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Abstract

Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology is used 
to assess and report certainty of evidence and strength of recommendations.  This GRADE concept 
article is not GRADE guidance but introduces certainty of net benefit, defined as the certainty that the 
balance between desirable and undesirable health effects is favorable. Determining certainty of net 
benefit requires considering certainty of effect estimates, the expected importance of outcomes and 
variability in importance, and the interaction of these concepts. Certainty of net harm is the certainty 
that the net effect is unfavorable. Guideline panels using or testing this approach might limit strong 
recommendations to actions with a high certainty of net benefit or against actions with a moderate or 
high certainty of net harm. Recommendations may differ in direction or strength from that suggested by 
the certainty of net benefit or harm when influenced by cost, equity, acceptability, or feasibility.

Article Summary – Strengths and Limitations

 The GRADE Working Group defines certainty of net benefit as the certainty that the balance 
between desirable and undesirable health effects is favorable.

 The certainty of net benefit offers a concise way to express the certainty that benefits outweigh 
harms for a recommendation. 

 The certainty of net benefit or harm may complement or replace the current GRADE approach 
to addressing the certainty of evidence associated with recommendations.  

 Strengths of this approach include simplicity and clarity for application, and engagement of 
multiple contributors and stakeholders over two years through the GRADE Working Group.

 Limitations include absence of direct implementation in guideline development; therefore, this 
GRADE concept article does not constitute GRADE guidance but introduces certainty of net 
benefit to stimulate discussion and testing in the context of healthcare decision-making.
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Introduction

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group 
has designed a transparent approach to rating certainty of evidence and grading strength of 
recommendations (1,2).  More than one hundred groups creating systematic reviews, clinical practice 
and public health guidelines, and health technology assessments have adopted GRADE (1,2). GRADE 
uses the terms “certainty of evidence” interchangeably with “confidence in evidence” and “quality of 
evidence”.  Authors using GRADE make separate ratings of certainty for each patient-important 
outcome and, in the context of a clinical practice guideline, provide an overall rating based on the 
lowest certainty of the critical outcomes. 

In the context of making recommendations, GRADE specifies that ratings reflect the certainty that the 
estimates of an effect are adequate to support a particular decision or recommendation (3). Recently, 
the GRADE Working Group clarified the conceptual basis of certainty ratings, noting that, in both 
contexts of systematic reviews and guidelines, they represent the certainty that a true effect lies on one 
side of a specified threshold, or within a specified range (4).  

Depending on the thresholds or ranges chosen, it is possible to have high certainty in the evidence for a 
set of outcomes related to a particular decision, yet uncertainty whether the evidence is adequate to 
support that decision; this will occur when desirable and undesirable consequences are closely 
balanced, such as cancer treatments with high certainty in prolonging survival and high certainty in 
serious toxicity (5,6).  It is also possible to have low certainty in evidence for a specific outcome yet 
make a strong recommendation (high certainty to support a decision). The GRADE Working Group has 
specified five paradigmatic situations in which such discordant recommendations may be appropriate 
(5,6).  One of these situations is when only low quality evidence exists for a promising intervention in a 
life-threatening context (e.g. using fresh frozen plasma or vitamin K in a patient receiving warfarin with 
elevated INR and an intracranial bleed).   

The recent GRADE Working Group guidance states that systematic review authors and guideline 
panelists will ideally specify the threshold or ranges they are using when rating the certainty in evidence 
(3). The guidance offered non-contextualized (no implicit value judgments) and partially contextualized 
(some implicit value judgments regarding magnitude of effects) approaches for systematic review 
authors.  The guidance further suggested a fully contextualized approach for clinical practice guidelines 
in which a guideline panel determines thresholds considering all critical outcomes and their relative 
importance.  

Guideline panels using fully contextualized approaches have faced challenges of balancing feasibility and 
simplicity with comprehensive simultaneous consideration of all important outcomes. This current 
GRADE concept article introduces an approach for guideline panels to more directly and explicitly rate 
their certainty of the balance of benefits and harms. This GRADE concept article is presented to 
stimulate discussion and does not constitute GRADE guidance.
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Expressing Certainty Across the Evidence-to-Decision Framework

GRADE Evidence-to-Decision frameworks explicitly identify the following considerations in determining 
the direction and strength of recommendations:

 Certainty of evidence (regarding effect estimates for health effects) (2,6,7)
 Relative importance of outcomes (also called values and preferences) (2,7,8)
 Balance of benefits and harms (2,7,9)
 Resource use (cost) (2,7,10)
 Cost-benefit ratio (Are incremental health benefits worth the costs?) (2,7,11)
 Equity (7,11)
 Acceptability (11), and
 Feasibility (11).

Health-related harms include pain or disability but also burdens that lower quality of life.  For example, 
the burden of receiving an intervention that requires being immobile for long periods of time could be 
considered as a health-related harm.  In this article, when we use the phrase “balance of benefits and 
harms” we refer to the “balance of benefits versus harms and burdens”.   Other burdens that may be 
considered more societal in nature may be considered through other criteria in the framework (cost, 
acceptability, feasibility). Here we will use the term “harms” to refer to “health-related harms and 
burdens”.

Ideally, guideline panels consider all the factors listed above when determining the direction and 
strength of a recommendation.  The process may proceed in progressive steps that consider first 
benefits and harms to generate certainty in net benefit; then costs to generate certainty in a cost-
benefit ratio; then equity, acceptability, and equity to address certainty in a recommendation (Figure 1).

Although it makes decisions more transparent, reporting a guideline panel’s certainty for each of these 
concepts may be overwhelming for guideline users seeking simple explanations of the rationale and 
certainty for recommendations. Among the concepts for which certainty can be expressed formally, the 
certainty in balance of benefits and harms (net effect) may be most relevant to patients and clinicians 
(often the primary target users for guidelines). Additional criteria that may influence a recommendation 
(cost, cost-benefit ratio, equity, acceptability, feasibility) are more likely to vary across social groups and 
contexts, and population-based ratings may be of less interest to patients and clinicians working 
together to make individual health care decisions.

Consistent with the recent clarification of “certainty of evidence” - the certainty that a true effect lies 
within a specified range or on one side of a specified threshold (3) - one can express the certainty of the 
net effect (or balance of benefits and harms) in terms of a range or in relation to a threshold. The 
situation when benefits and harms are perfectly balanced (net benefit or harm = 0) represents a natural 
threshold for certainty of the net effect. Using this threshold, the certainty of net benefit is the certainty 
that the overall or net effect lies on the side of benefit.  The certainty of net harm is the certainty that 
the net effect lies on the side of harm.
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Expressing the certainty of net benefit for guideline users provides the most direct summary 
representation of the extent of our confidence that the estimates of effects are adequate to support a 
particular decision or recommendation. The United States Preventive Services Task Force (USPSTF) has 
used the term certainty of net benefit in a manner consistent with this conceptual framework (12, 13).

Model for Creating the Net Effect Estimate and Rating Its Certainty

Determining the certainty in the balance of benefits and harms involves generating a net effect estimate 
(a way of specifying the balance of benefits and harms) and then rating the certainty regarding that net 
effect in relation to the threshold of net benefit = 0 (Figure 2).

Decision analysis provides a statistical method for generating the net effect estimate.   Decision 
modeling has evolved over the years and sophisticated models include multiple outcomes, the varying 
times at which each outcome can occur, the relative importance placed in each outcome (often using 
utilities or quality adjusted life years), and future decisions and resulting outcomes.  Guideline panels 
sometimes use decision analysis to evaluate a chain of possible consequences and decisions to inform 
their recommendations: the UK National Institute for Health and Care Excellence (NICE) relies heavily on 
such models.  Determining the certainty of evidence emerging from such models is itself a complex 
matter: A GRADE project group is currently addressing the issue.

For many decisions for which guideline developers, clinicians or patients desire recommendations, 
however, one need not consider a chain of subsequent decisions. In such cases, one can perform a much 
simpler decision analysis without requiring participation of a skilled modeler.  Simple models can 
generate confidence intervals for a net effect estimate (a composite of individual effect estimates) given 
the following assumptions (described further in the Appendix):

1. Effect estimates represent data conforming to normal distributions
2. Effect estimates to be combined are independent and not correlated with each other
3. Effect estimates to be combined can be multiplied by a conversion factor to use a consistent 

unit of measure

Given that the second assumption is often unlikely to hold, the analyst can perform sensitivity analysis 
of the net effect estimate to determine robustness to changes in the individual effect estimates, the 
assumptions of correlation between effect estimates, and the conversion factors. A sensitivity analysis 
defining the likelihood of the net effect estimate remaining favorable across the range of assumptions 
determines the certainty of net benefit.

Generation of the Net Effect Estimate

Here we describe the methods for generating the net effect estimate as presented in Figure 2. 
Algorithm-supported calculators can facilitate combining the importance-adjusted effect estimates (the 
third step in Figure 2) and classifying the precision (the fourth step). The Appendix provides examples 
and a link to a free online calculator.  

Step 1: Determine the outcomes to be combined
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Including both a composite outcome and one or more components of that outcome is problematic. For 
example, it would be inappropriate to include all-cause mortality and cardiovascular mortality in the 
same model.  One may choose to use only the composite outcome (e.g. all-cause mortality) or to use 
only the component outcomes (e.g. cardiovascular mortality, cancer mortality, and mortality from 
causes other than cancer or cardiovascular disease).

If effect estimates are not available in absolute terms (or if effect estimates are being extrapolated to a 
population with different baseline risks than that used for the absolute effect estimates) then absolute 
effect estimates may be derived using a combination of relative effect estimates and baseline risk 
estimates. 

Step 2: Determine the quantified relative importance for each outcome

Quantitative estimates of relative importance for each outcome will serve as a conversion factor to use 
a consistent unit of measure for the net effect estimate. These estimates need to be meaningful as a 
multiplier or represent a quantitative measure of importance relative to a reference standard. Guideline 
panels that use a qualitative 9-point rating of importance of outcomes to determine which outcomes to 
include in systematic reviews or summary of findings tables may find these ratings do not easily 
translate to quantitative estimates for this purpose.

A simple approach is to select one outcome as a reference outcome and define a relative importance 
adjustment (i.e., a multiplier) for each other outcome as a modifier to apply to effect estimates.  In 
making individual patient-specific decisions, one could enter the quantitative estimates of relative 
importance for the individual patient and derive an individualized estimate of net effect.  With further 
development this approach could inform shared decision-making for individual patients.

For groups of patients, one could consider quantitative estimates of relative importance as ranges.  In 
making population-specific recommendations, one could use a range of relative importance estimates 
considered reasonable to capture most members of the population and check for robustness of 
estimates of net effect across the range of relative importance.  One would then lower the rating of 
certainty of net benefit if the estimate of net effect crosses to net harm within the range of relative 
importance.  The later discussion of sensitivity analysis for the net effect estimate will address the 
concepts of ranges and certainties of relative importance.

Methods to determine quantitative estimates of relative importance from a patient perspective include 
discrete-choice experiments (14), preference-eliciting surveys among patients (15), and systematic 
reviews of such surveys (16). Determination of relative importance could provide an opportunity for 
engaging patients as partners in research design, a developing expectation in medical publishing (17). 
When such evidence is unavailable for the outcomes associated with a recommendation, guideline 
panels can still explicitly make best guesses of the importance the target population will place on the 
relevant outcomes. Further discussion of the methods for determining relative importance is beyond the 
scope of this paper.

If the outcomes to be combined include both continuous measures and dichotomous measures, the 
assignment of relative importance becomes more complicated and would take additional methods to 
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reach a shared unit of measure (such as conversion to quality-adjusted life-year estimates).  Utilities 
reported for decision analyses may be convertible to relative importance of outcomes. However, utilities 
are often reported with a range from 0 (for death or worst outcome) to 1 (for optimal quality of life or 
best outcome), and relative importance of outcomes functioning as multipliers would not be meaningful 
if multiplied by 0.  Relative importance of outcome estimates equal to 1 minus the utility could convert 
utilities to meaningful multipliers.

Step 3: Combine the importance-adjusted effect estimates

For each effect estimate, one can multiply the point estimate and confidence intervals (CI) by the 
relative importance for the outcome, and then present the importance-adjusted effect estimate in 
positive or negative terms to correspond to benefits or harms in the direction of effect.

Adding together the point estimates for each importance-adjusted effect estimate will provide the point 
estimate for the net effect.  Statistical formulas allow calculation of the 95% CI for the net effect (see 
Appendix).

Rating the Certainty of Net Benefit

Step 4: Classify the precision of the net effect estimate 

Precision becomes meaningful with contextual anchoring.  Reporting results with a 3-centimeter range 
would be overly precise for planning travel by car and unacceptable imprecision for some types of 
surgery. To express the certainty in the balance of benefits and harms, we need to specify a threshold 
for a net benefit, then express the certainty that the net effect lies on one side of this threshold. 

Guideline panels may specify the threshold of net effect; we suggest using the “zero effect” for 
simplicity. Guideline panels that formally evaluate cost-effectiveness already use a method to set a value 
threshold for the quantity of net benefit that is considered worth the cost to achieve it.

If the entire confidence interval does not cross zero, then the precision of the net effect estimate is 
sufficient to not rate down the certainty of net benefit for imprecision. One must still consider other 
factors affecting certainty that are more difficult to quantify (risk of bias, inconsistency, indirectness, 
and publication bias) and the plausible range of relative importance of outcomes before final 
determination of the certainty of net benefit.

If the confidence interval includes zero effect and thus the range of net effect estimates includes both 
net benefit and net harm, the guideline panel will rate down the certainty of net benefit. The greater the 
extent of overlap of the confidence interval with both benefit and harm, the lower the certainty in the 
net benefit. Table 1 and Figure 3 present initial suggestions for how these judgments may be made.
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Table 1. Classification of precision of net effect estimate

Pattern of net effect estimate Classification Precision of net 
effect estimate is 
consistent with …

Entire confidence interval is beneficial Net benefit High certainty of net 
benefit

Point estimate is beneficial, lower bound of 
confidence interval is harmful, and point estimate 
has larger absolute value than lower bound of 
confidence interval

Likely net benefit Moderate certainty 
of net benefit

Point estimate is beneficial, lower bound of 
confidence interval is harmful, and point estimate 
has smaller absolute value than lower bound of 
confidence interval

Possible net benefit
Low certainty of net 
benefit

Point estimate is close to zero, wide confidence 
interval*

Possibly no net 
benefit or harm

Very low certainty of 
net benefit or harm

Point estimate is close to zero, narrow confidence 
interval*

Net benefit or harm 
likely near zero

Moderate certainty 
of little net benefit or 
harm

Point estimate is harmful, upper bound of 
confidence interval is beneficial, and point estimate 
has smaller absolute value than upper bound of 
confidence interval

Possible net harm Low certainty of net 
harm

Point estimate is harmful, upper bound of 
confidence interval is beneficial, and point estimate 
has larger absolute value than upper bound of 
confidence interval

Likely net harm Moderate certainty 
of net harm

Entire confidence interval is harmful Net harm High certainty of net 
harm

* Differentiation of wide vs. narrow confidence intervals could be based on a threshold of minimally 
important differences.
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The calculation for confidence intervals for the net effect estimate includes an assumption that effect 
estimates being combined are not correlated with each other. If effects are correlated, the accurate 
confidence intervals would be wider or less precise; if inversely correlated, the accurate confidence 
intervals would be narrower or more precise. If such accuracy is needed, one could add correlation 
coefficients to the calculation (see Appendix) or rely on more sophisticated statistical approaches such 
as bootstrapping (18) or a Bayesian approach to estimate the probability interval (19).  The calculation is 
also based on an assumption that effects on outcomes are independent. For practical use, modest 
violations of the assumption are unlikely to distort results substantially and may be preferable to less 
explicit judgment of the balance of benefits and harms.

Step 5: Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

One approach to select the outcomes critical to the likelihood of net benefit is to identify the outcomes 
that could change the classification of the precision of the net effect estimate. Such outcomes are 
either:

 Outcomes for which removal of the outcome would change the classification of the precision of 
the net effect estimate.

 Outcomes for which gross underestimation of the outcome is plausible and addition of plausible 
increases to the effect estimate would change the classification. 

Determining the lowest certainty of evidence among critical outcomes requires addressing risk of bias, 
inconsistency, indirectness, and publication bias for each critical outcome. Imprecision for an individual 
outcome is not an influencing factor here because it is already accounted for in the net effect estimate.

The lowest of the certainty ratings for critical outcomes and the certainty rating consistent with the 
precision of the net effect estimate represents the certainty of net benefit.  This approach may work in 
most cases; raters still need, however, to consider the overall framework and determine if limited 
certainty in single outcomes are sufficient to rate down the overall certainty of net benefit.  This is 
especially so if the upper or lower bounds of the CI for the net effect estimate approximates a zero 
effect. A 95% CI is used based on convention rather than a theoretical rationale. 

Step 6: Consider the range of relative importance for outcomes. Perform a sensitivity analysis to 
determine the certainty of net benefit across this range.

To enhance feasibility of the approach, efforts to fully consider the range of relative importance for 
outcomes may be limited to ratings that would otherwise be classified as high certainty of net benefit. In 
situations in which further assessment is needed to confirm robustness of certainty across the range of 
relative importance, one can repeat the analyses across a reasonable range of relative importance of 
outcomes.
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The purpose of the sensitivity analysis is to determine if the certainty of net benefit remains high across 
the range of relative importance estimates. There remains insufficient conceptual development to 
provide explicit guidance on how to precisely define the range of relative importance for outcomes to 
use for the sensitivity analysis.

The GRADE Working Group has developed guidance on rating the certainty of relative importance of 
outcomes (20).  If a range of relative importance of outcomes is determined by empirical evidence and 
that range is considered to have low certainty, it would then be prudent to use a wider range of relative 
importance of outcomes in a sensitivity analysis.  

It may be necessary during the process of the sensitivity analysis of outcome importance to re-evaluate 
which outcomes are critical to the likelihood of net benefit.

Relating Certainty of Net Benefit to Strength of Recommendation

The certainty of net benefit does not necessarily dictate the strength of recommendation. The evidence-
to-decision framework also includes cost, cost-benefit ratio, equity, acceptability, and feasibility as 
considerations that may modify the strength of recommendation.   Panels may choose to focus 
exclusively on net health effects and not include other elements (e.g. some panels choose not to 
consider costs, and do not formally consider acceptability, feasibility, and equity).

In situations in which there is a high certainty in effect estimates but uncertainty that the balance of 
benefits and harms is favorable across the range of patient values and preferences (a situation in which 
panels will make weak recommendations because fully informed patients are likely to make different 
decisions), a moderate or low certainty of net benefit provides a clear expression of the rationale for 
weak recommendations.

High certainty is not necessary, in all cases, for supporting a strong recommendation. Primum non 
nocere (“First, do no harm”) is considered one of the principal precepts for ethical decision-making in 
medicine and pharmacology (21) though it is more properly considered Primum non net nocere (22). 
One can interpret this to consider a lower threshold for the certainty in net harm for a strong 
recommendation against an action than one uses for the certainty in net benefit for a strong 
recommendation for an action.

Implications

In this article, we introduce an approach for guideline developers to consider explicitly reporting the 
certainty of net benefit with recommendations, either in addition to or in place of reporting an overall 
quality of evidence associated with a recommendation. Either way, the approach requires consideration 
of certainty of evidence ratings for individual outcomes, typically presented in summary of findings 
tables.

This approach involves many judgments that are already made explicitly or implicitly when guideline 
panels make recommendations.  Reporting the judgments made when using this approach would allow 
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readers to interpret their confidence in how the ratings were made and may reduce spurious confidence 
that could occur with quantitative reporting in the absence of qualitative factors.

A key driver for this approach is greater congruence with the intent behind the concept of “adequate 
evidence to support a recommendation” than what is currently conveyed by the “overall quality of 
evidence in estimates of effects”. Strengths of this approach include the transparent, logical, 
quantitative expressions for both scholarly and clinical readers, and both guideline developers and 
guideline users.

The primary limitation of this approach is its lack of testing to inform its feasibility and acceptability, and 
how readers will interpret these concepts.  This report is shared, before such testing, to increase 
scholarly discussion. This GRADE concept article does not therefore constitute GRADE guidance.
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Involvement was not directly appropriate for this report.  Public Involvement was not openly pursued 
but the GRADE Working Group provided multiple opportunities for more than 100 multidisciplinary 
stakeholders to contribute.
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Figure 1. Certainty across the evidence-to-decision framework* 
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Figure 2. A stepwise approach to determining the certainty of the net effect estimate 
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Figure 3. Classification of precision of net effect estimate 
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Calculating the Net Effect Estimate  

The statistical method is fully described here and a free online calculator is available at 

ebscohealth.com/innovations.  In brief, while we add the point estimates for each effect estimate to 

determine the point estimate for the net effect estimate, the calculation of the 95% confidence interval 

requires a couple of formulas. 

Suppose we have an effect estimate X for one outcome and Y for another outcome and we want to 

determine a combined or net effect estimate Z. The model to determine the net effect estimate Z as a 

summative or linear combination of effect estimate X and effect estimate Y is based on the same 

statistical principles for determination of confidence intervals for differences between means, using 

addition instead of subtraction. That is,  

Z = X + Y. 

Assumptions regarding effect estimates include they: 

1) represent data conforming to the normal distribution,  
2) are independent and not correlated with each other, and 
3) are expressed using the same units of measure. 
4) The mean (or point estimate) for a net effect estimate Z is simply the addition of the means (or 

point estimates) for effect estimates X and Y. That is,  
 

Mean Z = Mean X + Mean Y. 

A 95% confidence interval for the net effect estimate is determined by calculating Mean Z +/- 1.96 
SDMeanZ where SDMeanZ = standard deviation [SD] of Mean Z. 

For the net effect estimate Z, the SD of Mean Z is related to the SDs of the component estimates Mean X 
and Mean Y through the formula:     

SDMeanZ
2  = SDMeanX

2 + SDMeanY
2 

Therefore,  

SDMeanZ
  = √ (SDMeanX

2 + SDMeanY
2) 

The 95% confidence interval for the net effect will be: 

Mean Z - 1.96 SDMeanZ to Mean Z + 1.96 SDMeanZ 

The third assumption (that effect estimates X and Y are expressed using the same units of measure) is 

rarely true so we need to introduce a “standardization” or “normalization” of outcomes, and this can be 
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done based on their relative importance.   One approach is to assign a multiplier (M) to each outcome 

representing its importance or relative value compared to a reference outcome. The reference outcome 

can be external to the body of evidence, or can be one of the outcomes of interest (in which case the 

value of M for the reference outcome will be 1). 

The mean (or point estimate) for a net effect estimate Z, expressed in units of multiples of the reference 
outcome, becomes: 

Mean Z = (MX x Mean X) + (MY x Mean Y) 

With the use of multipliers, the SD of the net effect estimate Z becomes related to the formula:  

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2 

Therefore,  

SDMeanZ = √ (MX
2SDMeanX

2 + MY
2SDMeanY

2) 

Note that if the SDMean is not directly reported for an individual effect estimate, it can be derived from 
the width of the 95% confidence interval (CIW) for the effect estimate:    

SDMeanX = CIWX / 3.92 
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Using the data for the sacubitril-valsartan example (with units of hospitalization-equivalent events per 

1000 patients) we get: 

SDAll-cause mortality outcome = CIW of 160 / 3.92 = 40.816 

SDHospitalization rate outcome = CIW of 27 / 3.92 = 6.888 

SDSymptomatic hypotension rate outcome = CIW of 12 / 3.92 = 3.061 

 

Applying SDMeanZ
 = √ (SDMeanX

2 + SDMeanY
2) we get: 

SDNet effect estimate
 = √ (SDAll-cause mortality

2 + SDHospitalization rate
2 + SDSymptomatic hypotension rate

2)  

SDNet effect estimate
 = √ (40.8162 + 6.8882 + 3.0612) 

SDNet effect estimate
 = √ (1665.9459 + 47.4445 + 9.3697) 

SDNet effect estimate
 = √ (1722.7601) = 41.5 

  

The 95% confidence interval for the net effect estimate is the mean +- 1.96 SD. For the lower boundary, 

this translates to 154 - (1.96)(41.5) = 154-81.34 = 72.66 (rounded to 73) and for the upper boundary, this 

would be 154 + 81.34 = 235.34 (rounded to 235).  

We report a net effect estimate of a decrease in 154 hospitalization-equivalent events per 1000 patients 

(95% confidence interval for the net effect estimate being 73 fewer to 235 fewer hospitalization-

equivalent events per 1000 patients). 
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Sensitivity analysis of the net effect estimate 

The 95% confidence interval implies a range within which there is 95% certainty that the true net effect 
occurs. There are many factors that can affect the certainty that the true net effect is within this range 
(or affect the precision of the range for which there is 95% certainty of including the true net effect). 

If assumptions used in the model are not met, the results will not have accurate precision.  If individual 
outcomes are correlated (such as increase in one benefit being correlated with an increase in another 
benefit), the “true” 95% confidence interval would be wider or less precise than the one estimated by 
our method.  Alternatively, if individual outcomes are inversely correlated (such as an increase in a 
benefit being correlated with an increase in a harm, or correlated with a decrease in another benefit), 
then the “true” 95% confidence interval would be narrower or more precise than the one estimated by 
our method. In the latter case our proposed approach is conservative but less powerful.  If outcomes 
have other dependencies or do not follow a normal distribution (such as a highly skewed distribution), 
then the 95% confidence interval may be inaccurate. 

The statistical formulas can be adjusted with correlation coefficients if they can be estimated. The 
formula to determine the standard deviation of the mean of the net effect 

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2 

is modified to 

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2 + (2 x r x MX x SDMeanX x MY x SDMeanY) 

where r = the correlation coefficient between X and Y.  Correlation coefficients are rarely available but 
the maximum value of r that appears plausible can be used for a sensitivity analysis to address plausible 
correlations between outcomes. 

For the sacubitril-valsartan example, there is data suggesting a small inverse correlation (r = -0.17) 
between all-cause mortality and hospitalization for heart failure among patients with heart failure (43). 
There is no data addressing correlations between drug-related symptomatic hypotension and the 
outcomes of mortality or hospitalization.  Let’s assume r = 0.5 for each of these as an upper bound of 
plausible correlations for a sensitivity analysis. 

SDNet effect estimate
  = √ (SDAll-cause mortality

2 + SDHospitalization rate
2 + SDSymptomatic hypotension rate

2) + 2r(SDMortalty) 
(SDHospiltalization) + 2r(SDMortalty) (SDSymptomatic hypotension rate) + 2r(SDSymptomatic hypotension rate) (SDHospitalization) 

SDNet effect estimate
  = √ (40.8162 + 6.8882 + 3.0612) + 2(-0.17)(40.816)(6.888) + 2(0.5)(40.816)(3.061) + 

2(0.5)(3.061)(6.888) 

SDNet effect estimate
  = √ (1722.7601) + (-95.5878) + (124.9378) + (21.0842) 

SDNet effect estimate
  = √ (1773.1943) = 42.1 

This net effect estimate (in a sensitivity analysis adjusting for known and plausible correlations among 
outcomes) is a decrease in 154 hospitalization-equivalent events per 1000 patients (95% confidence 
interval 71 fewer to 237 fewer hospitalization. 
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Example 1. Longer dual-antiplatelet therapy (DAPT) after drug-eluting stents 

 

A systematic review comparing longer versus shorter durations of DAPT after drug eluting stent 

placement provides the summary of effect estimates for longer duration DAPT in Appendix Table 1 (23). 

Longer duration of DAPT ranged from 12 months to 42 months and shorter duration of DAPT ranged 

from 3 months to 18 months (23). 

 

Appendix Table 1. Summary of findings for longer versus shorter durations of dual antiplatelet 

therapy after drug eluting stent placement 

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval) 

Certainty of 
effect 
estimates 

All-cause mortality 2 more (0 change to 4 more) High* 

Myocardial infarction 8 fewer (12 fewer to 2 fewer) Moderate 

Major bleeding 6 more (3 more to 10 more) High 

Any stroke 0 change (2 fewer to 2 more) High* 

 
* originally reported as moderate quality evidence with downgrade limited to precision. Precision 

downgrade for single outcome effect estimates are not relevant in this approach as the confidence 

intervals are being used in the determination of the net effect estimate. 

Step 1. Determine the outcomes to be combined. 

All four outcomes (mortality, myocardial infarction, major bleeding, and stroke) are considered 

impactful to include in net effect estimates. None are overlapping outcomes with the assumptions that 

hemorrhagic stroke contributes minimally to estimates of major bleeding, and fatal outcomes contribute 

minimally to estimates of myocardial infarction, major bleeding and stroke. 

Step 2. Determine the quantified relative importance for each outcome. 

Myocardial infarction-equivalent will be considered the reference unit. For example purposes, we will 

start with the assumption that patients would consider the importance of a myocardial infarction and 

major bleeding similarly, consider a stroke 3 times more important, and consider mortality 5 times more 

important. These assignments of relative importance of outcomes are derived from systematic review of 

evidence of relative importance of outcomes for myocardial infarction, major bleeding and stroke (16) 

and without empiric investigation for the mortality outcome (3).  

 

Step 3. Combine the importance-adjusted effect estimates. 

Importance-adjusted effect estimates are determined by multiplying each effect estimate by its relative 

importance multiplier. Our importance-adjusted effect estimates (in units of myocardial infarction-

equivalent events per 1000 patients) are summarized in Appendix Table 2: 
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Appendix Table 2. Importance-adjusted effect estimates for longer versus shorter durations of dual 

antiplatelet therapy after drug eluting stent placement  

Outcome Absolute effect estimate (in units of myocardial 
infarction-equivalent events per 1000 patients) (95% 
confidence interval) 

All-cause mortality 10 more (0 change to 20 more) 

Myocardial infarction 8 fewer (12 fewer to 2 fewer) 

Major bleeding 6 more (3 more to 10 more) 

Any stroke 0 change (6 fewer to 6 more) 

 
The effect estimates are combined using the online calculator at ebscohealth.com/innovations (see 

Appendix Part 2). The net effect estimate is an increase in 8 myocardial infarction-equivalent events per 

1000 patients (95% confidence interval [CI] decrease in 5 to increase in 21 myocardial infarction-

equivalent events per 1000 patients). 

Appendix Figure 1. Effect estimates for longer versus shorter durations of dual antiplatelet therapy 

after drug eluting stent placement 

 

Step 4. Classify the precision of the net effect estimate. 

The net effect point estimate is harmful, the lower bound of the confidence interval for the net effect 

estimate is beneficial, and the absolute value of the lower bound of the confidence interval is smaller 

than the absolute value of the net effect point estimate.  This pattern is likely net harm, and consistent 

with a moderate certainty of net harm. 

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 

benefit. 

-15 -10 -5 0 5 10 15 20 25

Myocardial infarction-equivalent events per 
1000 patients

Mortality (M = 5) Myocardial infarction (M = 1)

Major bleeding (M = 1) Any stroke (M = 3)

Net Effect
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Mortality and major bleeding are critical outcomes (potential differentiators of the likelihood of net 

benefit) because removal of either outcome could change the pattern to one suggesting net benefit. 

Stroke and myocardial infarction have limited impact on the net effect classification.  Both critical 

outcomes have high certainty of evidence so this does not change our moderate certainty of net harm. 

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 

across the range of relative importance changes the certainty of net benefit rating. 

If patients considered reduction of myocardial infarction to have higher relative importance than 

mortality and major bleeding it is possible to derive a net benefit.  Such relative importance ratings are 

plausible because myocardial infarction can have a greater contribution to long-term quality of life. 

Consideration of the range of relative importance for outcomes leads to a low certainty of net harm. 

Completing the evidence-to-decision framework 

With a low certainty of net harm, the expected result is a weak recommendation against longer duration 

DAPT after drug-eluting stent placement.   The costs are relatively low and there are little adverse 

consequences related to acceptability, feasibility and equity, so guideline panels may consider to make a 

weak recommendation against longer duration DAPT. 

At the current time, major guidelines have inconsistent recommendations for this concept.  The 

American College of Chest Physicians makes a strong recommendation against DAPT (and for single 

antiplatelet therapy) after 12 months following drug-eluting stent placement (24).  The American 

College of Cardiology makes a weak recommendation suggesting continuing DAPT beyond 12 months 

may be considered in patients receiving drug-eluting stents (25). 

 

 

  

Page 26 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 Ju

n
e 2019. 

10.1136/b
m

jo
p

en
-2018-027445 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Defining Certainty of Net Benefit Supplemental Appendix Page 9 

Example 2. Sacubitril-valsartan for symptomatic heart failure  

 

This example is a decision or recommendation to use sacubitril-valsartan instead of an angiotensin-

converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) in patients with symptomatic 

heart failure with reduced ejection fraction despite treatment with an ACE inhibitor or ARB.  A 

systematic evidence review and GRADE evidence profile for such use of sacubitril-valsartan finds the 

effect estimates in Appendix Table 3 (26,27), based on a single trial (28). 

 

Appendix Table 3. Summary of findings for sacubitril-valsartan versus continued ACE inhibitor or ARB 

in symptomatic heart failure with reduced ejection fraction  

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval) 

Certainty of 
evidence* 

All-cause mortality 29 fewer (12 fewer to 44 fewer) Moderate 

Cardiovascular mortality 31 fewer (17 fewer to 45 fewer) Moderate 

Hospitalization for 
worsening heart failure 

31 fewer (16 fewer to 43 fewer) Moderate 

Symptomatic hypotension 44 more (33 more to 57 more) Moderate 

Change in heart failure 
symptom score (scale 0-100) 

1.64 points decrease (0.63-point decrease to 2.65-
point decrease) 

Moderate 

Decline in renal function 4 fewer (3 fewer to 9 fewer) Moderate 

* Certainty of evidence ratings here do not rate down for imprecision. 

Step 1. Determine the outcomes to be combined 

 

In the sacubitril-valsartan example decline in renal function was considered not impactful for 

determination of the net effect estimate because the effect size is small and the outcome has low 

importance to patients. Change in heart failure symptom score was considered not impactful for 

determination of the net effect estimate because the effect size is small and the relative importance is 

uncertain and may be accounted for in other outcomes.  Using means for a continuous score can be 

misleading when one considers the impact on individual patients who vary in their responses (i.e. 

assuming every patient experiences the mean effect is likely an erroneous assumption). The only data 

regarding the proportion of patients who have an important change in symptoms is the outcome of 

hospitalization for worsening heart failure, and authors of the study reported this outcome.  

All-cause mortality is selected instead of cardiovascular mortality to avoid duplicate counting of 

mortality. The outcomes included in net effect estimation are all-cause mortality, hospitalization for 

worsening heart failure and symptomatic hypotension. 

Step 2. Determine the quantified relative importance for each outcome 

Hospitalization-equivalent events per 1000 patients will be considered the reference unit. We do not 

readily find empiric evidence for the relative importance of outcomes in patients with heart failure. We 

will start with the assumption that patients would consider the outcome of all-cause mortality 5 times 
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more important than an episode of hospitalization, and an outcome of symptomatic hypotension half as 

important as being hospitalized.  

Step 3. Combine the importance-adjusted effect estimates 

Importance-adjusted effect estimates are determined by multiplying each effect estimate by its relative 

importance multiplier. Our importance-adjusted effect estimates (in units of hospitalization-equivalent 

events per 1000 patients) are summarized in Appendix Table 4: 

 

Appendix Table 4. Importance-adjusted effect estimates for sacubitril-valsartan versus continued ACE 

inhibitor or ARB in symptomatic heart failure with reduced ejection 

Outcome Absolute effect estimate (in units of hospitalization-
equivalent events per 1000 patients) (95% 
confidence interval) 

All-cause mortality 145 fewer (60 fewer to 220 fewer) 

Hospitalization for heart 
failure 

31 fewer (16 fewer to 43 fewer) 

Symptomatic hypotension 22 more (16.5 more to 28.5 more) 

 
The effect estimates are combined using the online calculator at ebscohealth.com/innovations and the 

calculations are shown in part in Appendix Part 2.  

The net effect point estimate is a decrease in 154 hospitalization-equivalent events per 1000 patients. (-

145 plus -31 plus +22 = -154) 

The net effect estimate is a decrease in 154 hospitalization-equivalent events per 1000 patients. (95% CI 

73 fewer to 235 fewer hospitalization-equivalent events per 1000 patients) 

  

Page 28 of 42

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 14, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
4 Ju

n
e 2019. 

10.1136/b
m

jo
p

en
-2018-027445 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Defining Certainty of Net Benefit Supplemental Appendix Page 11 

Appendix Figure 2. Effect estimates for sacubitril-valsartan versus continued ACE inhibitor or ARB in 

symptomatic heart failure with reduced ejection fraction 

 

 
Step 4. Classify the precision of the net effect estimate. 

The entire confidence interval of the net effect estimate is beneficial so the pattern is net benefit, 

consistent with a high certainty of net benefit. 

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 

benefit. 

Mortality is potentially differentiating because removal of a mortality effect would change the net effect 

estimate from 154 fewer (95% CI 73 fewer to 235 fewer) hospitalization-equivalent events per 1000 

patients to 9 fewer (95% CI 24 fewer to 6 more) events per 1000 patients, and the overall pattern would 

change from net benefit to likely net benefit. 

Hospitalization for heart failure is not potentially differentiating because removal from the net effect 

estimate would not change the pattern from net benefit.  The net effect estimate would be 123 fewer 

(95% CI 43 fewer to 203 fewer) events per 1000 patients.  A result of increasing hospitalizations for 

heart failure is not a plausible likelihood.  One could question whether total hospitalizations should be 

used as an outcome rather than cause-specific hospitalization. The outcome of total hospitalizations was 

not reported in the underlying evidence (28), and guideline panels would need to determine if such an 

outcome is impactful enough to reassess the overall balance of benefits and harms for this decision. 

Symptomatic hypotension is initially not potentially differentiating because removal from the net effect 

estimate would not change the pattern from net benefit. Symptomatic hypotension can still be 

considered critical because a higher rate of symptomatic hypotension than observed in the underlying 

-250 -200 -150 -100 -50 0 50

Hospitalization-equivalent events per 1000 
patients

Mortality (M = 5) Hospitalization (M = 1)

Symptomatic hypotension (M = 0.5) Net Effect
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evidence is plausible, especially related to the use of run-in periods excluding patients who did not 

tolerate study medications. 

The critical outcomes have effect estimates with moderate certainty. This leads to a moderate certainty 

of net benefit. 

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 

across the range of relative importance changes the certainty of net benefit rating. 

We started with an assumption that the average patient would consider the importance of all-cause 

mortality five times more important than an episode of hospitalization, and an outcome of symptomatic 

hypotension half as important as being hospitalized.  To consider a range of relative importance for 

outcomes we should consider the lowest relative importance for all-cause mortality and highest relative 

importance for symptomatic hypotension that would occur among patients facing this decision and is 

considered reasonable to reflect the range of importance among common, rational people.   Some 

patients (such as those with terminal illness) may place higher importance on how they feel than 

mortality so for these patients they might consider mortality, symptomatic hypotension, and 

hospitalization to be equivalent. 

Using assumptions of equivalence across these three outcomes the net effect estimate would be 16 

fewer (95% CI 40 fewer to 9 more) events per 1000 patients. 

With a reasonable limit for the range of relative importance (including most patients) weighted to 

support net harm, the net effect estimate changes from net benefit to likely net benefit.   If there were 

otherwise high certainty of net benefit this finding could reduce our certainty to moderate certainty of 

net benefit. As we already have a moderate certainty of net benefit, extreme assumptions reaching 

likely net benefit do not further change our certainty. 

Completing the evidence-to-decision framework 

In an assessment in 2015 the moderate certainty of net benefit justified a weak recommendation for 

sacubitril-valsartan (26, 27). The high cost further supported a weak recommendation. Four national 

guidelines have since made strong recommendations for the use of sacubitril-valsartan (29-32), though 

the findings have not been replicated in a second trial.  A recommendations panel reconsidered the 

rationale across all four guidelines and reconfirmed a weak recommendation for sacubitril-valsartan 

based on a moderate certainty of evidence (limited to a single trial with potential selection bias related 

to the run-in period), a moderate certainty of net benefit (considering the range of quantitative 

estimates of importance of outcomes), and high cost with some uncertainty in the cost-benefit ratio 

(26). A different recommendations panel could generate different ratings, but the process allows explicit 

and transparent expression of what is being rated and how it is rated. 
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Example 3. Ivabradine for symptomatic heart failure  

 

Ivabradine is a heart rate lowering drug which has been tested for clinical use in patients with heart 

failure in two large randomized trials (33, 34).  In the first trial ivabradine was not associated with overall 

clinical benefit and was not associated with any decrease in death or hospitalization attributed to heart 

failure (33). In the second trial with more stringent selection criteria (left ventricular ejection fraction <= 

35%, heart rate => 70 beats/minute) ivabradine reduced the rate of hospital admissions for worsening 

heart failure (34).   

Outcome differences with ivabradine instead of placebo (from randomization until first event, up to 42 

months) are summarized in Appendix Table 5 (35): 

Appendix Table 5. Summary of findings for ivabradine versus placebo in symptomatic heart failure 

with reduced ejection fraction  

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval) 

Certainty of 
effect 
estimates 

All-cause mortality 13.9 fewer (31.8 fewer to 4 more) Moderate 

Cardiovascular mortality 11.9 fewer (29 fewer to 5.2 more) Moderate 

Death from heart failure 11.4 fewer (21 fewer to 1.8 fewer) Moderate 

Hospitalization for any 
cause 

35.6 fewer (59.4 fewer to 11.8 more) Moderate 

Hospitalization for 
cardiovascular reason 

42.3 fewer (65 fewer to 19.6 more) Moderate 

Hospitalization for 
worsening heart failure 

47.3 fewer (66 fewer to 28.6 fewer) Moderate 

Bradycardia 33.5 more (26 more to 41 more) High 

Phosphenes (a visual 
adverse effect) 

22.6 more (16.5 more to 28.8 more) High 

Atrial fibrillation 12.1 more (2.1 more to 22 more) High 

The second trial had a low risk of bias though the quality of evidence could be considered moderate for 

benefits based on inconsistency with the first trial.  The adverse effects data could be considered as high 

quality evidence as the findings are consistent with the first trial (36). 

Step 1. Determine the outcomes to be combined. 

All-cause mortality, hospitalization for any cause, bradycardia, phosphenes, and atrial fibrillation are 

selected as non-overlapping outcomes. 

Step 2. Determine the quantified relative importance for each outcome. 

Hospitalization-equivalent relative importance will be estimated at 0.3 for each adverse effect and 5 for 

mortality. 
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Step 3. Combine the importance-adjusted effect estimates 

The importance-adjusted effect estimates (in units of hospitalization-equivalent events per 1000 

patients) are in Appendix Table 6. 

 

Appendix Table 6. Importance-adjusted effect estimates for ivabradine versus placebo in symptomatic 

heart failure with reduced ejection fraction  

Outcome Absolute effect estimate (in units of hospitalization-
equivalent events per 1000 patients) (95% 
confidence interval) 

Confidence 
interval width 
(CIW) 

All-cause mortality 69.5 fewer (159 fewer to 20 more) 179 per 1000 

Hospitalization for any 
cause 

35.6 fewer (59.4 fewer to 11.8 more) 71.2 per 1000 

Bradycardia 10.05 more (7.8 more to 12.3 more) 4.5 per 1000 

Phosphenes (a visual 
adverse effect) 

6.78 more (4.95 more to 8.64 more) 3.69 per 1000 

Atrial fibrillation 3.63 more (0.63 more to 6.6 more) 5.97 per 1000 

 
The net effect point estimate is a decrease in 85 hospitalization-equivalent events per 1000 patients. (-

69.5 plus -35.6 plus +10.05 plus +6.78 plus +3.63 = -84.64) 

The net effect estimate is a decrease in 85 (95% confidence interval decrease in 181 to increase in 12) 

hospitalization-equivalent events per 1000 patients (see Appendix Figure 3).  

Appendix Figure 3. Effect estimates for ivabradine versus placebo in symptomatic heart failure with 

reduced ejection fraction 
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Step 4. Classify the precision of the net effect estimate. 

The pattern is likely net benefit, consistent with a moderate certainty of net benefit. 

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 

benefit. 

As the effect estimates have at least moderate certainty of evidence there is moderate certainty of net 

benefit. 

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 

across the range of relative importance changes the certainty of net benefit rating. 

A plausible range of relative importance could include consideration of death equivalent to 

hospitalization and other adverse effects 0.6 times as disruptive as hospitalization.   Such assumptions 

would lead to importance-adjusted effect estimates of: 

• All-cause mortality:  13.9 fewer (95% CI 31.8 fewer to 4 more) 

• Hospitalization for any cause:  35.6 fewer (95% CI 59.4 fewer to 11.8 more) 

• Bradycardia:  20.1 more (95% CI 15.6 more to 24.6 more) 

• Phosphenes (a visual adverse effect):   13.56 more (95% CI 9.90 more to 17.28 more) 

• Atrial fibrillation:  7.26 more (95% CI 1.26 more to 13.2 more) 
 

These estimates would result in a net effect estimate of a decrease in 9 (95% confidence interval 

decrease in 49 to increase in 32) hospitalization-equivalent events per 1000 patients. 

This would be possible net benefit, and results in a low certainty of net benefit upon consideration 

across the range of relative importance that patients may have for the various effects. 

Completing the Evidence-to-Decision Framework 

A low certainty of net benefit supports a weak recommendation for ivabradine in patients meeting the 

selected criteria used in the trial suggesting benefit. Three of four current guidelines provide a weak 

recommendation for ivabradine in this setting (37-39) while one makes a strong recommendation (40). 
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Example 4. Second autologous stem cell transplant (ASCT) for patients with relapsed myeloma and 

response duration more than 2 years after first ASCT 

A National Institute for Health and Clinical Excellence (NICE) guideline includes GRADE profiles for a 

second ASCT in relapsed myeloma including (41): 

• Median overall survival from relapse – low quality evidence – absolute effect 2.1 years longer 

(95% CI not reported) 

• Median time to progression – moderate quality evidence – absolute effect 13 months longer 

(95% CI not reported) 

• No evidence identified for treatment-related morbidity and mortality, health-related quality of 

life, and adverse effects. 

 

Step 1. Determine the outcomes to be combined. 

The guideline panel considered overall survival and progression-free survival to be the most impactful 

outcomes for consideration.  Because overall survival includes progression-free survival, progression 

events (time to progression) and death events (time to death) can be counted as non-overlapping 

outcomes. 

Step 2. Determine the quantified relative importance for each outcome. 

Time to death (overall survival) will be considered the reference unit. We will start with the assumption 

that patients would consider time to progression 0.2 times the importance of time to death. 

Step 3. Combine the importance-adjusted effect estimates. 

The importance-adjusted estimate for time to progression is median 2.6 months (0.2 x 13 months) and 

the estimate for time to death is median 2.1 years (or 25.2 months). 

The point estimate for the net effect is the equivalent of 27.8 months of increased survival.  Confidence 

intervals were not reported. 

Step 4. Classify the precision of the net effect estimate. 

This appears to start with a pattern of net benefit.   The statistical significance was not expressed but 

assuming the results were statistically significant the confidence intervals would be completely within 

estimates of benefit because no evidence was provided to suggest harm. 

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 

benefit. 

Overall survival is the critical outcome here and was reported as low certainty of evidence based on a 

single retrospective comparative study (and related consistent data in noncomparative studies).  Even so 

the guideline panel could potentially consider this to represent a moderate certainty of a survival 
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benefit and a low certainty for a specific magnitude of effect.   This could lead to a moderate certainty of 

net benefit. 

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 

across the range of relative importance changes the certainty of net benefit rating. 

In a model with no harms being considered as important outcomes, the range of relative importance is 

really an opportunity to consider how potential harms may affect the balance of benefits and harms. 

The guideline panel rationalized that harms would be similar to what patients experienced with their 

first ASCT and patients would thus have individual experience representing their individual harms 

estimates when considering the balance of harms and benefits. 

Completing the Evidence-to-Decision Framework 

In the context of harms mainly being considered burdens the patient would individually consider, the 

potential for increases in overall survival is considered a moderate certainty of net benefit. To reflect the 

importance of the patient weighing a personalized relative importance the guideline panel made a 

strong recommendation to offer the therapy (for the potential for net benefit) rather than recommend 

that the therapy should be administered. 
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Example 5. Avoiding 100% oxygen saturation in intensive care unit 

A randomized trial with 480 adults admitted to the intensive care unit (ICU) found mortality in the ICU of 

11.6% with target arterial oxyhemoglobin saturation (SpO2) 94%-98% versus 20.2% with target SpO2 

97%-100% (absolute risk reduction 8.6%, 95% CI 1.7% to 15%) (42).  This evidence may be considered to 

have moderate certainty due to early trial termination without use of a formal stopping rule. 

Step 1. Determine the outcomes to be combined. 

Although other outcomes were reported, there was no evidence of benefits for high-SpO2, so the 

mortality outcome can be considered the primary outcome for a net effect estimate. 

Step 2. Determine the quantified relative importance for each outcome. 

Step 3. Combine the importance-adjusted effect estimates. 

These steps are irrelevant in this case and the net effect estimate is the estimate for ICU mortality, 

which can be considered inversely for the action of targeting an SpO2 97%-100% (absolute risk increase 

8.6%, 95% confidence interval 1.7% to 15%). 

Step 4. Classify the precision of the net effect estimate. 

There is a net harm based on the confidence intervals of the effect estimate, consistent with a high 

certainty of net harm. 

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 

benefit. 

As the underlying evidence is a single trial with early unplanned termination, the moderate certainty of 

evidence may reduce the certainty of net harm to moderate. 

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 

across the range of relative importance changes the certainty of net benefit rating. 

This is irrelevant following the decision to focus on a single outcome 

Completing the Evidence-to-Decision Framework 

A moderate certainty of net harm is sufficient to support a strong recommendation against an 

intervention with no apparent benefit. 
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Summary of Examples. 

Five examples are presented to show how the model for defining and reporting the certainty of net 

benefit or certainty of net harm can provide more clear and explicit representations of evidence-based 

assessments and judgments supporting a recommendation spanning a broad continuum of complex 

situations.  See Appendix Table 7. 

Example 1 (Longer DAPT after drug-eluting stents) shows a net effect estimate suggesting a low 

certainty of net harm. Adjustment for certainty of evidence and the range of relative importance across 

outcomes is unnecessary as the certainty is already low. No other factors change the approach to the 

recommendation and we support a weak recommendation against.  This may be clearer than the 

variations across current guidelines ranging from a weak recommendation for to a strong 

recommendation against. 

Example 2 (Sacubitril-valsartan for symptomatic heart failure on standard therapy) is an example in 

which a net effect estimate shows net benefit based on a single trial using reasonable assumptions of 

relative importance of outcomes.  The moderate certainty of evidence and the influence of reasonable 

extremes of relative importance assignments each led to ratings of a moderate certainty of net benefit.  

A moderate certainty of net benefit and high cost may support a weak recommendation for sacubitril-

valsartan although many current guidelines provide a strong recommendation. 

Example 3 (Ivabradine for symptomatic heart failure) shows a treatment with relatively smaller effects 

on benefits and harms with a closer balance between benefits and harms and moderate certainty of 

effect estimates.  The resulting low certainty of net benefit supports a weak recommendation for 

ivabradine, and most current guidelines provide a weak recommendation for it. 

Example 4 (Second ASCT for patients with relapsed myeloma and response duration more than 2 years 

after first ASCT) starts with low to moderate certainty in effect estimates for benefits and no direct 

comparative evidence to quantify harms.  This leads to a higher certainty of net benefit, though still a 

moderate certainty of net benefit given the limited certainty in effect estimates.  Despite not reaching a 

high certainty of net benefit the guideline panel reasoned that the harms for a second ASCT would be 

patient-specific (and patient-recognized based on the first ASCT) so provided a strong recommendation 

to offer the therapy and allow the patient to individually weigh the estimated benefits against their 

individualized harms. This is consistent with the GRADE approach which would provide a weak 

recommendation and encourage shared decision making. The guideline panel did not provide a strong 

recommendation for the intervention without shared decision making. 

Example 5 (Avoiding 100% oxygen saturation in intensive care unit) is an example of an intervention 

with no apparent benefit and moderate certainty of net harm.   The quantitative effect estimates 

support a high certainty of net harm but the risk of bias (qualitative certainty) reduced the overall 

assessment to a moderate certainty of net harm.  Even so, without any apparent benefit, a strong 

recommendation against would be justified. 
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Appendix Table 7. Certainty of net benefit and strength of recommendations in examples 

Example Certainty of Evidence 
for Critical Outcomes* 

Certainty of Net 
Benefit 

Strength of 
Recommendation 

Longer dual-
antiplatelet therapy 
(DAPT) after drug-
eluting stents 

Moderate to high 
certainty of evidence 

Low certainty of net 
harm 

Weak recommendation 
against 

Sacubitril-valsartan for 
symptomatic heart 
failure on standard 
therapy 

Moderate certainty of 
evidence 

Moderate certainty of 
net benefit 

Weak recommendation 
for 

Ivabradine for 
symptomatic heart 
failure 

Moderate certainty of 
evidence 

Low certainty of net 
benefit 

Weak recommendation 
for 

Second autologous 
stem cell transplant 
(ASCT) for patients with 
relapsed myeloma and 
response duration 
more than 2 years after 
first ASCT 

Low to moderate 
certainty of evidence 

Moderate certainty of 
net benefit 

Weak recommendation 
for (or strong 
recommendation for 
offering with shared 
decision making) 

Avoiding 100% oxygen 
saturation in intensive 
care unit 

Moderate certainty of 
evidence 

Moderate certainty of 
net harm 

Strong 
recommendation 
against 

* Certainty of evidence ratings here do not rate down for imprecision. 
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Abstract

Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology is used 
to assess and report certainty of evidence and strength of recommendations.  This GRADE concept 
article is not GRADE guidance but introduces certainty of net benefit, defined as the certainty that the 
balance between desirable and undesirable health effects is favorable. Determining certainty of net 
benefit requires considering certainty of effect estimates, the expected importance of outcomes and 
variability in importance, and the interaction of these concepts. Certainty of net harm is the certainty 
that the net effect is unfavorable. Guideline panels using or testing this approach might limit strong 
recommendations to actions with a high certainty of net benefit or against actions with a moderate or 
high certainty of net harm. Recommendations may differ in direction or strength from that suggested by 
the certainty of net benefit or harm when influenced by cost, equity, acceptability, or feasibility.
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Introduction

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group 
has designed a transparent approach to rating certainty of evidence and grading strength of 
recommendations (1,2).  More than one hundred groups creating systematic reviews, clinical practice 
and public health guidelines, and health technology assessments have adopted GRADE (1,2). GRADE 
uses the terms “certainty of evidence” interchangeably with “confidence in estimate” and “quality of 
evidence”.  Authors using GRADE make separate ratings of certainty for each patient-important 
outcome and, in the context of a recommendation about an intervention, provide an overall rating 
based on the lowest certainty of the critical outcomes. 

In the context of making recommendations, GRADE specifies that ratings reflect the certainty that the 
estimates of an effect are adequate to support a particular decision or recommendation (3). Recently, 
the GRADE Working Group clarified the conceptual basis of certainty ratings, noting that, in both 
contexts of systematic reviews and guidelines, they represent the certainty that a true effect lies on one 
side of a specified threshold, or within a specified range (4).  

Depending on the thresholds or ranges chosen, it is possible to have high certainty in the evidence for a 
set of outcomes related to a particular decision, yet uncertainty whether the evidence is adequate to 
support that decision; this will occur when desirable and undesirable consequences are closely 
balanced, such as cancer treatments with high certainty in prolonging survival and high certainty in 
serious toxicity (5,6).  It is also possible to have low certainty in evidence for a specific outcome yet 
make a strong recommendation (high certainty to support a decision). The GRADE Working Group has 
specified five paradigmatic situations in which such discordant recommendations may be appropriate 
(5,6).  One of these situations is when only low quality evidence exists for a promising intervention in a 
life-threatening context (e.g. using fresh frozen plasma or vitamin K in a patient receiving warfarin with 
elevated INR and an intracranial bleed).   

The recent GRADE Working Group guidance states that systematic review authors and guideline 
panelists will ideally specify the threshold or ranges they are using when rating the certainty in evidence 
(3). The guidance offered non-contextualized (no implicit value judgments) and partially contextualized 
(some implicit value judgments regarding magnitude of effects) approaches for systematic review 
authors.  The guidance further suggested a fully contextualized approach for clinical practice guidelines 
in which a guideline panel determines thresholds considering all critical outcomes and their relative 
importance.  

Guideline panels using fully contextualized approaches have faced challenges of balancing feasibility and 
simplicity with comprehensive simultaneous consideration of all important outcomes. This current 
GRADE concept article introduces an approach for guideline panels to more directly and explicitly rate 
their certainty of the balance of benefits and harms. This GRADE concept article (a new form of 
communication from the GRADE Working Group) is presented to stimulate discussion and does not 
constitute GRADE guidance.
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Expressing Certainty Across the Evidence-to-Decision Framework

GRADE Evidence-to-Decision frameworks explicitly identify the following considerations in determining 
the direction and strength of recommendations:

 Certainty of evidence (regarding effect estimates for health effects) (2,6,7)
 Relative importance of outcomes (also called values and preferences) (2,7,8)
 Balance of benefits and harms (2,7,9)
 Resource use (cost) (2,7,10)
 Cost-benefit ratio (Are incremental health benefits worth the costs?) (2,7,11)
 Equity (7,11)
 Acceptability (11), and
 Feasibility (11).

Health-related harms include pain or disability but also burdens that lower quality of life.  For example, 
the burden of receiving an intervention that requires being immobile for long periods of time could be 
considered as a health-related harm.  In this article, when we use the phrase “balance of benefits and 
harms” we refer to the “balance of benefits versus harms and burdens”.   Other burdens that may be 
considered more societal in nature may be considered through other criteria in the framework (cost, 
acceptability, feasibility) depending on the perspective taken such as that of the health care system, the 
population or the individual. Here we will use the term “harms” to refer to “health-related harms and 
burdens”.

Ideally, guideline panels consider all the factors listed above when determining the direction and 
strength of a recommendation.  The process may proceed in progressive steps that consider first 
benefits and harms to generate certainty in net benefit; then costs to generate certainty in a cost-
benefit ratio; then equity, acceptability, and equity to address certainty in a recommendation if relevant 
(Figure 1).

Although it makes decisions more transparent, reporting a guideline panel’s certainty for each of these 
concepts may be overwhelming for guideline users seeking simple explanations of the rationale and 
certainty for recommendations. Among the concepts for which certainty can be expressed formally, the 
certainty in balance of benefits and harms (net effect) may be most relevant to patients and clinicians 
(often the primary target users for guidelines). Additional criteria that may influence a recommendation 
(cost, cost-benefit ratio, equity, acceptability, feasibility) are more likely to vary across social groups and 
contexts, and population-based ratings may be of less interest to patients and clinicians working 
together to make individual health care decisions.

Consistent with the recent clarification of “certainty of evidence” - the certainty that a true effect lies 
within a specified range or on one side of a specified threshold (3) - one can express the certainty of the 
net effect (or balance of benefits and harms) in terms of a range or in relation to a threshold. The 
situation when benefits and harms are perfectly balanced (net benefit or harm = 0) represents a natural 
threshold for certainty of the net effect. Using this threshold, the certainty of net benefit is the certainty 
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that the overall or net effect lies on the side of benefit.  The certainty of net harm is the certainty that 
the net effect lies on the side of harm.

Expressing the certainty of net benefit for guideline users provides the most direct summary 
representation of the extent of our confidence that the estimates of effects are adequate to support a 
particular decision or recommendation. The United States Preventive Services Task Force (USPSTF) has 
used the term certainty of net benefit in a manner consistent with this conceptual framework (12, 13).

Model for Creating the Net Effect Estimate and Rating Its Certainty

Determining the certainty in the balance of benefits and harms involves generating a net effect estimate 
(a way of specifying the balance of benefits and harms) and then rating the certainty regarding that net 
effect in relation to the threshold of net benefit = 0 (Figure 2).

Decision analysis provides a statistical method for generating the net effect estimate.   Decision 
modeling has evolved over the years and sophisticated models include multiple outcomes, the varying 
times at which each outcome can occur, the relative importance placed in each outcome (often using 
utilities or quality adjusted life years), and future decisions and resulting outcomes.  Guideline panels 
sometimes use decision analysis to evaluate a chain of possible consequences and decisions to inform 
their recommendations: the UK National Institute for Health and Care Excellence (NICE) relies heavily on 
such models.  Decision analysis often involves modelling cost-effectiveness or an assessment of net 
effect across a range of possible scenarios. Determining the certainty of evidence emerging from such 
models is itself a complex matter: A GRADE project group is currently addressing the issue.

For many decisions for which guideline developers, clinicians or patients desire recommendations, 
however, one need not consider a chain of subsequent decisions. Many guideline recommendations are 
binary and based on the evidence limited to that decision. In such cases, one can perform a much 
simpler decision analysis without requiring participation of a skilled modeler.  Simple models can 
generate confidence intervals for a net effect estimate (a composite of individual effect estimates) given 
the following assumptions (described further in the Appendix):

1. Effect estimates represent data conforming to normal distributions
2. Effect estimates to be combined are independent and not correlated with each other
3. Effect estimates to be combined can be multiplied by a conversion factor to use a consistent 

unit of measure

Given that the second assumption is often unlikely to hold, the analyst can perform sensitivity analysis 
of the net effect estimate to determine robustness to changes in the individual effect estimates, the 
assumptions of correlation between effect estimates, and the conversion factors. A sensitivity analysis 
defining the likelihood of the net effect estimate remaining favorable across the range of assumptions 
determines the certainty of net benefit.
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Generation of the Net Effect Estimate

Here we describe the methods for generating the net effect estimate as presented in Figure 2. 
Algorithm-supported calculators can facilitate combining the importance-adjusted effect estimates (the 
third step in Figure 2) and classifying the precision (the fourth step). The Appendix provides examples 
and a link to a free online calculator.  

Step 1: Determine the outcomes to be combined

We assume reviewers have already identified the important outcomes for their systematic review of the 
available evidence; methods for this outcome selection have been reported (14). We present here 
considerations for selecting from those outcomes the outcomes to be combined for a net effect 
estimate.

Including both a composite outcome and one or more components of that outcome is problematic. For 
example, it would be inappropriate to include all-cause mortality and cardiovascular mortality in the 
same model.  One may choose to use only the composite outcome (e.g. all-cause mortality) or to use 
only the component outcomes (e.g. cardiovascular mortality, cancer mortality, and mortality from 
causes other than cancer or cardiovascular disease).

If effect estimates are not available in absolute terms (or if effect estimates are being extrapolated to a 
population with different baseline risks than that used for the absolute effect estimates) then absolute 
effect estimates may be derived using a combination of relative effect estimates and baseline risk 
estimates. 

Step 2: Determine the quantified relative importance for each outcome

Quantitative estimates of relative importance for each outcome will serve as a conversion factor to use 
a consistent unit of measure for the net effect estimate. These estimates need to be meaningful as a 
multiplier or represent a quantitative measure of importance relative to a reference standard. Guideline 
panels that use a qualitative 9-point rating of importance of outcomes(14) to determine which 
outcomes to include in systematic reviews or summary of findings tables may find these ratings do not 
easily translate to quantitative estimates for this purpose.

A simple approach is to select one outcome as a reference outcome and define a relative importance 
adjustment (i.e., a multiplier) for each other outcome as a modifier to apply to effect estimates.  In 
making individual patient-specific decisions, one could enter the quantitative estimates of relative 
importance for the individual patient and derive an individualized estimate of net effect.  With further 
development this approach could inform shared decision-making for individual patients.

For groups of patients, one could consider quantitative estimates of relative importance as ranges.  In 
making population-specific recommendations, one could use a range of relative importance estimates 
considered reasonable to capture most members of the population and check for robustness of 
estimates of net effect across the range of relative importance.  One would then lower the rating of 
certainty of net benefit if the estimate of net effect crosses to net harm within the range of relative 
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importance.  The later discussion of sensitivity analysis for the net effect estimate (step 6) will address 
the concepts of ranges and certainties of relative importance.

Methods to determine quantitative estimates of relative importance from a patient perspective include 
discrete-choice experiments (15), preference-eliciting surveys among patients (16), and systematic 
reviews of such surveys (17). Determination of relative importance could provide an opportunity for 
engaging patients as partners in research design, a developing expectation in medical publishing (18). 
When such evidence is unavailable for the outcomes associated with a recommendation, guideline 
panels can still explicitly make best guesses of the importance the target population will place on the 
relevant outcomes. Further discussion of the methods for determining relative importance is beyond the 
scope of this paper.

If the outcomes to be combined include both continuous measures and dichotomous measures, the 
assignment of relative importance becomes more complicated and would take additional methods to 
reach a shared unit of measure (such as conversion to quality-adjusted life-year estimates).  Utilities 
reported for decision analyses may be convertible to relative importance of outcomes. However, utilities 
are often reported with a range from 0 (for death or worst outcome) to 1 (for optimal quality of life or 
best outcome), and relative importance of outcomes functioning as multipliers would not be meaningful 
if multiplied by 0.  Relative importance of outcome estimates equal to 1 minus the utility could convert 
utilities to meaningful multipliers.

Step 3: Combine the importance-adjusted effect estimates

For each effect estimate, one can multiply the point estimate and confidence intervals (CI) by the 
relative importance for the outcome, and then present the importance-adjusted effect estimate in 
positive or negative terms to correspond to benefits or harms in the direction of effect.

Adding together the point estimates for each importance-adjusted effect estimate will provide the point 
estimate for the net effect.  Statistical formulas allow calculation of the 95% CI for the net effect (see 
Appendix).

Rating the Certainty of Net Benefit

Step 4: Classify the precision of the net effect estimate 

Precision becomes meaningful with contextual anchoring.  Reporting results with a 3-centimeter range 
would be overly precise for planning travel by car and unacceptable imprecision for some types of 
surgery. To express the certainty in the balance of benefits and harms, we need to specify a threshold 
for a net benefit, then express the certainty that the net effect lies on one side of this threshold. 
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Guideline panels may specify the threshold of net effect; we suggest using the “zero effect” for 
simplicity. Guideline panels that formally evaluate cost-effectiveness already use a method to set a value 
threshold for the quantity of net benefit that is considered worth the cost to achieve it.

If the entire confidence interval does not cross zero, then the precision of the net effect estimate is 
sufficient to not rate down the certainty of net benefit for imprecision. One must still consider other 
factors affecting certainty that are more difficult to quantify (risk of bias, inconsistency, indirectness, 
and publication bias) and the plausible range of relative importance of outcomes before final 
determination of the certainty of net benefit (19).

If the confidence interval includes zero effect and thus the range of net effect estimates includes both 
net benefit and net harm, the guideline panel will rate down the certainty of net benefit. The greater the 
extent of overlap of the confidence interval with both benefit and harm, the lower the certainty in the 
net benefit. Table 1 and Figure 3 present initial suggestions for how these judgments may be made.
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Table 1. Classification of precision of net effect estimate

Pattern of net effect estimate Classification Precision of net 
effect estimate is 
consistent with …

Entire confidence interval is beneficial Net benefit High certainty of net 
benefit

Point estimate is beneficial, lower bound of 
confidence interval is harmful, and point estimate 
has larger absolute value than lower bound of 
confidence interval

Likely net benefit Moderate certainty 
of net benefit

Point estimate is beneficial, lower bound of 
confidence interval is harmful, and point estimate 
has smaller absolute value than lower bound of 
confidence interval

Possible net benefit
Low certainty of net 
benefit

Point estimate is close to zero, wide confidence 
interval*

Possibly no net 
benefit or harm

Very low certainty of 
net benefit or harm

Point estimate is close to zero, narrow confidence 
interval*

Net benefit or harm 
likely near zero

Moderate certainty 
of little net benefit or 
harm

Point estimate is harmful, upper bound of 
confidence interval is beneficial, and point estimate 
has smaller absolute value than upper bound of 
confidence interval

Possible net harm Low certainty of net 
harm

Point estimate is harmful, upper bound of 
confidence interval is beneficial, and point estimate 
has larger absolute value than upper bound of 
confidence interval

Likely net harm Moderate certainty 
of net harm

Entire confidence interval is harmful Net harm High certainty of net 
harm

* Differentiation of wide vs. narrow confidence intervals could be based on a threshold of minimally 
important differences.
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The calculation for confidence intervals for the net effect estimate includes an assumption that effect 
estimates being combined are not correlated with each other. If effects are correlated, the accurate 
confidence intervals would be wider or less precise; if inversely correlated, the accurate confidence 
intervals would be narrower or more precise. If such accuracy is needed, one could add correlation 
coefficients to the calculation (see Appendix) or rely on more sophisticated statistical approaches such 
as bootstrapping (20) or a Bayesian approach to estimate the probability interval (21).  The calculation is 
also based on an assumption that effects on outcomes are independent. For practical use, modest 
violations of the assumption are unlikely to distort results substantially and may be preferable to less 
explicit judgment of the balance of benefits and harms.

Step 5: Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

One approach to select the outcomes critical to the likelihood of net benefit is to identify the outcomes 
that could change the classification of the precision of the net effect estimate. Such outcomes are 
either:

 Outcomes for which removal of the outcome would change the classification of the precision of 
the net effect estimate. 

 Outcomes for which addition of plausible increases to the effect estimate (for effect estimates 
with lower certainty) would change the classification. 

Determining the lowest certainty of evidence among critical outcomes requires addressing risk of bias, 
inconsistency, indirectness, and publication bias for each critical outcome(4). Imprecision for an 
individual outcome is not an influencing factor here because it is already accounted for in the net effect 
estimate.

The lowest of the certainty ratings for critical outcomes and the certainty rating consistent with the 
precision of the net effect estimate represents the certainty of net benefit.  This approach may work in 
most cases; raters still need, however, to consider the overall framework and determine if limited 
certainty in single outcomes are sufficient to rate down the overall certainty of net benefit.  This is 
especially so if the upper or lower bounds of the CI for the net effect estimate approximates a zero 
effect. A 95% CI is used based on convention rather than a theoretical rationale. 

Step 6: Consider the range of relative importance for outcomes. Perform a sensitivity analysis to 
determine the certainty of net benefit across this range.

To enhance feasibility of the approach, efforts to fully consider the range of relative importance for 
outcomes may be limited to ratings that would otherwise be classified as high certainty of net benefit. In 
situations in which further assessment is needed to confirm robustness of certainty across the range of 
relative importance, one can repeat the analyses across a reasonable range of relative importance of 
outcomes.
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The purpose of the sensitivity analysis is to determine if the certainty of net benefit remains high across 
the range of relative importance estimates. There remains insufficient conceptual development to 
provide explicit guidance on how to precisely define the range of relative importance for outcomes to 
use for the sensitivity analysis.

The GRADE Working Group has developed guidance on rating the certainty of relative importance of 
outcomes (22).  If a range of relative importance of outcomes is determined by empirical evidence and 
that range is considered to have low certainty, it would then be prudent to use a wider range of relative 
importance of outcomes in a sensitivity analysis.  

It may be necessary during the process of the sensitivity analysis of outcome importance to re-evaluate 
which outcomes are critical to the likelihood of net benefit.

Relating Certainty of Net Benefit to Strength of Recommendation

The certainty of net benefit does not necessarily dictate the strength of recommendation. The evidence-
to-decision framework also includes cost, cost-benefit ratio, equity, acceptability, and feasibility as 
considerations that may modify the strength of recommendation.   Panels may choose to focus 
exclusively on net health effects and not include other elements (e.g. some panels choose not to 
consider costs, and do not formally consider acceptability, feasibility, and equity).

In situations in which there is a high certainty in effect estimates but uncertainty that the balance of 
benefits and harms is favorable across the range of patient values and preferences (a situation in which 
panels will make weak recommendations because fully informed patients are likely to make different 
decisions), a moderate or low certainty of net benefit provides a clear expression of the rationale for 
weak recommendations.

High certainty is not necessary, in all cases, for supporting a strong recommendation. Primum non 
nocere (“First, do no harm”) is considered one of the principal precepts for ethical decision-making in 
medicine and pharmacology (23) though it is more properly considered Primum non net nocere (24). 
One can interpret this to consider a lower threshold for the certainty in net harm for a strong 
recommendation against an action than one uses for the certainty in net benefit for a strong 
recommendation for an action.

Implications

In this article, we introduce an approach for guideline developers to consider explicitly reporting the 
certainty of net benefit with recommendations, either in addition to or in place of reporting an overall 
quality of evidence associated with a recommendation. Either way, the approach requires consideration 
of certainty of evidence ratings for individual outcomes, typically presented in summary of findings 
tables. 

This approach is applicable to decisions or recommendations with binary choices, such as treatment, 
prevention, diagnostic and screening interventions. This approach involves many judgments that are 
already made explicitly or implicitly when guideline panels make recommendations.  Reporting the 
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judgments made when using this approach would allow readers to interpret their confidence in how the 
ratings were made and may reduce spurious confidence that could occur with quantitative reporting in 
the absence of qualitative factors.

A key driver for this approach is greater congruence with the intent behind the concept of “adequate 
evidence to support a recommendation” than what is currently conveyed by the “overall quality of 
evidence in estimates of effects”. Strengths of this approach include the transparent, logical, 
quantitative expressions for both scholarly and clinical readers, and both guideline developers and 
guideline users.

Throughout this discussion we are considering the context of guideline recommendations which by 
nature relate to considerations for a population and not for a specific individual.  Concepts of certainty 
of net benefit may eventually be extrapolated to “certainty of individual net benefit” with inclusion of 
individually determined relative importance of outcomes, but at this time no discussion or testing has 
been applied to relating these concepts to individual decision making.

The primary limitation of this approach is its lack of testing to inform its feasibility and acceptability, and 
how readers will interpret these concepts.  This report is shared, before such testing, to increase 
scholarly discussion. This GRADE concept article does not therefore constitute GRADE guidance.
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Figure 1. Certainty across the evidence-to-decision framework* 
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Figure 2. A stepwise approach to determining the certainty of the net effect estimate 
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Figure 3. Classification of precision of net effect estimate 
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Calculating the Net Effect Estimate 

The statistical method is fully described here and a free online calculator is available at 
ebscohealth.com/innovations.  In brief, while we add the point estimates for each effect estimate to 
determine the point estimate for the net effect estimate, the calculation of the 95% confidence interval 
requires a couple of formulas.

Suppose we have an effect estimate X for one outcome and Y for another outcome and we want to 
determine a combined or net effect estimate Z. The model to determine the net effect estimate Z as a 
summative or linear combination of effect estimate X and effect estimate Y is based on the same 
statistical principles for determination of confidence intervals for differences between means, using 
addition instead of subtraction. That is, 

Z = X + Y.

Assumptions regarding effect estimates include they:

1) represent data conforming to the normal distribution, 
2) are independent and not correlated with each other, and
3) are expressed using the same units of measure.
4) The mean (or point estimate) for a net effect estimate Z is simply the addition of the means (or 

point estimates) for effect estimates X and Y. That is, 

Mean Z = Mean X + Mean Y.

A 95% confidence interval for the net effect estimate is determined by calculating Mean Z +/- 1.96 
SDMeanZ where SDMeanZ = standard deviation [SD] of Mean Z.

For the net effect estimate Z, the SD of Mean Z is related to the SDs of the component estimates Mean X 
and Mean Y through the formula:    

SDMeanZ
2  = SDMeanX

2 + SDMeanY
2

Therefore, 

SDMeanZ
  = √ (SDMeanX

2 + SDMeanY
2)

The 95% confidence interval for the net effect will be:

Mean Z - 1.96 SDMeanZ to Mean Z + 1.96 SDMeanZ

The third assumption (that effect estimates X and Y are expressed using the same units of measure) is 
rarely true so we need to introduce a “standardization” or “normalization” of outcomes, and this can be 
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done based on their relative importance.   One approach is to assign a multiplier (M) to each outcome 
representing its importance or relative value compared to a reference outcome. The reference outcome 
can be external to the body of evidence, or can be one of the outcomes of interest (in which case the 
value of M for the reference outcome will be 1).

The mean (or point estimate) for a net effect estimate Z, expressed in units of multiples of the reference 
outcome, becomes:

Mean Z = (MX x Mean X) + (MY x Mean Y)

With the use of multipliers, the SD of the net effect estimate Z becomes related to the formula: 

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2

Therefore, 

SDMeanZ = √ (MX
2SDMeanX

2 + MY
2SDMeanY

2)

Note that if the SDMean is not directly reported for an individual effect estimate, it can be derived from 
the width of the 95% confidence interval (CIW) for the effect estimate:   

SDMeanX = CIWX / 3.92
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Using the data for the sacubitril-valsartan example (with units of hospitalization-equivalent events per 
1000 patients) we get:

SDAll-cause mortality outcome = CIW of 160 / 3.92 = 40.816

SDHospitalization rate outcome = CIW of 27 / 3.92 = 6.888

SDSymptomatic hypotension rate outcome = CIW of 12 / 3.92 = 3.061

Applying SDMeanZ
 = √ (SDMeanX

2 + SDMeanY
2) we get:

SDNet effect estimate
 = √ (SDAll-cause mortality

2 + SDHospitalization rate
2 + SDSymptomatic hypotension rate

2) 

SDNet effect estimate
 = √ (40.8162 + 6.8882 + 3.0612)

SDNet effect estimate
 = √ (1665.9459 + 47.4445 + 9.3697)

SDNet effect estimate
 = √ (1722.7601) = 41.5

 

The 95% confidence interval for the net effect estimate is the mean +- 1.96 SD. For the lower boundary, 
this translates to 154 - (1.96)(41.5) = 154-81.34 = 72.66 (rounded to 73) and for the upper boundary, this 
would be 154 + 81.34 = 235.34 (rounded to 235). 

We report a net effect estimate of a decrease in 154 hospitalization-equivalent events per 1000 patients 
(95% confidence interval for the net effect estimate being 73 fewer to 235 fewer hospitalization-
equivalent events per 1000 patients).
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Sensitivity analysis of the net effect estimate

The 95% confidence interval implies a range within which the true net effect is likely to occur. There are 
many factors that can affect the certainty that the true net effect is within this range. 

If assumptions used in the model are not met, the results will not have accurate precision.  If individual 
outcomes are correlated (such as increase in one benefit being correlated with an increase in another 
benefit), the “true” 95% confidence interval would be wider or less precise than the one estimated by 
our method.  Alternatively, if individual outcomes are inversely correlated (such as an increase in a 
benefit being correlated with an increase in a harm, or correlated with a decrease in another benefit), 
then the “true” 95% confidence interval would be narrower or more precise than the one estimated by 
our method. In the latter case our proposed approach is conservative but less powerful.  If outcomes 
have other dependencies or do not follow a normal distribution (such as a highly skewed distribution), 
then the 95% confidence interval may be inaccurate.

The statistical formulas can be adjusted with correlation coefficients if they can be estimated. The 
formula to determine the standard deviation of the mean of the net effect

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2

is modified to

SDMeanZ
2  = (MX x SDMeanX)2 + (MY x SDMeanY)2 + (2 x r x MX x SDMeanX x MY x SDMeanY)

where r = the correlation coefficient between X and Y.  Correlation coefficients are rarely available but 
the maximum value of r that appears plausible can be used for a sensitivity analysis to address plausible 
correlations between outcomes.

For the sacubitril-valsartan example, there is data suggesting a small inverse correlation (r = -0.17) 
between all-cause mortality and hospitalization for heart failure among patients with heart failure (25). 
There is no data addressing correlations between drug-related symptomatic hypotension and the 
outcomes of mortality or hospitalization.  Let’s assume r = 0.5 for each of these as an upper bound of 
plausible correlations for a sensitivity analysis.

SDNet effect estimate
  = √ (SDAll-cause mortality

2 + SDHospitalization rate
2 + SDSymptomatic hypotension rate

2) + 2r(SDMortalty) 
(SDHospiltalization) + 2r(SDMortalty) (SDSymptomatic hypotension rate) + 2r(SDSymptomatic hypotension rate) (SDHospitalization)

SDNet effect estimate
  = √ (40.8162 + 6.8882 + 3.0612) + 2(-0.17)(40.816)(6.888) + 2(0.5)(40.816)(3.061) + 

2(0.5)(3.061)(6.888)

SDNet effect estimate
  = √ (1722.7601) + (-95.5878) + (124.9378) + (21.0842)

SDNet effect estimate
  = √ (1773.1943) = 42.1

This net effect estimate (in a sensitivity analysis adjusting for known and plausible correlations among 
outcomes) is a decrease in 154 hospitalization-equivalent events per 1000 patients (95% confidence 
interval 71 fewer to 237 fewer hospitalization.
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Example 1. Longer dual-antiplatelet therapy (DAPT) after drug-eluting stents

A systematic review comparing longer versus shorter durations of DAPT after drug eluting stent 
placement provides the summary of effect estimates for longer duration DAPT in Appendix Table 1 (26). 
Longer duration of DAPT ranged from 12 months to 42 months and shorter duration of DAPT ranged 
from 3 months to 18 months (26).

Appendix Table 1. Summary of findings for longer versus shorter durations of dual antiplatelet 
therapy after drug eluting stent placement

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval)

Certainty of 
effect 
estimates

All-cause mortality 2 more (0 change to 4 more) High*
Myocardial infarction 8 fewer (12 fewer to 2 fewer) Moderate
Major bleeding 6 more (3 more to 10 more) High
Any stroke 0 change (2 fewer to 2 more) High*

* originally reported as moderate quality evidence with downgrade limited to precision. Precision 
downgrade for single outcome effect estimates are not relevant in this approach as the confidence 
intervals are being used in the determination of the net effect estimate.

Step 1. Determine the outcomes to be combined.

All four outcomes (mortality, myocardial infarction, major bleeding, and stroke) are considered 
impactful to include in net effect estimates. None are overlapping outcomes with the assumptions that 
hemorrhagic stroke contributes minimally to estimates of major bleeding, and fatal outcomes contribute 
minimally to estimates of myocardial infarction, major bleeding and stroke.

Step 2. Determine the quantified relative importance for each outcome.

Myocardial infarction-equivalent will be considered the reference unit. For example purposes, we will 
start with the assumption that patients would consider the importance of a myocardial infarction and 
major bleeding similarly, consider a stroke 3 times more important, and consider mortality 5 times more 
important. These assignments of relative importance of outcomes are derived from systematic review of 
evidence of relative importance of outcomes for myocardial infarction, major bleeding and stroke (17) 
and without empiric investigation for the mortality outcome (3). 

Step 3. Combine the importance-adjusted effect estimates.

Importance-adjusted effect estimates are determined by multiplying each effect estimate by its relative 
importance multiplier. Our importance-adjusted effect estimates (in units of myocardial infarction-
equivalent events per 1000 patients) are summarized in Appendix Table 2:
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Appendix Table 2. Importance-adjusted effect estimates for longer versus shorter durations of dual 
antiplatelet therapy after drug eluting stent placement 

Outcome Absolute effect estimate (in units of myocardial 
infarction-equivalent events per 1000 patients) (95% 
confidence interval)

All-cause mortality 10 more (0 change to 20 more)
Myocardial infarction 8 fewer (12 fewer to 2 fewer)
Major bleeding 6 more (3 more to 10 more)
Any stroke 0 change (6 fewer to 6 more)

The effect estimates are combined using the online calculator at ebscohealth.com/innovations (see 
Appendix Part 2). The net effect estimate is an increase in 8 myocardial infarction-equivalent events per 
1000 patients (95% confidence interval [CI] decrease in 5 to increase in 21 myocardial infarction-
equivalent events per 1000 patients).

Appendix Figure 1. Effect estimates for longer versus shorter durations of dual antiplatelet therapy 
after drug eluting stent placement

-15 -10 -5 0 5 10 15 20 25

Mortality (M = 5) Myocardial infarction (M = 1)

Major bleeding (M = 1) Any stroke (M = 3)

Net Effect

Myocardial infarction-equivalent events per 1000 
patients

Step 4. Classify the precision of the net effect estimate.

The net effect point estimate is harmful, the lower bound of the confidence interval for the net effect 
estimate is beneficial, and the absolute value of the lower bound of the confidence interval is smaller 
than the absolute value of the net effect point estimate.  This pattern is likely net harm, and consistent 
with a moderate certainty of net harm.

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.
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Mortality and major bleeding are critical outcomes (potential differentiators of the likelihood of net 
benefit) because removal of either outcome could change the pattern to one suggesting net benefit. 
Stroke and myocardial infarction have limited impact on the net effect classification.  Both critical 
outcomes have high certainty of evidence so this does not change our moderate certainty of net harm.

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 
across the range of relative importance changes the certainty of net benefit rating.

If patients considered reduction of myocardial infarction to have higher relative importance than 
mortality and major bleeding it is possible to derive a net benefit.  Such relative importance ratings are 
plausible because myocardial infarction can have a greater contribution to long-term quality of life. 
Consideration of the range of relative importance for outcomes leads to a low certainty of net harm.

Completing the evidence-to-decision framework

With a low certainty of net harm, the expected result is a weak recommendation against longer duration 
DAPT after drug-eluting stent placement.   The costs are relatively low and there are little adverse 
consequences related to acceptability, feasibility and equity, so guideline panels may consider to make a 
weak recommendation against longer duration DAPT.

At the current time, major guidelines have inconsistent recommendations for this concept.  The 
American College of Chest Physicians makes a strong recommendation against DAPT (and for single 
antiplatelet therapy) after 12 months following drug-eluting stent placement (27).  The American 
College of Cardiology makes a weak recommendation suggesting continuing DAPT beyond 12 months 
may be considered in patients receiving drug-eluting stents (28).
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Example 2. Sacubitril-valsartan for symptomatic heart failure 

This example is a decision or recommendation to use sacubitril-valsartan instead of an angiotensin-
converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) in patients with symptomatic 
heart failure with reduced ejection fraction despite treatment with an ACE inhibitor or ARB.  A 
systematic evidence review and GRADE evidence profile for such use of sacubitril-valsartan finds the 
effect estimates in Appendix Table 3 (29, 30), based on a single trial (31).

Appendix Table 3. Summary of findings for sacubitril-valsartan versus continued ACE inhibitor or ARB 
in symptomatic heart failure with reduced ejection fraction 

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval)

Certainty of 
evidence*

All-cause mortality 29 fewer (12 fewer to 44 fewer) Moderate
Cardiovascular mortality 31 fewer (17 fewer to 45 fewer) Moderate
Hospitalization for 
worsening heart failure

31 fewer (16 fewer to 43 fewer) Moderate

Symptomatic hypotension 44 more (33 more to 57 more) Moderate
Change in heart failure 
symptom score (scale 0-100)

1.64 points decrease (0.63-point decrease to 2.65-
point decrease)

Moderate

Decline in renal function 4 fewer (3 fewer to 9 fewer) Moderate
* Certainty of evidence ratings here do not rate down for imprecision.

Step 1. Determine the outcomes to be combined

Two outcomes were dropped from consideration because they were considered to have little to no 
impact on the net effect. In the sacubitril-valsartan example decline in renal function was considered not 
impactful for determination of the net effect estimate because the effect size is small and the outcome 
has low importance to patients. Change in heart failure symptom score was considered not impactful for 
determination of the net effect estimate because the effect size is small and the relative importance is 
uncertain and may be accounted for in other outcomes.  Using means for a continuous score can be 
misleading when one considers the impact on individual patients who vary in their responses (i.e. 
assuming every patient experiences the mean effect is likely an erroneous assumption). The only data 
regarding the proportion of patients who have an important change in symptoms is the outcome of 
hospitalization for worsening heart failure, and authors of the study reported this outcome. 

All-cause mortality is selected instead of cardiovascular mortality to avoid duplicate counting of 
mortality. The outcomes included in net effect estimation are all-cause mortality, hospitalization for 
worsening heart failure and symptomatic hypotension.

Step 2. Determine the quantified relative importance for each outcome

Hospitalization-equivalent events per 1000 patients will be considered the reference unit. We do not 
readily find empiric evidence for the relative importance of outcomes in patients with heart failure. We 
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will start with the assumption that patients would consider the outcome of all-cause mortality 5 times 
more important than an episode of hospitalization, and an outcome of symptomatic hypotension half as 
important as being hospitalized. 

Step 3. Combine the importance-adjusted effect estimates

Importance-adjusted effect estimates are determined by multiplying each effect estimate by its relative 
importance multiplier. Our importance-adjusted effect estimates (in units of hospitalization-equivalent 
events per 1000 patients) are summarized in Appendix Table 4:

Appendix Table 4. Importance-adjusted effect estimates for sacubitril-valsartan versus continued ACE 
inhibitor or ARB in symptomatic heart failure with reduced ejection

Outcome Absolute effect estimate (in units of hospitalization-
equivalent events per 1000 patients) (95% 
confidence interval)

All-cause mortality 145 fewer (60 fewer to 220 fewer)
Hospitalization for heart 
failure

31 fewer (16 fewer to 43 fewer)

Symptomatic hypotension 22 more (16.5 more to 28.5 more)

The effect estimates are combined using the online calculator at ebscohealth.com/innovations and the 
calculations are shown in part in Appendix Part 2. 

The net effect point estimate is a decrease in 154 hospitalization-equivalent events per 1000 patients. (-
145 plus -31 plus +22 = -154)

The net effect estimate is a decrease in 154 hospitalization-equivalent events per 1000 patients. (95% CI 
73 fewer to 235 fewer hospitalization-equivalent events per 1000 patients)
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Appendix Figure 2. Effect estimates for sacubitril-valsartan versus continued ACE inhibitor or ARB in 
symptomatic heart failure with reduced ejection fraction

-250 -200 -150 -100 -50 0 50

Mortality (M = 5) Hospitalization (M = 1)

Symptomatic hypotension (M = 0.5) Net Effect

Hospitalization-equivalent events per 1000 patients

Step 4. Classify the precision of the net effect estimate.

The entire confidence interval of the net effect estimate is beneficial so the pattern is net benefit, 
consistent with a high certainty of net benefit.

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

Mortality is potentially differentiating because removal of a mortality effect would change the net effect 
estimate from 154 fewer (95% CI 73 fewer to 235 fewer) hospitalization-equivalent events per 1000 
patients to 9 fewer (95% CI 24 fewer to 6 more) events per 1000 patients, and the overall pattern would 
change from net benefit to likely net benefit.

Hospitalization for heart failure is not potentially differentiating because removal from the net effect 
estimate would not change the pattern from net benefit.  The net effect estimate would be 123 fewer 
(95% CI 43 fewer to 203 fewer) events per 1000 patients.  A result of increasing hospitalizations for 
heart failure is not a plausible likelihood.  One could question whether total hospitalizations should be 
used as an outcome rather than cause-specific hospitalization. The outcome of total hospitalizations was 
not reported in the underlying evidence (28), and guideline panels would need to determine if such an 
outcome is impactful enough to reassess the overall balance of benefits and harms for this decision.

Symptomatic hypotension is initially not potentially differentiating because removal from the net effect 
estimate would not change the pattern from net benefit. Symptomatic hypotension can still be 
considered critical because a higher rate of symptomatic hypotension than observed in the underlying 
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evidence is plausible, especially related to the use of run-in periods excluding patients who did not 
tolerate study medications.

The critical outcomes have effect estimates with moderate certainty. This leads to a moderate certainty 
of net benefit.

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 
across the range of relative importance changes the certainty of net benefit rating.

We started with an assumption that the average patient would consider the importance of all-cause 
mortality five times more important than an episode of hospitalization, and an outcome of symptomatic 
hypotension half as important as being hospitalized.  To consider a range of relative importance for 
outcomes we should consider the lowest relative importance for all-cause mortality and highest relative 
importance for symptomatic hypotension that would occur among patients facing this decision and is 
considered reasonable to reflect the range of importance among common, rational people.   Some 
patients (such as those with terminal illness) may place higher importance on how they feel than 
mortality so for these patients they might consider mortality, symptomatic hypotension, and 
hospitalization to be equivalent.

Using assumptions of equivalence across these three outcomes the net effect estimate would be 16 
fewer (95% CI 40 fewer to 9 more) events per 1000 patients.

With a reasonable limit for the range of relative importance (including most patients) weighted to 
support net harm, the net effect estimate changes from net benefit to likely net benefit.   If there were 
otherwise high certainty of net benefit this finding could reduce our certainty to moderate certainty of 
net benefit. As we already have a moderate certainty of net benefit, extreme assumptions reaching 
likely net benefit do not further change our certainty.

Completing the evidence-to-decision framework

In an assessment in 2015 the moderate certainty of net benefit justified a weak recommendation for 
sacubitril-valsartan (29, 30). The high cost further supported a weak recommendation. Four national 
guidelines have since made strong recommendations for the use of sacubitril-valsartan (32-35), though 
the findings have not been replicated in a second trial.  A recommendations panel reconsidered the 
rationale across all four guidelines and reconfirmed a weak recommendation for sacubitril-valsartan 
based on a moderate certainty of evidence (limited to a single trial with potential selection bias related 
to the run-in period), a moderate certainty of net benefit (considering the range of quantitative 
estimates of importance of outcomes), and high cost with some uncertainty in the cost-benefit ratio 
(29). A different recommendations panel could generate different ratings, but the process allows explicit 
and transparent expression of what is being rated and how it is rated.
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Example 3. Ivabradine for symptomatic heart failure 

Ivabradine is a heart rate lowering drug which has been tested for clinical use in patients with heart 
failure in two large randomized trials (36, 37).  In the first trial ivabradine was not associated with overall 
clinical benefit and was not associated with any decrease in death or hospitalization attributed to heart 
failure (36). In the second trial with more stringent selection criteria (left ventricular ejection fraction <= 
35%, heart rate => 70 beats/minute) ivabradine reduced the rate of hospital admissions for worsening 
heart failure (37).  

Outcome differences with ivabradine instead of placebo (from randomization until first event, up to 42 
months) are summarized in Appendix Table 5 (38):

Appendix Table 5. Summary of findings for ivabradine versus placebo in symptomatic heart failure 
with reduced ejection fraction 

Outcome Absolute effect estimate per 1000 patients (95% 
confidence interval)

Certainty of 
effect 
estimates

All-cause mortality 13.9 fewer (31.8 fewer to 4 more) Moderate
Cardiovascular mortality 11.9 fewer (29 fewer to 5.2 more) Moderate
Death from heart failure 11.4 fewer (21 fewer to 1.8 fewer) Moderate
Hospitalization for any 
cause

35.6 fewer (59.4 fewer to 11.8 more) Moderate

Hospitalization for 
cardiovascular reason

42.3 fewer (65 fewer to 19.6 more) Moderate

Hospitalization for 
worsening heart failure

47.3 fewer (66 fewer to 28.6 fewer) Moderate

Bradycardia 33.5 more (26 more to 41 more) High
Phosphenes (a visual 
adverse effect)

22.6 more (16.5 more to 28.8 more) High

Atrial fibrillation 12.1 more (2.1 more to 22 more) High

The second trial had a low risk of bias though the quality of evidence could be considered moderate for 
benefits based on inconsistency with the first trial.  The adverse effects data could be considered as high 
quality evidence as the findings are consistent with the first trial (39).

Step 1. Determine the outcomes to be combined.

All-cause mortality, hospitalization for any cause, bradycardia, phosphenes, and atrial fibrillation are 
selected as non-overlapping outcomes.

Step 2. Determine the quantified relative importance for each outcome.

Hospitalization-equivalent relative importance will be estimated at 0.3 for each adverse effect and 5 for 
mortality.
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Step 3. Combine the importance-adjusted effect estimates

The importance-adjusted effect estimates (in units of hospitalization-equivalent events per 1000 
patients) are in Appendix Table 6.

Appendix Table 6. Importance-adjusted effect estimates for ivabradine versus placebo in symptomatic 
heart failure with reduced ejection fraction 

Outcome Absolute effect estimate (in units of hospitalization-
equivalent events per 1000 patients) (95% 
confidence interval)

Confidence 
interval width 
(CIW)

All-cause mortality 69.5 fewer (159 fewer to 20 more) 179 per 1000
Hospitalization for any 
cause

35.6 fewer (59.4 fewer to 11.8 more) 71.2 per 1000

Bradycardia 10.05 more (7.8 more to 12.3 more) 4.5 per 1000
Phosphenes (a visual 
adverse effect)

6.78 more (4.95 more to 8.64 more) 3.69 per 1000

Atrial fibrillation 3.63 more (0.63 more to 6.6 more) 5.97 per 1000

The net effect point estimate is a decrease in 85 hospitalization-equivalent events per 1000 patients. (-
69.5 plus -35.6 plus +10.05 plus +6.78 plus +3.63 = -84.64)

The net effect estimate is a decrease in 85 (95% confidence interval decrease in 181 to increase in 12) 
hospitalization-equivalent events per 1000 patients (see Appendix Figure 3). 

Appendix Figure 3. Effect estimates for ivabradine versus placebo in symptomatic heart failure with 
reduced ejection fraction

-200 -150 -100 -50 0 50

Mortality (M = 5) Hospitalization (M = 1)

Bradycardia (M = 0.3) Phosphenes (M = 0.3)

Atrial fibrillation (M = 0.3) Net Effect

Hospitalization-equivalent events per 1000 
patients
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Step 4. Classify the precision of the net effect estimate.

The pattern is likely net benefit, consistent with a moderate certainty of net benefit.

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

As the effect estimates have at least moderate certainty of evidence there is moderate certainty of net 
benefit.

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 
across the range of relative importance changes the certainty of net benefit rating.

A plausible range of relative importance could include consideration of death equivalent to 
hospitalization and other adverse effects 0.6 times as disruptive as hospitalization.   Such assumptions 
would lead to importance-adjusted effect estimates of:

 All-cause mortality:  13.9 fewer (95% CI 31.8 fewer to 4 more)
 Hospitalization for any cause:  35.6 fewer (95% CI 59.4 fewer to 11.8 more)
 Bradycardia:  20.1 more (95% CI 15.6 more to 24.6 more)
 Phosphenes (a visual adverse effect):   13.56 more (95% CI 9.90 more to 17.28 more)
 Atrial fibrillation:  7.26 more (95% CI 1.26 more to 13.2 more)

These estimates would result in a net effect estimate of a decrease in 9 (95% confidence interval 
decrease in 49 to increase in 32) hospitalization-equivalent events per 1000 patients.

This would be possible net benefit, and results in a low certainty of net benefit upon consideration 
across the range of relative importance that patients may have for the various effects.

Completing the Evidence-to-Decision Framework

A low certainty of net benefit supports a weak recommendation for ivabradine in patients meeting the 
selected criteria used in the trial suggesting benefit. Three of four current guidelines provide a weak 
recommendation for ivabradine in this setting (40-42) while one makes a strong recommendation (43).
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Example 4. Second autologous stem cell transplant (ASCT) for patients with relapsed myeloma and 
response duration more than 2 years after first ASCT

A National Institute for Health and Clinical Excellence (NICE) guideline includes GRADE profiles for a 
second ASCT in relapsed myeloma including (44):

 Median overall survival from relapse – low quality evidence – absolute effect 2.1 years longer 
(95% CI not reported)

 Median time to progression – moderate quality evidence – absolute effect 13 months longer 
(95% CI not reported)

 No evidence identified for treatment-related morbidity and mortality, health-related quality of 
life, and adverse effects.

Step 1. Determine the outcomes to be combined.

The guideline panel considered overall survival and progression-free survival to be the most impactful 
outcomes for consideration.  Because overall survival includes progression-free survival, progression 
events (time to progression) and death events (time to death) can be counted as non-overlapping 
outcomes.

Step 2. Determine the quantified relative importance for each outcome.

Time to death (overall survival) will be considered the reference unit. We will start with the assumption 
that patients would consider time to progression 0.2 times the importance of time to death.

Step 3. Combine the importance-adjusted effect estimates.

The importance-adjusted estimate for time to progression is median 2.6 months (0.2 x 13 months) and 
the estimate for time to death is median 2.1 years (or 25.2 months).

The point estimate for the net effect is the equivalent of 27.8 months of increased survival.  Confidence 
intervals were not reported.

Step 4. Classify the precision of the net effect estimate.

This appears to start with a pattern of net benefit.   The statistical significance was not expressed but 
assuming the results were statistically significant the confidence intervals would be completely within 
estimates of benefit because no evidence was provided to suggest harm.

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

Overall survival is the critical outcome here and was reported as low certainty of evidence based on a 
single retrospective comparative study (and related consistent data in noncomparative studies).  Even so 
the guideline panel could potentially consider this to represent a moderate certainty of a survival 
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benefit and a low certainty for a specific magnitude of effect.   This could lead to a moderate certainty of 
net benefit.

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 
across the range of relative importance changes the certainty of net benefit rating.

In a model with no harms being considered as important outcomes, the range of relative importance is 
really an opportunity to consider how potential harms may affect the balance of benefits and harms. 
The guideline panel rationalized that harms would be similar to what patients experienced with their 
first ASCT and patients would thus have individual experience representing their individual harms 
estimates when considering the balance of harms and benefits.

Completing the Evidence-to-Decision Framework

In the context of harms mainly being considered burdens the patient would individually consider, the 
potential for increases in overall survival is considered a moderate certainty of net benefit. To reflect the 
importance of the patient weighing a personalized relative importance the guideline panel made a 
strong recommendation to offer the therapy (for the potential for net benefit) rather than recommend 
that the therapy should be administered.
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Example 5. Avoiding 100% oxygen saturation in intensive care unit

A randomized trial with 480 adults admitted to the intensive care unit (ICU) found mortality in the ICU of 
11.6% with target arterial oxyhemoglobin saturation (SpO2) 94%-98% versus 20.2% with target SpO2 
97%-100% (absolute risk reduction 8.6%, 95% CI 1.7% to 15%) (45).  This evidence may be considered to 
have moderate certainty due to early trial termination without use of a formal stopping rule.

Step 1. Determine the outcomes to be combined.

Although other outcomes were reported, there was no evidence of benefits for high-SpO2, so the 
mortality outcome can be considered the primary outcome for a net effect estimate.

Step 2. Determine the quantified relative importance for each outcome.

Step 3. Combine the importance-adjusted effect estimates.

These steps are irrelevant in this case and the net effect estimate is the estimate for ICU mortality, 
which can be considered inversely for the action of targeting an SpO2 97%-100% (absolute risk increase 
8.6%, 95% confidence interval 1.7% to 15%).

Step 4. Classify the precision of the net effect estimate.

There is a net harm based on the confidence intervals of the effect estimate, consistent with a high 
certainty of net harm.

Step 5. Consider the certainty of effect estimates for outcomes that are critical to the likelihood of net 
benefit.

As the underlying evidence is a single trial with early unplanned termination, the moderate certainty of 
evidence may reduce the certainty of net harm to moderate.

Step 6. Consider the range of relative importance for outcomes. Determine if the net effect estimate 
across the range of relative importance changes the certainty of net benefit rating.

This is irrelevant following the decision to focus on a single outcome

Completing the Evidence-to-Decision Framework

A moderate certainty of net harm is sufficient to support a strong recommendation against an 
intervention with no apparent benefit.
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Summary of Examples.

Five examples are presented to show how the model for defining and reporting the certainty of net 
benefit or certainty of net harm can provide more clear and explicit representations of evidence-based 
assessments and judgments supporting a recommendation spanning a broad continuum of complex 
situations.  See Appendix Table 7.

Example 1 (Longer DAPT after drug-eluting stents) shows a net effect estimate suggesting a low 
certainty of net harm. Adjustment for certainty of evidence and the range of relative importance across 
outcomes is unnecessary as the certainty is already low. No other factors change the approach to the 
recommendation and we support a weak recommendation against.  This may be clearer than the 
variations across current guidelines ranging from a weak recommendation for to a strong 
recommendation against.

Example 2 (Sacubitril-valsartan for symptomatic heart failure on standard therapy) is an example in 
which a net effect estimate shows net benefit based on a single trial using reasonable assumptions of 
relative importance of outcomes.  The moderate certainty of evidence and the influence of reasonable 
extremes of relative importance assignments each led to ratings of a moderate certainty of net benefit.  
A moderate certainty of net benefit and high cost may support a weak recommendation for sacubitril-
valsartan although many current guidelines provide a strong recommendation.

Example 3 (Ivabradine for symptomatic heart failure) shows a treatment with relatively smaller effects 
on benefits and harms with a closer balance between benefits and harms and moderate certainty of 
effect estimates.  The resulting low certainty of net benefit supports a weak recommendation for 
ivabradine, and most current guidelines provide a weak recommendation for it.

Example 4 (Second ASCT for patients with relapsed myeloma and response duration more than 2 years 
after first ASCT) starts with low to moderate certainty in effect estimates for benefits and no direct 
comparative evidence to quantify harms.  This leads to a higher certainty of net benefit, though still a 
moderate certainty of net benefit given the limited certainty in effect estimates.  Despite not reaching a 
high certainty of net benefit the guideline panel reasoned that the harms for a second ASCT would be 
patient-specific (and patient-recognized based on the first ASCT) so provided a strong recommendation 
to offer the therapy and allow the patient to individually weigh the estimated benefits against their 
individualized harms. This is consistent with the GRADE approach which would provide a weak 
recommendation and encourage shared decision making. The guideline panel did not provide a strong 
recommendation for the intervention without shared decision making.

Example 5 (Avoiding 100% oxygen saturation in intensive care unit) is an example of an intervention 
with no apparent benefit and moderate certainty of net harm.   The quantitative effect estimates 
support a high certainty of net harm but the risk of bias (qualitative certainty) reduced the overall 
assessment to a moderate certainty of net harm.  Even so, without any apparent benefit, a strong 
recommendation against would be justified.
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Appendix Table 7. Certainty of net benefit and strength of recommendations in examples

Example Certainty of Evidence 
for Critical Outcomes*

Certainty of Net 
Benefit

Strength of 
Recommendation

Longer dual-
antiplatelet therapy 
(DAPT) after drug-
eluting stents

Moderate to high 
certainty of evidence

Low certainty of net 
harm

Weak recommendation 
against

Sacubitril-valsartan for 
symptomatic heart 
failure on standard 
therapy

Moderate certainty of 
evidence

Moderate certainty of 
net benefit

Weak recommendation 
for

Ivabradine for 
symptomatic heart 
failure

Moderate certainty of 
evidence

Low certainty of net 
benefit

Weak recommendation 
for

Second autologous 
stem cell transplant 
(ASCT) for patients with 
relapsed myeloma and 
response duration 
more than 2 years after 
first ASCT

Low to moderate 
certainty of evidence

Moderate certainty of 
net benefit

Weak recommendation 
for (or strong 
recommendation for 
offering with shared 
decision making)

Avoiding 100% oxygen 
saturation in intensive 
care unit

Moderate certainty of 
evidence

Moderate certainty of 
net harm

Strong 
recommendation 
against

* Certainty of evidence ratings here do not rate down for imprecision.
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