Meta-analysis comparing placebo responses in clinical trials of painful HIV-associated sensory neuropathy and diabetic polyneuropathy
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Abstract
Background: The placebo response has been identified as one factor responsible for the lack of therapeutic trials with positive outcomes in neuropathic pain. Reviews have suggested that certain neuropathic pain conditions, including HIV-associated sensory neuropathy (HIV-SN), exhibit a greater placebo response than other neuropathic aetiologies. If true, such a finding could substantially affect clinical trial design and therapeutic developments for these conditions.
This study aimed to identify any difference in placebo response between trials of systemic pharmacological intervention in HIV-SN and a comparable neuropathic condition, diabetic polyneuropathy (DPN) and to identify factors influencing the placebo response. 
Methods: A systematic review search to identify randomised, double-blind studies of systemic pharmacological interventions for painful HIV-SN and DPN published between January 1966 and June 2019 was performed. A meta-analysis of the magnitude of placebo response and the proportion of placebo responders was conducted and compared between the two disease conditions. A meta-regression was used to assess for any study and participant characteristics that were associated with the placebo response. Only studies meeting a methodological quality threshold were included.
Results: Seventy-five trials were identified. There was no statistically significant difference in the proportion of placebo responders (HIV-SN=0.35; versus DPN =0.27, p=0.129). The difference observed in the magnitude of the placebo response (pain reduction of 1.68 (1.47-1.88) DPN; 2.38 (1.87-2.98) in HIV-SN) was based on only 2 trials of HIV-SN and 35 of DPN. Potential factors influencing the placebo response such as psychological measures, were reported inconsistently.
Conclusions: We found no statistically significant difference in the placebo response rate between painful HIV-SN and DPN. Too few studies were available that reported the necessary information to clarify potential differences in the magnitude of placebo response or to elucidate parameters that could be contributing such differences.
Implications: The placebo response is one factor that may contribute to a lack of positive trials in neuropathic pain; some etiologies may display larger responses than others. This meta-analysis found no significant difference in placebo response between trials of HIV-associated sensory neuropathy and painful diabetic polyneuropathy, although limited data were available. 
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Introduction
The placebo response can be defined as the change observed following administration of a placebo intervention. It is distinct from the ‘placebo effect’, which is the difference between the placebo response and any change occurring as part of the natural course of the disease1. 
The complexity of the placebo response has been identified as one factor responsible for the lack of therapeutic trials with positive outcomes in neuropathic pain2. Previous systematic reviews have attempted to identify study- or patient- specific factors that influence the placebo response in neuropathic pain trials,3–9 as it is anticipated that a better understanding of these factors may allow for better design of clinical trials. Whilst phase 2a (‘proof of concept’) clinical trials should be designed to optimize the chance of seeing any effect and therefore potentially minimize any placebo effect, it is also important to understand the impact of placebo in phase 3 and 4 trials when generalizability is more important. Some patient factors such as age,6,7,9 duration of painful symptoms4,6 and baseline pain intensity,5,6,9 and some study characteristics such as the year of enrolment, 3,5,8 study size3,6 and duration3,6,8 have been shown to be important for determining the placebo response across many therapeutic interventions. 

Several reviews have suggested that certain neuropathic pain conditions are associated with a greater placebo response3,6,7 and associated this with an increased likelihood of a negative study outcome. One such review by Cepeda et al.7 highlighted that studies of painful HIV-associated sensory neuropathy (HIV-SN) showed a significantly higher placebo response rate and decrease in pain intensity in the placebo group than other, somewhat similar, neuropathic conditions, such as diabetic polyneuropathy (DPN). Only phantom limb pain and HIV-SN were associated with a higher placebo response than DPN, whilst other conditions such as postherpetic neuralgia and complex regional pain syndrome were highlighted as having a smaller placebo response. 

A larger than expected ‘trial effect’ has also been described in HIV trials of anti-retroviral therapy where the placebo response was larger than expected10, reinforcing a perception that patients with HIV are in some way more susceptible to placebo than patients with other conditions, or that trials in HIV are designed or conducted in a way as to enhance a placebo effect. It is important to thoroughly assess the evidence, and identify contributors to a large placebo effect in certain conditions, if it indeed exists. Highlighting certain syndromes as being ‘at risk’ of a high placebo effect, without the appropriate evidence, may provide a disincentive to both researchers, and the pharmaceutical industry from pursuing clinical trials in this area may halt the development of therapeutic interventions.

Whilst search strategies in previous reviews have been thorough, they have not taken into account the quality of studies, have considered very brief studies of e.g. 5 days duration11, or have not specified minimum treatment duration as criteria for their search12,13. In addition, several clinical trials have also been published in the intervening years, therefore there is a need for updated analyses.

The aim of this study was to identify whether a difference between the placebo response rate and magnitude of the placebo response in painful HIV-SN and DPN trials is evident when taking into account new trials and the quality of the studies, as defined by the recent review of pharmacotherapy in neuropathic pain14. It also aimed to identify any subject or study factors influencing the placebo response.

Methods
Search strategy
All studies included in the 2015 comprehensive systematic review of pharmacotherapy for neuropathic pain in adults14 were assessed for inclusion. This review consisted of a search of PubMed, Medline and EMBASE databases and the Cochrane Central Register of Controlled Trials to identify randomized, controlled, double-blind studies in neuropathic pain published between January 1966 and January 2014. Studies reporting results on ClinicalTrials.gov were also included (for full search strategy see Finnerup et al.14). The original search was conducted on 31 January 2014, and was updated for this analysis on 1 August 2017 using the same search strategy. An additional search performed on June 24 2019 confirmed that no new placebo-controlled trials in painful HIV-SN have been published since the last performed search. 

Inclusion and exclusion criteria
[bookmark: _GoBack]All studies identified in the systematic search, referring specifically to painful DPN and HIV-SN (or both conditions), were assessed and only systemic interventions (intravenous, oral, sublingual and intra-nasal) were included. Topical interventions were not included due to the small number of studies identified (only two studies). Both parallel and cross-over designs with more than 10 patients per group and longer than 3 weeks duration of therapy were included. All articles were assessed for quality of methods reporting using the Oxford Quality scoring system15 (or Jadad scale) and only those with a score of 2 or greater were included. 

Data extraction
The original search and screening was led by NF as described in the publication Finnerup et al.14 and the update by SH. Double data extraction was performed on each study (by HK, SH, SN, ABA, LV) and any discrepancies decided through group decision. The following data about trial design were extracted: class of drug intervention, final year of enrolment (or if not reported, year of publication as a proxy), maximum daily dose, dose frequency and flexibility, whether the study had reported a “positive” or “negative” outcome, number of patients in placebo and active cohorts, study design (parallel or crossover), duration of study arm, type of comparator (active or inert), the number of dropouts, who sponsored the study (industry vs investigator/public), type of healthcare system (private, public or both), the country of lead study site, number of participating centres, the randomization ratio, whether there was a pre-randomization run-in period, whether blinding or adherence monitoring was reported, the cut-off pain intensity for inclusion and the number of contact with study staff (converted to the number of contacts per week of the study). The following participant characteristics were extracted: the mean age, gender ratio, body mass index, baseline duration of pain, baseline pain intensity and variability, baseline anxiety, depression and insomnia scales, proportion of placebo and active groups with a >50% pain reduction from baseline and >30% reduction from baseline or other measure of response determined by the study, percentage change in pain score from baseline (converted from Gracely scales16,17 if required; per cent change in Gracely pain score was calculated as the change in percentage of inverse log values of reported Gracely pain score from baseline to follow-up. Since there is no robust conversion from absolute change in Gracely pain scales to a 0-10 scale, any studies reporting only the absolute, not percentage change, could not be included in the magnitude analysis), mean reduction in pain score, number of adverse events and percentage of drop outs.

All pain intensity scales were converted to a 0-10 scale and only data from the first period of cross over studies (ie results prior to crossover) were included to reduce bias. The proportion of placebo responders were defined either as the proportion of responders with a response of >50% improvement from baseline or, if not described, a response of >30% to placebo or other primary outcome measure from the trial. The primary outcome was therefore ratio of responders for >50% improvement, if reported; if not reported, then ratio of responders for >30%, if reported; if neither reported, then any other primary outcome measure of the trial. The magnitude of placebo response was defined as the mean change in pain rating in response to placebo, or calculated from mean pre and post pain ratings. 

Statistical Analysis
The placebo response was defined firstly by the mean magnitude of the change in pain rating in the placebo arm. To calculate the effect size of the placebo response the standard deviation of the mean change in pain ratings was required. If not reported the standard deviation was calculated using reported confidence intervals, standard errors or t-test values. For those studies without sufficient data reported, standard deviations were imputed using techniques described by the Cochrane collaboration18. Means were calculated from studies reporting medians using the technique described by Hozo et al.19 
Secondly, a meta-analysis was also performed on the proportion, or ratio, of placebo responders in the placebo group as defined by the criteria above (number meeting criteria of a response to placebo/total number of participants in placebo arm). The meta-analysis estimates for magnitude and proportion are reported as an estimate (95% confidence interval)
Heterogeneity, the total variation across studies, was assessed using I2. A random-effects model was used to pool results of both the magnitude of placebo and proportion of responders to placebo effect size (Forest plots were used to show results). 
Separate meta-regression analyses were performed on both magnitude and responder ratio outcomes, to identify whether the following hypothesized factors significantly influenced the effect size (reported as regression coefficient; 95% confidence interval; p value). Factors tested where identified either as being the most frequently reported in the literature as having an effect on DPN or HIV-SN placebo responses or those identified from exploratory univariate analysis.

Results
Study characteristics
A total of 12 trials of painful HIV-SN and 63 trials of DPN were included for analysis (Figure 1). 

[Figure 1]

Studies involving HIV-SN patients included younger participants and had a higher male:female ratio in both active and placebo groups (Table 1). Although HIV-SN studies required a shorter duration of pain to be considered for inclusion, there was no difference in the baseline duration of painful symptoms between the DPN and HIV-SN studies. DPN studies involved more contact with the participants per week but less frequently used testing of adherence using the measurement of drug concentration in the blood. A full summary of the study characteristics extracted from each study is shown in Supplemental Table 1.

[Table 1]

Reporting of outcome measures
A total of 36 studies reported the number of placebo responders showing a >50% reduction in pain (Table 2) and 28 studies reported a >30% reduction in pain. In 62 studies a proportion of responders to placebo value could be extracted using either the 50% or (if not reported) the 30% reduction or (if neither reported) another pre-defined cut off for an important response as defined by the trial. This outcome was therefore used for the main outcome meta-analysis. 

In 28 DPN and 10 HIV-SN trials, either the mean change from baseline or standard deviation could not be calculated, therefore these trials could not be included in the meta-analysis of magnitude of placebo response. 

The unadjusted mean reduction in pain intensity with placebo across all studies was 1.65 (0.89) on a 0-10 scale, and the ratio of responders to placebo was 0.29 (0.17). 

[Table 2]

Proportion of placebo responders
The overall adjusted (i.e. weighted to account for study size) proportion of placebo responders was 0.28 (0.25-0.32) for all studies. There was no difference between proportion of placebo responders in HIV-SN studies (0.35; 0.28-0.42) and DPN studies (0.27; 0.24-0.31), p=0.129 (Figure 2). During the initial analysis, there was evidence of heterogeneity; after removing Stracke et al. (1992) then Gao et al. (2010) the effect size did not significantly change and there was ongoing evidence of heterogeneity therefore all studies were included in the next analyses.

[Figure 2]

The comparison of placebo response rate between HIV-SN and DPN was also performed separately for trials reporting a 50% reduction and a 30% reduction in pain. For >50% pain reduction, the pooled ratio of placebo responders was 0.24 (0.21-0.27) in DPN, and 0.37 (0.31-0.42) in HIV-SN (Supplemental Figure 1). For >30% pain reduction, the pooled ratio of placebo responders in was 0.41 (0.37-0.45) in DPN, and 0.49 (0.39-0.58) in HIV-SN (Supplemental Figure 2). However, since there were so few HIV-SN studies that included these outcome measures (n=3 for >50% pain reduction, and n=3 for 30% pain reduction), a statistical comparison to determine the significance of the difference was not appropriate.

Magnitude of placebo response
The overall adjusted magnitude of placebo response (on meta-analysis) was a pain reduction of 1.72 (-1.93 to -1.51) (p<0.001) for all studies (Figure 3). In painful DPN studies, the pooled reduction was 1.68 (1.47 to 1.88) compared to 2.38 (1.87-2.89) in HIV studies. Since only 2 studies could be included in the analysis we did not perform a statistical comparison between the magnitudes of placebo response between the conditions. 

[Figure 3]

Characteristics influencing the placebo response
Since the effect size could be determined in only 8 HIV-SN studies for the proportion of placebo responders, and in 2 HIV-SN studies for the magnitude of placebo response, data from both DPN and HIV-SN studies were pooled in the regression analysis to identify factors influencing placebo response. A summary of the factors extracted for each study is presented in Supplemental Table 2.
Several patient factors were reported by too few studies to be included in the analysis. BMI was reported in 1 HIV-SN study and 12 DPN studies. Baseline depression, anxiety and sleep interference were measured by such a variety of methods that pooling the data was not possible. The most commonly used methods for measurement of mood included the Hospital Anxiety and Depression Scale, the Beck Depression Inventory, the Profile of Moods States and the Hamilton Depression Rating Scale.
Mean age at enrolment, gender ratio of patients, the duration of pain at enrolment, mean baseline intensity of pain at enrolment, the number of contacts with study staff per week, and the type of study sponsor were not associated with an effect on proportion of placebo responders or the magnitude of the placebo response when including both DPN and HIV-SN studies in the meta regression (Table 3). The final year of enrolment showed a weak association, with more recent studies showing a slight increase in magnitude of placebo response (standardised β coefficient -0.932; 95% CI-1.741- 
-0.122; p=0.025). However, there was no association with the proportion of placebo responders (p=0.911). 

[Table 3]

A Meta-analysis regression model which adjusted for disease type (Table 4), baseline pain intensity, age, gender, and the final year of enrolment of the study showed no evidence that a single factor was associated with the magnitude of the change in pain rating or the ratio of placebo responders. 

[Table 4]

Discussion 
This meta-analysis was performed utilizing high-quality randomized, placebo-controlled studies of pharmacotherapy for neuropathic pain in two conditions: painful DPN (63 studies) and HIV-SN (12 studies). The results suggest that there is not a significant difference between the proportion of placebo responders, but since data for the magnitude of placebo response could be extracted from only two HIV-SN studies a between condition comparison of this outcome was not appropriate. Study and patient factors that could contribute to variability in placebo response were also examined.

Magnitude of placebo response
The IMMPACT consensus suggests a change in pain intensity of at least one on an 11-point scale be considered ‘minimally important change’ in response to an analgesic intervention20. The pooled pain reduction in response to placebo in the analysis was greater than this (1.72), similar to the reduction of 1.7 suggested as a definition for ‘much improved’21. The magnitude is similar to that reported by other meta-analyses of placebo response in DPN5, osteoarthritis and low back pain22 but is higher than associated with trials of central neuropathic pain4, suggesting in certain instances that pain aetiology may be associated with placebo response. In this study, although the absolute value for the magnitude of placebo effect was larger in studies of painful HIV-SN, data were insufficient to perform statistical analysis to determine significance in the meta-analysis.

Proportion of responders to placebo
In the meta-analysis by Cepeda et al.7 HIV-SN trials showed an increased proportion of responders to placebo, a finding that is not evident in our analysis. The difference in this study may be due to the use of a broader definition of a ‘placebo responder’ to include those with >30% (compared to >50%) response which was used as data were too scarce when solely >50% was used as a definition. In our analysis 42% (26/62) of studies included in the responder analysis did not use >50% pain reduction as an outcome measure. Our analysis also included 25 studies that were published after the original Cepeda meta-analysis; it only used data from studies with a low ‘risk of bias score’ and those with a treatment arm of at least 3 weeks. Cepeda et al. also included a wide range of neuropathic pain conditions, not just DPN and HIV-SN, which may have influenced their results.

Differences between trials of HIV-SN and DPN
When exploring differences in placebo responses between the two conditions, patient and study characteristics were also compared. Participants in HIV-SN studies were younger and more likely to be male, reflecting the incidence of HIV infection in countries where the majority of studies were conducted (USA23 and Europe24). Age and gender have been suggested as factors that influence placebo response but, despite the difference in these between conditions, no effect was identified on placebo response. This may be due to the fact that studies of DPN and HIV-SN were pooled and the majority of studies were in DPN, where there was a preponderance of older age and a more equal gender distribution.
HIV-SN trials allowed for the inclusion of patients with symptoms for a shorter duration of time. This may reflect a concern about recruitment to HIV-SN trials or a perception of a different symptom profile, for example where those with HIV-SN are perceived to develop more severe pain sooner after diagnosis. The HIV-SN trials also appeared to have fewer patient-investigator contacts, potentially due to several of the HIV-SN studies being conducted by the same investigator groups.

Factors affecting placebo response
Although the increasing placebo response in neuropathic pain trials over the last twenty years has been well documented3,5,8, this study showed a similar trend until underlying disease aetiology was accounted for, when the result became non-significant. This may indicate a complex interaction between disease type and the era when the majority of studies were conducted. 
This systematic review did not reveal an association between the type of study sponsor, mirroring findings by Zhang et al.25. Neither the average number of contacts between participants and investigators, the mean age of participants, nor the baseline pain intensity were associated with placebo response which is in keeping with the inconsistent role that has been demonstrated for the influence of these factors on placebo3–7,9,11,22,25,26

Strengths and Limitations
This systematic review and meta-analysis has several strengths. Only high quality trials were included, data describing a broad range of study and patient characteristics were extracted, and robust statistical techniques were used to impute unreported data. 
Along with its strengths, the study had several limitations. Several characteristics that may influence placebo response, such as patient reported anxiety and sleep disturbance, could not be assessed, as they were not consistently reported. Although the Oxford ‘Jadad scale’15 for assessing trial quality was used, this is limited by its focus on study reporting rather than conduct and does not include factors such as allocation concealment. It has been argued that the use of scales for quality assessment is inappropriate as it leads to ‘weighting’ of characteristics with limited evidence for the justification of such weighting27. Many scales and methods have been developed for assessing trial quality 28 but the Oxford scale is simple and brief whilst covering essential, widely accepted components of quality.
Since so few HIV-SN trials could be included in pain intensity and responder rate analysis, it was not appropriate to analyse factors influencing placebo response in HIV-SN and DPN separately. These patient cohorts have many differences, such as gender ratio and socio-economic factors, which may suggest that differences between the two conditions could have been detected if more studies were included.
The majority of HIV-SN studies (7 studies) used the Gracely scale, and therefore could not be included in the meta-analysis. This is an example of how standardisation of reporting of clinical trials, such as the IMMPACT recommendations29, could help to improve the validity and usefulness of meta-analyses.
No studies in this analysis included a ‘standard care’ group to take into account a regression to the mean or natural improvement in pain therefore it was not possible to identify what proportion of the placebo response was due to a true placebo effect. As highlighted by Cragg et al.4 this may play an important part in change in pain intensity over trials of longer duration.

Conclusions
Given the limited data from trials of neuropathic pain associated with HIV-SN, there seems to be no statistically significant difference in placebo response between the HIV-SN and another distal symmetric painful neuropathy condition, DPN. However, more data are needed to elucidate the parameters that could contribute towards differences in placebo responses between different disease conditions. This highlights how differences in study selection, data extraction and statistical analysis may affect the findings of a systematic review and replicates previous reports of an increasing magnitude of placebo response magnitude in more recent years. 

Tables
	
	DPN studies
n=63
	HIV–SN studies
n=12

	Study characteristics
	
	

	Study sponsor; industry, n(%)
	48 (76.2) *
	6(50.0)

	Study site (s); high income country, n(%)
	48 (76.2) **
	8 (66.7) *

	Number of study centers, median (IQR)
	22.5 (1.0-50.8)
	17 (5.0-24.0)

	Trial Agent, n(%)
Anticonvulsant
Antidepressant
Opioid Containing
Other
	
37 (58.7)
11 (17.5)
7 (11.1)
8 (12.7)
	
7 (58.3)
2 (16.7)
0 (0.0)
3 (25.0)

	Study Design
	
	

	Parallel design n(%)
	52 (82.5)
	10 (83.3)

	Arm duration, weeks, median (IQR)
	9.0 (6.0-12.0)
	9.5 (6.0-14.0)

	Number of contacts with study team/week, mean (sd)
	1.0 (0.8)
	0.6 (0.3)

	Studies including a site in USA
	44 (69.8)
	10 (83.3)

	Criteria for inclusion, duration of pain in months, median (IQR)
	6.0 (3.0-6.0)
	1.3 (0.5-2.6)

	Blinding questionnaires used, n(%)
	3 (4.8)
	2 (16.7)

	Monitoring adherence; drug concentration measurements, n(%)
	15 (23.8)
	8 (66.7)

	Cohort size in active group, median (IQR)
	81 (35-201)
	124 (20-150)

	Cohort size in placebo group, median (IQR)
	77 (32-109)
	50 (22-124)

	Patient characteristics
	
	

	Patient age in active arm, mean (sd)
	58.5 (3.3)
	42.4 (4.1)

	Patient age in placebo arm, mean (sd)
	58.7 (2.8)
	43.3 (2.4)

	Gender ratio male:female in active group, mean (sd)
	1.4 (0.7)
	14.5 (14.6)

	Gender ratio male:female in placebo group, mean (sd)
	1.4 (0.7)
	12.1 (13.1)

	Duration of pain (months) in active group, mean (sd)
	44.8 (20.4)
	41.5 (31.1)

	Duration of pain (months) in placebo group, mean (sd)
	45.8 (10.1)
	40.3 (32.5)

	Baseline pain intensity active group, mean (sd)
	6.4 (0.6)
	6.4 (0.8)

	Baseline pain intensity placebo group, mean (sd)
	6.4 (0.7)
	6.4 (1.0)

	Withdrawal and Adverse events
	
	

	% of patient withdrawals (any reason) in active group, mean (sd)
	14.0 (8.5)
	8.5 (7.9)

	% of patient withdrawals (any reason) in placebo group, mean (sd)
	6.0 (4.7)
	3.2 (2.9)

	Ratio of adverse events active:placebo, mean (sd)
	1.8 (2.4)
	1.4 (0.5)


Table 1. Study and patient characteristics in painful DPN and HIV-SN trials. Bold font indicates a statistically significant result. * Unclear in one study; ** Unclear in 3 studies, $Other includes Dextromorphan, Nabiximols, Memantine, GTN, Fulranumab, Tanezumab, Prosaptide, Recombinant Human Nerve Growth Factor (rhNGF), Peptide T

	Contribution of Analysis
	DPN
	HIV-SN

	Number of trials in pain intensity analysis
	33
	2

	Number of subjects in pain intensity analysis
	2,617
	466

	Number of trials in responder analysis
	54
	8

	Number of subjects in the responder analysis
	4095
	778

	Number of trials reporting >50% pain reduction in responder analysis
	33
	3

	Number of subjects in trials reporting >50% reduction
	3079
	466

	Total number of trials reporting >30% reduction in placebo group (Number included in responder analysis)
	25 (4)
	3 (1)

	Total number of trials reporting >30% reduction in placebo group (Number included in responder analysis)
	2133 (254)
	419 (77)

	Number of trials reporting other outcome included in the responder analysis
	17
	4

	Number of subjects in trials reporting other outcome included in the responder analysis
	762
	235


 Table 2. Summary of number of trials and subjects contributing to each of the analyses 
	Factor
	Magnitude of placebo response
	Proportion of placebo responders

	
	β
	95% CI
	p value
	β
	 95% CI
	p value

	Study sponsor 
	0.303
	-0.450- 1.056
	0.423
	0.078
	-0.016 – 0.172
	0.102

	Number of contacts per week
	-0.115
	-0.873- 0.643
	0.761
	0.000
	-0.061 – 0.062
	0.994

	Cut off duration of pain for inclusion
	-0.002
	-0.106- 0.102
	0.966
	-0.010
	-0.022 – 0.001
	0.072

	Final year of enrolment
	-0.932
	-1.741- 
-0.122
	0.025*
	0.006
	0.055
	0.911

	Male:female ratio of placebo group
	0.022
	-0.236 – 0.281
	0.862
	-0.001
	-0.006 – 0.004
	0.606

	Mean age of placebo group
	0.006
	-0.042- 0.055
	0.797
	-0.004
	-0.009 – 0.001
	0.127

	Baseline pain intensity
	-0.140
	-0.475- 0.195
	0.404
	-0.034
	-0.085 – 0.018
	0.196


Table 3. Meta-regression of independent factors tested for influence on both proportion of placebo responders and magnitude of placebo response *significant result

	Factor
	Magnitude of placebo response
	Proportion of placebo responders

	
	β
	95% CI
	p value
	β
	 95% CI
	p value

	Underlying disease (HIV-SN or DPN)
	-2.122
	-4.78-0.531
	0.111
	-0.005
	-0.469 – 9.460
	0.983

	Study sponsor
	0.295
	-0.950-1.539
	0.628
	0.293
	-0.147 – 0.734
	0.181

	Number of contacts per week
	-0.144
	-1.172-0.883
	0.774
	0.087
	-0.039 – 0.214
	0.165

	Cut off duration of pain for inclusion
	-0.023
	-0.184-0.139
	0.774
	-0.010
	-0.026 – 0.006
	0.208

	Final year of enrolment
	-0.548
	-1.039-    -0.057
	0.030
	0.065
	-0.137 – 0.267
	0.514

	Male:female ratio of placebo group
	0.121
	-0.301- 0.543
	0.559
	-0.007
	-0.050 – 0.036
	0.613

	Mean age of placebo group
	-0.134
	-0.272- 0.005
	0.058
	-0.007
	-0.034 – 0.020
	0.127

	Baseline pain intensity
	-0.430
	-0.950- 1.539
	0.105
	-0.058
	-0.147 – 0.734
	0.166


Table 4. Final multivariate regression model for all factors tested for influence on proportion of placebo responders and magnitude of the placebo response
24
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Figure 1. Flow diagram for literature search for studies involving painful HIV-SN and DPN 

HIV-SN

Figure 2. Forest plot of proportion of placebo responders for painful diabetic polyneuropathy (DPN; trials n=54) and HIV associated neuropathy studies (HIV-SN; trials n=8). ES=effect size.

HIV-SN

Figure 3. Forest plot magnitude of placebo response for painful diabetic polyneuropathy (DPN; trials n=33) and HIV associated neuropathy studies (HIV-SN; trials n=2). ES=Effect size.
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Arezzo et al. 2008a (2008)

Sandercock et al. 2012a (2006)

Rauck et al. 2012 (2009)

Freeman et al. 2007 (2005)

Atli and Dogra 2005 (2005)

Hanna et al. 2008 (2005)

Satoh et al. 2011 (2009)

Gao et a.. 2015 (2013)

Gao et al. 2010 (2008)

Yasuda et al. 2011 (2009)

Subtotal  (I-squared = 86.4%, p = 0.007)

Simpson et al. 2010 (2007)

Wang et  al. 2014 (2011)

Study

-1.72 (-1.93, -1.51)

-2.02 (-2.36, -1.68)

-2.21 (-3.05, -1.37)

-2.10 (-2.69, -1.51)

-1.76 (-2.28, -1.24)

-1.47 (-2.06, -0.88)

-1.39 (-1.84, -0.94)

-0.99 (-1.40, -0.58)

-1.60 (-1.95, -1.25)

-2.11 (-2.40, -1.82)

-1.91 (-2.15, -1.67)

-4.02 (-4.81, -3.23)

0.30 (-0.58, 1.18)

-0.59 (-0.87, -0.31)

-1.91 (-2.34, -1.48)

-2.09 (-2.46, -1.72)

ES (95% CI)

-1.60 (-2.04, -1.16)

-1.80 (-2.20, -1.40)

-1.68 (-1.88, -1.47)

-1.84 (-3.17, -0.51)

-1.97 (-3.56, -0.38)

-1.40 (-1.49, -1.31)

-1.97 (-2.25, -1.69)

-2.05 (-3.23, -0.87)

-1.00 (-1.05, -0.95)

-1.76 (-2.11, -1.41)

-1.40 (-1.95, -0.85)

-2.09 (-2.46, -1.72)

-2.32 (-2.51, -2.13)

-0.69 (-1.56, 0.18)

-1.50 (-1.86, -1.14)

-1.20 (-1.66, -0.74)

-1.97 (-2.24, -1.70)

-2.31 (-2.66, -1.96)

-1.61 (-1.96, -1.26)

-2.38 (-2.89, -1.87)

-2.63 (-2.86, -2.40)

-1.36 (-1.89, -0.83)

100.00

3.16

2.22

2.72

2.85

2.71

2.98

3.06

3.14

3.23

3.31

2.31

2.15

3.25

3.01

3.12

Weight

2.99

3.06

93.46

1.45

1.16

3.43

3.25

1.65

3.44

3.15

2.79

3.12

3.36

2.17

3.13

2.96

3.26

3.14

3.14

6.54

3.31

2.83

%

-1.72 (-1.93, -1.51)

-2.02 (-2.36, -1.68)

-2.21 (-3.05, -1.37)

-2.10 (-2.69, -1.51)

-1.76 (-2.28, -1.24)

-1.47 (-2.06, -0.88)

-1.39 (-1.84, -0.94)

-0.99 (-1.40, -0.58)

-1.60 (-1.95, -1.25)

-2.11 (-2.40, -1.82)

-1.91 (-2.15, -1.67)

-4.02 (-4.81, -3.23)

0.30 (-0.58, 1.18)

-0.59 (-0.87, -0.31)

-1.91 (-2.34, -1.48)

-2.09 (-2.46, -1.72)

ES (95% CI)

-1.60 (-2.04, -1.16)

-1.80 (-2.20, -1.40)

-1.68 (-1.88, -1.47)

-1.84 (-3.17, -0.51)

-1.97 (-3.56, -0.38)

-1.40 (-1.49, -1.31)

-1.97 (-2.25, -1.69)

-2.05 (-3.23, -0.87)

-1.00 (-1.05, -0.95)

-1.76 (-2.11, -1.41)

-1.40 (-1.95, -0.85)

-2.09 (-2.46, -1.72)

-2.32 (-2.51, -2.13)

-0.69 (-1.56, 0.18)

-1.50 (-1.86, -1.14)

-1.20 (-1.66, -0.74)

-1.97 (-2.24, -1.70)

-2.31 (-2.66, -1.96)

-1.61 (-1.96, -1.26)

-2.38 (-2.89, -1.87)

-2.63 (-2.86, -2.40)

-1.36 (-1.89, -0.83)

100.00

3.16

2.22

2.72

2.85

2.71

2.98

3.06

3.14

3.23

3.31

2.31

2.15

3.25

3.01

3.12

Weight

2.99

3.06

93.46

1.45

1.16

3.43

3.25

1.65

3.44

3.15

2.79

3.12

3.36

2.17

3.13

2.96

3.26

3.14

3.14

6.54

3.31

2.83

%
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Overall  (I-squared = 95.0%, p = 0.000)

Vinik et al. 2014 (2012)

Rauck et al. 2007 (2005)

Rowbotham et al. 2012 (2008)

Smith et al. 2013b (2010)

DPN

Dogra et al. 2005 (2003)

Wernicke et al. 2006 (2003)

Bramson et al. 2015 (2015)

Raskin et al. 2005 (2004)

Simpson et al. 2014 (2012)

Beydoun et al. 2006 (2003)

Zin et al. 2010 (2007)

Kockar et al. 2004 (2004)

HIV

Stracke et al. 1992 (1990)

Goldstein et al. 2005 (2004)

Rauck et al. 2012 (2009)

ID

Shaibani et al. 2012 (2012)

Shaibani et al. 2009 (2005)

Subtotal  (I-squared = 94.1%, p = 0.000)

Watson et al. 2003 (2003)

Wright et al. 1997 (1994)

Gorson et al. 1999 (1999)

Grosskopf et al. 2006 (2005)

Simpson and Wlodarczyk 201 (2016)

Gimbel et al. 2003 (2003)

Arezzo et al. 2008a (2008)

Sandercock et al. 2012a (2006)

Rauck et al. 2012 (2009)

Freeman et al. 2007 (2005)

Atli and Dogra 2005 (2005)

Hanna et al. 2008 (2005)

Satoh et al. 2011 (2009)

Gao et a.. 2015 (2013)

Gao et al. 2010 (2008)

Yasuda et al. 2011 (2009)

Subtotal  (I-squared = 86.4%, p = 0.007)

Simpson et al. 2010 (2007)

Wang et  al. 2014 (2011)

Study

-1.72 (-1.93, -1.51)

-2.02 (-2.36, -1.68)

-2.21 (-3.05, -1.37)

-2.10 (-2.69, -1.51)

-1.76 (-2.28, -1.24)

-1.47 (-2.06, -0.88)

-1.39 (-1.84, -0.94)

-0.99 (-1.40, -0.58)

-1.60 (-1.95, -1.25)

-2.11 (-2.40, -1.82)

-1.91 (-2.15, -1.67)

-4.02 (-4.81, -3.23)

0.30 (-0.58, 1.18)

-0.59 (-0.87, -0.31)

-1.91 (-2.34, -1.48)

-2.09 (-2.46, -1.72)

ES (95% CI)

-1.60 (-2.04, -1.16)

-1.80 (-2.20, -1.40)

-1.68 (-1.88, -1.47)

-1.84 (-3.17, -0.51)

-1.97 (-3.56, -0.38)

-1.40 (-1.49, -1.31)

-1.97 (-2.25, -1.69)

-2.05 (-3.23, -0.87)

-1.00 (-1.05, -0.95)

-1.76 (-2.11, -1.41)

-1.40 (-1.95, -0.85)

-2.09 (-2.46, -1.72)

-2.32 (-2.51, -2.13)

-0.69 (-1.56, 0.18)

-1.50 (-1.86, -1.14)

-1.20 (-1.66, -0.74)

-1.97 (-2.24, -1.70)

-2.31 (-2.66, -1.96)

-1.61 (-1.96, -1.26)

-2.38 (-2.89, -1.87)

-2.63 (-2.86, -2.40)

-1.36 (-1.89, -0.83)

100.00

3.16

2.22

2.72

2.85

2.71

2.98

3.06

3.14

3.23

3.31

2.31

2.15

3.25

3.01

3.12

Weight

2.99

3.06

93.46

1.45

1.16

3.43

3.25

1.65

3.44

3.15

2.79

3.12

3.36

2.17

3.13

2.96

3.26

3.14

3.14

6.54

3.31

2.83

%

-1.72 (-1.93, -1.51)

-2.02 (-2.36, -1.68)

-2.21 (-3.05, -1.37)

-2.10 (-2.69, -1.51)

-1.76 (-2.28, -1.24)

-1.47 (-2.06, -0.88)

-1.39 (-1.84, -0.94)

-0.99 (-1.40, -0.58)

-1.60 (-1.95, -1.25)

-2.11 (-2.40, -1.82)

-1.91 (-2.15, -1.67)

-4.02 (-4.81, -3.23)

0.30 (-0.58, 1.18)

-0.59 (-0.87, -0.31)

-1.91 (-2.34, -1.48)

-2.09 (-2.46, -1.72)

ES (95% CI)

-1.60 (-2.04, -1.16)

-1.80 (-2.20, -1.40)

-1.68 (-1.88, -1.47)

-1.84 (-3.17, -0.51)

-1.97 (-3.56, -0.38)

-1.40 (-1.49, -1.31)

-1.97 (-2.25, -1.69)

-2.05 (-3.23, -0.87)

-1.00 (-1.05, -0.95)

-1.76 (-2.11, -1.41)

-1.40 (-1.95, -0.85)

-2.09 (-2.46, -1.72)

-2.32 (-2.51, -2.13)

-0.69 (-1.56, 0.18)

-1.50 (-1.86, -1.14)

-1.20 (-1.66, -0.74)

-1.97 (-2.24, -1.70)

-2.31 (-2.66, -1.96)

-1.61 (-1.96, -1.26)

-2.38 (-2.89, -1.87)

-2.63 (-2.86, -2.40)

-1.36 (-1.89, -0.83)

100.00

3.16

2.22

2.72

2.85

2.71

2.98

3.06

3.14

3.23

3.31

2.31

2.15

3.25

3.01

3.12

Weight

2.99

3.06

93.46

1.45

1.16

3.43

3.25

1.65

3.44

3.15

2.79

3.12

3.36

2.17

3.13

2.96

3.26

3.14

3.14

6.54

3.31

2.83

%
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