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A high proportion of children have overweight and obesity in the United States and
other countries. Accurate assessment of anthropometry is essential to understand
health effects of child growth and adiposity. Gold standard methods of measuring
adiposity, such as dual x-ray absorptiometry (DXA), may not be feasible in large field
studies. Research staff can, however, complete anthropometric measurements, such
as body circumferences and skinfold measurements, using inexpensive portable
equipment. In this protocol we detail how to obtain manual anthropometric
measurements from children, including standing and sitting height, weight, waist
circumference, hip circumference, mid-upper arm circumference, triceps skinfold
thickness, and subscapular skinfold thickness, and procedures to assess the quality of
these measurements. To demonstrate accuracy of these measurements, among 1,110
school-aged children in the pre-birth cohort Project Viva we calculated Spearman
correlation coefficients comparing manual anthropometric measurements with a gold
standard measure of body fat, DXA fat mass. To address reliability, we evaluate intra-
rater technical error of measurement at a quality control session conducted on adult
female volunteers.
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SHORT ABSTRACT:
In epidemiologic studies of children, well-trained research staff can accurately and precisely
assess weight, height, sitting height, skinfold thicknesses, and body circumferences.

LONG ABSTRACT:

A high proportion of children have overweight and obesity in the United States and other
countries. Accurate assessment of anthropometry is essential to understand health effects of child
growth and adiposity. Gold standard methods of measuring adiposity, such as dual x-ray
absorptiometry (DXA), may not be feasible in large field studies. Research staff can, however,
complete anthropometric measurements, such as body circumferences and skinfold
measurements, using inexpensive portable equipment. In this protocol we detail how to obtain
manual anthropometric measurements from children, including standing and sitting height,
weight, waist circumference, hip circumference, mid-upper arm circumference, triceps skinfold
thickness, and subscapular skinfold thickness, and procedures to assess the quality of these
measurements. To demonstrate accuracy of these measurements, among 1,110 school-aged
children in the pre-birth cohort Project Viva we calculated Spearman correlation coefficients
comparing manual anthropometric measurements with a gold standard measure of body fat,
DXA fat masst. To address reliability, we evaluate intra-rater technical error of measurement at a
quality control session conducted on adult female volunteers.

INTRODUCTION:

Overweight and obesity remain at epidemic levels, with approximately one-third of US children
and two-thirds of adults having overweight or obesity, according to 2011-2012 estimates?.
Overweight, obesity, and excess body fat confer greater risk of adverse cardiometabolic
outcomes, including Type 2 diabetes and cardiovascular diseases, as well as other adverse
physical and psychological health outcomes, including asthma and depression®*.

Most studies that examine associations between obesity and later-life health outcomes assume
accurate measurements of weight and length/height. Categories of weight status in adults and
children include underweight (body mass index (BMI) <18.0 kg/m? for adults and <5 age-sex-
specific percentile for children), normal weight (BMI 18.0 to <25.0 kg/m? for adults and 5" to
<85™ percentile for children), overweight (BMI 25.0 to <30.0 kg/m? for adults and 85" to <95%
percentile for children), and obesity (BMI >30 kg/m? for adults and >95™ percentile for children).
Even minor measurement errors can influence these categorizations, especially in children for
whom errors that appear small on an absolute scale can represent a large error relative to the
child’s size’. For example, in a prior study of children under 2 years of age, comparisons of
length measured by the conventional clinical paper-and-pencil method with the recumbent
length-board method indicated that paper-and-pencil method systematically overestimated length
by an average of 1.3 (1.5) cm — an error that results in substantial misclassification’.

Page 2 of 15



Using BMI to estimate adiposity offers many advantages for research, including the low
equipment cost and minimal burden of height and weight measurement, as well as the
opportunity to leverage self-report and clinical measures. However, even with accurate
measurement of height and weight, variation in BMI does not necessarily reflect variation in
adiposity, since BMI incorporates both lean and fat mass®. Thus, methods that directly measure
adiposity are also important for understanding relationships with health outcomes.

Gold standard methods of adiposity and body composition measurement generally rely on
technological methods, including air displacement plethysmography (ADP), hydrostatic
weighing, magnetic resonance imaging (MRI), and computed tomography (CT), as well as dual
x-ray absorptiometry (DXA)®%1% While these methods provide some of the most accurate
measures of body composition, many of them are not practical in pediatric research studies,
especially those that are field-based. For example, hydrostatic weighing requires that individuals
be completely submerged in water. ADP equipment has, until quite recently, been available only
to measure infants up to 8 kg or children and adults over the age of 6 years, but not toddlers or
preschool-age children. CT scans emit a large amount of radiation compared with the other
techniques, and the long acquisition time for MRI makes it impractical for many studies®. DXA
emits about 1/500" the radiation dose of a CT scan, approximately the equivalent of one day of
natural background radiation!, making it an attractive option for research studies involving
children. All of these methods, however, are expensive to purchase and none are portable,
making them infeasible for field-based studies with limited funding. Bioelectrical impedance
analysis (BIA), which measures the impedance of a minute electrical signal sent through the
body to estimate body composition, can be less expensive and more portable, but assumptions
underlying the calculation of body fat are not applicable to small children?®.

In contrast to these technology-based measures, manual anthropometric measures can be
performed by a trained observer in most field settings and at a substantially lower equipment
cost. Manual anthropometry includes measurements of height, weight, circumferences, and
skinfold thicknesses®. Other advantages of manual anthropometry are that it involves no
unnecessary radiation exposure, and skilled staff can obtain them efficiently. However, a
common concern about manual anthropometric measurements is that they may be both
inaccurate and imprecise®?.

Obtaining accurate and precise measurements is possible with standardized procedures, adequate
training, and sufficient attention to quality control (QC) procedures. The Project Viva team has
developed a manual anthropometry training protocol that can yield high- quality, reproducible
measures of stature, circumferences, and skinfold thickness. Over more than a decade, we have
applied this training and QC protocol to mothers and children in Project Viva, a longitudinal,
pre-birth cohort study®. Project Viva staff collected anthropometric measures on child during
visits at birth (0 - 3 days), and with both the mother and child at the following time points:
infancy (4.9 - 10.6 months), early childhood (2.8 - 6.3 years), mid-childhood (6.6 - 10.9 years),
and early teen (11.5 - 16.5 years) 13,

This paper describes the protocol we developed and refined for measurement of height, weight,

skinfold thicknesses (triceps and subscapular skinfolds), and body circumferences (waist, hip,
and mid-upper arm circumferences [MUAC]) in Project Viva. We also describe how we have
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assessed both manual anthropometric measurement precision by means of technical error of
measurement (TEM) calculations and accuracy in comparison to gold standard DXA
measurements.

PROTOCOL.:
All the procedures are approved by the Harvard Pilgrim Health Care Institutional Review Board.

1) Training Procedures

1.1) Have the trainees (research assistants) complete a multi-day, multiple hour training program
to learn proper positioning, watch training videos, and receive in-person training from an
experienced auxologist.

1.1.1) Instruct the trainees to practice performing measurements on each other, while an
auxologist or resident anthropometry expert evaluates each trainee’s technique and makes
appropriate adjustments.

1.1.2) Organize a workshop with external volunteers, optimally of a variety of ages and body
types, ideally - a representative sample of the study population. Have the trainees measure each
volunteer a minimum of two times per measurement.

1.2) After completing the training program, have the trainees spend approximately an additional
40-50 hours practicing manual anthropometry techniques on one another and volunteers. During
this time, observe the trainees, monitoring adherence to protocol and proper technique. Give each
trainee the necessary amount of training based on innate skill level and previous experience.

2) Preparation of subjects
2.1) Instruct participants to wear light clothing that allows easy access to the extremities and
torso while maintaining modesty, optimally a standard outfit provided by the research staff.

3) Height

3.1) Measure height using a well-constructed stadiometer, which can be wall-mounted or
portable. Either way, take measurements while ensuring that the stadiometer is set up against a
wall on a hard, flat surface.

NOTE: Among children under the age of 2 years, measure recumbent length instead of standing
height. Recumbent length measurements require different procedures®, not detailed in this
protocol.

3.2) Ask the participant, before stepping on the stadiometer, to remove any items that could
impede measurements. For example, shoes, thick socks, hats, and hair accessories (e.g. hats,
headbands, hair bands on the crown of head).

3.3) Guide the participant back onto the board until the participant’s buttocks, shoulder blades, or
back of head make contact with the board.
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3.4) While facing the participant, instruct the participant to stand on the board with feet spread
approximately 2 feet apart. Ask the participant to slowly inch his/her legs back together until the
legs, mid-thighs, knees, or feet make contact.

3.5) Instruct the participant to stand as straight as possible, without slouching or leaning. Ensure
that feet are flat on the bottom of the height board or floor, and arms hang down by the
participant’s sides. Confirm that weight is evenly distributed between the left and right sides of
the body.

3.6) Visually verify that the mid-axillary line is perpendicular to the floor. Instruct the participant
to move his/her feet away from the back of the stadiometer to achieve this position.

NOTE: The mid-axillary line is an imaginary line in the coronal plane midway between the
anterior axillary line and the posterior axillary line, extending from the center of the axilla down
through the most superior part of the iliac crest (Figure 1). ([Place Figure 1 here])

3.7) Ask the participant to stand up straight. Ensure that one or more of the following body parts
makes contact with back of the stadiometer: feet, head, shoulders, or buttocks.

3.8) Place the participant’s head into the Frankfort Plane (Figure 2). ([Place Figure 2 here])

3.8.1) Determine the Frankfort Plane by doing the following: Looking at the side of the
participant’s head, draw an imaginary line from the lowest margin of the eye orbit to the highest
margin at the opening of the ear canal. Position the head so that the imaginary line is parallel to
the floor and perpendicular to the stadiometer.

3.9) Remind the participant to stand straight and tall, and position the headpiece firmly on top of
his/her head with sufficient pressure to compress the hair and make contact with the skull. With
the headpiece at eye level, take the measurement to the nearest tenth of a centimeter.

4) Sitting Height

4.1) Place the stadiometer on top of a sturdy stool tall enough to allow the participant’s legs to
form a 90° angle with the ground. Alternatively, if the stadiometer is wall-mounted, place a stool
of known height in front of the stadiometer.

4.2) Ask the participant to sit on the stadiometer or on top of the stool so that the buttocks are
touching the back of the board.

4.3) Have the participant sit as erect as possible, with buttocks, shoulders and/or head touching
the back of the board. Ensure that the mid-axillary line (as described in 3.6) is perpendicular to
the stool and parallel to the stadiometer.

4.4) Guide the participant’s knees directly in front of his/her body, and place his/her hands on the
thighs.

4.5) Place the participant’s head into the Frankfort Plane. Refer to 3.8.
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4.6) Position the headpiece firmly on top of the participant’s head with sufficient pressure to
compress the hair and make contact with the skull.

4.7) While directly facing the measuring index with the headpiece at eye level, take measurement
to the nearest tenth of a centimeter.

5) Weight

5.1) Instruct the participant to wear either light clothing or the standard clothing provided at the
onset of the anthropometric measurements, to empty his/her bladder, and to remove his/her shoes
before attempting the weight measurement.

5.2) Ask the participant, to stand on the scale. Record the measurement to the nearest tenth of a
kilogram.

6) Waist Circumference

6.1) Instruct the participant to stand erect, still, and lateral to a chair, ideally in front of a mirror.
Sit facing the mirror, with the participant’s right or left hip bone at eye level. Instruct the
participant to cross his/her arms in front while holding up his/her shirt.

6.2) Sitting to the side of the participant, locate the anterior part of the hip bone, which is usually
the portion of the hip bone that is most easily identified through dense adipose tissue. Palpate
upward along the hip bone to locate the iliac crest, the superior ridge of the hip bone. Continue to
palpate the iliac crest until reaching the intersection between the uppermost point of the iliac
crest and the mid-axillary line (refer to section 3.6 to locate mid-axillary line). Identify site with
a self-adhesive sticker.

6.3) Repeat 6.2 on the other side of the participant’s body.

6.4) While the participant stands perpendicular to the mirror, gently place the measuring tape
around the waist on top of the two stickers. Using the mirror as a guide, adjust the tape so that it
is on a level, horizontal plane across the front, back, and both sides.

6.5) Tighten the tape, without pulling the skin. As this is a fine balance, start with the tape
measure pinching the skin slightly. Then slowly loosen the tape measure to form a smooth line
along the skin, so that the skin is no longer constricted. Place the tape measure firmly on skin
without cinching the participant’s waist, so that there are neither gaps in the tape measure nor
pinched skin.

6.6) At the end of the participant’s natural exhalation, read the tape to the nearest tenth of a
centimeter.

NOTE: This measurement is most effectively performed in the presence of mirrors or two
research assistants. One researcher, alone, cannot observe proper placement of the tape measure
on all sides of the body. The mirrors and/or additional staff member compensate for obstructed
areas, informing proper tape measure placement.

Page 6 of 15



7) Hip Circumference
7.1) Instruct the participant to stand erect next to a chair, perpendicular to the mirror. Ask the
participant to fold his/her arms in front of the body with feet pressed together.

7.2) Sit to the side of the participant and face the mirror, so that eyes are level with the
participant’s hips.

7.3) Place the measuring tape around the hips over lightweight, tight-fighting clothing. Anchor
the tape measure at the maximum protuberance of the buttocks. Adjust the tape so that it is on a
horizontal plane around the body. Hold the tape measure firmly. Similarly to the waist
measurement, tighten the tape measure so that skin is pinched. Release the tape measure slowly
until there is a smooth line around the tape measure.

7.4) Holding the tape measure firmly and flatly, read the measurement to the nearest tenth of a
centimeter.

8) Mid-Upper Arm Circumference (MUAC)

8.1) Instruct the participant to lift his/her shirtsleeve to shoulder height, to ensure that
measurement is conducted directly on skin. While the participant is standing, position his/her
right arm so that it is flexed at a 90" angle at the elbow with the palm facing up and fingertips
pointing straight ahead.

8.2) Stand behind the participant. Locate the posterior lateral shoulder bone that connects the
participant’s shoulder blade and clavicle bone (Figure 3). This bony structure, known as the
acromion process, will serve as initial point zero on the tape measure. ([Place Figure 3 here])

8.3) Extend the tape down the midline of the back of the arm, past the bony tip of the elbow,
known as the olecranon. Using a tape measure the distance between the acromion process and
the olecranon to the nearest tenth of a centimeter and place a self-adhesive sticker halfway
between the olecranon and the acromion process over the posterior center of the humorous.

8.4) Hold the participant’s arm slightly away from body, to ensure that muscles are relaxed.

8.5) Standing to the right and slightly behind the participant, wrap the MUAC Tape (small, flip
tape) around the upper arm so that it covers the self-adhesive sticker. Ensure that the tape
measure is perpendicular to the arm length.

8.6) Pull the tape so that there are no gaps in tape or areas of skin constriction. As with the hip
and arm circumferences, this is a fine balance. Use greater tension and slowly release the tape
until there are no further areas of pinched skin.

8.7) Read the measurement and record to the nearest tenth of a centimeter.

9) Triceps Skin Fold Thickness
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9.1) Use the sticker placement at the posterior midpoint of the participant’s arm (as determined
by steps 8.1-8.3). Instruct the participant to stand upright, with shoulders relaxed and arms
hanging loosely.

9.2) Standing behind the participant, identify a location approximately 2 centimeters above the
sticker at the upper arm midpoint. Grasp a sizable fold of skin between the thumb and index
finger about 1-2 centimeters into the skin. Roll the skin between fingers.

NOTE: If the skinfold rolls easily between the fingers, it likely contains only skin and
subcutaneous fat. If the skinfold does not roll easily or the grasp is particularly painful for the
participant, it may contain muscle.

9.3) Shake the skin and/or roll fingers slowly to adjust the fold so that it contains only skin and
subcutaneous fat, not muscle. Measure all subcutaneous fat above the muscle.

9.4) Hold the skinfold parallel to the arm. Place the skinfold caliper jaw perpendicular to the
length of the fold and on either side of the marked midpoint.

9.5) While holding the skinfold, completely release grip on the caliper lever. The caliper dial will
continue to decrease as the skin is compressed by the caliper jaws. Hold the skin between the
caliper jaws for 4 full seconds, after which time the skin should be fully compressed. After 4
seconds, record the measurement to the nearest two tenths of a centimeter.

NOTE: If it is the correct amount of skin and subcutaneous tissue, the measurement (as read on
the caliper dial) will decrease less rapidly or will not decrease at all after 4 seconds. If the
measurement value on the caliper dial continues to decrease rapidly, the skinfold did not contain
enough subcutaneous fat. Should this be the case, wait two minutes for the compressed skin to
return to normal. Retry the measurement by grasping a thicker fold.

10) Subscapular Skinfold Thickness
10.1) Instruct the participant to stand upright, with shoulders relaxed and arms hanging loosely.

10.2) Standing behind the participant, palpate the lowermost tip of the scapula. Locate the
measurement site, two centimeters below the lower tip of the scapula, and place the calipers
there.

10.3) Grasp a sizable fold of skin between the thumb and index finger on a diagonal
approximately 2 centimeters above and to the left of the measurement site. The skin should roll
easily between fingers if it contains only skin and subcutaneous fat. Adjust the skinfold, so that
the measurement contains only skin and subcutaneous fat.

10.4) Place the caliper jaws perpendicular to the measurement site, so that the measurement is
taken parallel to the medial, inferior bone of the scapula. While holding the skinfold, completely
release grip on the caliper lever. Record measurement to the nearest 0.2 tenth of a centimeter
after 4 seconds.
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10.5) Ensure that the caliper dial remains consistent or decreases only minimally after 4 seconds.
A rapidly decreasing measure on the caliper dial indicates that not enough subcutaneous fat has
been obtained. If this is the case, wait two minutes for the compressed skin to return to normal.
Retry the measurement by grasping a thicker fold.

11) Quality Control (QC) Procedures

11.1) Require all staff members, including experienced and new research staff members, to
measure volunteers during the QC sessions. Obtain an equal number of volunteers and staff
members to maximize efficiency. If the study staff consists of 1-3 people, request at least four
volunteers to ensure that reliability is properly assessed.

11.2) Designate one individual to be the gold standard rater for the QC session, either a quality
rater from the research staff or an outside expert. Ensure that he/she has a proven record of
reliability (both intra-rater reliability and reliability when compared to either a skilled auxologist
or a gold standard, such as DXA).

11.3) Have all study staff members conduct each manual anthropometric measure two or more
times on each volunteer.

11.4) Calculate intra-rater and inter-rater reliability after the QC session, using technical error of
measurement (TEM).

NOTE: TEM is used to assess the difference between two measurements that is attributable to

measurement error*?2, TEM is the square root of measurement error variance: TEM=,/Xd2/2N,
where d? is either the difference between repeated measurements by each research assistant
(intra-rater reliability) or the difference between the sum of the anthropometry expert’s replicates
minus the sum of a research assistant’s replicates (inter-rater reliability)2.

11.5) Identify staff members whose inter- or intra-rater TEM values fall outside of the
predetermined TEM range of acceptability'*. Provide more training for staff members whose
anthropometric measures fall outside of the acceptable range, prior to allowing field data
collection from study participants.

REPRESENTATIVE RESULTS:

This analysis addresses precision of the manual anthropometric measurements using data
generated from quality control (QC) procedures, and evaluates intra-rater measurement error by
Technical Error of Measurement (TEM) 2. TEM ranges of acceptability are based on
calculations of repeated intra-rater anthropometric measures, where 95% of measurement
discrepancy is due to factors other than rater imprecision> 4. A higher TEM indicates greater
variability among measurements. Acceptable measurements, as analyzed in relation to TEM
ranges of acceptability, fall below or within TEM ranges of acceptability. Large TEM values,
that is TEM values above the range, indicate unreliability and indicate need for additional
training. In this analysis, we present TEM values both in native units and in percent TEM,
calculated by (average TEM/mean of the measure)*100, to compare across multiple
anthropometric measures with different units.
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Table 1 shows intra-rater TEM values from a QC session the Project Viva research team
conducted on five healthy adult female volunteers. Six research assistants measured the
volunteers repeatedly for a maximum of 60 times per anthropometric component. Each woman
provided 55 measures, on average. TEM values fell within the range of acceptability for each
measure, indicating low variability between measurements and thus accurate technique!?!4,
Research assistants most precisely measured height (% TEM = 0.2) followed by hip
circumference (% TEM = 0.7). Research assistants were least precise at measuring subscapular
skinfold thickness (% TEM = 7.4) and triceps skinfold thickness (% TEM = 6.9). Two members
of the research staff achieved TEM values for waist circumference that were above the range of
acceptability (TEM = 2.1; TEM = 3.0), signaling need for further training.

Data used to calculate TEM values are presented in Figure 4 and Figure 5. Figure 4 shows all
height measurements obtained at the QC session described above. Each volunteer provided an
average of 11 height measurements. Height measurements ranged from 151.4 cm to 166.4 cm
amongst the five volunteers. Individual volunteer variation ranged from 1.3 cm (for the volunteer
represented in red) to 4.1 cm (for the volunteer represented in orange) across all six raters. Most
height measurements were within 1.0 cm of each other. The research assistant represented by
circles was least accurate in measuring height, with several outlying measurements. This signals
need for more training. Figure 5 shows all subscapular skinfold thickness measurements obtained
at the QC session. Skinfold thickness measurements ranged from 8.6 cm to 33.8 cm amongst the
five volunteers. Volunteer variation ranged from 1.6 cm (for the volunteer represented in blue) to
9.6 cm (for the volunteer represented in green). Research staff members experienced greater
inter-rater reliability for subscapular skinfold thickness measurements than for height
measurements.

Table 2 is adapted from a previous analysis by Boeke et al.! on 1,110 Project Viva participants
measured during mid-childhood (age 6.5-10.9 years). This table addresses accuracy of manual
anthropometric measures of body fat, expressed as Spearman correlations with gold standard
DXA measures. DXA fat was highly correlated with all manual anthropometric measures
including weight (rs=0.80), waist circumference (rs=0.81), and sum of triceps + subscapular
skinfold thickness (rs=0.90) but was less strongly correlated with height (rs=0.47).

FIGURE LEGENDS:
Figure 1: Location of the mid-axillary line. A coronal line halfway between the anterior and
posterior axillary lines®,

Figure 2: The Frankfort plane. A horizontal plane that passes through the inferior margin of
the orbit and the tragion (notch above the tragus of the ear) 6.

Figure 3: Anatomy of the shoulder. Shoulder anatomy includes the acromion process,
identified in red'’.

Figure 4: Scatterplot of height measurements. Height measurements (cm) taken by six

research assistants during QC session on five adult female volunteers. Each volunteer is
represented by a different color. Each research assistant is represented by a different shape.
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Figure 5: Scatterplot of subscapular skinfold thickness measurements. Subscapular skinfold
thickness measurements (cm) taken by six research assistants during QC session on five adult
female volunteers. Each volunteer is represented by a different color. Each research assistant is
represented by a different shape.

Table Legends:

Table 1: Intra-rater reliability (within measurer). Technical error of measurement (TEM) for
each of the anthropometric measures, within each individual measurer. Data from six Project
Viva research assistants performing repeated measures on five adult women.

TEM calculated as /Zd2/2N, where d? is the difference between repeated measurements by
each research staff member (intra-rater reliability)*2. A higher TEM indicates greater variability
within the repeat measurements collected by each individual.

%TEM calculated as (average TEM/mean of the measure)*100

Table 2: Correlations between each of several anthropometric measures and with DXA body fat
among 1110 Project Viva children at 6.5-10.9 years. Adapted from Boeke et al*.

BMI = body mass index; SS = subscapular skinfold; TR = triceps skinfold; DXA = dual x-ray
absorptiometry

DISCUSSION:

Accurate body composition measures are critical for properly assessing childhood growth in
research studies. Researchers widely accept DXA as a gold standard method, and many criticize
manual anthropometric measures as being imprecise and inaccurate. However, this analysis of
anthropometric techniques to estimate body fat suggests that well-trained research assistants who
follow a standardized protocol can conduct manual anthropometric measures with excellent
accuracy, yielding adiposity estimates that are highly correlated with DXA? In addition to
individual measures, combinations of manual anthropometric measures, such as the sum of
skinfold thickness and weight to height ratio, are highly correlated with measures of DXA body
fat. The purpose of this protocol is to standardize processes for eight commonly used
anthropometric measures, to improve accuracy and allow comparison between research studies
and pooling of results.

Critical steps within the protocol

Accurate assessment of body composition with manual anthropometry requires sufficient time
for training and the conduct of quality control procedures to ensure precision and accuracy.
Given the lead time required, research assistants optimally should be available for a minimum of
24 months. Equipment should be sturdy and regularly checked for calibration. To achieve high
levels of reliability, raters must follow all steps of the anthropometric protocol precisely, as even
minor alterations affect accuracy. Anecdotal evidence suggests that improper identification of
anatomical measurement sites, hand placement, and tautness of measurement equipment cause
the greatest variation between measures. With attention to detail, the enclosed protocol provides
a clear method of collecting precise measurements yet it also shows that protocol alone is
insufficient to achieve universally accurate results in the field.

Page 11 of 15



Modifications and troubleshooting

Low intra-rater TEM values achieved by research staff members who completed brief but
rigorous training suggest a high level of repeatability. Trainers should provide additional
training, however, to research assistants with TEM values outside of the range of acceptability
for any measurement. To ensure that research assistants achieve precise measures in the field, all
trainees undergo a certification process. Trainees must pass two field QC assessments in order to
be fully certified as anthropometric raters. In this analysis, two raters achieved waist
circumference measures outside of the TEM range of acceptability (as shown in Table 1), thus
did not pass the certification process. These trainees received additional supervision and training
prior to repeating their QC assessments and independent field data collection. While the outlined
QC procedures provide overall confidence in a research assistant’s ability, they do not produce
immediate feedback at the time of the field measurement. One approach to overcoming this
limitation is to have two observers each perform the measurement on the same subject. If
numbers differ, the research assistants can take additional measurements; data analysts may use
the mean of the two research assistants’ measures.

Limitations of the technique

Manual anthropometric assessment requires time and training, with ongoing monitoring of
quality. However, other methods also may require substantial training or other start-up costs in
addition to the costs of the equipment. For example, Massachusetts (where Project Viva is
conducted) requires that anyone conducting a DXA scan be certified as a radiologic technologist
or licensed physician. Project Viva research assistants studied for an average of 60 hours for the
3-hour long test, for which registration cost $425. Additionally, manual anthropometry cannot
directly assess visceral fat, in contrast to some imaging techniques.

Significance of the technique with respect to existing/alternative methods

All approaches to measuring body composition have advantages and disadvantages. Manual
anthropometry can be used at all ages, confers no risks, and has minimal costs. However, the
success of these methods depends on the availability of a stable staff able to spend weeks or
months completing the training procedures and to follow protocols precisely.

Future applications or directions

With minor alterations, these techniques can also be adapted for other anthropometric measures,
such as recumbent length, and chest and thigh skinfolds. In summary, this paper demonstrates
that with training and QC, research assistants can perform manual anthropometric methods for
assessment of adiposity in children with precision and accuracy. These methods are safe, low-
cost, and require minimal, portable equipment and are therefore suitable for field studies among
children.
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Figure 4: Scatterplot of height measurements
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Figure 5: Scatterplot of subscapular skinfold thickness
measurements
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Height Weight Weight: BMI Vglar'st SS+TR DXA fat
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N 1110 1110 1110 1110 1106 1103 875
Mean (SD) 128.8 (7.8) 29.0 (7.9) 0.22(0.05) 17.2(3.1) 60.0(8.3) 19.9(9.8) 7.5(3.9)
Spearman correlation coefficient
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Table 1: Intra-rater reliability (within measurer). Click here to download Table Louer_Table1.xIlsx x
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Comments/Description

Basic Shorr board
(without smooth slide
features) can also be
used. In order to
accommodate the width
of children's hips during
sitting height, the base of
a stadiometer should be
approximately 60 cm wide

or larger.

Scale is used for weight
and bioimpedance. Any
digital, standardized scale
can be used for weight
only.

This model uses a dial
gauge in graduations of
0.2 mm. Models with a
linear gauge are also
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This model uses
compression bands, which
makes it easier to identify
how firmly the tape
measure is being pulled.
The compression band is
not necessary, but highly
recommended.
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10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. [If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole distretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed -Article and Video -License -Agreements from each
strich author. loVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE, JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

1i. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
clalms, costs, and expenses, including attorney’s feas, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, casts,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein ar from allegations or instances of violation
of intellectual property rights, damage to the Author's or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, pracedures or guidelines, liabilities and
other fosses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination pracedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
loVE’s attorney's fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees, To cover the cost incurred for publi'cat]on, JoVE
must receive payment hefore production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial ar production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expensas incurred by JoVE, If payment is
not received hy the completion of filming, production and
publication of the Materials will be suspended until payment is
received,

13. Transfer, Governing law. This Agreement may he
assigned by !oVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the Internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder, This Agreement may be
executed in counterparts, each of which shall be deemed an
ariginal, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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L L] Harvard Medical HarvardPilgrim
% School Health Care Institute

Department of Population Medicine

Emily Oken, MD, MPH
emily_oken@hphc.org
Tel: (617) 867-4835
Fax: (617) 867-4845

September 1, 2016

Dr. Jaydev Upponi

Science Editor

Journal of Visualized Experiments
1 Alewife Center, Suite 200
Cambridge, MA 02140

Dear Dr. Upponi,

Many thanks for your detailed review of our manuscript, Assessment of child
anthropometry in a large epidemiologic study. Below, we address each comment. Please do
not hesitate to let us know whether we can provide any additional clarifications.

Sincerely,

Emily Oken, MD, MPH

Professor and Director of Faculty Development

Department of Population Medicine

Harvard Medical School and Harvard Pilgrim Health Care Institute

Associate Director and Advisor, Oliver Wendell Holmes Society, HMS
Professor in the Department of Nutrition, Harvard TH Chan School of Public Health

Landmark Center, 401 Park Drive, Suite 401, Boston, MA 02215
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Comment 1: Please include an ethics statement at the beginning of the protocol, under the
“protocol” heading.

Response 1: We now specify that “the Harvard Pilgrim Health Care IRB approved all
procedures.

Comment 2: Please define all abbreviations at first occurrence, such as MUAC, etc.

Response 2: We now defined all abbreviations at first occurrence. MUAC is now defined in the
parenthetical reference in the introduction.

Comment 3: Please number steps consecutively (see 9.5 followed by 9.7).
Response 3: All number steps follow a consecutive order. Step 9.7 has been converted to a note.

Comment 4: Table legends should be added to the Figure legend section, and not be included as
a separate file.

Comment 4: We have placed all table legends under the Figure legend section, under a sub-
heading “Table Legends.” We confirmed that no table legends are included as a separate file.

Comment 5: Length exceeds 2.75 pg of highlighted material and should be reduced accordingly.
Response 5: We confirmed that the highlighted section is now less than 2.75 pages.

Comment 6: Line 64 — “among children”

Response 6: We have rephrased this sentence to read “from children.”

Comment 7: 3.7 — “Ensure that at least one point of contact with the back of the stadiometer” —
please clarify and use complete sentences.

Response 7: We have clarified Step 3.7 via complete sentences, to indicate that one or more of
the following four parts of the body should be in contact with the back of the stadiometer: head,
shoulders, butt, or feet.

Comment 8: 9.7 — Please use imperative tense or convert to a note.

Response 8: We have converted Step 9.7 to a note.

Comment 9: Additional detail is required: 7.3 — Is the tape measure placed against skin or
clothing?

Response 9: We added additional information to indicate that the measurement should be taken
over lightweight, tight-fitting clothing.

Landmark Center, 401 Park Drive, Suite 401, Boston, MA 02215



Comment 10: Branding: Introduction — PeaPodTM and BodPodTM
Response 10: We have removed all references to branding from the manuscript.

Comment 11: If your figures and tables are original and not published previously, please ignore
this comment. For figures and tables that have been published before, please include phrases
such as “Re-print with permission from (reference#)” or “Modified from..” etc. And please send
a copy of the re-print permission for JoVE's record keeping purposes.

Response 11: Figure 1, Figure 2, and Figure 3 include proper copyright indicators and are cited
appropriately in the reference section. Figure 4 and Figure 5 are original figures. Table 1 is an
original table. We adapted Table 2 from Boeke et al. (reference 1), and include the appropriate
citation (“Adapted from Boeke et al.). The authors have given consent to the use of this table.
The publication has been published in BMC Pediatrics, with the following copyright policy.

“All articles published in BMC Pediatrics are open access, which means the articles are
universally and freely available online. In addition, the authors retain copyright of their article,
and grant any third party the right to use reproduce and disseminate the article, subject to the
terms of our copyright and license agreement. Allowing the authors to retain copyright of their
work permits wider distribution of their work on the condition it is correctly attributed to the
authors.”

Their copyright and license agreement states the following.

“Open access content has to be freely available online, and through licensing their work under
CC BY authors grant users the right to unrestricted dissemination and re-use of the work, with
only the one proviso that proper attribution is given to authors.”

Comment 12: JoVE reference format requires that the DOIs are included, when available, for all
references listed in the article. This is helpful for readers to locate the included references and
obtain more information. Please note that often DOIs are not listed with PubMed abstracts and
as such, may not be properly included when citing directly from PubMed. In these cases, please
manually include DOIs in reference information.

Response 12: All available DOIs are included in the reference list. All DOIs have been
confirmed via original journal rather than PubMed.

Comment 13: IMPORTANT: Please copy-edit the entire manuscript for any grammatical errors
you may find. The text should be in American-English only. This editing should be performed by
a native English speaker (or professional copyediting services) and is essential for clarity of the
protocol and the manuscript. Please thoroughly review the language and grammar prior to
resubmission. Your JoVE editor will not copy-edit your manuscript and any errors in your
submitted revision may be present in the published version.

Response 13: We have confirmed that the manuscript is grammatically correct.
Comment 14: Reviewer #1 concerns: There are no major concerns. There are no minor

concerns.
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Response 14: No alterations were made to content. Thank you for your review!

Comment 15: Reviewer #2 concerns: There are no major concerns. There are no minor
concerns.

Response 15: No alterations were made to content. Thank you for your review!
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