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Abstract

Human height is a quantitative trait with high heritability, controlled by many gene pairs. It is influenced by
environmental factors such as nutrition, disease and lifestyle. A study was carried out to compare the height trends of
the local population of Rabwah with WHO standards. A total of 4293 accurate observations (male=2084 female
=2209) were recorded. The age group chosen for present study is 5-19 years which is the phase of growth and height
increase. Heights of the parents and siblings up to 25 are also recorded for further analysis. The R- Programming and
smoothing spline technique were applied to analyze the height trends of the collected data. The average height of
male adults is found to be 172cm (67.71" + 3.98) and for females it is159 cm (62.55" + 3.06).Comparison of male and
female height trend indicates that growth rate is almost the same up to 13 years, but it is higher for males after 13
years age. The female height trend revealed non-significant increase beyond 16 years, while, for males this trend
increased until 19 years. According to mid-parental height plots, 73% male and 84% female data lies within +3 inches
range of mid-parental heights. The comparison of percentile curves of local height trend and WHO curves indicate
that local height trends are significantly lower than the WHO standard. The 50" percentile curve of the local
population was found in the range of 25! percentile curve of WHO standard.
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INTRODUCTION

he human height, a polygenic trait, is

influenced by both genetic and

environmental factors (Preece, 1996;
Susanne, 1975).Average height is considered to
be a measure of well-being and health of a
population (Bolton-Smith, 2000; Komlos and
Baur, 2004). Case and Paxson (2006)
mentioned height as an indicator to cognitive
development. Genetics play a major role in the
determination of height although it is much less
significant with regard to differences within a
population (Lai, 2006). According to Lango et al.
(2010) a genome-wide association (GWA) study
has identified over 180 loci linked with human
height comprising hundreds of genetic
variations. One of the studies have suggested
PHOG gene located in the sex chromosome X
(pseudoautosomal region) to be significantly

pattern of nutrition can influence the final height
attained (Lavin, 2009). The final body height
achieved is attributed to a number of
environmental factors influencing  during
pregnancy, infancy and adolescence (Butler and
Goldstein, 1973). Moreover, diseases as well as
psychosocial factors result in a slower growth
rate (Malleson, 1991; Skuse et al, 1996).
Studies have revealed that age of the mother
also has some role in determining the height
achieved, presenting a directly proportional
relation with the child’s height (Savage et al,
2013).

Malnutrition together with chronic/acute
under nutrition has played a role in causing
stunted growth in different populations (De-Onis
et al., 2011). Hermanussen et al. (2015) studied
the relationship between skeletal morphology
and lifestyle and concluded that rapid changes,
evident in the skeletal morphology and height

impacting body height (Nance et al., 1998).
Although adult height is generally the

result of his genetic makeup, however

underlying medical conditions, overall health and

are due to altered lifestyles. It was believed
earlier that growth patterns are also influenced
by ethnic groups. However, a study group
(Multicentre Growth Reference) negated this
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belief by showing that variation in infant growth
is higher within population groups as compared
to groups of different countries (De-Onis et al.,
2006). Height of adults has been found to vary
from less than 60 cm (2 ft) to more than 260 cm
(8 ft 6 in). Males are taller than females on
average. Genetically expected height is
generally determined by the method of corrected
mid-parental height which is based on either
addition or subtraction of 13 cm to/from one of
the parents height and dividing the sum by two
(Tanner et al., 1970). Children that fail to meet
the normal mid-parental height range are
investigated by doctors for potential causes
(Lavin, 2009). The relation of a child’s height to
his parents is also used to evaluate child’s
health in growth related therapies (Ranke and
Lindberg, 1996; Kristrom et al., 1995).

The present study is aimed at exploring
and assessing the height trends of school-aged
children of Rabwah and comparing it with WHO
standards. Mid-parental methods are also used
to analyze the attained heights of studied cohort.

MATERIALS AND METHODS

Data structure and survey forms

The present study was carried out
during April, 2014 to April, 2015 on 4293 school-
aged children. The data comprised 2084 males
and 2209 females from 5 to 19 years. The
students included in the study belonged to
randomly located eight schools and two colleges
of Rabwah, district Chiniot, Punjab, Pakistan.

The survey form was designed in Urdu
language with a clearly stated set of instructions.
The correct procedure and time for measuring
and recording heights was provided in the forms.
Data comprised information on students, their
parents’ heights and that of their siblings
between 18-25 years of age. Survey forms were
distributed among students for them to add the
relevant information according to the given
instructions. Forms  were collected by
responsible coaching staff of the organization
under the Principal’s supervision. A separate
team of researchers was responsible for
modeling the data for analysis. Age was
rounded off to the nearest year. Inaccurate
observations were discarded. The heights
recorded in inches were converted to
centimeters.

Mid-parental heights were calculated by
the following formulae:

Male Mid-Parental height (cm) =Father's Height
+ Mother’s Height +13/2

Female Mid-Parental height (cm) = Father’s
Height-13 + Mother’'s Height/2.

Statistical analysis

SPSS version 20 was used for data
entry purpose and R programming language
was used for data analysis. R programming,
other than GUI (graphical user interface) of R
language provides some special features of its
CRAN package graphics which were used for
fitting smoothing splines. Smoothing spline
technique derived by Whittaker (1923) is a
comprehensive method to analyze observed
data values. It is a technique that studies trends
as well as roughness of the data offering a mid-
way between fitting linear regression and fitting
a curve. Smoothing parameter was set at 0.5
which can have any value greater than zero.

RESULTS AND DISCUSSION

The results of the analysis showed that
average adult height for boys’ is 172 cm (67.71"
+3.98) and for girls is 159 cm (62.55"+3.06).The
male to female stature ratio is found to be 1.08.
The general height trend for both genders at all
ages is distributed around the 50" percentile. In
case of male children the variation in height at
age 5 ranges from 77-122 cm. The height for
males is steadily increases between the ages 5-
16, gradually becomes less steep between 16-
19 years (Fig. 1). The spread at age 5 for
females varies from 79-123 cm (Fig. 2).

Comparison of male and female heights at
50t percentile.

The height of male and female subjects
is relatively equal between the ages 5 to 9
years. It ranges from around 109 cm at age 5 to
130 cm at age 9. The average height of female
subjects between 9-13 years is a little higher
than that of male subjects. Female height trend
shows no significant increase beyond 16 years.
The height of male subjects increases
considerably between 13-18 years as compared
to that of female subjects. Male height spurt is
longer and steeper than the female height spurt
on the whole (Fig. 3). Puberty results in dramatic
hormone driven changes accompanied by
growth spurts. The onset of puberty for females
is from 8-13 years while that of males is from 10-
15 years (Soliman et al, 2014).
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Figure 7: Comparison of female height with
WHO 2007 reference standards

On average, male growth spurt lasts
longer than females, eventually making them
taller than females. This is supported by Tofani
(1972) who presented the findings that earlier
growth spurts are greater in magnitude and
lesser in intensity while late growth spurts are
lesser in magnitude but have greater intensity.

Mid-parental height analysis

For Mid-parental analysis data set
consisted of heights of siblings between 18-25
years of age who have attained their final
heights. The analysis for males shows that 73%
data lies within +3inches range of mid-parental
height (Fig. 4), while 84% female data lies within
13 inches range of mid-parental height (Fig. 5).
Graphical view shows that expected height
attained by subjects generally tend towards mid-
parental height. As explained by Tanner et al.
(1970), mid-parental height determines the
expected height of a child as being almost equal
to the average of parents’ heights.

Based on the fact, a particular child can
be compared to mid-parental height (mph) to
check his growth pattern. This is in agreement
with  Wright and Cheetham (1999) who
mentioned that children following normal growth
patterns can be accessed through mid-parental
heights. However, they also discussed the fact
that mid-parental height could mislead in case of
very tall or very short heights, because of the
regression towards the mean (Galton, 1886).

Comparison of height trends with WHO
standards
Male height comparison at 25%, 50%, 75, and
95t percentiles

The male height increment for both
Rabwah and WHO, has the steepest rates
between ages 5-16 years on the whole. The rate
of increase slows down between the ages 16-18
years before it becomes constant. The 50t
percentile curve of the local population lies in the
range of the 25" percentile curve of WHO
standards (Fig. 6).

25t and 50" percentiles

The overall height of male subjects of
Rabwah at every age is about 5cm less than
that of the WHO recommendations.

75t percentile

At 5 years of age, the average height of
male subjects of Rabwah is similar to WHO
standards. However, as the age increases, the
height of male subjects decreases to about 3-5
cm from the recommended height at all ages.
However, at 19 years of age, the average height
attained by male subjects becomes almost equal
to the recommended height.

90" percentile

At 5 years of age, the average height of
male is 1cm above the recommended height. At
ages 8-12 vyears, it becomes equal to the
recommended height. At ages 12-18 years, it is
lower than that recommended by WHO but
eventually becomes similar at 19 years.

Female height comparison at 25%, 50t, 75,
and 95 percentiles

The female height increment for both
Rabwah and WHO, has the steepest rate
between ages 7-13 years on the whole. The rate
of increase slows down between the ages 12-18
years before it becomes constant (Fig. 7).

25t and 50" percentile

The overall height of female subjects of
Rabwah is about 5 cm less than the WHO
recommended height.

75t percentile

At 5 years of age, the average height of a
female child of Rabwah is same as the WHO
recommended height. However with increasing
age, it decreases to about a 3-5 cm from WHO
standards.
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90" percentile

At age 5, the subjects of Rabwah are 4
cm taller than the WHO recommended height. At
age 9, WHO and Rabwah follow the same
pattern. At age 10 and above, the average
height is less than that of WHO standards by 3-5
cm. There is a significant difference between the
heights of school-aged children of Rabwah and
the WHO standards. The 50t percentile of our
male and female subjects was found to be at
25" percentile of WHO 2007 reference. (Fig. 6 &
7). The variations in our study could possibly be
attributed to  hereditary reasons and
socioeconomic conditions of the area since they
are considered to be one of the most common
factors affecting height as described by Tanner
(1978) and Bogin (1988). One similar study was
carried out in Lahore, Pakistan based on data
obtained from 12 randomly distributed schools of
Lahore. The study group consisted of children
between 5-12 years (Mushtaq et al, 2012).
However, the study concluded non-significant
differences between WHO reference (WHO,
2007) standards and the observed height
patterns of its subjects.

CONCLUSION

The variation in heights of the studied
population suggests that further research with
extensive surveys are required to develop
standard height patterns for our country’s
population. ldentification of standard patterns
would serve as a guide to pediatrics and child
health care programs. This research provides
insights to further height-based studies in order
to analyze the possible causes of deviation from
the WHO standards.
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