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ABSTRACT
Aim: This paper describes Growth-and-Obesity Vector-Roadmap 2.6 of a girl, Z. I. R., perceived to be severely stunted.
The girl reported in Growth-and-Imaging Laboratory with complaint of not gaining proper height. Her two older siblings
received growth-hormone treatment for short stature, with adverse effects.
Methods: Height and mass (weight) measurements of Z. I. R. were obtained at the ages of 7 years 6 months 10 days and 7
years 9 months 9 days, with the child wearing only panties, all clothing above the waist removed. Growth-and-Obesity
Vector-Roadmap 2.6 was generated, which included CDC and modified-scaled (generated from a large data sample of the
Pakistani children) percentiles (of height and mass), statuses (pertaining-to-height) and (pertaining-to-mass), build,
estimated-adult heights and masses, BMI-based- and height-percentile-based-optimal masses, extended nutritional status as
well as estimated-adult BMI and estimated-adult-specific BMI. In addition, Roadmap 2.6 provided 6 month-wise targets for
height pickup and 6 month-wise target-ranges for mass (weight) management. Indices were computed to illustrate
achievement of height gain and mass management at her second checkup. Safe and intermittent sun exposure timings
during the day are listed for the next 6 months to maintain vitamin-D balance in Z. I. R. Time evolution of CDC height and
CDC mass percentiles is shown in terms of a graphical representation to achieve desired height and optimal mass at the end
of 6-month period.
Results: The analysis, employing mathematical-statistical tools, revealed that height of Z. I. R. was in the normal range
based on heights of her parents. She should be able to pickup height by making lifestyle adjustments as well as following
diet and exercise plans.
Conclusion: This paper demonstrated the efficiency and the effectiveness of Growth-and-Obesity Vector-Roadmap 2.6 that
saved Z. I. R. from growth-hormone therapy, a costly treatment, which could have negative implications on child’s health.

Keywords: Estimated-adult BMI • estimated-adult height • optimal mass • pseudo-gain of height • solutions of childhood
obesity

LIST OF ABBREVIATIONS
BCPE: Box-Cox Power Exponential Method • BMI: Body-Mass Index • CDC: Centers for Disease Control and Prevention • FFCWS: Fragile Families Child Well-being Study• IU: International Unit (established by WHO in 1931) •
MUAC: Mid-Upper-Arm Circumference • NCHS: National Center for Health Statistics • NGDS: National Growth and
P
Developmental Standards for the Pakistani Children • : Percentile • SGPP: Sibling Growth Pilot Project (a subproject of
the NGDS Pilot Project) • SOPs: Standard Operating Procedures • UV: Ultra-Violet • WHO: World Health Organization
Units: cm — centimeter(s) • ft — foot (feet) • in — inch (es) • kg — kilogram(s) • lb — pound • oz — ounce(s)
Conversion Factors: 1 ft = 12 in • 1 in = 2.54 cm • 1 kg = 2.205 lb • 1 lb = 16 oz

INTRODUCTION
Height is universally accepted as a direct and a readily available measure of long-run and life-course health.
However, it is not enough that a youngster grows tall, but should also have proportionate dimensions and weight
maintained according to height. For both boys and girls remaining short creates social and psychological problems.
Girls, in particular, suffer most in the sub-continent as prospective brides are expected to be tall and slim. For those
youngsters, who are aspiring to serve in the Armed Forces of Pakistan, it is imperative that parents and school-health
teams arrange to have heights of children measured from a very young age and their estimated-adult heights
computed so that the parents know if their son or daughter qualifies to serve in the Armed Forces of Pakistan. If this
exercise is conducted at an earlier age and repeated every six months, appropriate measures could be taken in terms
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of lifestyle adjustment (in particular, overcoming vitamin-D deficiency, if present) as well as following diet and
exercise plans, with a focus to help the incumbent pickup height essential to serve in the military and the
paramilitary occupations.
In this paper, a method is demonstrated to achieve these objectives through generating Growth-and-Obesity
Vector-Roadmap 2.6 of a girl, who reported in Growth-and-Imaging Laboratory with a complaint of very short
stature. Her two older siblings received growth-hormone treatment, with had side effects. The analysis, based on
Roadmap 2.6, indicated that the girl was growing normally and did not require extraordinary intervention.
STUNTING (TALLNESS) IN CHILDREN
Definitions of stunting and tallness are utilized by health professionals to track patterns of growth in youngsters.
On a gross level, a person is considered stunted (tall) if the incumbent’s height is below (above) modified-scaled
50P. For an explanation of modified-scaled percentiles (Kamal et al., 2021a), see the section Growth Charts and
Tables, appearing later in this paper. These percentiles are used because standards of stunting or tallness are set with
reference to the population to which the individual belongs. However, there is a drawback in this method. Heightfor-age charts do not take into account hereditary effects, which represent population-specific environmental factors.
In the context of Growth-and-Obesity Vector-Roadmap 2.6, stunted child’s height falls below lesser of current-agearmy-cut-off and current-age-mid-parental heights.
Garenne (2020) described trends (tallness and thinness) of child anthropometry in Senegal based on data
collected during 1990-2015. A WHO report discussed equity considerations in achieving Global Nutrition Targets
2025, in particular, measures to reduce stunting in children (World Health Organization, 2018). Manggala et al.
(2018) listed risk factors of stunting in preschool children of Gianyar District, Bali by studying a sample of 166
children. Coffery et al. (2013) discussed facts and implications of stunting among children. Some common
terminologies related to stunting are (a) Failure-to-Grow, which refers to stunted youngsters, who have achieved
age-specific developmental milestones and (b) Failure-to-Thrive, which describes stunted youngsters, who fail to
achieve age-specific developmental milestones.
WASTING (OBESITY) IN CHILDREN
An individual is defined to be wasted, when the person has lesser weight-for-height, whereas excess weight-for
height indicates obesity (Kamal and Jamil, 2014). A number of anthropometric measurements are utilized as
indicators of wasting (obesity). These are discussed in the next section.
Till 2018, wasting and obesity were defined by our group in terms of ‘height-percentile-based-optimal mass’
(Kamal et al., 2011). The criterion was modified in a paper published in October of that year (Kamal et al., 2018).
Pineros-Leano (2020) performed a group-based trajectory modeling analysis of data from FFCWS to investigate
the association between maternal depression at ages 1 and 3 years and childhood obesity longitudinally and reported
negative results.
There are indications that wasting is induced by stunting and vice versa (Kamal et al., 2014). Kamal et al.
(2021b) provide salient features of the first- to the ninth-generation solutions of childhood obesity proposed by the
author’s group.
REGULAR ANTHROPOMETRY OF CHILDREN
Human body was being measured methodologically since the eighteenth century. Back then, height was
considered as a marker of physical development as well as indicator of economic growth. Last sixty years saw the
broadening of scope of anthropometrics used in social sciences and education, being seen as indicators of quality of
life, replacing more traditional indices of living standards. Recently, Tajuddin et al. (2021) used anthropometric data
of 6- and 10-year-old ASEAN children to fabricate manikin’s body parts using a 3-D printer. Shi et al. (2018)
described a new approach for the identification of implausible values and outliers in longitudinal childhood
anthropometric data for infants from Bangladesh. Raut and Tripathy (2020) investigated relationship of anthropometric measurement with fundamental skills. Soileau et al. (2016) compared anthropometric and related body
measurements obtained by two contemporary 3D imaging systems — one a relatively low-cost Kinect-based device
with modified software and the other a high-spatial resolution laser reference system. Mishra and Mishra (2007)
obtained measurements of height, weight and mid-upper-arm circumference of preschool children of working
mothers in Central Orissa (India), which showed closeness in values relating to urban and rural children. Pelletier et
al. (1991) investigated sources of inter- and intra-observer variation in child anthropometry in Malawi maternal and
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child nutrition study. Perumal et al. (2020) assessed anthropometric-data quality in multi-survey studies of child
growth. They concluded that a composite index of anthropometric-data quality using a parsimonious set of
individual indicators might identify surveys with excellent versus poor data quality. Iwamoto et al. (2021)
performed anthropometric measurements of Japanese college female long-distance runners to understand their metabolism and menstrual status. Kagawa (2021) investigated differences in obesity-screening ability of 19 anthropometric parameters in young Japanese females. Pelletier (1994) studied the relationship between child anthropometry
and mortality in developing countries. Pelletier’s results indicated that somewhere between 20% and 75% of child
deaths were statistically attributable to anthropometric deficits. De Onis (2004) highlighted the use of anthropometry
in the prevention of childhood overweight and obesity.
The anthropometric techniques, utilized to indicate wasting (obesity), are classified as indices dependent on
weight and indices not dependent on weight.
Weight-Independent-Anthropometric Variables: These include circumferences of hip and waist, sagittalabdominal diameter, skinfold measurements, etc., and are thought to be direct measures of obesity. Body-fat
percentage measurements are very technical and they must be performed by reproducible anthropometrists.
Weight-based-Anthropometric Variables: These include BMI (Keys et al., 1972), relative BMI (Poskitt, 1995),
BMI ratio (Kamal and Jamil, 2014), specific BMI (Kamal et al., 2020a), estimated-adult BMI (Freedman et al.,
2001; Kamal and Jamil, 2012), estimated-adult-specific BMI (Kamal et al., 2020a) as well as weight-for-height and
weight-for-age growth tables and charts. BMI range, used for estimating wasting (obesity) status for adults, cannot
be used for children. One needs BMI tables for interpretation (Cole et al., 2005).
Measurement of stature (height) and weight (mass) are anthropometric techniques, which are inexpensive, noninvasive, non-destructive, simple-to-obtain and easy-to-interpret. These measurements are consistent and not subject
to many errors. However, internationally agreed protocols should be utilized and step-by-step procedures documented combined with appropriate training to anthropometrists so that they are able to generate reproducible results
(Kamal et al., 2013b). A single measurement of height and weight of children is not of much value. It is imperative
that regular measurements, preferably, twice a year are obtained to make sure that a child is growing properly.
Resources produced by our group, to impart proper training to the personnel entrusted with anthropometry of
children include a detailed manual (Kamal, 2016), step-by-step procedures explained through labeled photographs
(Kamal et al., 2021a, Additional File 1) and a video series on anthropometry of children (Kamal, 2017a).
Generally, it is common practice that children are undressed to short underpants for anthropometry (Kgamphe,
2009; Nissinen et al., 1994; Prahl-Ansdersen, 1979; Waaler, 1983). Report of a WHO Expert Committee
recommends nude weighing of children (World Health Organization, 1995). Censi et al. (2014) investigated the
effect of clothing on children’s body weight in overweight surveillance. They took 2 measurements of weight
(actually mass) accurate to one decimal place in kg, one with fully dressed children (the weight of clothing adjusted
by subtracting the estimated weight according to OKkio alla SALUTE clothing checklist) and the other in
undergarments (as per WHO recommendations). At the level of measurement sensitivity, they found little
statistically significant difference in the two methods. The author, also, proposed a method to determine net mass
(mass without any clothing worn) or mass in underpants from the clothed mass in 3 steps without undressing the
children as well as without using estimated masses of clothing worn (Kamal, 2016) —    a   b   a b (  is net
mass,  a mass with one set of clothing worn,  b mass with the other set of clothing worn and  ab mass with both
sets of clothing worn). With the least count of mass measurement reduced to 0.01 kg (in 2010) and to 0.005 kg (in
2016), worn clothing should matter in the recording of mass — see the section Measurement of Mass (Weight).
Growth Charts and Tables
In a recent paper, Golja and Pikel (2021) described a database of anthropometric measurements. Health-care
professionals, in particular those given the responsibility for health surveillance of persons of tender age, employ
growth charts and tables to follow through how youngsters are performing in terms of mass and stature gains as well
as achievement of milestones of development.
Growth charts are graphs, which show gain of height or mass with the passage of time. Hence, they could be
visualized as ‘time series’. Growth tables are ‘matrices’, with rows representing values of height or mass for a given
P
P
P
P
age spanning over a range of percentile values (3 to 97 for CDC; 0.01 to 99.99 for Extended) and columns
representing values of height and mass for a given percentile spanning over a range of age values.
Growth charts and tables are developed by collecting height and mass values of a large number of youngsters,
both male and female, over the entire growth period, say 2-20 years. Using these charts and tables, the measured
anthropometric variables of these children and adolescents, may be compared by matching gender and age to figure
out whether the growth of that person falls within normal limits. Partap et al. (2017) assessed the prevalence of child
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underweight, overweight, and obesity in a Malaysian population according to 3 international references and
concluded that the choice of reference to express BMI may influence conclusions about child anthropometric status
and malnutrition prevalence. Below is a short description of different references used for the Pakistani pediatric
population:
World Health Organization (WHO): WHO started a process to identify existing sets of anthropometric
measures from different countries and reconstructed the 1977 NCHS/WHO growth reference available for the age
range 5-19 years, based on the original sample and enhanced with anthropometric measures from WHO Child
Growth Standards using Box-Cox Power Exponential (BCPE) method with relevant diagnostic tools for selecting
appropriate model (Rigby and Stasinopoulos, 2004). The strength of WHO charts and tables is that the data are from
all around the world.
Centers for Disease Control and Prevention (CDC): The revised version of growth charts is developed by
NCHS, which is a part of CDC. The CDC Growth Charts (and Tables) have well-shaped percentile curves for boys
and girls displaying variation of percentiles of height and mass with ages. For developing these growth standards, 5
national health surveys were conducted. In 2000 an enhanced version was released, which included percentile
P
P
trajectories in the range 3 to 97 . The drawbacks of these charts and tables are that they represent population of the
United States of America and hence cannot be meaningfully utilized for studying growth of children in other parts of
the world. Further, even these enhanced versions are not good enough for some children and adults, who have
heights and masses outside these ranges.
Extended Growth Charts and Tables: These were developed by our group based on KJ-Regression model by
extending CDC Growth Charts and Tables (Kamal and Jamil, 2014). This model was constructed using heightversus-percentile data and later validated for adequacy by applying residual analysis. This step was necessary to
P
P P
P
P
P
verify the values extrapolated for 0.01 , 0.1 , 1 , 99 , 99.9 and 99.99 . These Extended Charts and Tables could be
utilized to solve extreme cases. Extended Tables contain height and mass values to 5 decimal places (Kamal and
Jamil, 2014, Additional File 3).
Scaled Growth Charts and Tables: The CDC Growth Charts and Tables are based on data collected for
population of the United States. The Americans are, generally, taller and heavier than the Pakistanis. Hence, there
was a need to scale CDC percentiles so that they could be applied for growth-and-obesity analysis of the Pakistani
population, till the time that reliable Pakistani Growth Charts and Tables become available. In order to accomplish
P
P
P
this, scaled percentile 50 was mapped to CDC percentile 40 , whereas scaled percentile 100 corresponded to CDC
P
percentile 100 (of course, zero goes to zero), for both height and mass (Kamal et al., 2017).
Modified-Scaled Growth Charts and Tables: A fine-tuned version of the Scaled Charts and Tables, the modifiedscaled percentiles map median of the CDC percentiles of collected data of 1666 Pakistani children (503 boys; 1163
P
girls) to 50 of the Pakistani population to generate 4 equations, one each for transforming height percentiles for
boys, height percentiles for girls, mass percentiles for boys and mass percentiles for girls (Kamal et al., 2021a).
The Pakistani Growth Charts and Tables: Aziz et al. (2012) performed a cross-sectional descriptive survey to
construct mass-for-age and height-for-age centile charts for 2-16-year-old youngsters. They employed multistagestratified sampling from the Pakistani population, during the period 2006-2009 with a sample size of 12837. The
major drawback is that the factors, which influence measurements of stature and mass were not taken into account
during the study, e. g., the documentation of the exact conditions under which, stature and mass were recorded, the
time of anthropometry, before noon or during afternoon, since the child is taller in the morning as compared to
afternoon (Krogman, 1948). Whether the child was undressed for anthropometry? If not, was there modeling of
weight of clothing worn by the child to be subtracted? There were lack of SOPs as well as errors due to interobserver and intra-observer variations in reproducibility, accuracy and precision (not modeled and accounted for).
Measurement of Stature (Standing Height)
This is one of the most important measurements during childhood and indicates tissue synthesis. Failure to
pickup height in childhood may be the first warning sign that body systems are malfunctioning. If the height is taken
regularly, such problems may be discovered and taken care of. If one of the siblings is stunted and the other normal,
there may be problem in release of growth hormone or the stunted child may have scoliosis. Excessively tall
children are, also, at a higher risk to develop scoliosis (Kamal et al., 2020b).
Heights are being measured to least counts of 0.1 cm (1998-2011, setsquare set — Kamal and Firdous, 2002a);
0.01 cm (2012-2015, Vernier scale — Kamal, 2010) and 0.005 cm (2016 to date, enhanced-Vernier scale — Kamal
et al., 2016b). Z. I. R. came for the first checkup in October 2011. Pilot testing of measurement of height to least
count of 0.01 cm had already begun by that time.
Vernier scale, capable of measuring to least count of 0.01 cm, was constructed by pasting a strip on the edge of
one of the setsquares so that 10 graduations on this strip (call it the Vernier scale) coincide with 9 graduations on the
wall-mounted engineering tape (referred to as the main scale) — the other setsquare used to ascertain that the first
first
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Fig. 1. Measuring (a) height and (b) mass of a girl in Growth-and-Imaging Laboratory

setsquare was perpendicular to wall. Enhanced-Vernier scale, capable of measuring to least count of 0.005 cm, was
made by affixing strip on the setsquare edge so that 20 graduations on the Vernier scale measure up to 19
graduations on the main scale. Height-measurement instrument was calibrated using standard 100-cm ruler at the
start of each daily session along with recording of zero errors.
For obtaining stature (measurement of height), child is told to stand touching the mounted engineering tape,
vertical alignment checked through plumb line (Figure 1a). Child should align hands with body, palms touching
thighs and heels together. Height is obtained with the child in attention position, fully inhaling to get maximum
chest expansion with tummy in. A pencil is held at eye level to make sure that chin of the youngster is parallel to
floor (Kamal, 2016). Height should be measured during the first half of the day as the child is taller during the
morning hours (Krogman, 1948).
With the sensitivity of height measurement increased ten-fold in 2012 and twenty-fold in 2016 (compared to
simple engineering-tape measurement without use of set squares), it is imperative that children totally strip (removal
of all clothes except briefs/panties, leggings/socks/stockings, shoes, hair accessories, other accessories) to ascertain
maintenance of proper posture (non-flexing of knees and elbows; attention position; non-lifting of heels; body
alignment with wall-mounted tape; toes symmetric about sagittal plane containing edge of engineering tape; weight
equally distributed on both feet; head in the Frankfurt plane) as well as ensure complete inhalation during the
measurement process (Kamal et al., 2021a, Additional File 1).
Measurement of Mass (Weight)
Mass is another important measurement having significance in all age ranges, in particular, for a growing child.
Failure to gain weight or a rapid loss of weight in childhood may indicate a deeper problem, requiring a complete
physical and psychological examination. Both underweight and overweight conditions in childhood have serious
ramifications, when it comes to quality of life in adulthood and during the old age.
Masses are being measured to least counts of 0.5 kg (1998-2011, bathroom scale — Kamal and Firdous,
2002a); 0.01 kg (2012-2015, modified-beam scale — Kamal, 2010) and 0.005 kg (2016 to date, enhanced-beam
scale — Kamal et al., 2016b). Z. I. R. came for the first checkup in October 2011. Pilot testing of measurement of
mass to least count of 0.01 kg was already in place at that time.
Modified-beam scale, capable of measuring to least count of 0.01 kg, was constructed by pasting a strip on the
edge of one of the setsquares so that 10 graduations on this strip (call it the Vernier scale) coincide with 9
graduations on the beam scale (referred to as the main scale). Enhanced-beam scale, capable of measuring to least
count of 0.005 kg, was made by affixing strip on the setsquare edge so that 20 graduations on the Vernier scale
measure up to 19 graduations on the main scale. Mass-measurement instrument was calibrated using standard 2-kg
mass at the start of each daily session along with recording of zero errors.
For recording of mass (weight), pupil is instructed to step on beam-scale center in stand-at-ease position, palms
resting on thighs and feet separated, looking straight and breathing in to trap maximum air, visible through
maximum chest expansion with abdomen in (Figure 1b). A pencil is held at eye level to make sure that chin of the
youngster is parallel to floor (Kamal 2016). Mass should be measured along with height.
With the sensitivity of mass measurement increased 20 fold in 2012 and 40 fold in 2016 (compared to
bathroom-scale measurement), it is imperative that children completely disrobe (removal of all clothes except
briefs/panties, stockings/socks/leggings, shoes, hair accessories, other accessories) to record mass without including
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mass of clothes and ensure maintenance of proper posture (non-flexing of knees and elbows; stand-at-ease position;
lifting of heels; weight equally distributed on both feet; head straight) as well as ascertain complete inhalation during
the measurement process (Kamal et al., 2021a, Additional File 1).
MODELING OF CHILDREN’S GROWTH AND OBESITY
The main purpose of obtaining reliable anthropometric measurements is developing models for child growth
and manage childhood obesity. Hall et al. (2013) studied dynamics of childhood growth and obesity, with the
purpose of development and validation of a quantitative mathematical model. Botton et al. (2014), as part of EDEN
Mother-Child Cohort Study Group, described a method to model individual weight and height growth curves during
infancy and showed their use in studying their determinants and relationships with later health outcomes as well as
in predicting BMI trajectories.
The author’s group has been involved in modeling of child growth and obesity since the start of this century
(Kamal and Firdous, 2002b; Kamal et al., 2004; 2011; 2018; 2020a; 2021b). Judgments about optimal masses
should not based on ad-hoc perceptions by the pediatricians, but should be given using mathematical calculations
performed to construct Growth-and-Obesity Vector-Roadmap 2.6 (latest growth and obesity model incorporating
data of the Pakistani children). The main reason is that a child is gaining height with the passage of time. Trying to
maintain weight on the basis of current height would make the child wasted over the next 6 months.
Z. I. R. (A CHILD PERCEIVED TO BE SEVERELY STUNTED)
Z. I. R. came to Growth-and-Imaging Laboratory (Figure 2) for investigation of cause of short stature. Growth-

a

b

c

d

e

g
j
i
h
..
Fig. 2. Photographs of Z. I. R. (a) fully clothed frontal view, (b-e) frontal, back side views (left and right) of the undressed
f

child, (f) and (g) posture carrying school bag, (h-j) forward-bending tests (child facing examiner, examiner on
right side of child, child’s back towards examiner) — all photographs taken on January 8, 2012
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HEIGHT
2
PGMOD
-Scaled (h)  1.66712927 5837799 PG -CDC (h)  0.00667129 2758378 PG -CDC (h)

MASS
PGMOD
- Scaled ( μ )  18 .00899207

 327 .1031092  236 .1798414 PG - CDC ( μ)  PG2 - CDC ( μ)

Fig. 3. Equations used to convert CDC percentiles to modified-scaled percentiles of Z. I. R.

hormone treatment was given to her 2 older siblings, with undesirable side effects. During both of her visits,
measurements of height and mass (weight) were performed with the child completely undressed except panties, all
clothing above the waist removed — dress code: 0/0.5 (Kamal, 2016). She was relaxed and coöperative during both
of her sessions — behavior code: 0 (Kamal, 2016). These measurements were performed to least counts of 0.01 cm
(height) and 0.01 kg (mass). Precision of measurements to these least counts was in the process of being investigated
at the time of measurements (Kamal and Razzaq, 2014). During each visit, a general checkup as well as a through
examination of posture and gait, with and without school bag, was conducted as per protocols listed elsewhere
(Kamal et al., 2016a, Additional File 1). The child was showing signs of spinal curvature.
Once the height and the mass of Z. I. R. were measured, CDC percentile-of-height and CDC percentile-of-mass
were computed employing the box-interpolation technique (Kamal et al., 2011) using Extended Growth Tables
(Kamal and Jamil, 2014, Additional File 3). Modified-scaled percentiles (of height and mass) were generated from
CDC percentiles utilizing equations given in Figure 3 (Kamal et al., 2021a). Build was determined by taking sum of
modified-scaled percentiles (Kamal et al., 2021c).
Growth-and-Obesity Vector-Roadmap 2.6 of Z. I. R.
Growth-and-Obesity Vector-Roadmap 2.6 of Z. I. R. (Kamal et al., 2021a, Additional File 2 — color coding,
Additional File 3 — detailed method of construction) was generated from the measured height and mass values.
Figure 4 displays time evolution of CDC percentile-of-height and CDC percentile-of-mass showing the navigational
path, the guidance trajectory and the recommended control-action trajectory.
…………………………………………………………………………………………………………………………………………………………………………………………………………………………..………………………………………………………………………………
………..…

Fig. 4. Time evolution of CDC percentile-of-height and CDC percentile-of-mass of Z. I. R. for her two checkups
in the age range 7.53-7.78 years (navigational trajectories: solid curves), including the desired course-of-action
(guidance trajectories: green-dashed line for reference percentile; black-dashed line for reference-BMIbased-optimal-mass percentile) and recommended intervention (control action: blue-dashed
for height-percentile curve and maroon-shaded for mass-percentile curve)
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Table 1a. Growth-and-Obesity Vector-Roadmap 2.6 of Z. I. R. — all heights are ‘standing heights (statures)’
P

Gender: Female• Date of Birth (year-month-day): 2004-03-29 • Adult-Army-Cut-off Height: 157.48 cm (19.36 )
P
Father’s Height:164.02 cm • Mother’s Height:151.12 cm • Target Height: 151.09 cm (2.98 )
Checkup

1st
2nd
Z. I. R. (SGPP-KHI-20100908-01/04) — a child perceived to be severely stunted

Photograph

Scanned Signatures (signatures replaced by pseudo-initials to protect privacy)
Class
Date of Checkup (year-month-day)
Age (year-month-day)
Age (decimal year)
Dress Code
Behavior Code
Puberty Rating
Height (cm) ⇐
Height (ft-in)
P
CDC Percentile-of-Height ⇔
Modified-Scaled Percentile-of-Height
Current-Age-Army-Cut-off Height (cm) ⇐
Difference of Measured Height and Current-Age-Army-Cut-off Height (cm)
Current-Age-Mid-Parental Height (cm) ⇐
Difference of Measured Height and Current-Age-Mid-Parental Height (cm)
Estimated-Adult Height (cm)
Estimated-Adult Height (ft–in)
Modified Status (pertaining-to-height)
Descriptive Status (pertaining-to-height)
Net Mass (kg) ⇒
Net Weight (lb-oz)
P
CDC Percentile-of-Net-Mass ⇔
P
Modified-Scaled Percentile-of-Net-Mass
Percentile-of-BMI-based-Optimal-Mass ⇔
BMI-based-Optimal Mass (kg) ⇒
Difference of Net Mass and BMI-based-Optimal Mass (kg)
Height-Percentile-based-Optimal Mass (kg) ⇒
Difference of Net Mass and Height-Percentile-based-Optimal Mass (kg)
Estimated-Adult Mass (kg)
Estimated-Adult Weight (lb–oz)
Modified Status (pertaining-to-mass)
Descriptive Status (pertaining-to-mass)
Away-from-Normality Index
Polar Angle (degree)
Extended Nutritional Status
Estimated-Adult BMI (kg/m2)
Estimated-Adult-Specific BMI
Sum of Modified-Scaled Percentiles
Build

ZIR
II
2011-10-09
07-06-10
7.53
0/0.5
0
Tanner 1
115.81
3 ft 10.39 in
P
4.97
P
8.12
119.80
–3.39
114.60
+1.21
152.63
5 ft 0.089 in
0
Normal
20.90
47 lb 1.36 oz
P
17.20
P
45.97
P
39.94
23.26
–2.36
19.13
+1.77
50.35
111 lb 0.30 oz
0
Normal
0
Indeterminate
Normality
21.61
0.901
54.09
Medium
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II
2012-01-08
07-09-09
7.78
0/0.5
0
Tanner 1
117.13
4 ft 5.76 in
P
4.96
P
8.11
121.19
–4.06
115.91
+1.22
152.62
5 ft 0.087 in
0
Normal
21.56
48 lb 8.16 oz
P
17.89
P
47.05
P
39.91
23.95
–2.39
19.62
+1.94
50.54
111 lb 6.99 oz
0
Normal
0
Indeterminate
Normality
21.70
0.904
55.16
Medium
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Table 1b. Height-gain-target-achievement index, hC, and mass-management§
target-achievement index, C, of Z. I. R. at her second checkup
At Z. I..R.’s 2nd Checkup
(conducted on January 8, 2012)
Measured Values
Recommended by Roadmap 2.6
Target-Achievement Index

Height ...
ft-in
3 ft 10.11 in
3 ft 10.54 in
hC = 99.08%
hC under-achieved

cm
117.13
118.22

Qualitative

kg
21.56
21.52-22.35

Mass (Weight)
lb-oz
48 lb 8.16 oz
48 lb 6.91 oz - 49 lb 4.51 oz
C = 100%

C critically achieved

Height-gain-target-achievement index, hC, and mass-management-target-achievement index, C, were introduced in
Kamal et al. (2020b) — formulae to compute these indices appeared in Figure 10 of the same paper

§

Pseudo-gain of height
Table 1a exhibits……………………………between
1st and 2nd checkups — height pickup from 115.81 cm
…………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………….……………………………………..

P

P

to 117.13 cm, CDC percentile-of-height dropping from 4.97 to 4.96 . Pseudo-gain of height is a phenomenon, in
which a decrease in CDC percentile-of-height is associated with height pickup during two consecutive checkups
(Kamal et al., 2014). Modified and descriptive statuses (pertaining-to-height) and (pertaining-to-mass) were
computed as per recipe given in Kamal et al. (2018). Table 1b provides values of height-gain-target-achievement
index, hC, and mass-management-target-achievement index, C, at the second checkup based on recommendations
given after the first checkup. Figure 5 lists the equations used to generate this Growth-and-Obesity Vector-Roadmap
2.6 of Z. I. R. (1 equation for height gain and 2 equations for mass management). To obtain the required doses of
vitamin D, the child was required to spend some time bathing sunshine, dressed in panties only, stripped-to-waist,
during the safe-exposure-and intermittent-exposure time slots (Table 1c). 6 month-wise height targets and mass
.

(weiweeeeght) target-rrangesanges were provided t

HEIGHT GAIN
Percentile of height approaching asymptotically (at the age of 10 years)
to last-checkup-reference percentile
2

 A  10 

PCDC (h, A)  Pref ( A0 )  Pref ( A0 )  PCDC (h, A0 ) 
 A0  10 
PCDC (h, A)  19.3560932353686 – 2.91744638190323  A  10 2

MASS MANAGEMENT
Percentile of mass approaching asymptotically (at the age of 10 years)
to last-checkup-reference percentile
2

 A  10 

PCDC ( μ, A)  Pref ( A0 )  Pref ( A0 )  PCDC ( μ, A0 ) 
 A0  10 
PCDC ( μ, A)  19.3560932353686 – 0.296655104784693  A  10 2

Percentile of mass approaching asymptotically (at the age of 10 years)
to percentile of last-checkup-reference-BMI-based-optimal mass
 A  10 

PCDC ( μ, A)  Pref - BMI ( A0 )  Pref - BMI ( A0 )  PCDC ( μ, A0 ) 
 A0  10 
PCDC ( μ, A)  54.26018262296929 – 7.37061134244006  A  10 2

2

Fig. 5. Equations used to construct control-action trajectories for height and mass
in the context of Growth-and-Obesity Vector-Roadmap 2.6 of Z. I. R.
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Table 1c. Time slots, valid for the city of Karachi, Pakistan, for full body sun-exposure of Z. I. R. during
6-month period following her second checkup to obtain the required doses of vitamin D
Date

Safe

Period
(a. m. - a. m.)

01
15

7: 15 - 8: 21
7: 07 - 8: 15

01
15

6: 55 - 8: 11
6: 41 - 7: 53

01
15

6: 24 - 7: 38
6: 10 - 7: 26

01
15

5: 56 - 7: 15
5: 48 - 7: 08

01
15

5: 42 - 7: 06
5: 41 - 7: 03

01
15

5: 45 - 7: 07
5: 51 - 7: 12

Intermittent
Prohibited

Period
Period
(a. m. - a. m.)
(a. m.- p. m.)
FEBRUARY
8: 22 - 9: 28
9: 29 - 4: 03
8: 16 - 9: 24
9: 25 - 4: 08
MARCH
8: 12 - 9: 28
9: 29 - 4: 00
7: 54 - 9: 06
9: 07 - 4: 15
APRIL
7: 39 - 8: 53
8: 54 - 4: 18
7: 27 - 8: 43
8: 44 - 4: 20
MAY
7: 16 - 8: 35
8: 36 - 4: 22
7: 09 - 8: 29
8: 30 - 4: 27
JUNE
7: 07 - 8: 31
8: 32 - 4: 17
7: 04 - 8: 26
8: 27 - 4: 37
JULY
7: 08 - 8: 30
8: 31 - 4: 40
7: 13 - 8: 34
8: 35 - 4: 41

Intermittent
Period
(p. m. - p. m.)

Safe
Period
(p. m. - p. m.)

4: 04 - 5: 10
4: 09 - 5: 17

5: 11 - 6: 17
5: 18 - 6: 26

4: 01 - 5: 17
4: 16 - 5: 28

5: 18 - 6: 34
5: 29 - 6: 41

4: 19 - 5: 33
4: 21 - 5: 37

5: 34 - 6: 48
5: 38 - 6: 54

4: 23 - 5: 42
4: 28 - 5: 48

5: 43 - 7: 02
5: 49 - 7: 09

4: 18 - 5: 52
4: 38 - 6: 00

5: 53 - 7: 17
6: 01 - 7: 23

4: 41 - 6: 03
4: 42 - 6: 03

6: 04 - 7: 26
6: 04 - 7: 25



Z. I. R. barefooted, bareheaded, dressed in panties only (all clothing above the waist removed), hair opened
up, eyes protected through UV-cut-off glasses, engaged in light exercises/free play — if sitting for drawing,
jigsaw puzzles, painting, singing, story-telling/listening, her back should be towards the sun

10-15-minute guarded-graduated sun exposure to obtain recommended daily dose (Kamal and Khan, 2018)

o
Safe-exposure duration is when the sun has not reached 18 after rising or is at an angle less than 18o before
setting; children may be exposed to direct sunlight (suitable for summer months)

o
o
Intermittent-exposure duration is when the sun is at an angle between 18 and 36 (end-points included) after
o
o
rising or between 36 and 18 (end-points included) before setting; children may be allowed to play in the
shade with brief periods of sun exposure (suitable for winter months); 12-month table for Karachi, Sindh,
Pakistan is available in Kamal and Khan (2020a)

(weight) target-ranges were provided to Z. I. R. at the time of her second checkup (Table 1d). It would be of interest
to look at the results obtained using Growth-and-Obesity Vector-Roadmap 1.0 — Table 3d of Kamal et al. (2016a)
and Tables A3a, b of Kamal (2017b). Last time, her case was re-analyzed by generating Growth-and-Obesity
Vector-Roadmap 2.5 — Tables 7a, b of Kamal et al. (2020a).
Table 1d. Month-wise height targets and mass (weight) target ranges for Z. I. R. following her second checkup
Reference Height = 160.69 cm • Percentile-of-Reference Height = 34.85
Estimated-Adult-Reference-BMI-based-Optimal-Mass = 61.97 kg
P
Percentile-of-Reference-BMI-based-Optimal-Mass = 62.28

P

Target Date

January 8, 2012 (reference)
February 8, 2012 (1st month)
March 8, 2012 (2nd month)
April 8, 2012 (3rd month)
May 8, 2012 (4th month)
June 8, 2012 (5th month)
July 8, 2012 (6th month)

Height Target
cm
ft-in
117.13
3 ft 10.11 in
118.01
3 ft 10.46 in
118.82
3 ft 10.78 in
119.65
3 ft 11.11 in
120.43
3 ft 11.41 in
121.22
3 ft 11.72 in
121.86
3 ft 11.98 in

Mass (Weight) Target Range
kg
lb-oz
21.56
48 lb 8.16 oz
21.77-22.10
48 lb 0.06 oz - 48 lb 11.60 oz
21.97-22.60
48 lb 6.99 oz - 49 lb 13.25 oz
22.18-23.12
48 lb 14.57 oz - 50 lb 15.73 oz
22.40-23.59
49 lb 6.23 oz - 52 lb 0.41 oz
22.62-24.08
49 lb 14.15 oz - 53 lb 1.56 oz
22.84-24.35
50 lb 5.80 oz - 54 lb 12.04 oz
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RESULTS
At both of her checkups, the estimated-adult height of Z. I. R. came out to be below the cut-off height for
induction into the Armed Forces of Pakistan (Kamal and Naz, 2021). However, mainly because of shorter heights of
parents, she had normal descriptive statuses (pertaining-to-height) and (pertaining-to-mass) and did not need
growth-hormone therapy. Therefore, one should be able to see the power of Growth-and-Obesity Vector-Roadmap
2.6, which saved this girl from overtreatment (Kamal et al., 2013a).
RECOMMENDATIONS
Z. I. R. should be able to gain height with the help of natural remedies (Table 2), which include lifestyle adjustmentmentment

Table 2. Customized lifestyle adjustment, diet and exercise plans for Z. I. R.


Lifestyle
Adjustment

Diet
Plans

Exercise
Plans

¶

Height Management
Mass (Weight) Management
2-3-hour family time on a daily basis, with cell phones and tablets kept away (conversation — parents
should educate Z. I. R. about environmental-resource preservation: trees and forests, water reservoirs,
clean-fresh air, plastic pollution; religious tolerance; ethnic diversity; empathy to feeling of others; joy of
sharing); family may stroll in the park/relax on benches; recommended daily dose of vitamin D (600 IU
— 1 IU of vitamin D equivalent to 0.025 microgram of cholecalciferol or ergocalciferol) through 1015-minute guarded-graduated sun-exposure (early morning or late afternoon as per time slots given in
Table 1c) with Z. I. R. minimally dressed: head, arms, thighs, legs and spinal column exposed, facing
away from sun and eyes protected through UV-cut-off glasses or indigenously-made spectacles; hair
unbraided, spread out and opened up (allowing them to breathe) and bare feet; 2-3-hour free play in
fresh air, unclothed from the waist up (hair as during sun exposure), wearing shorts, pure cotton socks
and sneakers; hair and body massage with olive oil before bathing; 7-9-hour, night-time, sound sleep
dressed in fire-resistant pajama-shorts only, stripped-to-waist; 3-minute, slow-stoke back massage to
improve quality and quantity of sleep — before retiring to bed, all hair accessories, jewelry, watch, belt
removed (hair as during sun exposure); glass of milk consumed before bedtime; teeth brushed 5 times —
upon rising, after breakfast, lunch and dinner each as well as before going to bed; additional brushing
after consuming candies/chocolates/cookies/juices/milk; maximum 1-2-hour screen time (computer/
video games/TV/DVD — computer monitor at eye level, neck and back straight as well as normal to
thighs); 2-strap school bag to be worn on back with each strap on a shoulder (unnecessary books/copies/
journals taken out); pure cotton undergarments and socks (disinfectant powder to be applied to dry body
parts and feet wiped before putting on underwear/socks to prevent fungus infection), pure leather mocation shoes with foot support — tight undergarments, clothes, shoes and slippers (flip-flops) should not
be worn, slippers got wet during ablution should be replaced immediately with dry ones to be put on
carefully dried feet, wiped between toes (same goes on with clothes drenched in rain, etc.); absolutely
NO high heels for Z. I. R. — cause toes to bend inward
3 relaxed and balanced meals (wait for food, not let the food wait for you; no eating/drinking while
walking or standing; eat when very hungry, abstain when some appetite remains), should include fresh
fruits and green vegetables; 10-12 glasses of water daily; only one 250-ml bottle of carbonated drink
within a month — plastic shoppers should not be used to pack food items, in particular, carbonated
drinks/tea/coffee; do not forget to check expiry date for packed food and drink items
To gain height, diet plan should include
To put on mass (weight), diet plan should include milk,
$
potato items (baked/boiled, not fried) and protein-rich diet
calcium-, protein- and fiber-rich diet
Exercises for 5 minutes each after waking up, at the end of every hour and before going to bed —
bending on sides, focusing eyes far away and moving eyeballs, moving fingers and wrists after
computer work/writing, stretching, touching toes without flexing knees, exercising neck muscles (left,
right, up, down), light exercises during TV/DVD watching; guarded-graduated structured exercises,
preceded by warm-up and followed by cool-down routines, preferably outdoors (weather permitting) in
£
exercise-friendly clothing (form-fitting, made of absorbent material) ; table tennis; jogging; cycling
To pick up height, child should perform
To increase mass (weight), heavy exercises performed for
¥
¥
light-stretching exercises
shorter duration, consistently

¶

customized for Z. I. R. from the more general guidelines given in Kamal et al. (2021a), Additional File 4
chicken, fish, fresh fruit and milk
£
see Kamal and Khan (2015) for details
¥
bar hanging, cartwheel, mild-stretching, summersault
$
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ment as well as diet and exercise plans (Kamal, 2022) combined with participation in organized sport (Kamal and
Khan, 2020b) and summer camps (Kamal and Khan, 2021).
FUTURE DIRECTIONS
In future, the significance and the value of Growth-and-Obesity Roadmaps should depend, critically, on
obtaining reliable and reproducible measurements. The anthropometric manual (Kamal, 2016) needs to be extended
to include protocols for measuring sitting height as well as recumbent and crown-rump lengths, with calibration
equations obtained to relate recumbent length (taken till the age of about 2 years) to standing height, recumbent
length of the same child should be slightly more than standing height due to effect of gravitational pull (Roche and
Davila, 1974), as well as crown-rump length (useful in determining size of fetus) to sitting height. The manual
should include methods of measuring chest, waist, hip, thigh and calf circumferences in addition to MUAC.
Short-Term Goals
• Enhanced-Vernier measuring tape to be constructed, which is capable of obtaining MUAC as well as chest,
waist, hip, thigh and calf circumferences to least counts of 0.005 cm.
• Device to be fabricated, which can indicate if child is exerting equal weight on both feet to improve posture
during measurements of height and mass.
Long-Term Goals
• Moiré Fringe Topography to be used to improve alignment of subject during measurements of height and mass.
• Construction of equipments for anthropometry to be able to obtain measurements to least counts of 0.001 cm
(height) and 0.001 kg (mass) employing micrometer-screw-gauge technique.
CONCLUSION
In this paper, Growth-and-Obesity Vector-Roadmap 2.6 of 7-year-old girl, Z. I. R., is worked out, who was
perceived to be severely stunted and was a candidate for growth-hormone therapy. Growth hormone could have
adverse effects, just like in her older siblings. Further, growth-hormone therapy, being expensive, might be an
unnecessary burden on the pocket of her parents. The results of calculations of Roadmap 2.6 showed that she was
growing normally and had optimal weight-for-height. Hence, no medical intervention was needed.
As per educational and health policies of the state, heights and masses (weights) of under-10 children should be
measured using standard equipment, agreed-upon protocols, with the children completely undressed except underwear, all clothing above the waist removed. These measurements should be fed into software to generate Growthand-Obesity Vector-Roadmaps 2.6 of all children, which should alert parents, teachers, sport instructors and healthcare teams to severely stunted, severely wasted (including acutely malnourished) and severely obese children.
For the civil and the military institutions of Pakistan, which provide healthcare to families of employees, this
policy should reduce the cost of treatments if the children of employed personnel maintain their weights according
to their heights, since such youngsters should become sick less often. That would mean less time off from schools
and more learning, which would, in due course of time, materialize into rewarding and brilliant careers for the
physically- and the emotionally-healthy youth with intellectual capabilities to take smart decisions. Such a will,
combined with action on the part of Government of Pakistan in this urgent and important matter, should make “A
Healthier Pakistan!”
KEY POINTS
• Height and masses (weights) of all under-10 children should be regularly obtained twice a year to generate their
Growth-and-Obesity Vector-Roadmaps 2.6, in order to adjust their lifestyles as well as prepare diet and exercise
plans for them.
• The anthropometric measurements should be obtained to least counts of 0.005 cm (height) and 0.005 kg (mass),
with the child completely undressed wearing only short underpants.
• Growth-and-Obesity Vector-Roadmap 2.6 of a 7-year-old girl, suspected of being severely stunted, is presented
in this paper.
• The analysis showed that the child was growing normally according to the familial parameters, with both descriptive statuses (pertaining-to-height and pertaining-to-mass) in the normal range.
• Construction of Growth-and-Obesity Vector-Roadmap 2.6 saved this girl from overtreatment in terms of growthhormone therapy.
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PRIVACY, DATA CONFIDENTIALITY AND INFORMED CONSENT
The checkups were conducted giving due consideration to comfort, confidentiality, dignity, privacy and safety of
Z..I..R. In order to protect privacy of the family, initials are used instead of scanned signatures. The initials Z. I. R. do not
correspond to the first, the middle of the last name of the child. Further, the case number appearing in this paper is not the
one entered on the report given to parents of Z. I. R. The case number and the initials are, however, linked to the actual
name and the actual case number through a special mathematical operation, so that the reported case could be immediately
recognized in the archives. These issues are discussed in detail in the official manual of the NGDS Pilot Project (Kamal,
2016). Informed consent was obtained from the parents by asking them to fill out the SGPP Participation Form
https://www.ngds-ku.org/SGPP/SGPP_Form.pdf (Kamal et al., 2016a, Additional File 1).
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The author declares no conflict of interest. The work reported here does not have any libelous or unlawful statements
and does not interfere with the publicity or the privacy rights of any third party.

DEDICATION
The author would like to dedicate this paper to the loving memory of
father of Pakistan’s nuclear program, Dr. Abdul Qadeer Khan Mohsin-éPakistan (Wednesday, April 1, 1936; Bhopal, Bhopal State, British India –
Sunday, October 10, 2021; Islamabad, Pakistan), Nishan-é-Imtiaz (1986,
1999), Hilal-é-Imtiaz (1989). He was educated at University of Karachi,
Technical University (West Berlin) and Delft University of Technology (the
Netherlands). He obtained his doctoral degree, D. Eng., in metallurgical
engineering from Katholieke Universiteit Leuven (Belgium) under the
supervision and the guidance of Martin J. Brabers. In addition to developing
atomic weapons for Pakistan and conducting successful tests, Khan
pioneered research in thermal quantum field theory and condensed matter
physics, while he was a co-author of several papers dealing with highly
unstable isotope particles. He initiated several welfare projects in the
country, including KIBGE on the campus of University of Karachi. The
author had the honor to meet him 5 times. May Allah Izz-o-Jal rest his soul
in eternal peace and shower blessings on his grave!
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