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Abstract

Aims: To develop and pilot test a taxonomy to empirically estimate health intervention 

effectiveness from efficacy.

Methods: We developed a taxonomy to score health interventions across 11 items on a scale of 

0-100. The taxonomy was pilot-tested in efficacy and effectiveness diabetes prevention studies 

identified in two separate systematic reviews; here, the face validity, inter-rater reliability and 

factor structure of the taxonomy were established. Random effects meta-analyses were used to 
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obtain weight loss and diabetes incidence pooled effects across studies. These effects and 

taxonomy scores were used to down calibrate efficacy estimates to effectiveness estimates as 

follows: Efficacy effect*[Efficacy score/highest possible score].

Results: We scored 82 effectiveness lifestyle modification studies (mean score 49.2), 32 efficacy 

lifestyle modification studies (mean score 69.8) and 20 efficacy studies testing medications (mean 

score 77.4). The taxonomy had face validity and good inter-rater reliability (ICC=0.9 [0.87, 0.93]). 

The between-groups down calibrated weight loss estimate was similar to that observed in the 

effectiveness meta-analysis (1.7 and 1.8 kg, respectively). The down calibrated diabetes relative 

risk reduction estimate was also similar to that observed in the effectiveness meta-analysis (30.6% 

over 2.7 years and 29% over 2 years, respectively).

Conclusions: The taxonomy is a promising tool to estimate the real-world impact of health 

interventions.

Keywords

effectiveness metrics; implementation science; global health

INTRODUCTION

Gaps in implementation of proven interventions are legion, and result in considerable, 

potentially avoidable, ill-health [1]. Diabetes and cardiovascular diseases (CVD) for 

instance, can be prevented or at least delayed for many years [2-5]; yet they are responsible 

for 1.3 and 17.3 million annual deaths, respectively, globally [6]. Evidence summaries show 

diabetes and CVD can be prevented through lifestyle modification or medications [2-5, 7, 8], 

but these research findings often do not translate into real-world practice and therefore fail to 

achieve the potential population-level health improvements suggested by studies [1, 9].

Most evidence of health intervention effects is derived from efficacy studies that test 

treatment effects under optimal conditions [10]. These studies favor internal validity (i.e. 

unbiased causal inference) and often overestimate the effects that can be accrued from 

application of health interventions under real-world conditions, or effectiveness [9, 10]. 

Effectiveness studies place more weight on external validity (i.e. generalizability) to better 

resemble the real-world impact of health interventions but they are more difficult to get 

funded/conduct and therefore less commonly done. Indeed few health conditions have an 

effectiveness evidence base to draw conclusions about real-world impact; thus, empirical 

methods to estimate effectiveness holds great potential for informing health intervention 

research and decision making.

We developed a method to estimate effectiveness of health interventions that can be derived 

from down calibrating efficacy estimates. Unlike existing approaches [11-16], our empiric 

approach optimizes the use of existing efficacy data to estimate potential real-world impact 

of health interventions. Our method assesses the extent to which a health intervention study 

is focused on establishing internal or external validity and is designed to use this information 

to down calibrate efficacy estimates. Herein we describe the development, validation and 

testing of this tool using diabetes prevention interventions as a case example.
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METHODS

We developed the Estimating EFfectiveness From EffiCacy Taxonomy (EFFECT) to 

empirically estimate health intervention effectiveness from efficacy data. The development, 

testing and validation of the taxonomy comprised the following three steps: 1) development 

of taxonomy items and scoring system; 2) taxonomy testing among efficacy and 

effectiveness diabetes prevention studies; and 3) testing and validation of the efficacy-to-

effectiveness down calibration approach. Below we provide details about the methods used 

in each step.

1.1 Taxonomy Development

We developed a taxonomy and associated scoring system that allows us to quantitatively and 

qualitatively characterize to what degree data in studies reflect efficacy or effectiveness 

focus. The taxonomy comprises a set of items and domains that were developed iteratively 

over a 3-month period as follows. A group of three experts in implementation science, 

epidemiology and health intervention research conducted a literature review to identify 

intervention characteristics that were linked to internal validity and those linked to external 

validity; descriptive documents, reviews and seminal manuscripts were reviewed. The team 

then met to discuss the identified internal/external validity characteristics and selected those 

deemed most relevant for health interventions. Then, the team held a second meeting and, 

based on the identified characteristics, developed a set of 11 items and operational 

definitions.

A final meeting was held to develop a system to score each of the 11 items. Based on expert 

judgment, each item was assigned a scoring scale ranging from 1 to 10 for items related to 

study, intervention and population characteristics, 1 to 5 for data analysis and outcomes 

assessed items, and 4 to 10 for the analytical method used item. Data analysis and outcomes 

assessed items were given lower scores because they were judged as having lower impact on 

overall effect estimate than the other items; a scale of 4 to 10 was used for the analytical 

method item to set the maximum total score at 100. Individual item scores can be summed to 

obtain composite score ranging from 1 to 100, where higher scores indicate a focus on 

internal validity (i.e. understanding disease etiology or progression, or proof of principle that 

an intervention works) and lower scores a focus on external validity (i.e. proof that an 

intervention works in real-life, is generalizable, acceptable, and can be applied at scale). The 

taxonomy items and scoring scales are presented in Table 1. Operational definitions for each 

item and instructions on how to use the taxonomy and scoring system are included in 

Supplementary File 1.

1.2 Taxonomy Testing

The taxonomy was tested among diabetes prevention studies for which there is a well-

established efficacy and effectiveness evidence base. To identify published diabetes 

prevention efficacy and effectiveness intervention studies, we conducted two separate 

systematic reviews – one aimed at identifying effectiveness studies and another aimed at 

identifying efficacy studies. Details about these systematic reviews are reported elsewhere 

[2, 17]; there was no overlap between studies included in the efficacy and effectiveness 
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systematic review. The identified studies were scored using the taxonomy and the face 

validity, reliability and factor structure of the tool were assessed as described below.

To establish the face validity of the taxonomy, a team of experts (n=7) pilot-tested it on three 

randomly selected studies and met to discuss operational definitions and scoring 

instructions. This was aimed at promoting interpretation consistency and at harmonizing the 

scoring process. Based on team discussions, operational definitions for each taxonomy item 

were improved (i.e. more detailed item definitions and instructions on how to select a 

specific score were added) and three additional studies were scored. In a subsequent 

meeting, the study team compared their scores, discussed whether the taxonomy was 

accurately measuring internal and external validity characteristics within a study, and 

concluded that the taxonomy had face validity.

Using the finalized taxonomy, each of the identified published studies was scored twice by 

random pairs of raters from the study team. Scores from each pair of raters were used to 

assess the inter-rater reliability of the taxonomy via the intra-class correlation coefficient. 

Values above 0.75 were deemed as indicative of good reliability [18]. Using the average of 

the two sets of scores, we computed means and standard deviations to explore the 

distribution of taxonomy scores. Pearson correlations coefficients among taxonomy items 

were obtained and used to conduct an exploratory factor analysis. Factors were extracted 

using the maximum likelihood method and rotated using the direct oblimin rotation [19]. 

The objective of this factor analysis was to explore the taxonomy factor structure and its 

influence on each item rather than eliminating items. The factor structure yielding factors 

with eigenvalues ≥1 and taxonomy items with factor loadings ≥0.4 was considered a 

parsimonious factor solution. These analyses were conducted using the Statistical Package 

for Social Sciences version 22 for Windows (IBM, Armonk NY).

1.3 Efficacy to Effectiveness Down Calibration

To down calibrate efficacy estimates to effectiveness estimates, we developed the following 

formula: Effectiveness estimate = Efficacy effect × (Efficacy score / Highest possible score). 

The formula was tested among efficacy studies and validated among effectiveness studies.

Random effects meta-analysis weighted by the inverse variance were conducted separately 

for efficacy and effectiveness lifestyle modification studies. We obtained within-subjects and 

between-groups pooled effects for two outcomes that represent the two sides of the 

Outcomes item scale in our taxonomy: weight change at 12 months, representing the more 

proximal/practical outcome, and diabetes incidence representing the more distal/intensive 

outcome. Using our formula, the efficacy pooled estimate and taxonomy score were then 

used to down calibrate effect estimates. The obtained down calibrated effect was then 

compared against that obtained in the effectiveness meta-analysis for each outcome.

To explore the influence of taxonomy score on effect heterogeneity, meta-regressions were 

conducted including taxonomy score as predictor of weight change and diabetes risk 

reduction for efficacy and effectiveness studies separately. These analyses were conducted 

using the Metafor package [20] in R programming language (version 3.2.1).
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RESULTS

2.1 Taxonomy Testing

The systematic reviews identified 134 diabetes prevention studies. Of these, 82 were 

effectiveness studies testing lifestyle modification interventions, 32 efficacy studies testing 

lifestyle modification interventions and 20 efficacy studies testing medications. The item and 

total scores for each group of studies are presented in Table 2. In line with the taxonomy 

scoring system, efficacy studies had scores over 50 and effectiveness studies had scores 

under 50.

The inter-rater reliability of the taxonomy total score was ICC=0.9 (0.87, 0.93), suggesting 

good inter-rater reliability. Among individual item correlations, the items “analysis 

indicators” and “emphasis on adherence” showed the lowest intra-class correlation 

coefficients (ICC=0.60 and ICC=0.56, respectively; Table 3). Items that were often not 

reported included emphasis on adherence, intervention delivery setting, and analytical 

method employed; these were not reported in 31%, 28% and 17% of the articles, 

respectively. When items were not reported, raters assigned scores based on proxy 

information reported in the article. For instance, information on intervention provider (e.g. 

healthcare professional) and treatment characteristics (e.g. individual counseling) was used 

to determine the intervention delivery setting (e.g. healthcare setting). Similarly, information 

on study completion (e.g. attrition rates) or treatment adherence (e.g. pill counts, attendance 

lists, incentives) was used to determine if a study placed high emphasis on adherence (e.g. 

low attrition rates indicating high emphasis). Finally, the number of participants included in 

statistical analyses provided information on the analytical method employed (e.g. analysis 

including non-completers was deemed as intent to treat, while those including completers 

was deemed as per protocol).

Strong correlations were observed among the items study goal, study design and focus of 

outcomes (r 0.75 to 0.83), and between the items recruitment setting and intervention 

delivery setting (r=0.79; Table 3). The factor analysis showed that two main factors 

explained 64% of the variance across the 11 taxonomy items–study objective 

(eigenvalue=5.9) and study population (eigenvalu=1.2). Overall, eight items loaded onto 

study objective (factor loadings ranging from 0.32 to 0.95) and three items onto study 

population (factor loadings ranging from 0.58 to 0.88; Table 4).

2.2 Down Calibration Validation

Overall, 13 efficacy lifestyle modification studies reported weight loss at 12 months (Table 

5). The pooled weight loss within participants receiving an intervention was −3.0 kg (−4.5, 

−1.4) and the pooled weight loss difference between intervention and control participants 

was −2.4 kg (−4.3, −0.6). Diabetes incidence was reported in 16 efficacy studies over a mean 

follow up of 2.7 years; the pooled diabetes relative risk reduction was 44% (RR=0.56 [0.48, 

0.65]). To down calibrate these efficacy estimates to effectiveness estimates, we applied our 

formula as follows:

• Within subjects weight change: 3.0 × (69.5 / 100) = 2.1 kg
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• Between subjects weight change: 2.4 × (69.5 / 100) = 1.7 kg

• Diabetes relative risk reduction: 44 × (69.5 / 100) = 30.6%

These down calibrated estimates were compared to those obtained in the random effect 

meta-analyses of effectiveness studies (Table 5). The within-subjects down calibrated weight 

loss estimate was lower than the observed effectiveness estimate (−2.1 and −2.5 kg, 

respectively), while the between-subjects down calibrated estimate was similar to the 

observed effectiveness estimate (1.7 and 1.8 kg, respectively). The down calibrated relative 

risk reduction estimate was also similar to that observed in the effectiveness meta-analysis 

estimate over a mean follow up of 2 years (30.6% and 29%, respectively).

Meta-regressions including the taxonomy total score as predictor of weight change at 12 

months within intervention participants were conducted for efficacy and effectiveness 

studies separately. For efficacy studies, the model explained 20% of the effect heterogeneity 

in weight change (p<.0001), where every increase in total score associated with an 

additional weight loss of 0.2 kg (β=0.23). For effectiveness studies, the model did not 

explain weight loss effect heterogeneity. Meta-regressions exploring total score as predictor 

of diabetes risk reduction did not explain effect heterogeneity in neither efficacy nor 

effectiveness studies.

DISCUSSION

Because few health conditions have an effectiveness evidence base to draw conclusions 

about real-world impact, empirical methods to estimate effectiveness from efficacy are 

needed. To address this, we developed EFFECT, a taxonomy to estimate the effectiveness of 

health interventions that can be derived from down calibrating efficacy estimates. EFFECT 

was found to be a reliable tool for assessing efficacy study characteristics (i.e. internal 

validity) and effectiveness study characteristics (i.e. external validity). Using taxonomy 

scores, we down calibrated efficacy intervention effects and found our approach yielded 

similar estimates to those obtained in meta-analyses of effectiveness studies. Though more 

testing in other interventions and outcomes is needed, these results show EFFECT is a 

promising, empirically verified tool to estimate the real-world impact of health interventions.

Our efficacy to effectiveness down calibration approach produced estimates that approached 

those observed in the effectiveness meta-analysis we conducted. For weight loss at 12 

months, the within-subjects down calibrated estimate was lower than the observed 

effectiveness estimate (−2.1 and −2.5 kg, respectively) but close enough to make a 

conservative prediction about the potential real-world weight loss intervention participants 

can achieve. The between-groups down calibrated weight loss estimate was similar to the 

observed effectiveness estimate (1.7 and 1.8 kg, respectively), accurately reflecting the real-

world weight loss participants receiving an intervention can achieve compared to those not 

receiving one. Our down calibrated weight loss estimates are also similar to within-subjects 

(2.1 to 2.3 kg) and between-groups (1.6 kg) estimates reported at 12-18 months in previous 

effectiveness meta-analyses of diabetes prevention interventions [21, 22].
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Our down calibrated diabetes relative risk reduction estimate was also similar to that 

observed in the effectiveness meta-analysis we conducted (30.6% over a mean follow-up of 

2.7 years and 29% over 2 years, respectively). This suggests our down calibration approach 

provides a close estimate of the real-world impact preventive interventions can have on 

diabetes risk reduction. Though our down calibrated estimate is higher than the 26% 

estimate observed at 1-1.5 years in a previous meta-analysis of effectiveness diabetes 

prevention studies [22], it provides a close estimate of the effect that could be achieved from 

applying diabetes prevention interventions in the real world.

Although other approaches have been proposed to assess the quality and real-world impacts 

of health interventions, none of these has empirically estimated effectiveness from efficacy. 

For instance, Cohen and colleagues (2015) developed a tool to measure research impact 

across four domains (corroboration, attribution, reach, and importance), where impact is 

classified into low, medium and high across scholarly, translational, policy or practice, and 

long-term population outcomes [16]. An approach based on the RE-AIM framework [23] 

proposes to multiply the mean of Reach and Effectiveness estimates to obtain a measure of 

individual-level impact, and to multiply the mean of Adoption and Implementation estimates 

to obtain a measure of setting-level impact [13]. The use of epidemiological methods has 

also been proposed to determine population impact based on the reach and risk reduction 

produced by an intervention [14]. Other approaches have focused on qualitatively evaluating 

the external validity of interventions [11] or on assessing the extent to which trials are 

pragmatic or explanatory [12]. In contrast, our empiric approach combines qualitative and 

quantitative assessments of internal and external validity factors that are used to derive 

estimates of potential real-world impact of health interventions.

Governments are facing difficulties in determining the real-world benefits of research given 

that current metrics are insufficient to determine its value [24]. Rather than guessing what 

real-world impact might be possible, our taxonomy can help optimize the use of existing 

efficacy data in decision-making where effectiveness data lack. With EFFECT, decision 

makers can determine, a priori, what effect could be achieved based on different 

permutations of taxonomy scores and cost inputs they can afford. For instance, variations in 

intervention intensity (e.g. higher dose versus usual dose), participant characteristics (e.g. 

high risk versus low risk) and outcomes assessed (e.g. behavior versus disease incidence) 

can be explored to obtain effect estimates. Such assessment can aid decision making in 

planning health interventions around cost and expected effects.

The present study represents the first step towards developing a practical decision-making 

tool that can be used to estimate the real-world impact of health interventions. We used 

diabetes prevention interventions to test the taxonomy given the robust efficacy and 

effectiveness evidence base available for this condition; however, the goal is for the 

taxonomy to be used across a range of health conditions and interventions. To achieve this, 

future work will focus on the external and longitudinal validation of the taxonomy for 

different health conditions, interventions and outcomes.

The present findings should be interpreted in light of the study limitations. Because the 

context and characteristics of populations receiving interventions may influence intervention 
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implementation and impact, a taxonomy-derived effect estimate may not be perfectly precise 

for different contexts or populations. Another limitation is that the taxonomy was developed 

and tested based on published data and is beholden to the level of detail provided by the 

authors of the original articles. Indeed some taxonomy items were poorly reported; still, we 

used other information reported in the articles to complete the scoring. Despite operational 

definitions and detailed scoring instructions were used, subjectivity and assumptions of the 

reader may have influenced scoring, which may bias taxonomy scores and ultimately effect 

estimates. However, we are unsure if the direction (over vs. under estimation) of this bias 

was the same in every case; assuming variation was random, our models could account for 

some over and under-estimation by providing uncertainties around intervention effect 

estimates. If a study obtains a score of 100, our down calibration formula would not work; 

other strategies should be explored in such case. Finally, we did not explore the impact of 

risk of bias in effect estimates; future applications of the taxonomy will explore this.

CONCLUSION

Because few health interventions have an effectiveness evidence base from where to draw 

conclusions about real-world impact, we developed a taxonomy to estimate effectiveness 

from efficacy data. The taxonomy was found to be a reliable tool for assessing efficacy study 

characteristics (i.e. internal validity) and effectiveness study characteristics (i.e. external 

validity). We developed an approach that uses taxonomy scores to down calibrate efficacy to 

effectiveness intervention effects; our approach yielded similar estimates to those obtained in 

meta-analyses of effectiveness studies. Though more testing in other interventions and 

outcomes is needed, these results show EFFECT is a promising, empirically verified tool to 

estimate the potential real-world impact of health interventions. Once externally validated, 

EFFECT could be used to guide health-related spending and to estimate the potential 

impacts of implementing interventions for common conditions more widely.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• We developed the Estimating EFfectiveness From EffiCacy Taxonomy 

(EFFECT).

• Pilot-testing shows EFFECT reliably identifies effectiveness and efficacy 

studies.

• EFFECT yielded down calibrated estimates that were similar to empirical 

estimates.

• EFFECT is a promising tool to estimate the real-world impact of 

interventions.
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Table 1.

Taxonomy items and scoring scales.

1. Study stated 
goal

1 2 3 4 5 6 7 8 9 10

Focused on generalizability
(external validity)

Focused on causality
(internal validity)

2. Study design 
employed

1 2 3 4 5 6 7 8 9 10

Low causal inference (e.g. Pre/Post) High causal inference (e.g. RCT)

3. Population 
inclusion criteria

1 2 3 4 5 6 7 8 9 10

General public High-risk populations

Less selective Highly selective Less selective Highly selective

4. Population 
recruitment 
setting

1 2 3 4 5 6 7 8 9 10

Community settings Clinical settings

Heterogeneous Homogenous Heterogeneous Homogeneous

5. Intervention 
delivery setting

1 2 3 4 5 6 7 8 9 10

Communities; workplaces Primary care Secondary Hospital Tertiary Hospital

6. Intervention 
intensity

1 2 3 4 5 6 7 8 9 10

Intervention similar to general care Research (costly, intense) intervention

Commonly used; low threshold for side-effects High-dose or intensity; high threshold for side effects

7. Emphasis on 
intervention 
adherence

1 2 3 4 5 6 7 8 9 10

No or low effort to ensure adherence Focus on achieving high adherence

Nothing Reminders Documenting adherence Blood levels

8. Data analysis 
indicators

1 2 3 4 5

Process-focused Precision-focused

9. Outcomes 
assessed

1 2 3 4 5

Proxy or process Intermediate Events/Death

e.g. self-reported 
behaviors

e.g. measured 
weight

e.g. single biochemical 
tests

e.g. repeated/
sophisticated testing

e.g. strokes

10. Focus of 
outcomes

1 2 3 4 5 6 7 8 9 10

Applicability and scalability Understand etiology & mechanisms

Pathways to implementation explored Pathways to outcomes explored

11. Analytical 
method used

4 5 6 7 8 9 10

Intention to treat Both Intention to treat and per-protocol Per-protocol (adherent)

TOTAL SCORE 10 20 30 40 50 60 70 80 90 100

Effectiveness Efficacy
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Table 2.

Item and total scores of the included studies (N=134) by study focus and treatment type.

Taxonomy item (scale)

Effectiveness LSM
studies (n=82)
(mean ± SD)

Efficacy LSM
studies (n=32)
(mean ± SD)

Efficacy
medication studies

(n=20)
(mean ± SD)

Study Goal (1-10) 4.0 ± 1.2 7.9 ± 1.2 8.4 ± 1.1

Study Design (1-10) 3.7 ± 1.7 7.5 ± 1.2 9.0 ± 0.6

Population Inclusion Criteria (1-10) 6.1 ± 1.8 7.4 ± 1.3 8.6 ± 1.0

Population Recruitment (1-10) 4.3 ± 1.6 6.1 ± 1.2 7.2 ± 1.6

Intervention Delivery Setting (1-10) 3.7 ± 1.4 6.2 ± 1.3 7.2 ± 0.9

Intervention Intensity (1-10) 5.3 ± 1.9 6.9 ± 1.7 7.4 ± 1.3

Emphasis on Adherence (1-10) 4.5 ± 1.6 6.1 ± 1.6 7.1 ± 1.3

Data Analysis Indicators (1-5) 4.0 ±0.6 4.8 ± 0.3 5.0 ± 0.2

Outcomes Assessed (1-5) 2.9 ± 0.8 4.0 ± 0.3 4.2 ± 0.5

Focus of Outcomes (1-10) 4.5 ± 1.3 7.3 ± 1.1 8.5 ± 0.6

Analytical Method (4-10) 6.8 ± 1.6 5.6 ± 1.8 4.9 ± 1.4

Total score (1-100) 49.2 ± 7.5 69.8 ± 6.0 77.4 ± 4.6

SD=standard deviation

LSM = lifestyle modification

Lower scores indicate external validity focus; higher scores indicate internal validity focus.
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Table 4.

Factor structure, factor loadings and intra-class correlation coefficients for the taxonomy items.

Taxonomy items
Objective

Factor
Population

Factor
ICC (95% CI)

Focus of Outcomes 0.95 −0.08 0.72 (0.60 to 0.80)

Study Goal 0.88 0.04 0.84 (0.77 to 0.88)

Study Design 0.74 0.19 0.93 (0.89 to 0.95)

Outcomes 0.69 0.20 0.82 (0.74 to 0.87)

Analytical Method −0.56 0.09 0.71 (0.59 to 0.80)

Emphasis on Adherence 0.46 0.09 0.56 (0.37 to 0.69)

Intervention Intensity 0.40 0.34 0.67 (0.54 to 0.77)

Data Analysis Indicators 0.32 0.12 0.60 (0.43 to 0.71)

Population Recruitment −0.05 0.89 0.75 (0.65 to 0.83)

Intervention Delivery Setting 0.12 0.82 0.81 (0.73 to 0.86)

Population Inclusion Criteria 0.04 0.58 0.65 (0.51 to 0.75)

ICC= Intra class correlation coefficient to test inter-rater reliability.
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Table 5.

Effect estimates obtained in random effects meta-analyses for efficacy and effectiveness studies.

Efficacy LSM studies
(N=16)

Effectiveness LSM
studies (N=24)

Taxonomy Score (Mean (SD)) 69.5 (5.5) 50.1 (6.3)

Follow up years (Mean (SD)) 2.7 (1.5) 1.2 (0.6)

Within subjects weight loss at 12 months (kg) n=13
−3.0 [−4.5, −1.4]

n=24
−2.5 [−3.3, −1.6]

Between Subjects weight loss at 12 months (kg) n=10
−2.4 [−4.3, −0.6]

n=9
−1.8 [−3.4, −0.2]

Diabetes relative risk* n=16
0.56 [0.48, 0.65]

n=8**
0.71 [0.59, 0.85]

LSM = lifestyle modification.

*
These are controlled studies only.

**
Score for these 8 studies is 56.1 (SD=6.7) and mean follow up is 2.0 years (SD=1.3). n=number of studies included in each analysis.
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