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What is already known about this subject 

 

 Systematic reviews on the effectiveness of treatment programmes for childhood obesity 
consistently report inadequacies in the conduct and reporting of trials 

 There is a lack of consensus on which outcome measures to use in trials of childhood obesity 
treatments 

 Lack of consensus and inadequate reporting limits our understanding of which treatments are 
effective  

 

What this study adds 

 

 This study identified existing outcome measures that have been used in the evaluation of 
childhood obesity treatments and those that have been developed for such use 

 Identified measures were appraised for quality in order to develop a framework of 
recommended outcome measures 

 This framework (The CoOR framework) will enable consistency in outcome measures used in 
future evaluations of childhood obesity treatments, to researchers and those working in policy 
and practice  
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Abstract 

Introduction  
Consensus is lacking in determining appropriate outcome measures for assessment of childhood 
obesity treatments.  Inconsistency in the use and reporting of such measures impedes comparisons 
between treatments and limits consideration of effectiveness. This study aimed to produce a 
framework of recommended outcome measures; The Childhood obesity treatment evaluation 
Outcomes Review (CoOR) framework.   
 
Methods 
A systematic review including 2 searches was conducted to identify (1) existing trial outcome 
measures; (2) manuscripts describing development/evaluation of outcome measures.  Outcomes 
included: Anthropometry, diet, eating behaviours, physical activity, sedentary time/behaviour, fitness, 
physiology, environment, psychological well-being and Health Related Quality of Life. Eligible 
measures were appraised by the internal team using a system developed from international 
guidelines; followed by appraisal from national external expert collaborators. 
 
Results  
25,486 papers were identified through both searches.  Eligible Search 1 trial papers cited 417 
additional papers linked to outcome measures, of which 56 were eligible. A further 297 outcome 
development/evaluation papers met eligibility criteria from Search 2. Combined, these described 191 
outcome measures.  After internal and external appraisal, 52 measures across 10 outcomes were 
recommended for inclusion in the CoOR framework. 
 
Conclusion 
Application of the CoOR framework will ensure greater consistency in choosing robust outcome 
measures that are appropriate to population characteristics. 



 

5 

 

Introduction 
The degree to which weight management leads to reduction of obesity is reflected by measuring 
change in outcomes following participation in an intervention compared to controls. Outcomes either 
directly measure a definitive clinical change, (e.g. primary outcome of obesity such as weight loss); or 
assess proximal/secondary outcomes (e.g. change in diet) that impact on the primary outcome. In trial 
design, choosing appropriate outcomes is essential.  Inappropriate outcomes will result in data that 
are inaccurate or biased and that do not indicate the effectiveness.  Moreover, collection of data using 
poorly chosen outcomes is a waste of resources for the researchers and participants 

(1)
. Inappropriate 

selection of outcomes in childhood obesity research is likely due to the uncertainty about which are 
most relevant to children and their families 

(2)
.  Furthermore, there is a lack of knowledge of which can 

be most reliably measured.   

 
The lack of consensus in determining appropriate outcome measures for the reliable and valid 
assessment of childhood obesity interventions restricts comparisons between interventions, partly 
because of a shortage of validated outcome measures available, but also because selected outcome 
measures differ between studies.  Such a lack of consistency impedes the progress of childhood 
obesity research.  The aim of this study was to perform a systematic review to identify existing 
outcome measures used in childhood obesity treatment evaluations and appraise their quality in order 
to create a framework; ‘The Childhood obesity Outcomes Review (CoOR) framework’ containing 
recommended primary and secondary outcome measures.     
 
Methods 
A mixed methods approach was used to develop the CoOR framework, including a systematic review, 
followed by a quality appraisal study to identify robust measures. 
Systematic Review: 
Two literature searches were performed.  Search 1 identified randomised controlled trials, pilot and 
feasibility studies of childhood obesity treatment evaluation studies with the intent of identifying 
outcome measures (and corresponding citations) already used in trials. Included outcomes and 
outcome measures are shown in Table 1. Search 2 aimed to directly identify manuscripts describing 
the development and/or evaluation of outcome measures intended for use in childhood obesity 
intervention evaluations.  Both searches were conducted from August 2011 to October 2011 in 
databases: MEDLINE, MEDLINE in process, EMBASE, PsycINFO, HMIC, AMED, Global Health, 
Maternity and Infant Care (all Ovid); Cinahl (EbscoHost); Science Citation Index (WoS); and the 
Cochrane Library (Wiley) from the date of inception, with no language restrictions. Unpublished 
literature were sought by searching Inside Conferences, Systems for Information in Grey Literature 
(SIGLE), Web of Science Conference Proceedings Citation Index- Science (Thomson) and 
ClinicalTrials.gov.  The same eligibility criteria were applied for each of these additional sources. Two 
reviewers (MB and LA) conducted both searches (with agreement of 98% and 96% for Searches 1 
and 2 respectively).  Disagreements were resolved by discussion. Full search strategies for all 
searches are available upon request from the author. 
 
Eligible Search 1 studies included children (≤18 years) and should describe the evaluation of any 
intervention to treat obesity, including lifestyle, drug and surgery interventions. Studies without a 
primary outcome of obesity reduction (e.g. weight loss, BMI or adiposity reduction) were not included.  
For Search 2, methodological studies describing the development and evaluation of outcome 
methods were eligible, including quantitative measurement, qualitative assessment, feasibility and 
psychometric studies. As with Search 1, studies had to include evaluation in children.  Studies 
comparing different cut off points, population equations or standards of population based criteria were 
not included.    
 
In addition to study characteristics, extraction forms gathered data related to outcome measurement 
development (e.g. conceptual framework, involvement of users) and outcome measure evaluation.  
Specific sections within reliability included: Internal reliability (e.g. internal consistency); test re-test; 
and inter-rater reliability.  Validity sections included: Internal validity (e.g. factor analysis); criterion 
validity (with pre-specified ‘permitted’ gold standard/criterion measures); convergent validity 
(described here as the association with another measure, aimed at assessing the same or similar 
construct(s)); and construct validity (i.e. ability of a tool to measure the concept being studied).  Data 
describing face and content validity were extracted as part of the outcome measurement 
development.  Sample size was recorded for each type of evaluation.  Data were ‘double-extracted’ 
by two authors (MB and LA) to reach 100% agreement. 
 
Quality appraisal of outcome measures 
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Measures were appraised for quality in order to identify those which demonstrated rigorous methods 
in both development and evaluation procedures.  Appraisal involved two stages: (1) Internal appraisal; 
and (2) external appraisal. 
 
Internal appraisal: Principles of international guidelines 

(3, 4)
 were drawn upon to appraise rigour (i.e. 

development and measurement properties) of outcome measures meeting eligibility criteria.  
Measures within outcome domains were specifically appraised according to its construct and/or 
clinical context since strict adherence to any individual guideline was not always appropriate.  For 
example, physiological measures such as blood lipids were not expected to have involved patients at 
the development stage, nor present data on item reduction.  Specific characteristics that were 
included were: concepts being measured; number of items; conceptual framework; intended use; 
population for intended use; data collection method; administration mode; response options; recall 
period; scoring; weighting; format; and response burden.   A scoring system was also applied to 
secondary outcome measures, based on quality in the conduct and results of evaluation where 
appropriate and ranged from 1-4 (with 1 being the lowest). These were developed from criteria set by 
the international guidelines 

(3, 4)
, in addition to previous research conducted by the lead author 

(5)
.  Two 

members of the CoOR internal team (MB and LA) then used this information to classify each of the 
primary and secondary measures into one of 3 categories (by discussion and consensus) in relation 
to their confidence of whether or not each measure should be recommended for inclusion into the 
CoOR framework: (1) ‘certain: good evidence, fit for purpose’ (2) ‘certain: poor evidence, not fit for 
purpose’ and (3) ‘uncertain, requiring further consideration’.  Tools were only placed into Category 1 
or 2 providing mutual agreement had been established. Category 1 was only assigned when the tool 
was clearly highly robust in terms of development and evaluation.  Similarly, Category 2 was only 
assigned when the tools was very poorly developed and evaluated. Any disagreements were placed 
into Category three to be further discussed at the expert appraisal meeting.   
External appraisal: Results of the systematic review and internal appraisal were reviewed by the 
CoOR Scientific Advisory group; consisting of obesity experts with specific proficiency in each 
outcome, in addition to methodological experts.  Prior to a face-to-face meeting, experts were asked 
to consider factors such as: appropriateness domain of categorisation; obvious omissions (including 
knowledge of modified versions of outcomes); and personal and theoretical experience of use of 
outcome measures.  During the meeting, discussions began by reviewing the internal appraisal 
decisions 1 (certain, fit for purpose) and 2 (certain, unfit for purpose).  Disagreements resulted in 
measures being re-categorised as 3 (uncertain, requiring further consideration).  All outcome 
measures that had been given an appraisal decision of 3, were then more fully discussed.  
Justifications for decisions were provided at the meeting and final rulings were based on consensus.  
All final decisions contributed towards the development of a provisional framework, which was later 
forwarded to each expert to secure their final agreement. 

 
Results and Discussion 
Combined, Searches 1 and 2 identified 25,486 manuscripts.  A further 25 were identified through 
hand searching (grey literature and review citations).   Of these, 14,419 were Search 1 trial 
manuscripts and 11,092 were Search 2 methodology manuscripts. Screening for eligibility at both the 
title and abstract stage and the full paper review resulted in the inclusion of 200 trial manuscripts from 
Search 1.  After data were extracted from these papers, 417 further linked citations for outcome 
measures used by the trials were identified.  However, only 56 (13%) correctly cited manuscripts 
which met eligibility criteria for inclusion as methodology papers.  Screening of Search 2 methodology 
papers resulted in the inclusion of 320 manuscripts meeting eligibility criteria.  Combined with Search 
1, a total of 376 manuscripts were identified that described 180 outcome measures.  Discrepancies 
between the number of manuscripts and the number of studies was a result of manuscripts evaluating 
more than one measure, and measures in which there were multiple manuscripts describing their 
evaluation. 
 
Of the 180 measures that were appraised, 52 outcome measures across 10 outcome domains were 
recommended for inclusion to the CoOR outcome measures framework (Table 2).   

 
Recommended primary outcome measures were BMI and DXA.  Inclusion of BMI was, in part, based 
on the feasibility of its use and the ability to ensure comparability between evaluations.  Fifty seven 
per cent of the eligible trials identified by the review reported using BMI (or a derivative of BMI) as a 
primary outcome.  While the evidence of validity offered by the methodology studies within the review 
was inconsistent for BMI, experts agreed that it can be reliably measured, provided that 
administrators are well-trained and equipment is regularly calibrated. However, limitations of BMI 
were also acknowledged.  Primarily, BMI does not provide any information about body composition 



 

7 

 

(including adiposity) or fat distribution.  This caveat needs to be considered particularly in studies that 
evaluate interventions focused on physical activity (especially those focussed on strength training).    
However, most childhood obesity programmes are multi-faceted, composing a variety of lifestyle 
interventions.  If feasible, the CoOR framework also advocates the use of DXA, which is also a proxy 
measure of adiposity, but is able to provide estimates that differentiates between fat and lean tissue.  
The equipment needed to conduct DXA measurements is expensive and though widely available in 
hospital settings, may not always be available for research purposes, especially in community 
settings; thus, the CoOR framework suggests that DXA is supported with measurement of BMI to 
allow comparisons between intervention evaluations. 

 
Recommended secondary outcomes have been provided for all included outcome domains.  
However, researchers are advised to only include measures that will assess what they expect to 
change following an intervention, or what they believe will mediate such changes.  Thus, it is not 
necessary to include a measure from all outcome domains in every programme evaluation.  Similarly, 
where multiple measures are advocated within an outcome domain, researchers are advised to 
consider which measures are most closely aligned to the intervention targets and, where available, 
choose a measure that has been developed in a population most similar to the intended sample.  
 
Experts agreed that objective measurements must be used in all outcome domains where available 
(i.e. activity monitors instead of self-reported physical activity) and where objective measures are 
available, no self-reported measures were recommended.  Although findings from the systematic 
review indicated that some self-reported measures were well developed (e.g. 

(6-8)
) validity evidence 

was generally less strong compared to objective measurements.  The dependence of  weight status 
on reporting (likely attributable to social desirability bias) was apparent in findings from self-reported 
measures (e.g. 

(9-11)
) and was an issue discussed by experts incorporating wider evidence 

(12, 13)
. For 

some outcome domains, it is not possible (e.g. psychological well-being) or feasible (e.g. dietary 
assessment) to use objective measures.   
 
Measures identified by the review included those that assess sedentary behaviour, which would 
capture specific sedentary activities (e.g. time/frequency of watching TV); and sedentary time, which 
measures the total time spent being inactive.  Only one sedentary time outcome measure; 
‘accelerometry’ was recommended by experts.  Accelerometers are not able to measure sedentary 
behaviours; only sedentary time.  Thus, experts have only recommended a measure of sedentary 
time.  Experts agreed that objective measurement of physical activity and sedentary time (and 
behaviour) will continue to improve and newer measures such as Actiheart and Sensewear bands 
may be recommended in the future.  
 
Caveats for almost all recommended dietary measures are noted; primarily related to the need to 
conduct further evaluation for validity and reliability evidence.  All of the recommended dietary 
measures were food frequency questionnaires (FFQs). Exclusion of food diaries and recall 
methodologies was based on evidence presented by the review, suggesting that validity of these 
measures was poor in obese children.  Additionally, evidence of reliability was lacking, with no test re-
test reliability evaluation conducted in the identified food diary studies and in only two studies 
evaluating it for recall methodologies in obese children.  Overall however, it was difficult to identify a 
measure of diet that all experts agreed they would highly recommend.  It was acknowledged that 
many decisions made by experts were applicable to the intended use as a secondary outcome 
measures in trials evaluating childhood obesity treatments, which may not apply in other study 
designs or different populations.  For example, experts did not suggest that food diaries should not be 
advocated in studies with a primary outcome of diet.  When choosing a diet measure, the original 
methodology manuscript should be reviewed to ensure that it is robust for nutrients or foods that will 
be targets for change in an intervention, since validity and reliability findings usually differ between 
these.    

 
Experts noted that physiological outcomes have potential to be primary outcomes given that they are 
indicators of cardiovascular health are associated with obesity.  Furthermore, evidence presented by 
the review and wider evidence outside of obesity research indicates that many physiological 
outcomes can be measured with a high degree of precision (and are often feasible to obtain from 
routine clinical measurement).  However, within evidence specific to research in obese children, only 
‘indices of insulin sensitivity’ offered a sufficient degree of validity evidence (with many studies 
demonstrating criterion validity comparing against a gold standard of the Hyperinsulinaemic-
euglycaemic clamp test).  It is important to note that there was considerable debate around what 
constitutes a clinically meaningfulness change of physiological measures for childhood obesity 
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treatment evaluations.   A further scoping search was conducted by the team with inclusion of terms 
specific to all physiological measures and criteria /cut-offs to determine whether wider evidence of 
what is clinically meaningful existed outside the knowledge of the experts.  However, this did not 
identify any further data within an obesity paediatric population.  Given that other outcome domains 
also lack information on what is clinically meaningful, the team decided to continue to advocate 
‘indices of insulin sensitivity’ to the framework.  Experts agreed that these offer good surrogates for 
insulin sensitivity, provided pubertal status is taken into account.  There was some concern about the 
sensitivity of these indices in small samples, and other methods to assess insulin sensitivity may be 
more appropriate for individuals or small groups (eg. hyperglycemic clamp).   However, there are clear 
practical limitations to their use in children.  

 
All identified QoL measures in the review lacked preference weights and are therefore not able to 
calculate Quality Adjusted Life Years (QALYs).  Instead, these measures derive scores for varying 
dimensions of health statuses.  They have been defined as Health Related Quality of Life measures 
within the CoOR framework.  They should not be considered as outcome measures specifically for 
economic evaluation unless used in cost effectiveness evaluations of interventions with a primary 
target of QoL.  However, for evaluations of childhood obesity interventions, a more likely measure to 
establish cost effectiveness is that of the primary outcome (i.e. cost per unit of reduction in BMI).   The 
team are aware of research in which utility measures are being developed for use in obese paediatric 
populations.  Unfortunately, these were not available at the time of the review.  
 
To conclude, the CoOR framework provides clear guidance to researchers and those working in 
policy and practice regarding recommended measures for use in evaluations of childhood obesity 
treatment interventions.  This should encourage a greater adoption of well validated tools and ensure 
comparability between different studies or treatment interventions. It is recommended that further 
research should be conducted in the development and evaluation of preference based measures for 
cost utility analysis in line with NICE guidance.  Further research is also recommended to ascertain 
responsiveness of the recommended measures (ability of a measure to measure a clinically important 
change).  Ascertainment of a minimally important difference is also recommended and should be 
based on consensus by clinical and academic experts and by children and their parents.  Finally, 
there is also a lack of consistency within measures used in the evaluation of treatment of obesity in 
adults; and it is suggested that similar work to is conducted to fill this gap in evidence.  
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Table legend 

Table 1. Included primary and secondary outcomes 

Table 2.  The CoOR outcome measures framework 

Figure 1. Flowchart of methodology 
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Supplementary Table 1.  Criteria used to allocate robustness scores for evaluation of quality 
 

 
Measurement development and reporting 
 

The concept to be 
measured was clearly 
stated (rationale and 
description). 

 4=strongly agree (concepts are named and clearly defined)   
3=agree (concepts are named and general described) 
2=disagree (concepts only named, but not defined)  
1=strongly disagree (concepts are not clearly named or 
defined) 

Was a theoretical or 
conceptual framework 
used or referenced? 

4=strongly agree (theory/framework used as a basis for 
development)  
3=agree (theory/framework named and incorporated) 
2=disagree (theory/framework named but not used) 
1=strongly disagree (no theory/framework described) 
0=N/A= (biochemical/anthropometry, direct measures/ 
observations) 

Populations that the 
measure was intended 
for were adequately 
described. 

 4=strongly agree (describes at least 4 characteristics 
including: age, gender, race/ethnicity, and SES) 
 3=agree (3 characteristics reported) 
 2=disagree (2 characteristics reported) 
 1=strongly disagree (no characteristics reported) 

Were the populations 
that the measure was 
intended for involved in 
measurement 
development? 

4=strongly agree (at least 3 methods of involvement 
including: part of study team, steering committee, pilot 
testing, cognitive interviews/focus groups) 
3=agree (involved using at least 2 methods) 
2=disagree (populations minimally involved in 1 method) 
1=strongly disagree (populations not involved) 
0=N/A (biochemical/anthropometry) 

Measurement evaluation 

 Sample 
size 

Appropriate stats1 Results/findings 

Internal 
consisten
cy 

≥5 
participants 
per item 

Cronbach  
KR-20 
Split half 

 ≥0.7 

Test re-
test 
reliability 

≥50 Spearman 
Pearson 
Kappa 
Agreement 

r ≥0.4 
Kappa ≥0.4 
Agreement (not used to score- 
but reported for comparisons) 

Inter-rater 
reliability 

Study 
specific 
(depending 
on design) 

Pearsons/ICC/rho= 
Kappa K=  
Kripendorffs alpha 

r ≥0.4 
Kappa >0.40 

Factor 
analysis 

≥5 
participants 
per item 

Eignevalue 
Factor loading 
% variance 
 

Eigenvalue= >1 
Factor loading= High >0.6, 
Low<0.4  
CFA RNSEA <0.06, RNI close to 
1 

Criterion 
validity 

≥50 (less 
for objective 
such as 
DWL (=>20) 

Pearson 
Spearman 
Regression 
Agreement 
T-test (not in isolation) 
ANOVA 

Pearsons/Spearman=>0.4 
Regression coefficient = p >0.5 or 
r=>0.50 
Agreement 
T-test p >0.05, T Value >1. 
AUC >0.7 
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Sensitivity/specificity  

Converge
nt validity 

≥100 Pearson 
Spearman 
Regression 
Agreement 
T-test (not in isolation) 
ANOVA 
Sensitivity/specificity 

Pearson/Spearman=>0.4 
Regression coefficient = p >0.5 or 
r=>0.50 
Agreement 
T-test p >0.05, T Value >1. 
AUC >0.7 
 

Construct 
validity 

≥100 Pearson 
Spearman 
Regression 
Agreement 
T-test (not in isolation) 
ANOVA 
Sensitivity/specificity 

Pearsons/Spearman=>0.4 
Regression coefficient = p >0.5 or 
r=>0.50 
Agreement 
T-test p >0.05, T Value >1. 
AUC >0.7 
 

Responsi
ve-ness 

≥100 MCID 
SRM 
ROC AUC 
ES 
t-test 

ROC AUC>0.7 
ES >0.5 
MCID/SRM >0.5 
t-test p<0.05 

1The protocol for consideration of statistical tests that were not listed included consideration 

by the team statistician (JB). 

 


