


Review Article
Height As A Key Growth Index In The Paediatric Age Group: A Comprehensive Review

Abstracts

Determination of height is a major component of routine growth monitoring of wellness in child welfare clinics, and it is essential to many preventive child health interventions. Monitoring a child`s height alongside weight and physical development is routinely done as part of child health care in many countries including Nigeria. 
[bookmark: _GoBack]The most accurate method of determining a child’s height is to use a standard calibrated stadiometer. However, this may not always be practicable in cases of emergent illnesses like severe dehydration with shock or severe respiratory distress, the need for urgent resuscitation and restriction of patient’s movements may pose challenges to height measurement. Nelson formula has been useful for quick estimation of children’s height in such difficulty situation.

The accuracy of other methods of height estimations, such as the formulae involving the use of ulna bone length, hand length and even mid parental height, have been shown to vary amongst populations. 
This review aimed to bring to the limelight the various methods, factors affecting height and clinical importance of height measurements as a significant growth index among paediatrics age group.
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1. Background

The study of height is as old as the history of human research in genetics. It is on record that the aspect of quantitative genetics was born out of studies of human height in the late 19th century owing to a published data as early as 1886 by Galton.1 The age-based formula for estimating height for children, as described by the Nelson textbook of paediatrics,2,3 was first published by Alexander Weech in 1956.4 Prior to the advent of this formula, health personnel used to refer to “tables of reference” published in related textbooks.31 These “tables of reference” were generated based on expert opinions of what ought to be appropriate heights for different ages. 
Weech4 desired to make it possible for medical personnel to be able to mentally formulate a rough assessment of patients’ weights and heights without reference to relatively intricate tables. To do this, he developed mnemonics, for example, “at 3 years the child is 3 feet tall” and “at 4 years the child is 40 inches tall”. Over time, Weech4 discovered that values from these mnemonics were no longer tallying with the values obtained from more recent tables of standards being published. Such tables of reference values were published in the 5th edition of the Mitchell-Nelson Textbook5 and the 12th edition of the Holt-McIntosh Textbook6 in 1950 and 1953, respectively. The heights were recorded in inches as these were the relevant units at that time. As a result of the observed disparity, Weech published a series of equations, derived from the tables, to predict the weight and height of children.4
Thereafter, Weech compared the formula predicted weight and height with the values in the tables of reference in the textbooks,4 and found the values to be within the same range as those earlier reported in the two textbooks of paediatrics, lending credence to its correctness. The same formulae proposed by Weech, were subsequently reported, in imperial and metric units, in many editions of the Nelson textbook of paediatrics, 4,5,7  which are now commonly used. The formulae are now widely being, referred to by many publications, as the “Nelson Formulae” for estimating weight and height. 


2. Methods
This study is a review article on height measurement, its relevance, estimations, and various factors affecting height of a child.
Relevant literatures were searched form the internet from scholarly search engines like PubMed and Google scholar using search words like ‘children’s height’ ‘measurement of hight’ ‘estimation of height’ and ‘factors affecting height in paediatrics’.


3. Discussion 

3.1 Overview of Challenges with Height Measurement
The use of age-based formula for estimation of height is often prompted by unavailability of appropriately standardised devices, difficulty in achieving measurement of height, or challenges of carrying required devices around during field work, mobile clinics, and outreaches for health activities. In emergency situations, where the need for urgent resuscitation and restriction of patient’s movements is paramount, to determine the actual height or length for therapeutic interventions may be time-wasting or further compromise the child`s survival.8 In situations of this nature, it is a common practice to estimate height using the Nelson formula for height. 
The Nelson formula for estimation of height was originally developed and validated in Caucasian population.5 It is conceivable that different population would demonstrate remarkable variation in stature, and the height of an African child might not be comparable to that of a Caucasian. Yet, individual measured height are often compared with reference values to determine any deviation from expected which are values from Caucasians as depicted by the Nelson formula.9,10 Normative reference values for anthropometry are population-specific because of significant variations that exist across geographical boundaries.24 The exclusion of children in developing countries from the population data used to derive the Nelson formula for height, especially Africans, does not support the appropriateness of its use in those countries.Thus, there is a need for a population-specific validation. Furthermore, prior to the design and conduct of this study, the data on assessment of the use of the Nelson formula for estimation of heights in Nigerian children were limited to those obtained from relatively small sample of clinic attendants.11 
Several important uses of height in clinical practices underscore the need to evaluate the methods by which height estimation is performed to ensure the desired precision. A formula for estimation of height that its validity has not been scientifically proven for use in Nigerian population cannot be considered as reliable.  
Accurate and reliable height estimation is central to making diagnosis and several decision-making processes in child health practices for several purposes. For instance, measurement of stature is a prerequisite for determination of normal lung function because the reference equations are based on stature (standing height).12 Accurate height measurement is an essential part of determination of body surface area, glomerular filtration rate and body mass index. Height is also required in making some treatment decisions, such as the blood pressure normograms.5 In some surgical procedures such as choosing the correct length of ureteric stent the value of height is required.28 More importantly, accurate height is required for growth monitoring and nutritional assessment of children.1, 2  
In many clinic settings, opportunity only arises to measure height once and the health personnel needs to decide whether the one-time measured height is within the 3rd and 95th percentile lines. In such situations, the use of Nelson formula to estimate the expected height-for-age becomes necessary as an alternative to using the growth chart at the time of measurement. Therefore, evidence for the accuracy of estimated height obtained using the Nelson formula for the Nigerian child is essential.

3.2 Various Concepts of Height Definition
Human height, also called stature, is the distance from the sole of the feet to the top of the head. Human height is often measured in centimetres when using the metric system and in inches when using the imperial system. Height is one of the major components of many nutritional indices in children. It is frequently used with reference to age and weight as measure of growth and nutritional status such as weight-for-height and height-for-age. Height is also required in the determination of body surface area. Studies which focussed on only height measurement are relatively scarce in published literature, most reports commonly indicate measure of height as either height-for-age (to assess stunting) or weight-for-height (to assess wasting).
[bookmark: _Hlk533347663]Weight-for-height 
Defined as the percentage of the weight of a child of the same height with a normal weight.24 In other words, the weight-for-height is equal to the weight of the child divided by the expected weight of a healthy child of the same height multiplied by 100 (i.e. Weight-for-height = [(weight of child in kg / expected weight for a healthy child of the same height) x 100]. Wasting refers to low weight-for-height where a child is thin for his/her height but not necessarily short. Weight-for-height is classified as normal if greater than 90%, mild wasting if 80-90%, moderate wasting if 70-79% and severe wasting if less than 70%.13 According to the WHO global database14 on child growth and malnutrition, low weight for height, i.e. wasting or thinness indicates in most cases a recent and severe process of weight loss, which is often associated with acute starvation and/or severe disease. Provided there is no severe food shortage, the prevalence of wasting is usually below 5%, even in poor countries. 
Height-For-Age 
Defined, as a percentage of the expected height of a child, for the age of that child.24 In other words, the child could be short for his or her age but not necessarily thin. Stunted growth refers to a low height-for-age. It is a measure of chronic malnutrition which carries a long-term developmental risk. Height-for-age percentile is classified as normal if greater than 95%, mild stunting if 90- 95%, moderate stunting if 85-89% and severe stunting if less than 85%13,14 From the WHO database for child growth and malnutrition, it is stated that, stunted growth reflects a process of failure to reach linear growth potential as a result of suboptimal health and/or nutritional conditions.14 
The WHO database for child growth and malnutrition revealed that, the worldwide variation of the prevalence of low height for age ranges from 5% to 65% among the less developed countries.14 In many such settings, prevalence starts to rise at the age of about three months; the process of stunting slows down at around three years of age, after which mean heights run parallel to the reference.14 Therefore, the age of the child modifies the interpretation of the findings: for children in the age group below 2-3 years, low Height-for-age probably reflects a continuing process of “failing to grow” or “stunting”; for older children, it reflects a state of “having failed to grow” or “being stunted”.14 

3.3. Factors Affecting Height of a Child
The overall height of a child is determined largely by several important factors including inherited genetic make-up, gender, environmental factors such as nutrition of the child, social and economic status of the parents, psychosocial stress and illnesses.15 In these entire factors genetic predisposition plays a major role in the eventual height of all people.  
Effect of Genetics on Height
Human height is a highly heritable trait. As early as 1903, Pearson and Lee presented associations among heights of members of families, giving these as evidence for the heritability of height.16 Since, then there have been large-scale studies focusing on the height variability between twins and members of large families consistently demonstrated that human height is heritable.17,18 These twin studies have consistently shown that the heritability of height is 0.2 to 0.5 in infancy (being the lowest), and it rapidly increases in childhood with widely varying values.18 Thereafter, the heritability of height reaches ranges from 0.70 to 0.90 in adolescence and adulthood. However, it is unclear from the twin studies whether environmental factors common to co-twins, which could have remarkably influenced growth in infancy and early childhood, continue in adolescence. 
Height and Biological Sex 
Apart from genetics, height is also a typical example of a sexually dimorphic feature, individual sex is a known determinant of height in children. Boys are taller than girls, however during early adolescent when girls have the early growth spurt, the height of girls surpass that of boys, with the height of boys overtaking that of girls in late adolescent and beyond.8,19 
Apart from a few studies in Asian population which suggested that more females were stunted than male,19 several reports from developing countries have showed that male children are more likely to be stunted than their female counterparts.20-23 However, a study among Ugandan children revealed that the sex differences in prevalence of stunting did not exist among children in the high socio-economic class families.24 

Height and the Environment
Beside the genetic factors, several studies have shown that the child’s environment plays a major role in the actualisation or non-actualisation of optimum height as projected by the inherited traits. In 2003, based on previous studies, Silventonein24 deduced that, “about 20% of variation in body height is due to environmental variation”. A number of environmental factors can affect height throughout childhood, but the most sensitive phase concerning external influences is infancy.25-27 
The standard of living of the environment in which a child grows has been shown to have a great impact on the height/ stature of the child. Children who grew up in the urban setting, with improved health care services, social amenities, access to safe water and, sanitation have been known to be taller than their counterpart in the rural setting. Environmental factors identified to affect height include, nutrition, family’s socioeconomic factors like the parent’s education, occupation, and the family’s income.28

Height and Nutrition 
Nutrition plays a significant role in determining the growth/ height of children. Inadequate or inappropriate nutrition, particularly over a long period of time and in the early formative years of life affects the height of children negatively leading to stunting. Studies have shown high prevalence of stunting in the developing countries where under-nutrition is highly prevalent.28 Grasgruber29 concluded that, the most important variables determining the current differences in physical stature in Europe, were, access to superior nutrition containing high-quality animal proteins, higher standards of living, better healthcare and lower children’s mortality.  Also, large scale nationwide surveys within 10 years before the study were used and it included at least 100 individuals per locality. However, a major demerit of the study is that the study design, being cross sectional and not cohort or experimental, could only deduce associations between the variables but could not convincingly establish causality or temporality of the events. 
Height and Socioeconomic Status
Socioeconomic status is a measure of a person or a family’s economic and social standing or class. It is often measured as a combination of education, income, and occupation. Several studies have shown the undeniable impact of the socioeconomic status of parents on the height and health of their children.30,31 A study of primary school children by Fetuga and colleagues in Abeokuta, Nigeria revealed that parents with higher education had taller children.32 Delpeuch et al in their own study on the socioeconomic determinants of the anthropometric status of children in Congo Brazaville, noted that the family size, income, occupation and education of the parents, particularly the mother’s education affects the height of their children.33 

Height and Childhood Diseases
Height being a genetic trait is highly affected by genetic disorders like Turner syndrome, Marfan syndrome, Achondroplasia and Prader-Willi syndrome among others.34 Endocrine disorders like Cushing’s Syndrome, Diabetes Mellitus, Vitamin D Deficiency, Growth Hormone Deficiency and Hypothyroidism are known causes of short stature in children.34 Disorders of puberty like Precocious and Delayed Puberty are endocrine disorders with profound effects on the height of children. Precocious Puberty initially, results in accelerated linear growth in childhood, leading to a transient tall stature, but since skeletal maturation is also accelerated, adult height is eventually compromised. Conversely, Delayed Puberty may be associated with short stature in childhood, as with constitutional delay, however failure to eventually enter and complete sexual maturation may result in sustained growth during adult life, with ultimate tall stature.35,36 Chronic medical illnesses like bronchial asthma, sickle cell anaemia and chronic kidney diseases, have negative impacts on the heights of children. Studies, mostly from resource poor countries, have shown that infections including diarrhoea, hookworm, intestinal parasites, Trichuris and Ascaris retard the physical development and height of children.37,38 
3.4 Relevance of Height in Clinical Assessment

Height as a diagnostic tool
As a diagnostic tool, it is used in the assessment of many paediatric conditions like under-nutrition particularly chronic under-nutrition. A measure of a child’s Weight-for-height and height-for-age gives a more reliable picture of the nutritional status when compared to weight for age. 3  This is because they are better measures for acute and chronic malnutrition, respectively. Weight-for-height is an indicator of the present state of nutrition which portrays wasting, while height-for-age is an indicator of past nutrition, which portraits stunting. Although weight for age has for many years been a mainstay in the evaluation of nutritional status, its disadvantage is that it does not distinguish between acute and chronic malnutrition.3
Another index of nutritional status that requires height is the Body Mass Index (BMI) which is a measure of body fat defined as the body weight in kilograms, divided by the square of the body height in meters, (weight in kg/height2 in m2) and is universally expressed in kg/m2. The BMI is very accurate in the assessment of the nutritional status of children from the age of two and adolescents, particularly in overweight malnutrition.39 
In addition, height measurement and monitoring are required in the diagnosis of some genetic conditions associated with short or tall stature such as Turner syndrome, Marfan syndrome, Achondroplasia and Prader-Willi syndrome among others.33 It is also a crucial tool in the diagnosis of disorders of puberty like precocious puberty.35 

Height as a monitoring tool
Growth monitoring and its use for prognostication, as well as early detection of faltering require longitudinal measurement and monitoring of height in children. Monitoring children’s growth and development is a routine part of child healthcare and community paediatrics worldwide. In a typical scenario, the healthcare worker plots heights and weights on a reference graphical diagram (growth chart), and assesses whether the growth pattern of the child deviates from that of the reference population.2 Using this chart, close examination of the child is done with the goal of identifying diseases and conditions that manifest themselves through abnormal growth at every clinic visit.9
Also, in-utero monitoring of foetal growth and wellbeing is done by measuring the ultrasonographic crown-rump length, femur length and or biparietal diameter to estimate the weight of the foetus.  These measurements also help to determine the gestational age of the fetus, as well as to predict the likelihood of survival of the babies that are likely to be born preterm.40 The estimated foetal weight from this measurements help as well to predict the eventual birth weight of the baby. This is important in planning for the birth of the baby as birth weight has been shown to be the single most powerful predictor of mortality in the first few months of life.41-44 
Furthermore, serial measurement height, plays a vital role in the post intervention monitoring of children with genetic and endocrine diseases like Turners syndrome, Growth Hormone deficiency and precocious puberty among others.
3.5 Methods of Measuring Height in Children 
Height measurement in children is done in different ways at home and in the hospital like using tape measure on the wall, measuring against the wall while the child is standing erect and then using tape measure to check the value, marking examination paper at the foot and head of a supine infant, or using a simple wall growth chart with a book or ruler on the head or comparing the height of the child to an object with a known height.1,11 The most accurate and accepted method of measuring height in children is with the use of stadiometer in children greater than 2years and infantometer in children 2years and below. Measurements obtained in alternative manners can lead to inaccuracy that may render the measurement useless.1,11 Length should be measured with an infantometer, which has a firm, flat horizontal surface with an immovable headpiece and a movable foot-piece. Height should be measured with a stadiometer, which has a vertical board with an attached measuring rule, an immovable footboard and a movable headboard.2  Height /Length is most accurately measured by two examiners (one to position the child), with the child erect/supine on the measuring device. The heels, the calves, buttocks, shoulder blades and back of the head of the child should be touching the board, while eyes are looking straight ahead. The measurement should be read at eye level where the lower edge of the board intersects the measuring tape. The measurement should be read to the nearest 0.1cm and recorded. 2
3.6 Methods of Estimating Height in Children

Age based Nelson formula. 
In paediatric practice, the commonest method of estimating height is by using the age based formula, described in the Nelson textbook of pediatrics1 as, 6n+ 77, where n is the age in years from age 2-12years, written in a table with the age based formulae for estimating weight in children.11,32,33 These formulae have been referred to by many publications, as the “Nelson Formulae” for estimating weight and height45-47 while some other studies refer to the formulae as the “Weech Formulae” after  Alexander Weech4 the originator of the formulae.
Although several studies have attempted to validate the age-based Nelson formula for weight in different population,46,47 those that evaluated the accuracy of the Nelson formula for height in healthy children population are few. A few studies on the evaluation of the Nelson Formulae in Nigeria are reported in literature.11,28,32 
Eke and colleagues8 in the Eastern Nigeria compared the aged, based Nelson formula for both weight and height in children and found that the age-based Nelson formula for estimating weight and height underestimates their actual values. Eke et al8 recruited children who presented in the hospital for illnesses with varying degree of duration and severity.  The cross-sectional nature of the study is appropriate and sampling procedure is reproducible as suggested by Waterlow et al13 for anthropometric data to use as reference, but the number of children recruited in each age group were small. No doubt, the sample size and the setting of the study by Eke et al8 cannot sufficiently support generalisation of the findings to healthy children and large population of Nigerian children.
The study by Omisanjo et al11 that evaluated Nelson formulae in healthy children in Nigeria focused more on the formulae for weight estimation. In their publication, Omisanjo et al11 showed that the age-based Nelson formula and best guess formula for weight against actual value underestimated weight in children between the ages of 1-5 years and overestimated weight between the ages of 6-12years. It is worth noting that the study by Omisanjo and colleague11 was carried out among children in nursery/day-care centres, schools and immunization clinics. Although, there was no mention of any attempt to evaluate the formula for height estimation, the report by Omisanjo et al11 on the inadequacy of the formula for weight estimation suggests that similar inaccuracy may be found in respect of the height estimation formula.
3.7 Other Methods of Height Estimation
 Apart from the Nelson formula, other methods of estimating and predicting height in children have been explored and reported.  These include: the use of mid-parental height by Tanner et al in 197048, use of segmental measurement of long bones, that is, the ulna,49 the tibia,50 forearm length51 and even the arm span52, and use of hand length.53 
[bookmark: 4-u1.0-B978-1-4160-2450-7..50016-5--para]The use of mid-parental height that was first studied in history by Tanner et al in 1970.48 This is a method that estimates children`s expected adult height from both parents height using an equation or formula that finds the average of both parent`s height after correcting for the child`s sex by adding (if a boy) or removing (if a girl) a fraction from the father`s height before finding the average of both parents height. An example is this; Mid Parental Height for Boys = (maternal height + paternal height + 13cm)/2 and Mid Parental Height for Girls = (maternal height + paternal height – 13cm)/2.1 

3.8 Reference Values for Height 
Growth charts mainly belong to two types: growth standards and growth references. Growth standards are prescriptive and define how a population of children should grow given the optimal nutrition and optimal health. Growth references on the other hand are descriptive and are prepared from a population which is thought to be growing in the best possible state of nutrition and health in each community. They represent how children are growing rather than how they should be growing. The NCHS/WHO charts of 1977 and the CDC charts of 2000 are examples of growth references, while the WHO 2006 growth charts for children under 5 years is an example of growth standards.54 
The WHO in an effort to set an internationally usable standard for optimal growth conducted a Multicentre Growth Reference study (MGRS), in six countries of five different continent of the world (i.e. United States, Brazil, Norway, Ghana, Oman and India). The study developed standard growth charts for height/length for age, weight for height/length, weight for age and body mass index (BMI) after studying children from birth to the age of 5, which were exclusively breastfed and raised under optimal condition. These charts are expected to be an improvement on the previously available growth reference charts i.e. the National Centre for Health Statistics (NCHS)/ WHO reference charts of 1977 and the Centre for Disease Control (CDC), USA charts of 2000.55
However, in many clinic settings, opportunity only arises to measure height once and the health personnel needs to decide whether the one-time measured height is within the 3rd and 95th percentile lines. In such situations, the use of Nelson formula to estimate the expected Height-for-age becomes necessary as an alternative to using the growth chart at the time of measurement.56 This further brings to the fore the need for this study, which will help to dispel or support the continual use of this formula to estimate children’s height.

4. Conclusion 
Child health workers including paediatricians need to monitor linear growth using height for the purpose of early detection of abnormality and monitoring of response to treatment and/or nutritional rehabilitation. The need-to-know expected height-for-age in child health practice and the frequency with which paediatricians and other health workers do it underscore the need to get it done accurately and as quickly as possible. It is paramount that efforts be intensified on height measurement at every clinic visit.
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