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NAAQS Process for Causal Determination 

Step Description 
1 Literature search 
2 Selection of studies for inclusion 
3 Consideration of general limitations of each study type 

4 Use of modified Bradford Hill aspects to aid in judging 
causality 

5 Evaluate evidence for major health outcome categories 

6 Integrate evidence from across disciplines and across health 
endpoints 

7 Weight alternative views on controversial issues 
8 Characterize strength of evidence into casual conclusions 
9 Assess adversity of effects 
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Recommendations for Evidence Integration 
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Bradford Hill “Criteria” 

• Strength of association 
• Consistency 
• Specificity 
• Temporality 
• Exposure-Response 
• Biological plausibility 
• Coherence 
• Experiment 
• Analogy Austin Bradford Hill 

1897 - 1991  



5 
Copyright Gradient 2013 

What is this list?  

• Checklist?  NO 
• Criteria 
• Viewpoints 
• Postulates 
• Considerations 
• Characteristics 
• Guidelines 
• Aspects 
• Features 

 
• Weight-of-evidence principals 

 
• Need a better slide but something like this, maybe have words in different fonts/colors 

splashed around 
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Alternative Hypotheses 

“[I]s there any other way of 
explaining the set of facts 
before us, is there any other 
answer equally, or more, likely 
than cause and effect?"  

- Bradford Hill 



7 
Copyright Gradient 2013 

Key Questions 

Based on observations, what hypothesized 
causal processes are necessary?  Sufficient? 

How do they generalize?  What other 
manifestations should they have? 

If hypothesis were wrong, how else would 
one explain the array of outcomes? 
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Relative Credence in Competing “Accounts” 

“Account” – an articulated set of proposed explanations for 
the set of observations 

• reasoning why 
• how contradictions  
resolved 
• why assumptions 
reasonable 

• reasoning why not 
• how findings are 
otherwise explained 
• why assumptions 
reasonable 

Findings Indicate 
Target-Population Risk 

Findings Do Not 
Indicate Target-
Population Risk 
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Classification Description 

Sufficient  The evidence is sufficient to conclude that a causal 
relationship exists. 

Equipoise and 
Above  

The evidence is sufficient to conclude that a causal 
relationship is at least as likely as not, but not 
sufficient to conclude that a causal relationship 
exists. 

Below Equipoise  

The evidence is not sufficient to conclude that a 
causal relationship is at least as likely as not, or is 
not sufficient to make a scientifically formed 
judgment. 

Against  The evidence suggests the lack of a causal 
relationship. 

Institute of Medicine (IOM) Framework 

Institute of Medicine (IOM). (2008). Improving the Presumptive Disability Decision-Making Process for 
Veterans. Committee on Evaluation of the Presumptive Disability Decision-Making Process for Veterans, 
Board on Military and Veterans Health. National Academies Press [Online]. 781p. 
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IOM Causation Categories 
Sufficient 
Equipoise and above 
Below equipoise 
Against 

NAAQS Causal Framework 
Causal 
Likely causal 
Suggestive 
Inadequate 
Not likely causal 

IOM vs. NAAQS Framework 
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Causal Relationship 

• Evidence is sufficient to conclude that there is a causal 
relationship with relevant pollutant exposures (i.e., doses or 
exposures generally within one to two orders of magnitude 
of current levels).  

• That is, the pollutant has been shown to result in health 
effects in studies in which chance, bias, and confounding 
could be ruled out with reasonable confidence. For 
example:  
 a) controlled human exposure studies that demonstrate 

consistent effects; or  
 b) observational studies that cannot be explained by plausible 

alternatives or are supported by other lines of evidence (e.g., 
animal studies or mode of action information).  

• Evidence includes multiple high-quality studies   
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Likely to Be a Causal Relationship 

• Evidence is sufficient to conclude that a causal relationship 
is likely to exist with relevant pollutant exposures, but 
important uncertainties remain.  

• That is, the pollutant has been shown to result in health 
effects in studies in which chance and bias can be ruled out 
with reasonable confidence but potential issues remain. 
For example: 
 a) observational studies show an association, but copollutant 

exposures are difficult to address and/or other lines of evidence 
(controlled human exposure, animal, or mode of action 
information) are limited or inconsistent; or 

 b) animal toxicological evidence from multiple studies from 
different laboratories that demonstrate effects, but limited or no 
human data are available.  

• Evidence generally includes multiple high-quality studies.  
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Suggestive of a Causal Relationship 

• Evidence is suggestive of a causal relationship with relevant 
pollutant exposures, but is limited.  

• For example, 
 (a) at least one high-quality epidemiologic study shows an 

association with a given health outcome but the results of other 
studies are inconsistent; or  

 (b) a well-conducted toxicological study, such as those conducted 
in the National Toxicology Program (NTP), shows effects in 
animal species.   
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Inadequate to Infer a Causal Relationship 

• Evidence is inadequate to determine that a causal 
relationship exists with relevant pollutant exposures.  

• The available studies are of insufficient quantity, quality, 
consistency, or statistical power to permit a conclusion 
regarding the presence or absence of an effect.   
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Not Likely to Be a Causal Relationship 

• Evidence is suggestive of no causal relationship with 
relevant pollutant exposures.  

• Several adequate studies, covering the full range of levels 
of exposure that human beings are known to encounter and 
considering at-risk populations, are mutually consistent in 
not showing an effect at any level of exposure.   
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IOM Causation Categories 
Sufficient 
Equipoise and above 
Below equipoise 
Against 

NAAQS Causal Framework 
Causal 
Likely causal 
Suggestive 
Inadequate 
Not likely causal 

IOM vs. NAAQS Framework 

At-Risk Causation Categories 
Adequate evidence 
Suggestive evidence 
Inadequate evidence 
Evidence of no effect 
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O3 ISA Table 8-1 Classification of At-Risk Factors – 
Adequate Evidence 

• There is substantial, consistent evidence within a discipline 
to conclude that a factor results in a population or lifestage 
being at increased risk of air pollutant-related health 
effect(s) relative to some reference population or lifestage.  

• Where applicable this includes coherence across 
disciplines.  

• Evidence includes multiple high-quality studies. 
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O3 ISA Table 8-1 Classification of At-Risk Factors – 
Suggestive Evidence 

• The collective evidence suggests that a factor results in a 
population or lifestage being at increased risk of an air 
pollutant-related health effect relative to some reference 
population or lifestage, but  

• The evidence is limited due to some inconsistency within a 
discipline or, where applicable, a lack of coherence across 
disciplines. 
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O3 ISA Table 8-1 Classification of At-Risk Factors – 
Inadequate Evidence 

• The collective evidence is inadequate to determine if a 
factor results in a population or lifestage being at increased 
risk of an air pollutant-related health effect relative to some 
reference population or lifestage.  

• The available studies are of insufficient quantity, quality, 
consistency and/or statistical power to permit a conclusion 
to be drawn. 
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O3 ISA Table 8-1 Classification of At-Risk Factors –
No Evidence of Effect 

• There is substantial, consistent evidence within a discipline 
to conclude that a factor does not result in a population or 
lifestage being at increased risk of air pollutant-related 
health effect(s) relative to some reference population or 
lifestage.  

• Where applicable this includes coherence across 
disciplines.  

• Evidence includes multiple high-quality studies. 
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IOM Causation Categories 
Sufficient 
Equipoise and above 
Below equipoise 
Against 

NAAQS Causal Framework 
Causal 
Likely causal 
Suggestive 
Inadequate 
Not likely causal 

IOM vs. NAAQS Framework 

At-Risk Causation Categories 
Adequate evidence 
Suggestive evidence 
Inadequate evidence 
Evidence of no effect 
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NOx ISA Table 5-1.  Summary and description of 
scientific considerations for evaluating the quality of 
studies on the health effects from NOx 
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NOx ISA Table 5-1 (cont’d) 
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NOx ISA Table 5-1 (cont’d) 
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NOx ISA Table 5-1 (cont’d) 
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NOx ISA Table 5-1 (cont’d) 
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NOx ISA Table 5-1 (cont’d) 
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Evidence Integration Frameworks 



30 
Copyright Gradient 2013 

Frameworks for Evaluating Study Quality 
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Specified Study Quality Criteria  
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Questions? 
 

Julie E.  Goodman, PhD, DABT, ACE, ATS 
Gradient 

jgoodman@gradientcorp.com 
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