
APPENDIX 

Statistical Analyses 

 In our pre-registered review protocol, we proposed to quantitatively synthesize the data 

from all eligible articles using the “metan” procedure (Harris et al., 2010) in STATA (StataCorp, 

2011), calculating the pooled effect size estimates with a random effects model. In the spirit of 

transparency, we report these planned analyses below. However, our literature review raised two 

issues that suggest the need for a change in these analyses. First, we identified only 4 eligible 

articles. Recently published guidelines suggest that random effects models require a minimum of 

5 studies in order to achieve adequate power 1. Accordingly, we do not believe random effects 

models are appropriate for these analyses. Second, two studies reported multiple indices of 

response to the biological challenge, introducing dependency in the effect sizes that our planned 

analyses were not equipped to address.  

 We addressed these issues by making two changes to the planned analysis. First, we 

switched to a fixed effects model rather than a random effects model. Second, we conducted 

separate meta-analyses for (a) indices of response based on an assessment of panic attack 

symptoms (which primarily includes bodily sensations associated with arousal) and (b) for 

indices of response based on subjective anxiety or distress. Within these groups, there were no 

studies that reported multiple comparisons. In this Appendix and in the main document, we 

report these revised analyses as our primary analyses. In the name of transparency, we also 

present our original planned analyses in this Appendix.  

 

Primary Analyses 

 

 We used the “metan” procedure in STATA with a fixed effects model for two groups of 

findings: (a) those in which the index of response to the biological challenge focused on the 

assessment panic attack symptoms and (b) those in which the index of response to the biological 

challenge focused on subjective anxiety or distress. A third type of response index was identified 

in our literature review (i.e., objectives indices of physiological response) but only one study 

reported an association between this type of response index and subsequent panic attacks. 

Accordingly, no data synthesis was performed for this type of response index. To obtain the 

effect sizes and confidence intervals used in the “metan” procedure, we used the R packages 

“esc” (v.0.5.0) and “psychometric” (v.2.2).  
 

Biological challenge response: Panic attack symptoms  

metan correlationstatisticr lower upper ,  lcols( author ) texts(150) 
  
           Study     |     ES    [95% Conf. Interval]     % Weight 
---------------------+------------------------------------------------ 
Coryell et al. 2006  |  0.005      -0.277     0.286          8.67 
Harrington et al. 19 |  0.159      -0.236     0.508          4.97 
Schmidt et al. 2007  |  0.470       0.376     0.554         86.36 
---------------------+------------------------------------------------ 
I-V pooled ES        |  0.414       0.331     0.497        100.00 
---------------------+------------------------------------------------ 
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Bias Assessment 

 We used the Cochrane Collaboration’s bias assessment guidelines to evaluate risk of bias 
in the four studies reviewed in this protocol. We used these criteria to evaluate performance bias, 

detection bias, attrition bias, and reporting bias. In order to assess these biases, we considered 

participants to fall into one of two “groups”: those who exhibited an elevated response to the 
biological challenge (“responders”), and those who did not experience an elevated response to 
the challenge (“non-responders”). We considered performance bias to be present if there were 

systematic differences between these groups in exposure to factors other than the response to the 

biological challenge (e.g., if responders were provided treatment, but non-responders were not). 

Detection bias denoted systematic differences between groups in outcome assessments (e.g., if 

those conducting follow-up assessments were aware of their responder status, they may be biased 

in their assessment of panic attacks and Panic Disorder). Attrition bias denoted differences 

between groups in withdrawal from the study (e.g., if responders were more likely to drop from 

the study during the follow-up period). Reporting bias denoted selective outcome reporting (e.g., 

if two measures of panic attacks were administered during the follow-up period, but only one is 

reported). Because our review did not focus on randomized trials in which challenges were 

randomly assigned to participants and compared, selection bias was not applicable and was not 

evaluated. A summary of the results of our assessment are presented below.  

 

Summary of Assessments 

 

 Harrington et al 

1996 

Coryell et al., 

2006 

Perna et al., 

1999 

Schmidt et al., 

2007 

Performance Bias Low Low Low Unclear 

Detection Bias Unclear Low Low Unclear 

Attrition Bias Low Low Unclear Low 

Reporting Bias Low High Low Low 

 

Individual Assessments 

 

Harrington et al, 1996 

Bias 

Authors’ 
Judgment Support for Judgment 

Performance Bias Low risk There is no indication that study staff had contact with 

subjects between visits and, thus, no indication that there 

would be opportunity for differential exposure to factors 

(e.g., differential treatment) leading to performance bias. 

Detection Bias Unclear risk The researchers do not specify whether those who 

administered the clinical interview were blind to study 

hypotheses or biological challenge responder status, 

making it unclear to what extent outcome assessments 

may be biased. 

Attrition Bias Low risk The researchers state that “there were no significant 
differences between the subjects who were successfully 

contacted and those who were lost to follow-up in 
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demographics, symptom measures, or subjective and 

physiological response to the CO2 challenge” (823). 
Reporting Bias Low risk Outcomes were not preregistered, but there is no 

indication in the methods section that there is unreported 

information. 

 

Coryell et al., 2006 

Bias 

Authors’ 
Judgment Support for Judgment 

Performance Bias Low risk There is no indication that study staff had contact with 

subjects between visits and, thus, no indication that there 

would be opportunity for differential exposure to factors 

(e.g., differential treatment) leading to performance bias. 

Detection Bias Low risk Those who conducted the telephone interviews were 

“blind to both the baseline risk grouping and the CO2 
challenge results” (755). 

Attrition Bias Low risk The researchers state that those lost to follow up “closely 
resembled those followed demographically” (755) and 
were “also as likely as those followed to have abnormal 
ventilary responses at baseline” (755). 

Reporting Bias High The researchers note that they used “two of the four 

measures of subjective responses to 35% CO2 inhalation 

previously described” and refer to a prior study in which 
they also examined a dichotomized change in VAS scores 

and a continuous measure of the number of panic attack 

symptoms reported in response to the challenge. The 

reason for omitting these indices is not made clear, 

suggesting a risk of reporting bias.  

 

Perna et al., 1999 

Bias 

Authors’ 
Judgment Support for Judgment 

Performance Bias Low risk There is no indication that study staff had contact with 

subjects between visits and, thus, no indication that there 

would be opportunity for differential exposure to factors 

(e.g., differential treatment) leading to performance bias. 

Detection Bias Low risk Interviewers were blind to the results of the original 

biological challenge. 

Attrition Bias Unclear risk Researchers did not provide information about 

participants who were lost to follow up or who declined 

to participate in follow up assessments.  

Reporting Bias Low risk Outcomes were not preregistered, but there is no 

indication in the methods that there is unreported 

information. 
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Schmidt et al., 2007 

Bias 

Authors’ 
Judgment Support for Judgment 

Performance Bias Unclear risk The research team had contact with participants over the 

course of the two-year follow-up period as part of follow-

up assessments conducted for the study. The researchers 

do not specify whether those who administered these 

assessments were blind to biological challenge responder 

status, making it unclear whether there was risk of treating 

participants differently on the basis of responder status 

over the course of the follow-up period. 

Detection Bias Unclear risk The researchers do not specify whether those who 

conducted the follow up assessments were blinded. 

Attrition Bias Low risk In a separate article describing this study,2 the researchers 

state that there were no differences in reaction to the 

biological challenge between those successfully contacted 

and those lost to follow up.  

Reporting Bias Low risk Outcomes were not preregistered, but there is no 

indication in the methods that there is unreported 

information. 

 

Quality of Evidence 

We used the GRADE guidelines to consider the quality of evidence in favor of the 

hypothesis that response to a biological challenge is predictive of subsequent panic attacks and 

Panic Disorder. The largest study in our review (and, thus, the one best equipped to assess the 

strength of this prospective association) provided strong support for this hypothesis and the 

pooled effect sizes in our analysis were statistically significant. However, the overall number of 

studies was low, there was heterogeneity of results across studies, and multiple studies failed to 

observe this prospective association, suggesting some caution is warranted. Similarly, although 

we found relatively low risk of bias across the four studies, the risk of publication bias was 

deemed high in one study and there were other areas were risk could not be determined. Given 

these considerations we regard the quality of the evidence to be moderate: further research is 

likely to impact our confidence in this effect and may change the estimate of this association. 

Summary 

 

Together, these findings suggest a small but significant effect for the prospective 

relationship between biological challenge response and subsequent panic attacks, both when 

examining panic attack symptoms and when examining subjective anxiety or distress in response 

to the challenge. However, we caution that the estimated effect size is driven largely by a single 

study. In addition, there are some areas where risk could not be determined and one in which the 

risk of bias is high (see Coryell et al., 2006, reporting bias). Accordingly, further work is needed 

in order to replicate and investigate the boundaries of the relationship between biological 

challenge response and subsequent panic attacks.  
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