’ BMI

Paternal BMI Maternal BMI

Boys

BMI 0.156" 0.176”
Waist circumference 0.153" 0.173™
Waist-hip ratio 0.095° 0.133"
Girls

BMI 0.255" 0.303"
Waist circumference 0.189" 0.2317
Waist-hip ratio 0.063 0.063

T p<0.05,": p<0.01
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WHR barely had any association. Among
all the parents-offspring associations,
the Spearman’s correlation coefficient
of the mother-daughter association was
the highest. In addition, the associations
between girls’ BMI and their parents’
BMI (with fathers: r=0.255, p<0.01; with
mother: 1=0.303, p<0.01) were stronger
than those for the boys (with fathers: r=
10.156, p<0.01; with mother: r=0.176, p<
0.01).

The prevalence rates for being
overweight in the boys with their{parents’
BMI were displayed in Table 3. As the
paternal BMI increased, the prevalence
rate of overweight increased from 9.2% in
the lowest as reference group to 21.3% in
the highest quartile of the paternal BMI (p
trend <0.005). The effect of maternal BMI
on the prevalence rate for being overweight
was also noted (p trend <0.0001). Similarly,

the prevalence rate of overweight in the
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daughters was positively associated with
both paternal BMI and maternal BMI
as shown in Table 4. Compared with
the reference group, the prevalence rate
increased from 10.0% to 22.2% for the
highest quartile of the paternal BMI (p
trend<0.0001), while the rate increased
from 6.7% to 26.1% for the maternal BMI (p
trend<0.0001).

Multi-variate logistic regression
analysis was then performed to compare
the effects of maternal and paternal BMI
on being overweight in the boys and
girls as shown in Table 5. Maternal BMI
was significantly associated with boys’
overweight with the odds ratios increased
from 1.0 in the lowest quartile to 2.33 in
the highest quartile of maternal BMI (p<
0.001). However, the association between
paternal BMI and boys’ overweight was
marginally significant (»p=0.055). Among
the girls, both maternal and paternal BMI

Table 3. Prevalence of Overweight in the Boys According to the Quartiles of Their Parents’

BMI
Parents’ BMI (kg/m®)
Boys
1" quartile 2™ quartile 3" quartile 4™ quartile
BMI (Father)
<22.04 22.04-24.21 24.22-26.73 >26.73
Overweight number / Total number 16/173 24/172 27/179 37/174
Overweight* (%) 14.0 15.1 213
BMI (Mother)
<20.31 20.31-22.21 22.22-24.12 >24.12
Overweight number / Total number 18/170 12/179 32/175 42/174
Overweight# (%) 6.7 18.3 24.1

*: p trend < 0.005, #: p trend < 0.0001
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Table 4. Prevalence of Overweight in the Girls According to the Quartiles of Their Parents’

BMI
Girls Parents’ BMI (kg/m?)
1" quartile 2" quartile 3" quartile 4" quartile
BMI (Father)

<22.28 22.28-24.09 24.09-26.44 >26.37
Overweight number / Total number 18/180 15/182 34/178 40/180
Overweight* (%) 10.0 8.2 19.1 222

BMI (Mother)

<20.40 20.40-22.07 22.11-24.54 >24.54
Overweight number / Total number 12/179 20/180 28/181 47/180
Overweight™ (%) 6.7 11.1 15.5 26.1

*: p trend < 0.0001

Table 5. Logistic Regression Analysis to Assess the Effects of Maternal and Paternal BMI
on Being Overweight in the Boys and Girls

Boys Girls

Odds ratio (95% C.I.) P value Odds ratio (95% C.1.) P value
BMI (Father) 0.055 0.001
2nd vs st quartile 1.23 (0.62-2.45) 0.556 1.13 (0.55-2.31) 0.747
3rd vs 1st quartile 1.49 (0.76-2.91) 0.242 2.11 (1.10-4.06) 0.025
4th vs 1st quartile 2.24 (1.19-4.20) 0.012 2.94(1.57-5.52) 0.001
BMI (Mother) <0.001 <0.001
2nd vs 1st quartile 0.53 (0.24-1.17) 0.116 1.40 (0.68-2.89) 0.363
3rd vs 1st quartile 1.77 (0.95-3.32) 0.074 1.86 (0.93-3.71) 0.081
4th vs 1st quartile 2.33(1.26-4.30) 0.007 3.97 (2.08-7.58) <0.001
C.1L: confidence interval
were significantly associated with girls’ Studies exploring the impact of
overweight (»p<0.001 and p=0.001, parental BMI on their children’s overweight
respectively). revealed inconsistent results!”®'>'%!7,
Some attributed this conflict data to the
DISCUSSION age difference in the study subjects. It was

reported that the age of 5-7 is regarded as
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a critical period that parental obesity first
becomes strongly associated with childhood
overweight, therefore, the impact of parental
BMI on the manifestation of overweight
in the children becomes more important
in children who are at least 7 years old!"".
Our study revealed that both paternal and
maternal BMI were positively correlated
with their children’s BMI, regardless of
their gender. Besides, compared with other
studies, the magnitude of the correlations
between the parental BMI and their
children’s BMI were similar™'®), but slightly
higher than that reported in Danielzik’
s study”'. Nevertheless, the associations
between children’” BMI and their parents is
weak as all the r values in the correlation
analysis is below 0.4 in the present study
and others®*'®. Further studies are needed
to explore this.

In this study, both paternal and
maternal BMI were classified into four
groups using the quartile categories.
Through this way, our study showed that
as the paternal or maternal BMI increased
from the lowest to the highest quartile,
both the prevalence rate and risk for being
overweight in the children also significantly
elevated. This further confirmed the theory
that both paternal and maternal BMI are
risk factors of being overweight in their
offspring.

The different effects of paternal and
maternal BMI on their children’s BMI had
been examined in many studies, but few
of them verified the predominant maternal
role on the risk of being overweight in their

children” . Our study showed a stronger
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effect of maternal BMI than paternal BMI,
as the correlation coefficient of the mother-
daughter association was the highest among
all the parent-offspring associations. In
addition, the results of the logistic regression
analysis revealed that the effect of maternal
BMI on the risk of being overweight in
both boys and girls was stronger than that
of the paternal BMI. This greater influence
of maternal adiposity is in agreement
with those from previous studies”™'?.
Maternal factors that may contribute to this
stronger relationship between mothers’
BMI and their children’ s overweight
include mitochondria inheritance, maternal
genetic influence, intrauterine conditions
during pregnancy and sociodemographic
factors ') Our previous study suggested
that maternal diabetic history played a

2T and it is

role in type 2 diabetes mellitus
interesting to know to what extent and how
the maternal role plays in the pathogenesis
of both obesity and diabetes, since these
two are closely related.

There were several limitations to this
study. The body mass index cut-off accepted
as definitions of overweight in adults is
based on increased risks of morbidity
and mortality. However, there is no
internationally acceptable index cutoff point
to assess childhood overweight. Therefore,
the 85th percentile of BMI recommended
by Barlow and others was accepted in this

14,15

study!"*"!. Second, the self-reported height
and weight of parents might not be exactly
accurate and could produce some recall
bias. However, the limitations of the self-

reported data do not appear to have a major
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effect on the relations that are of interest
because, as mentioned in other report, the
parent-child correlations are consistent with
other studies based on measured heights and
weights®!l.

In conclusion, our study showed that
the association of children’s BMI with
parents’ BMI was the strongest, closely
followed by children’s waist circumference
whereas waist-hip ratio barely had any
association. In addition, maternal BMI was
an independent risk factor of overweight in
both boys and girls, while paternal BMI was

associated with girls’ overweight.
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