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a. Introduction 
 

This report was prepared during a workshop to develop guidelines for management and 

analysis of data collected during IAEA supported projects using nuclear techniques (stable 

isotope and dual energy X ray absorptiometry) techniques to assess body composition, total 

daily energy expenditure and infant feeding practices. The guidelines include 

recommendations for handling data from commonly non-nuclear complementary techniques, 

such as bio-impedance analysis, anthropometry and questionnaires. The workshop was held 

in association with the IAEA Collaborating Centre in Nutrition, St John’s Research Institute, 

Bangalore, India, 8-10 October 2012, during a Technical Meeting on ‘Education and training 

in nuclear techniques related to nutrition and non-communicable diseases’ (TM-42646). The 

List of Contributors is included in Appendix I. 

Ethical considerations 
 

• Ethical approval: It is assumed that data were acquired with approval from a local 

human subjects’ protection board. Data that were not acquired under an approved 

study plan should not be analysed. 

• The statistical analysis plan should be written and agreed upon by the investigators 

ideally at the study design stage. This document should be part of the Institutional 

Ethical Review Board (IERB/IRB) application. 

• Training: All of the measures described in this document require the appropriate 

level of training (and potentially certification) to ensure the accuracy and precision 

desired is met. Training may need to be reinforced at intervals, when studies take 

several years to perform. 

b. Study Design 

i. Multicentre studies 

A multicentre or regional study is a trial conducted at more than one centre. 

− Each centre will collect their own data, but the datasets will be compiled for 

analysis. Prior to data collection a consortium agreement should be written 

and agreed upon including the following: a location (i.e. institution) and data 

manager for the compiling of data and thus, the compiled data should be 

agreed upon. This institution (and person) is then responsible for 

disseminating the compiled data and fixing and disseminating again 

subsequent changes or improvements to the dataset. 

− The benefits of a multicentre trial include a larger number of participants, 

inclusion of different geographic locations and a wide range of population 

groups, and the ability to compare results among centres. All this will 

eventually result in a better generalizability of the results. 

− Sometimes some variables cannot be pooled due to differences in genetic, 

environmental, ethnic or cultural backgrounds; or how data was collected. It 

depends on what you want to study and this should be written about in a 

discussion section of an article. 
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ii. Single-site studies 

A single-site study is a trial conducted at one centre without interactions with any 

other centre. 

− The site will usually be responsible for design, conduct and analysis of the 

study. 

− The advantage of a single-site study is that the number of people involved is 

usually small and decisions with regard to design or implementation can be 

taken more rapidly. Furthermore, the study can be designed to meet the 

specific needs/answer the specific questions of the individual centre. 

− Disadvantages could be a limited access to participants and resources. 

iii. Single-site, unified protocol (regional projects) 

In a single-site study with a unified protocol the same protocol is applied in several 

studies at different sites or centres. 

− Each of the sites will collect their own data and do their own data analysis, 

but they will follow the same standardized protocol. 

− The advantage of this kind of study is that results from different sites can be 

compared between each other. 

− The disadvantage is the difficulty of setting up a standardized protocol which 

can be followed by all sites. Also, the limited number of participants per site 

could be a disadvantage. 

c. Data types 

i. General considerations 

Significant digits: Derived values should be reported to the same number of significant 

digits as the original measurement. For example, if waist circumference is measured to 1 

decimal place (e.g. 90.2 cm), then the average waist circumference of a population should be 

reported to 1 decimal place as well. 

ii. Total body water by deuterium dilution 

Use: Measurement of Total Body Water (TBW) by deuterium dilution is undertaken 

following an oral dose of deuterated water (deuterium oxide, D2O). Fat Free Mass (FFM) and 

Body Fat Mass (FM) are estimated from TBW. It can be used in locations remote from the 

laboratory. 

 

Operation: The participant drinks a carefully weighed dose of D2O. Saliva or urine 

samples are collected at baseline and following equilibration with body water (3-4 hours for 

saliva; 5-6 hours for urine). Deuterium enrichment is measured by Fourier transform infrared 

(FTIR) spectrometry (saliva only) or isotope ratio mass spectrometry (IRMS; urine or saliva). 

 

Requirements: 99.8 at.% D2O, FTIR or IRMS, dose weight (g), participant weight 

(kg), enrichment of post dose saliva or urine samples. 

 

Data provided: Physiological end points are determined with the aid of a spreadsheet, 

which calculates total body water (TBW) from the measured deuterium enrichment and the 

dose of D2O consumed.  Quality Control measurements should also be included in the report. 
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The most common variables of interest for nutrition studies are the following: 

− Fat Free Mass, FFM (calculated from TBW using the appropriate hydration factor); 

− Body Fat Mass, FM (Body weight –FFM); 

− Indices such as Fat Mass Index (Fat Mass (kg)/Height (m) squared) 

 

Units: the most common output units are kg FFM or FM, or per cent of body weight 

 

Age Range: TBW measurement is suitable at all ages, from birth to old age 

 

Weight range: TBW measurement is suitable for all weights. 

 

Limitations: Where body fat approaches the minimum compatible with life (approximately 

5-7%), results should be interpreted with care. 

 
Data ranges: (% body weight) TBW 37-72% 

     FFM 50-90% 

   FM 10-50% 

Data screening: 

Low values of body fat can occur when body composition is assessed using isotope dilution: 

a) If there was an error in dosing. The enrichment in body water will be less than 

expected (<600 mg/kg in adults receiving 30 g D2O). 

b) If the assumptions about hydration of FFM are not valid. 

 

References:  

IAEA Human Health Series No. 3 (2009) Assessment of Body Composition and Total 

Energy Expenditure in Humans Using Stable Isotope Techniques. 

IAEA Human Health Series No. 12 (2010) Introduction to Body CompositionAssessment 

Using the Deuterium Dilution Technique with Analysis of Saliva Samples by Fourier Red 

Infrared Spectrometry. 

IAEA Human Health Series No. 13 (2010) Introduction to Body Composition Assessment 

Using the Deuterium Dilution Technique with Analysis of Urine Samples by Isotope Ratio 

Mass Spectrometry. 

IAEA Human Health Series (2013) Body Composition from Birth to Two Years of Age 

 

iii. Assessment of breastfeeding practices 

Use: Assessment of human milk intake by breastfed infants and compliance with WHO 

recommendations of exclusive breastfeeding for the first six months followed by the 

introduction of complementary foods and continued breastfeeding for up to two years, and 

body composition of lactating mothers. 

 

Operation: The mother consumes a carefully weighed dose of D2O. Saliva or urine 

samples are collected from the mother and her infant at baseline and 1, 2, 3, 4, 13, 14 days 

following dose consumption. Deuterium enrichment is measured by Fourier transform 
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infrared (FTIR) Spectrometry (saliva only) or isotope ratio mass spectrometry (IRMS; urine 

or saliva).  

 

Requirements: 99.8 at.% D2O, FTIR or IRMS, dose weight (g), deuterium enrichment 

in saliva samples from mother and baby, mother’s weight on the dose day, Day 0 (kg to 0.1 

kg), baby’s weight, Day 0 and Day 14 (kg  to 0.01 kg). 

 

Data provided: The amount of human milk consumed by the infant, the baby’s intake 

of water from sources other than human milk, and the mother’s body composition are 

calculated using an Excel spreadsheet, which can be downloaded from the Nutrition pages of 

the IAEA Human Health Campus. 
http://nucleus.iaea.org/HHW/Nutrition/MilkIntake/RefsHumanmilkintake/index.html#add 

 

References:  

IAEA Human Health Series No. 7 (2010) Stable Isotope Technique to Assess Intake of 

Human Milk in Breastfed Infants. 

 

iv. Total energy expenditure by the doubly labelled water technique 

Use: An individuals’ total daily energy expenditure is estimated by measuring total carbon 

dioxide output by use of an oral dose of water labelled with deuterium and 
18

O; doubly 

labelled water (DLW). The deuterium is eliminated from the body in water, while 
18

O is 

eliminated as water and carbon dioxide. The difference in elimination rate measured over 

time provides an estimate of carbon dioxide production rate, from which total energy 

expenditure is calculated. In weight stable individuals energy expenditure is equal to energy 

intake, therefore the DLW technique can be used to assess energy requirements, as well as 

energy expenditure, and to validate dietary intake tools. 

 

Operation: The participant drinks a carefully weighed dose of DLW. Saliva or urine 

samples are collected at baseline and for 1-2 weeks following ingestion of the dose. 

Deuterium and oxygen-18 enrichment are measured by isotope ratio mass spectrometry 

(IRMS).  

 

Requirements: 99.8 at.% D2O, 10 at.% 
18

O-water, IRMS, dose weight (g), 

participant’s weight (kg), deuterium and oxygen-18 enrichment in body water samples (saliva 

or urine) on the dose day, Day 0 and Days 1, 2, 3, 12, 13, 14 in adults. 

 

Data provided: A spreadsheet template is used to convert raw instrumental data from 

IRMS to isotope enrichment. This spreadsheet includes QC measurements.  
 

Total energy expenditure (TEE) is calculated using the isotopic enrichment in body water, the 

dose weight, and the measured enrichment of the DLW dose. Body composition can also be 

calculated from the intercept of the elimination curve and the participants’ body weight. If 

resting energy expenditure (REE) is measured by ventilated hood indirect calorimetry or 

estimated from weight and height, physical activity level (PAL) can be determined.  

 

PAL = TEE/REE 

 

The most common variables of interest for nutrition studies are: 
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− Body composition (TBW, FFM; Fat and indices) 

− Total energy expenditure (TEE) 

− Physical activity level (PAL) 

− Energy intake 

 

Units: energy expenditure is commonly measured in kcal/day. It should also be expressed in 

MJ/day.   

 

Age Range:the doubly labelled water technique can be applied at all ages 

 

Weight range: there is no limit to weight range 

 

References:  
IAEA Human Health Series No. 3 (2009) Assessment of Body Composition and Total 

Energy Expenditure in Humans Using Stable Isotope Techniques. 

 

v. Dual energy X ray absorptiometry (DXA) 

Use: DXA provides information on compartments of fat, lean, and bone mass, by regions 

of interest. Whole body scans are the most common scan mode to collect data. The most 

common data type would be the printed report. However, all DXA systems store data in a 

database found on the system. It may be worth linking to this database to directly import the 

patient values. 

 

Operation: The most common variables of interest for nutrition studies are the following: 

− Bone measures include bone area (AREA, cm
2
), bone mineral content (BMC, g), and 

bone mineral density (BMD, g/cm
2
); 

− Fat measures include fat mass (FAT, g), per cent fat (%FAT, %); 

− Lean soft tissue measures include lean mass (LEAN, g), Android/Gynoid ratio.  

− The most common regions of interest are the following: Arms, Legs, Trunk, Head, 

Android, Gynoid, visceral adipose tissue (VAT), Total.  

 

There are a few special indices derived from combinations of the above regions. The most 

common muscle index is appendicular lean mass divided by height squared. Two other 

indices derived from DXA that are similar to BMI are lean mass index (lean mass divided by 

height
2
, kg/m

2
) and fat mass index (fat mass divided by height

2
, kg/m

2
). There is also the 

ratio of the per cent fat of the android region to the gynoid region. It is a similar index to the 

waist to hip ratio.  

 

Limitations:  

− Age range: most DXA systems can acquire and analyse whole body scans of children 

down to 3 years old and through all adult ages.  

− Select DXA systems can also measure infant whole body down to whole body masses 

to 1 kg. Infant whole body scanning requires special scan protocols that are usually 

higher in spatial resolution and with a high sensitivity for detecting very small bones. 

− Weight range: DXA systems have an operating weight range of around 10 kg for 

young children to up to 205 kg, but this range is specific to the machine make and 

model. Systems with the infant whole body option can scan down to 1 kg. 
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References:  

IAEA Human Health Series No. 15 (2011) Dual Energy X ray Absorptiometry for Bone 

Mineral Density and Body Composition Assessment 

IAEA Human Health Series (2013) Body Composition from Birth to Two Years of Age 

 

vi. Bioimpedance Analysis (BIA) 

Use: BIA is used to assess body composition based upon the 2-compartment model (fat and 

fat free mass) of the body.  

 

Operation: Measurements are most commonly of the whole body (wrist to ankle) 

although some instruments also measure body segments (arms, legs and trunk). 

 

Requirements: BIA analyser, height (cm), weight (kg), age (y), sex. 

 

Data provided: Instruments vary in the data that they provide but typically include, 

raw data (resistance (R) and reactance (Xc)) and derived parameters such as fat mass (kg), fat 

free mass (kg), % body fat. 

 

Data output: Data can be provided by visual display on the instrument, printed report and 

electronic file.  

 

Data analysis: Body composition measures are frequently derived using unknown 

proprietary algorithms making recording of raw data mandatory. 

 

Data records: Analyser model and manufacturer, Date of last calibration, Impedance (Z, 

ohm), Resistance (R, ohm), Reactance (Xc, ohm), Phase angle (P, degrees), Fat mass (kg), 

Fat Free Mass (kg), %body fat (%) 

 

Data ranges: Whole body impedance data vary with height and crosssection of the subject 

but values are typically in the ranges: 

− Impedance  300 to 800 ohm 

− Resistance 300 to 800 ohm (approximately 99% of impedance) 

− Reactance 30 to 100 ohm (approximately 5-15% of resistance) 

− Phase angle 2 to 10 degrees 

 

References:  

IAEA Human Health Report: Bioelectrical impedance analysis for the assessment of body 

composition (in preparation) 
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vii. Anthropometry 

Anthropometry provides information on body size (e.g. weight, length or height, waist 

circumference, head circumference) and thus, when compared with data from normal 

populations (references or standards) can provide information on the nutritional status of 

children and adults. Generally, several individuals are involved in data collection and errors 

must be minimized by using adequate training of the personnel and the use of standardized 

procedures. In order to ensure the validity of the measurements collected is important to 

achieve adequate precision within repeated measurements of a single observer and accuracy 

of the measurements between observers (i.e. degree of accuracy compared to a gold 

standard). Simple exercises of standardization prior and during data collection can help 

identify and correct the sources of error that decrease precision and accuracy of the 

measurements.  

 

The WHO provides detailed instructions for weighing and measuring children; the selection 

of the method and the instrument should take into account the setting in which the 

measurements will take place as well the training of the personnel. Independently of the 

method selected is important to write a small protocol of measurement that can be routinely 

consulted by the personnel involved in the data collection.   

 

Achieving adequate precision and accuracy of the anthropometrical measurements is central 

to collecting valid data and therefore, arriving at valid conclusions. In infants and young 

children, weight should be measured to the nearest 0.01 kg (10 g) for assessment of body 

composition or breastfeeding practices. Continuous training of the personnel prior and during 

the data collection phase is critical for attaining precision and accuracy. Some of the 

measurements, such as skinfolds and waist circumference, are more difficult to master; some 

personal characteristics- such as excess weight- or characteristic of the setting- such as 

temperature- also complicates the data collection and such be taken into account when 

planning the data collection. 

 

When performing anthropometric measurements, it is common to use as final result the 

average of two measurements; if there is a discrepancy, it is recommended to take a third 

measurement (and average the two closest measurements). 

 

Standard recommendations for precision of most common anthropometrical measurements 

are provided below: 

− Weight (kg) should be recorded to the nearest 0.1 kg, if measurements are different by 

0.5 kg a third measurement should be performed; 

− Length (if child less than 2y of age, cm) should be recorded to the last completed 0.1 

cm (1 mm), if measurements are different by 0.5 cm a third measurement should be 

performed; 

− Standing height (if  >2y of age, cm) should be recorded to the last completed 0.1 cm, 

if measurements are different by 0.5 cm a third measurement should be performed; 

− Waist circumference (cm) should be recorded to the nearest 0.1 cm (1 mm), if 

measurements are different by 2.0 cm a third measurement should be performed. 

− Head circumference (cm): should be recorded to the nearest 0.1cm (1 mm) if 

measurements are different by 2.0 cm a third measurement should be performed. 

− Arm circumference, should be recorded to the nearest 0.1cm (1 mm) if measurements 

are different by 2.0 cm a third measurement should be performed. 
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Nutritional status is often assessed based on the body mass index (BMI), which is calculated 

from anthropometric measurements. BMI is defined as the weight in kilograms divided by the 

square of the height in metres (kg/m
2
).  

 

For example, an adult who weighs 58 kg and whose height is 1.70 m will have a BMI of 20.1:  

BMI = 58 kg/(1.70 m x 1.70 m) = 20.1 

 

The World Health Organisation recommends the following indicators in adults: 

− BMI < 17.0 indicates moderate and severe thinness 

− BMI < 18.5 indicates underweight 

− BMI 18.5-24.9 indicates normal weight 

− BMI ≥ 25 indicates overweight 

− BMI ≥ 30.0 indicates obesity 

 

In order to assess the nutritional status of a child (< 5 years), the anthropometric 

measurements collected have to be compared with those of children of similar age and sex, 

using the WHO 2006 Child Growth Standards. WHO have produced the Anthro software for 

this purpose. Results are expressed as percentiles or standard deviations (z-scores) of the 

reference population. For children 5-19 y, the WHO published the 2007 Growth Reference, 

and produced the Anthro Plus software. As for children 0-5 y, results are expressed as 

percentiles or standard deviations (z-scores) of the reference population.  

 

The WHO recommends the following indicators (z-scores) for assessing the nutritional status 

of children 0-5 y: 

− BMI-for-age > +3 indicates obesity 

− BMI-for-age > +2 indicates overweight 

− BMI-for-age > +1 indicates possible risk of overweight* 

− BMI-for-age > -2 and < +1 indicates normal growth 

− BMI-for-age < -2 indicates wasted 

− BMI-for-age < -3 indicates severely wasted 

− Length/height-for-age < -2 indicates stunted
#
 

− Length/height-for-age < -3 indicates severely stunted
#
 

− Weight-for-age < -2 indicates underweight 

− Weight-for-age < -3 indicates severely underweight 

 

Notes 

*A plotted point above 1 shows possible risk. A trend towards the 2 z-score line shows 

definite risk. 
# 

It is possible for a stunted or severely stunted child to become overweight. 

 

For children 5-19 y: 

 

− BMI-for-age > +2 indicates obesity 

− BMI-for-age > +1 indicates overweight 

− BMI-for-age < -2 indicates thinness 

− BMI-for-age < -3 indicates severe thinness 
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References: 
WHO Child Growth Standards 

http://www.who.int/childgrowth/en/ 

WHO Training Course on Child Growth Assessment 

http://www.who.int/childgrowth/training/en/ 

WHO Growth Reference Data for 5-19 years 

http://www.who.int/growthref/en/index.html 

WHO Anthro (version 3.2.2, January 2011): Software for assessing growth and development 

of the world’s children. http://www.who.int/childgrowth/software/en/ 

WHO Anthro Plus (version 1.0.4): Software for assessing growth of the world´s children. 

http://www.who.int/growthref/tools/en/ 

WHO Nutrition Landscape Information System. Country Profile Indicators: Interpretation 

Guide (2010) http://apps.who.int/iris/bitstream/10665/44397/1/9789241599955_eng.pdf 

 

viii. Questionnaire 

Use: Questionnaires contain mixed data types that will need to ultimately be transcribed 

into a spreadsheet. Standardized responses should be noted at the design phase including the 

acceptable response. 

1. All the questionnaires that are required for the study should be listed. 

2. The type of data collection should be considered (face to face interview/ telephonic, 

etc.) while developing or choosing a questionnaire. 

3. Adopt a questionnaire that is validated in the same or similar population if any are 

available. 

4. If existing validated questionnaires are used, adapt/modify/translate if required for the 

purpose of the study. The modified questionnaire should be validated in a pilot study. 

5. If a questionnaire is translated for the study, do a back translation and examine the 

two together. 

6. If new questionnaires are developed particularly to assess a parameter (example: 

Infant feeding practice) examine the reliability and the validity of the questionnaire. 

- Method: Test-retest reliability where the same subject is interviewed more than 

once with sufficient gap between interviews.  

- Inter-rater reliability where the same subject is interviewer by two different raters. 

7. A pilot study on a small sample would be an essential exercise. 

8. The questions could have open ended or close ended responses. 

9. Forms to record other data such as dietary recalls/ anthropometry should be 

developed. 

10. The close ended questions should list all options. An additional space for all other 

options (e.g. others Specify:___). 

11. The questions should be laid out in such a way that the administration of the 

questionnaire and recording of data are not difficult. 

12. While phrasing the questions certain guidelines need to be considered 

- leading questions should be avoided; 

- sensitive questions should not be placed in the beginning of the questionnaire. 
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13. Examine if each question is essential towards the study objective 

 

ix. Bod Pod/displacement volume techniques 

Use: Bod Pod (Cosmed srl, Rome, Italy) is a device for measuring total body per cent fat 

using air displacement plethysmography (ADP). ADP works by placing the subject into a 

sealed chamber and varying the pressure inside the chamber to quantify how much of the air 

in the chamber has been displaced by the participant. A second smaller device, called the 

PEA POD, was developed for exclusive use with infants. 

 
Data provided: The variables generated by the Bod Pod are: body per cent fat (%FAT) 

and body density (DENS, kg/m
3
) 

 

Data output: The most common data type for the Bod Pod is the printed report. However, 

there is a text file that can be directly read that contains the body density measures. 

 

Limitations:  
− Body size range: The adult-sized BOD POD has been successfully used with smaller 

body sizes down to about 6 years of age. The manufacturer has also recently 

developed a “Paediatric Option” that is reported to extend the application of the BOD 

POD to about 2 years of age. Fields et al. (2011), reporting the first evaluation of this 

device in 2-5 year olds, found it to provide accurate and precise estimates of %FAT in 

this population. Whether or not, this device with appropriate software can be used to 

cover the age gap of 8 months to 24 month is unknown.  

− The PEA POD ADP instrument can no longer be used when infants reach about 10 kg 

body weight (or about 8 months of age).This is because the test chamber cannot 

accommodate larger body sizes. 

 

References: 

DEMPSTER, P., AITKENS, S., A New Air Displacement Method for Determination of 

Human Body Composition, Med. Sci. Sports Exer. 27 12 (1995) 1692-1697. 

FIELDS, D.A., GORAN, M.I., MCCRORY, M.A., Body-Composition Assessment Via Air-

Displacement Plethysmography in Adults and Children: A Review, Am. J. Clin. Nutr. 75 3 

(2002) 453-467. 

FIELDS, D.A., et al., Evaluation of Air-Displacement Plethysmography Whole Body 

Composition in Children 2 to 5 Years Old Using the 4-Compartment Model as a Criterion 

Method, Pediatric Academic Societies and Asian Society for Pediatric Research (PAS/ASPR) 

2011 Joint Meeting, Denver, CO, USA 1635.2 99 (2011) (abstract). 

ELLIS, K.J., et al., Body-Composition Assessment in Infancy: Air-Displacement 

Plethysmography Compared with a Reference 4-Compartment Model, Am. J. Clin. Nutr. 85 1 

(2007) 90-95. 

IAEA Human Health Series (2013) Body Composition from Birth to Two Years of Age. 
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x. Dynamometry/function (Also called maximal voluntary 

contraction, MVC) 

Use:   A static assessment of skeletal muscle strength. 
 

Operation: Requires motivated subjects and trained observers, and a standardized method 

of assessment. Typically, forearm grip strength (forearm flexors of the digits) is measured, 

and this is called ‘hand-grip dynamometry’. The handgrip dynamometer is a spring or 

hydraulic based instrument that has to be gripped by the hand and squeezed to the best of 

one’s ability. The position of the subject while doing the test should be standardized: they can 

do this while standing with the arm fully extended downward, or while sitting. The subject 

should count to three when they feel they have attained the maximum grip before releasing. 

 

Since ‘handedness’ will alter muscle grip strength based on the subject’s occupation or 

sports, the ‘non-dominant’ hand is measured. That means, in a right-handed person, the left 

hand is measured. Since this is subjective (depending on the motivation), at least 3 repeated 

measurements are required. At least one minute must elapse between readings. Readings 

should be within 10% of each other. If not, the outlier should be discarded. Try and 

standardize this measurement for the same time of day, and metabolic state. 
 

The grip strength can be standardized for one of two variables: a) the forearm muscle area- 

that is calculated from the forearm circumference (circumference at the widest part of the 

forearm), or b) for forearm volume. This is calculated as a truncated cone – this requires the 

forearm circumference, the wrist circumference, and the length of the forearm from olecranon 

to ulnar styloid process.  

 

Requirements: Hand-grip dynamometer (Jamar or Harpenden) 
 

Data provided: The data output is in ‘kg’. The readout is electronic on a scale, or 

mechanical (analogue) with a ‘slave’ pointer that shows the maximum grip achieved. Two 

types of analysis can be done on the output: “average MVC” (meaning average of all three 

readings) and “peak MVC” (meaning the maximum recorded).  The ‘kg’ output can be 

standardized in an approximate manner for the size of the forearm muscle. Forearm muscle 

area can be calculated from the forearm circumference, and forearm volume can be calculated 

as the volume of a truncated cone.  Muscle strength is then expressed empirically as kg/cm
2
 

or kg/cm
3
.     

 

References: 
Data vary between populations.  For an example of normative data: 

http://www.biomedcentral.com/1756-0500/4/127 

http://jhs.sagepub.com/content/early/2009/03/12/1753193408099829.abstract 

d. Confidentiality and Data Security 

Maintaining participant confidentiality is essential in all studies involving humans. Each 

participant should be given a unique identifier. This identifier is linked to personal 

information (name, date of birth, address) only in the master database. This database is only 

accessible by one or two individuals. Keeping personal health identifiers (PHIs) secure 

include the following concepts: 

− Paper records should be stored in a locked cupboard or filing cabinet. 
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− Samples and questionnaires should be labelled only with the participant ID (not the 

name).  

− Paper records should be destroyed after completion of the project.  

− When sharing data by e-mail, it must be anonymised. Personal information should 

never appear on the study spreadsheets, only the study ID.  

− Personal information must not be posted online or included in email messages.  

References: 
UK General Medical Council's Confidentiality (2009) guidance: 

http://www.gmc-uk.org/guidance/ethical_guidance/confidentiality.asp 

American Medical Association: Patient Confidentiality 

http://www.ama-assn.org/ama/pub/physician-resources/legal-topics/patient-physician-

relationship-topics/patient-confidentiality.page 

 

e. Database choice and data analysis tools 
 

Before selecting a software tool for data is important to determine the purpose you want the software 

program to serve: 1) for entry of a database (data management); or 2) for data analysis. Examples of 
both types of software tools and their respective advantages and disadvantages are described below. 

Largely, software programs for study data have been designed for either: database entry and 

management; or for analysis of data, but not both. However, there are exceptions, such as Excel, that 
can handle both database entry and data analysis, but these exceptions are not without limitations that 

are further described below.  

 

 1) Database entry (data management): consists of wanting to enter data collected through 
other means, such as paper forms, into a software program to store the collected data. Most software 

programs designed for database entry also incorporate data management tools. Data management 

tools often include: range and validation checks (e.g. to make sure entered values are within 
biologically plausible ranges); and double data entry (to make sure data is accurately entered from 

original data source). 

  
 Software tools for database entry (data management) include: REDCap; Microsoft Excel; Epi 

Info. 

 

 2) Data analysis: consists of analysing data using statistical tests and graphical methods, 
among other means. Data may have been entered into a database entry tool and then this data may be 

imported into a software tool for data analysis. Software tools for data analysis are not generally 

designed for database entry or database management; however, most data analysis software allows for 
the input of raw data. Yet, this must be done with caution as there is often no way to determine 

afterwards if the raw data entered into the data analysis software accurately reflects the original study 

data, for example.  
 

 Software tools for data analysis include: SAS; STATA; SPSS. 
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i. REDcap 

 

"REDCap” (Research Electronic Data Capture) is a secure,[free], web-based application 

designed exclusively to support data capture for research studies.  

Advantages: REDCap provides:  

− An intuitive interface for data entry (with data validation);  

− Audit trails for tracking data manipulation and export procedures;  

− Automated export procedures for seamless data downloads to common statistical 

packages (SPSS, SAS, STATA);  

− Procedures for importing data from external sources;  

− Advanced features, such as branching logic; calculated fields; and double data entry 

revision. 

Disadvantages: 

− User interface cannot be customized; 

− Not well designed for data entry at time of data capture; 

− Requires an institutional affiliation with REDCap or technical capabilities (e.g. 

technical support; server) at your institution for installation; 

− Main interface and training videos are in English. 

 

References: 
http://www.project-redcap.org/ 

4 minute introductory video: 

http://redcap.vanderbilt.edu/consortium/videoplayer.php?video=redcap_overview_brief01&title

=Brief Overiew of REDCap (4 min)&text=&referer=REDCAP_PUBLIC 

 

ii. Microsoft Excel 

Excel is an electronic spreadsheet program that can be used for storing, organizing and 

manipulating data. 

Advantages: 

− Automatic calculations of values; graphs; macros; simple tables; 

− Excel is easy to use in terms of imputing raw data.  

Disadvantages:  

− As with many tools there is a learning curve to using Excel, especially for data 

manipulation including validation and organization; 

− If Excel database becomes very large, then there is a chance the program will run very 

slowly; 

− Not designed for double data entry; 

− Not free, but included with Microsoft Office. 

 

iii. Epi Info 3.5.1 or less 

Epi Info is a series of freely distributable programs for use by public health professionals to 

manage databases; and includes general database and statistical applications.  
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Advantages: 

− Free to download and use; 

− Regular updates; 

− Controls for limiting data entry errors (Epi-analysis); 

− Data compare does double data entry comparison; 

− Subroutines can be written to automate analysis; 

− Allows import and analysis of other file types; 

− Can export database to Excel and then use other statistical software for additional 

analysis, if desired. 

Disadvantages: 

− Loss of some functions (such as copying and pasting of fields in questionnaire creation 

and of check commands between different fields) reducing the speed of usage; 

− Lack of analytical statistical tools (adjustment analysis, multi-regression analysis); 

− Prone to software problems (i.e. “bugs”) that hinder usage. 

 

References: 
http://wwwn.cdc.gov/epiinfo/ 

 

iv. SAS 

SAS is a powerful software package known for its flexibility by combining programming 

capability with statistical procedures.  

Advantages: 

− Can handle large data sets (handle enormous data files up to 32,768 variables and the 

number of records is generally limited to the size of your hard disk); 

− Has a lot of useful possibilities for data handling; 

− Can perform the vast majority of statistical analyses; 

− Works on many platforms. 

Disadvantages: 

− Requires training to learn; 

− High monetary cost to obtain a SAS license.  

 

References:  
http://www.sas.com/ 

 

v. STATA 

Similar to SAS, STATA is a statistical package used for data analysis, data management, and 

graphics. 

Advantages: 
− STATA is user friendly in that its commands may be utilized through either a “point-

and-click interface” (consisting of windows with drop-down menus) or through 

STATA’s “intuitive command syntax;” 

− Can handle large data sets (handle enormous data files up to 32,767 variables and the 

number of records is generally limited to the size of your hard disk); 
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− Has a lot of useful possibilities for data handling; 

− Can perform the vast majority of statistical analyses that is enhanced with access to free 

user-written commands; 

− Works on many platforms; 

− Lots of free (online and offline) help resources and technical support; 

− Perpetual (continuing) licenses are available for purchase without the need to purchase 

an annual license each year. 

Disadvantages: 

− Requires some training to learn; 

− Moderate monetary cost to obtain a STATA license.  

 

References: 

http://www.stata.com/ 

 

vi. SPSS 

SPSS is another software package for statistical analysis; designed for Windows, Macintosh, 

and Linux systems, respectively. 

Advantages: 

− SPSS is user friendly in that its commands are utilized through modules or windows with 

drop-down menus;” 

− The regular version can handle large data sets; 

− A free temporary license is available for SPSS. 

Disadvantages: 

− Limited scope of statistical tests one may perform; 

− Based on modules within windows rather than a programing or command-based 

interface 

− Requires some training to learn; 

− Moderate monetary cost to obtain a full SPSS license.  

 

References:  

http://www-01.ibm.com/software/analytics/spss/products/statistics/ 

f. Data input and cleaning concepts 

i. Outlier detection 

An outlying observation, or outlier, is one that appears to deviate markedly from other 

members of the sample in which it occurs. Outliers may occur by chance or indicate 

measurement error or a highly skewed distribution of the data variable. In the first case one 

wishes to identify outliers and to eliminate them from the data set, in the second case one 

may wish to identify the outlier but NOT eliminate it from your data set. The task is to 

identify those outliers that arise through error from those that are true data values. This is 

most robustly achieved by statistical analysis.  
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Methods: 

Visual inspection:  plot the distribution of data and look for data points that lie well away 

from the bulk of data. This method is not recommended for definitive determination of 

outlying points. 

Statistical methods:  

1. Box plots may be used and are available in most statistical packages or there are free 

add-ins for Excel that can produce box plots. Outliers are identified as data that lie 

outside the box (25
th

 to 75
th

 percentile) and are typically defined as a value that is 

smaller than the lower quartile minus 1.5 times the interquartile range, or larger than 

the upper quartile plus 1.5 times the interquartile range. An Excel template to make 

box plots is available here:http://www.bloggpro.com/box-plot-downloadable-excel-

template/ 

2. The “3 sigma” method defines outliers as data values that lie outside the range defined 

as the mean of the population +/- 3 times the standard deviation of the data, i.e. 

outside the data range that encompasses 99.73% of all data. 

3. Grubb’s method is a widely used statistical procedure for determining outliers. It is 

particularly easy to use. The ratio (Z) is the difference between the outlier and the 

mean divided by the standard deviation of the sample data including the outlier.  

� = 	
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If Z is large, the value is far from the others.  A table of critical values of Z is 

presented in Table 1 and if the computed Z is greater than the corresponding Critical 

Z (Table1) with respect to the sample size then the value examined value is an outlier. 

An online calculator can be found at 

http://www.graphpad.com/quickcalcs/Grubbs1.cfm  
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Table 1. Critical values for Z for comparison with computed Z for outlier detection 

using Grubb’s method 

 

4. Logical bounds: Boxplots will help detect data values that, on statistical grounds, are 

unexpected and may not be truly a member of the data population. However, it is 

perfectly possible that the data are correct and are true. In such circumstances the 

researcher should assess the data by asking the question “are they biologically or 

physiologically plausible”? For example, when measuring the heights of adults one 

might expect the vast majority of subjects to have heights below 1.9 m. A statistical 

analysis for outliers may deem a subject whose height is 2.1m an outlier yet 

knowledge of the range of heights in adult populations tells us that such heights, while 

rare, are certainly possible. If this is the case then elimination of suspect data points 

from the data set should be approached with extreme caution. 

 

ii. Preselected text responses 
Pre-selected text responses (e.g. drop-down menus or radio buttons) incorporated into 

data management software are a way to avoid errors in data entry. 

 

iii. Double data entry 
Double data entry, meaning that all data is entered twice (by the same or different people), is 

a way to ensure that data used for the data analysis is what was originally collected. 
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g. Quality assurance and QC concepts 

i. Linkage variables 
If data is logged in separate spread sheets for the same participant, a unique linkage variable 

should be picked that links the tables together. Patient name should not be used since it is not 

unique.  

ii. Handling missing values 
What to do with a zero, versus a missing value. Many times missing values are noted using a 

special input that would not be in the standard range such as 999. 

iii. Keeping data de-identified 
Best practices are to not store personal health information (PHI) with other study data. PHIs 

should be stored in a file that is locked away in someone’s office. A participant should be tied 

to their PHIs by a study ID. The study ID is what you use in your data tables. PHIs include 

the following: name, address, phone number or social security number. A study identifier 

should be used. 

iv. Naming variables 
Variable names should not contain special characters or spaces to be compatible with most 

statistical programs. Commonly used variable name rules are as follows: 

− Variable names may be up to 32 characters in length. 

− The first character must begin with an alphabetic character or an underscore. Subsequent 

characters can be alphabetic characters, numeric digits, or underscores. 

− A variable name may not contain blanks. 

− A variable name may not contain any special characters other than the underscore. 

− A variable name should not be case sensitive. For example, cat, Cat, and CAT all 

represent the same variable. 

− Avoid names of special automatic variables that may be commonly used (such as _N_ 

and _ERROR_) or variable list names (such as _NUMERIC_, _CHARACTER_, and 

_ALL_) to variables. 
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h. Statistical Analysis 

 
Definitions of terms used in this section: 
 
Descriptive statistics 
Statistical techniques used to describe or summarize the data. 

 

Inferential statistics 
Statistical techniques used to draw conclusions from the data. 

 

Data locking 
Finalizing the data with no further modification to the data before statistical analysis but after 

data cleaning and checking. 

 

The statistical analysis plan should be written and agreed upon by the investigators ideally at 

the study design stage but surely before locking the data set for statistical analysis. This 

document should be part of the Institutional Ethical Review Board (IERB/IRB) application. 

Step 1:Prepare a Statistical Analysis Plan (SAP) 

 
SAP detailed: The analysis plan could be a detailed document mentioning the descriptive 

analysis that will be performed for all the important parameters of the study. Inferential 

statistical methods that will be adopted to examine the primary and secondary objectives of 

the study should be provided. Any sub analysis that is planned can also be mentioned in this 

document. The level of significance that will be used for statistical significance and the 

statistical software that will be used should be mentioned. 

     OR 

SAP short: A document that specifies the inferential statistical methods for the primary and 

secondary objectives of the study should be provided. The level of significance that will be 

used for statistical significance and the statistical software that will be used should be 

mentioned. 

Step 2: Preparation of data for analysis 

i. Examine the data to confirm that all variables are within the limits set for the specific 

variables, detect outliers and make sure they are all valid data points. 

Method : 

− Frequency distribution,  

− minimum, maximum,  

− Box-whisker plots 

 

ii. Data from different sites/forms /questionnaires used in the study should be combined 

into a single data file. This can be restricted to variables that will be analysed 

together. 
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Method:  

− Merge the data for different questionnaires using subject ID as the unique identifier. 

 

iii. If data is from a longitudinal study and the objective is to examine the data over time 

combine the different time points data. 

Method:  

− Merge the data for different time points using subject id as the unique identifier. 

o The time point data can be identified by number indicator 

e.g. Weight_T1, Weight_T2, Weight_T3 

− Always recheck the merged file against the original files to confirm data integrity and 

ensure that merging is correct. 

Step 3: Data analysis 

Descriptive statistics  

− Visual examination of the data can be very useful for example to detect outliers as 

described above; 

− Frequency distribution and cross tabulation for categorical data; 

− Examine normality of the data; 

− If data are continuous and normally distributed then use Mean±SD; 

− If data are not normally distributed then use Median (Quartile1, Quartile3)/ Geometric 

mean (Geometric Mean±1SD). 

Inferential statistics 

− The choice of analytical method should be based on the: 

� Type of variable; 

� Independent or dependent data (unpaired, paired, longitudinal 

data). A table that can aid in the choice of appropriate statistical 

technique is available in this link 

http://www.unesco.org/webworld/idams/advguide/Chapt1_5.htm 

� Number of groups being compared; 

� Use parametric tests only if the data is normally distributed else 

consider transforming the data or using non-parametric tests. 

− Perform appropriate bivariate analyses first e.g. t-test, correlation coefficient, Chi-

square test etc. 

− Identify potential confounders and effect modifiers; 

− Perform multivariable analyses based on significances observed in univariate analysis. 

In order to identify factors associated with an outcome, regression based methods 

could be used. Example: Logistic regression could be considered if the outcome 

parameter is binary, linear regression if the outcome parameter is continuous and 

there is a linear relationship between the outcome and the independent parameters. 
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Further listing of multivariable techniques based on the problem of interest is 

available in http://en.wikipedia.org/wiki/Multivariate_statistics 

− If outliers are identified in the data set and they are confirmed to be valid data, then do 

the statistical analysis retaining the outlier in the data set. Repeat the analysis 

excluding the outlier. Examine the results obtained from both the analyses. If the 

results obtained are different, then it means that the outlier influences the results and 

then a decision on retaining/removing the outlier should be made in consultation with 

the study investigators. Another option would be to use a non-parametric statistical 

method which will not be influenced by outliers. 

 

Fig. 1. Decision Tree for statistical techniques 

 

The reporting of results of the analysis should be carefully considered 

- The interpretation of the statistical analysis should be made jointly by the study 

investigators and the statistical/data analyst; 

- Reporting data with the correct level of precision for the parameter is essential: do 

not report more decimals than required. 
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j. Publication and presentation 
 

Dissemination of results/progress reports is important to keep stakeholders informed and 

to inform the wider scientific community. At the project design phase, the main objective 

should be defined. What is the main purpose of the study? Who are the expected end-

users of the information gathered? This information will be a guide to finding appropriate 

places for dissemination of results. 

i. Authorship and permissions 
Preferably before data analysis, authorship (i.e. what names will be listed as 

authors on a publication) should be discussed. It should be discussed what role 

each author will contribute to the manuscript. All authors must approve both the 

authorship list and contributions; and the final manuscript. 

ii. Finding the right journal 
Do a literature search (e.g. using Pubmed, http://www.ncbi.nlm.nih.gov/pubmed/ ) 

to find out where other authors are publishing in your area of interest. Do not be 

afraid to submit to high ranking journals. You will receive valuable feedback from 

the reviewers, even if the manuscript is not accepted. Many journals have cost 

waivers for low-income countries or settings. 

iii. Finding the right national government agency 
All IAEA TC projects should be linked to a national health priority. Before the 

project starts (at the planning/concept stage), contact the relevant ministry (usually 

the Ministry of Health). Make an appointment to brief the relevant technical 

person about the project. Obtain copies of any relevant documents related to the 

outcome of the project. The outcome should address a need identified in the 

document. Keep the relevant government agencies (and IAEA) informed of the 

outputs of your project.  

iv. Format 
Read the ‘Instructions for Authors’ carefully. Your paper may be rejected if it is 

not formatted according to the instructions. You can follow the style of other 

publications related to your area of interest. 
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The usual content is: 

Abstract/Summary: The last thing you write! 

Background/Introduction: Summary of the reason for doing the work and other 

relevant publications in this area. The final sentence should be a statement of the 

objective of the study or the hypothesis being tested. 

Methods: Including a statement about the ethical approval process. Do not 

include results in the Methods section. 

Results: Use summary tables and graphs, but do not repeat information from 

tables in the text: refer to the table. All figures and tables must be referred to in the 

text. Do not include discussion in the results section. 

Discussion: How your work relates to other research/information in this area. 

What were the limitations of your study? Do not repeat the results in the 

discussion section. 

Conclusions: How the results relate to the original objective/hypothesis. 

Acknowledgements: Thanks to financial supporters and anyone who helped with 

the work or informally reviewed the document, but are not listed among the 

authors. 
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