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Pharmaceutical industry-sponsored research in many clinical 
areas, including respiratory and pulmonary medicine (1), has 

been shown to be biased toward the reporting of positive results 
(2-5) and the suppression of negative results (6). Furthermore, sys-
tematic examination of the relationship between funding and con-
clusions has found that the odds of recommending an experimental 
drug as treatment of choice increases fivefold with for-profit organ-
ization funding compared with not-for-profit funding (7). Indeed, 
the amount of research published on this topic has reached the point 
where some researchers (5) have concluded that no more research is 
required to establish that pharmaceutical funding biases clinical trial 
results in favour of new drugs. Such categorical claims are at odds not 
only with the way in which some researchers think about the influ-
ence of conflicts of interest (8), but also with more focused and 
detailed empirical research examining associations between study 
outcomes, investigator characteristics and the specific involvement 

of industry (9). Some clinician-researchers (those who not only help 
produce but also will use the evidence from industry-sponsored trials) 
believe – quite reasonably – that the risk of bias varies with the 
strength of the conflict of interest (8). There may be substantial differ-
ences between the risks of bias resulting from industry associations 
such as industry authorship (industry employment of an author), con-
tract research for industry, sponsorship of authors’ speaking events/
tours, provision of equipment or supplies, and unrestricted educational 
or research grants. Nevertheless, the expanding empirical work on 
conflict of interest in biomedical research seems to be based primarily 
on the most serious conflicts such as large financial sponsorship of 
researchers, industry employees acting as authors or substantial indus-
try management of trials (5,10).

Although there is little question that industry has a financial inter-
est in the outcome of asthma trials, blanket pronouncements of indus-
try bias in asthma trials offer little insight into the actual measure of 
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BaCKgRound: Pharmaceutical industry-sponsored research has been 
shown to be biased toward reporting positive results. Frequent industry 
participation in trials assessing the efficacy of inhaled corticosteroid (ICS) 
and long-acting beta2-agonist (LABA) combination treatment makes 
assessing industry influence difficult and warrants an assessment of specific 
potential publication bias in this area. 
oBJECTIVE: To describe the frequency of industry involvement in ICS/
LABA trials and explore associations among significant outcomes, type of 
industry involvement and type of primary outcome. 
METHodS: A systematic review of trials comparing ICS/LABA combi-
nation therapy with ICS monotherapy for asthma was conducted. Data 
concerning the type of industry sponsorship, primary outcome and statisti-
cal results were collected. Comparisons between type of sponsorship and 
significant results were analyzed using Pearson’s c2 test and relative risk. 
RESuLTS: Of 91 included studies (median year of publication 2005 
[interquartile range 1994 to 2008]), 86 (95%) reported pharmaceutical 
involvement. Author affiliation was reported in 49 of 86 (57%), and 19 of 
86 (22%) were industry-reported trials without full publications. The 
remainder were published journal articles. Studies with a first or senior 
author affiliated with industry were 1.5 times more likely to report statistically 
significant results for the primary outcome compared with studies with 
other types of industry involvement. Pulmonary measures were 1.5 times more 
likely to be statistically significant than were measures of asthma control. 
ConCLuSIonS: The potential biases identified were consistent with 
other research focused on author role and industry involvement, and sug-
gest that degree of bias may vary with type of affiliation.  
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La nature et l’influence de la participation de 
l’industrie pharmaceutique aux essais sur l’asthme

HISToRIQuE : Il a été démontré que la recherche commanditée par 
l’industrie pharmaceutique a un parti pris pour des résultats positifs. En 
raison de la participation fréquente de l’industrie à des essais évaluant 
l’efficacité de la bithérapie de corticoïdes en aérosol (CEA) et de bêta2-
agonistes de longue durée (BALD), il est difficile d’évaluer l’influence de 
l’industrie, ce qui justifie une évaluation des partis pris potentiels précis à 
ce sujet dans les publications.
oBJECTIF : Décrire la fréquence de la participation de l’industrie aux 
essais des CEA-BALD et explorer les associations entre les issues significa-
tives, le type de participation de l’industrie et le type d’issues primaires.
MÉTHodoLogIE : Les chercheurs ont effectué une analyse systéma-
tique des essais comparant la bithérapie de CEA-BALD à une mono-
thérapie aux CEA contre l’asthme. Ils ont colligé les données portant sur le 
type de commandite de l’industrie, les issues cliniques et les résultats statis-
tiques. Ils ont analysé les comparaisons entre le type de commandite et les 
résultats significatifs au moyen de la méthode du khi-carré de Pearson et du 
risque relatif.
RÉSuLTaTS : Sur les 91 études incluses (année médiane de publication : 
2005 [plage interquartile de 1994 à 2008]), 86 (95 %) indiquaient une 
participation pharmaceutique. L’affiliation des auteurs était indiquée dans 
49 de ces 86 études (57 %), et 19 des 86 études (22 %) étaient des essais 
déclarés par l’industrie sans publications complètes. Les autres étaient des 
articles publiés dans des revues. Les études dont l’auteur principal ou un 
auteur chevronné était associé à l’industrie étaient 1,5 fois plus susceptibles 
de faire état de résultats statistiquement significatifs à l’égard de l’issue 
primaire que les études profitant d’autres types de participation de 
l’industrie. Les mesures pulmonaires étaient également 1,5 fois plus suscep-
tibles d’être statistiquement significatives que les mesures de contrôle de 
l’asthme.
ConCLuSIonS : Les partis pris potentiels confirmaient d’autres études 
portant sur le rôle de l’auteur et la participation de l’industrie et laissent 
croire que le degré de parti pris peut varier selon le type d’affiliation.
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influence of industry involvement on the reported results of compara-
tive drug-effectiveness research and provide little help to health pro-
fessionals who rely on the aforementioned categories of conflict of 
interest (or similar categories) when interpreting the results of such 
trials and systematic reviews of these trials. Moreover, in spite of the 
frequent involvement of industry in trials of asthma management, the 
landscape of the effect of potential conflicts of interest on published 
and unpublished asthma research results remains unexplored. The 
present study sought to describe, in greater detail, the nature of indus-
try associations in trials comparing inhaled corticosteroid (ICS)/long-
acting beta2-agonist (LABA) combinations with ICS monotherapy 
and to consider possible associations among the type of industry 
involvement, investigator role and study outcome.

METHodS
Study identification and selection
The comprehensive search strategies for randomized controlled trials 
(RCTs) comparing ICS/LABA combination therapy and ICS mono-
therapy have been reported elsewhere (11). Briefly, searches of elec-
tronic databases including BIOSIS Previews, EMBASE, MEDLINE, 
CENTRAL and Web of Science were conducted. References to studies 
included in other reviews evaluating add-on LABAs were also 
screened and evaluated for inclusion. Pharmaceutical manufacturers 
were contacted for information regarding unpublished, completed or 
ongoing studies. Study selection was completed in two stages: a liberal 
screening stage based on the titles, subtitles, abstracts and keywords, 
and then a detailed review of the full-text of potentially relevant stud-
ies. Disagreements about inclusion or exclusion of studies were 
resolved either by consensus between two reviewers or by arbitration 
by a third reviewer. An included study had to be a primary report of an 
RCT (abstracts were excluded because data were frequently not suffi-
ciently detailed to provide accurate assessment of study population 

parameters) that included >50% adult patients (>12 years of age) with 
a diagnosis of mild to severe persistent asthma but no comorbid pul-
monary diseases (eg, bronchitis, cystic fibrosis, chronic obstructive 
pulmonary disease). The study must have taken place in a nonacute 
care setting and involved a comparison of ICS/LABA therapy (either 
fixed or variable dose) administered for a minimum of 60 days with 
ICS monotherapy of similar or higher dose than that used in combina-
tion therapy.

data extraction
The following data were abstracted from each study: year of publication, 
source of funding and type of industry support, trial duration, number of 
participants randomized, assessment and reporting of participant com-
pliance, primary outcome measure and definition, statistical results, and 
authors’ conclusions as stated in both the abstract and main text. Data 
were extracted by one of three reviewers (KB, SB and JK) and verified 
independently by a second reviewer (KB, SB and JK).  

data analysis
Industry involvement was classified in one of seven ways: author 
affiliation; author affiliation and funding; funding only; support 
through data management or editing; unspecified support (ie, report 
says only ‘supported by Company A’); industry involvement described 
but company not specified; or industry report.

‘Author affiliation’ with the supporting industry was defined as 
either the first or senior (last) author declaring in byline or conflict of 
interest statement at least one of the following: employed by the com-
pany; acted as a consultant or sat on advisory boards; was a paid lec-
turer or held grants (not further described); owned stock in the 
company; or held patent(s). For analysis, the pharmaceutical manufac-
turers were coded as companies A, B and C. 

The primary outcome measures stated in these reports were classi-
fied into four categories: pulmonary function measures (eg, peak 
expiratory flow [PEF] or forced expiratory volume in 1 s [FEV1]); 
asthma control measures (eg, exacerbations, symptom-free days, short-
acting beta-agonist use); health-related quality of life measures; and 
nonclinical measures (eg, eosinophil counts, hyper-responsiveness). 
Outcomes for the investigation drug therapy (ICS/LABA) were classi-
fied as statistically significant at P<0.05. 

Frequencies were calculated and post hoc exploratory analysis was 
performed using Pearson’s c2 test (SPSS version 11.5.0 [IBM 
Corporation, USA] for Windows [Microsoft Corporation, USA]). 
Relative risks (RR) were calculated (Review Manager version 5.0, 
Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2008) for statistically significant associations. For all 
outcomes regarding treatment effects, statistical significance indicates 
a difference favouring ICS/LABA combination therapy over ICS 
monotherapy.

RESuLTS
Of 91 included studies (median year of publication 2005 [interquartile 
range (IQR) 1994 to 2008]), 86 (95%) studies were industry-involved 
reports comparing the effectiveness of ICS/LABA with ICS mono-
therapy (Figure 1). The most frequently reported type of industry 
involvement was ‘author affiliation’ (41%). An additional 16% 
reported both author affiliation and funding support; 22% were indus-
try reports (considered de facto industry support). All studies were 
reported as being parallel-group RCTs. The majority (97%) were multi-
centre trials (≥2 centres). The median number of centres was 44 (IQR 
18 to 70). The reports were published or reported elsewhere between 
1994 and 2008 (median 2003.5 [IQR 2001 to 2006]). Most of the 
reports (67 of 86 [78%]) were published as journal articles. The 
remaining industry-reported trial results (19 of 86 [22%]) were avail-
able via publicly available internet databases (Table 1). The primary 
outcome in 54 trials (63%) was a measure of pulmonary function, 
while patient-oriented outcomes (those reporting measures of asthma 
control) were selected as primary outcomes in 23 trials (27%).

Figure 1) Results of the literature search and selection. CT Combination 
therapy; ICS Inhaled corticosteroid; LABA Long-acting beta2-agonist; 
RCTs Randomized controlled trials
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Studies with author affiliation were almost 1.5 times as likely to 
report statistically significant effects for ICS/LABA combination agents 
compared with studies reporting other categories of involvement. 
Improved pulmonary function measures were 1.5 times as likely to 
be statistically significant compared with measures of asthma control 
(Table 2). There were no statistically significant associations between 
the particular industry involved and significant outcomes; however, 
company A was almost 3.5 times as likely to be involved in trials 
through author affiliation than through any other type of involve-
ment. No other companies showed statistically significant differences 
among types of involvement. 

dISCuSSIon
There is a large amount of supportive evidence indicating the influ-
ence of conflict of interest resulting from industry association in phar-
maceutical trials for many treatments (1,3-7,10). As a result, industry 
involvement in studies included in comparative effectiveness reviews 
is a common concern for researchers, clinicians and policy makers who 
choose to use this evidence to help inform their decisions. The present 
post hoc exploratory analyses of the ICS/LABA asthma literature 
identified differences in associations between type of pharmaceutical 
industry involvement and statistically significant (ie, favourable) out-
comes. Studies with at least one author affiliated with the supporting 
industry were more likely to report statistically significant effects 
favouring their combined investigational product, particularly if they 
selected pulmonary function measures as their primary outcome. 
Although no associations were found between the specific industry 

sponsor involved and statistically significant outcomes, or between the 
type of report (journal article or industry report) and statistically sig-
nificant outcomes, one company was more than three times as likely to 
be involved in trials through author affiliation than through any other 
type of involvement. This strong association between author affilia-
tion (as defined here) implies that, if there is an association between 
author affiliation and  results favouring the investigational treatment, 
the outcomes from trials conducted by this company are more likely to 
be positive than are those from trials conducted by other manufactur-
ers. Finally, it should be highlighted that industry reports were less 
likely to be positive than journal articles, which suggests that industry 
is not publishing its negative trials (although it is making them publi-
cally available in trial registries and on its own websites). The reason 
for this may be industry, investigator fatigue or the general issue of 
publication bias whereby studies reporting negative results are less 
often published.

The finding that studies with at least one author affiliated with 
the supporting industry were more likely to report significant effects 
favouring their combined investigational product supports the belief 
that the risk and degree of bias varies with the strength of potential 
conflict of interest and author role (8). Although the reporting of 
conflicts of interest was not always detailed, it was reported clearly 
and consistently enough to undertake this initial examination. 
Nevertheless, given what we know about the structure of industry 
involvement in research, analysis and publication, it is likely that the 
self-reported conflicts used here do not provide a complete picture of 
the actual structures of industry involvement (12-14). 

The results of the present study suggest the presence of two poten-
tial biases: a reporting outcome bias (ie, outcomes with unfavourable 
results are suppressed in favour of those outcomes with favorable 
results) (15); and an interpretive and rhetorical effects bias (ie, data 
are not omitted, but are presented and interpreted in ways that favour 
the authors’ interests) (1). Examining the number and type of second-
ary outcomes and comparing authors’ conclusions with the statistical 
results for all outcomes would shed light on which of these biases is 
more prevalent.

TaBle 1
Study characteristics and results

Characteristic Studies, n (%)

Significant result  
(ie, P<0.05), n
Yes No

Company involved
   GlaxoSmithKline 57 (66) 43 14
   AstraZeneca 22 (26) 19 3
   Novartis 4 (5) 4 0
   Astra Draco 1 (1) 1 0
   Not specified 2 (2) 2 0
Type of industry involvement
   Author (first or last) affiliation 35 (41) 32 3
   Author affiliation and funding 14 (16) 13 1
   Industry report 19 (22) 13 6
   Involvement not described 7 (8) 4 3
   Funding 5 (6) 3 2
   Unspecified support 4 (5) 3 1
   Data management 1 (1) 1 0
   Editing 1 (1) 0 1
Publication status
   Journal article 67 (78) 56 11
   Industry report 19 (22) 13 6
Primary outcome
   Pulmonary 54 (63) 51 3
   Asthma control 23 (27) 14 9
   Nonclinical 7 (8) 2 5
   Quality of life 1 (1) 1 0
   Not specified 1 (1) 1 0
   Patient compliance reported 30 (35) 27 3
Comparison
   Same company drug 65 (76) 50 15
   Different company drug 21 (24) 19 2
   Significant result (P<0.05) 69 (80) NA NA

NA Not applicable

TaBle 2
associations among characteristics
association Statistical test P
Report type × significant result
   Journal publication versus  
      industry report

c2 2.145, df = 1 0.191*

Type of involvement × significant result
   Overall c2 13.862, df = 7  0.054
   Author affiliation versus other  
      involvement†

c2 9.67, df = 1 0.003*

   Author affiliation versus other  
      involvement†

RR 1.42 (95% CI 1.10 to 1.82) NA

Industry involved × significant result
   Overall c2 3.07, df = 4  0.546
   Company A versus other c2 0.701, df = 1 0.541*
   Company B versus other c2 2.449, df = 1 0.156*
Type of outcome × significant result 
   Overall c2 24.586, df = 4 0.000
   Pulmonary versus other RR 1.68 (95% CI 1.23 to 2.29) NA
   Asthma control versus other RR 0.70 (95% CI 0.50 to 0.98) NA
   Pulmonary versus asthma control RR 1.55 (95% CI 1.11 to 2.17) NA
Type of involvement × industry involved 
   Author affiliation versus other c2 12.27, df = 4 0.015
   Company A RR 3.40 (95% CI 1.52 to 7.59) NA

*Fisher’s exact test; †‘Other involvement’ was defined as being an industry 
report, receiving funding only, support through data management or editing, 
unspecified support or industry identified but involvement not described. NA 
Not applicable
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Only one-quarter of the trials selected patient-oriented outcomes 
as the primary outcome. The reason for the selection of pulmonary 
function outcomes may be multifactorial; however, it is likely that 
some requirement by governing/licensing agencies may have played a 
role. Nevertheless, it should be noted that, even if these outcomes 
were required by a regulator, there is an inherent bias in selecting flow 
rates (PEF and FEV1) as a primary end point when comparing LABA/
ICS combination therapy with ICS monotherapy. A comprehensive 
systematic review of this literature (11) highlighted the discrepancy 
between the apparent benefit of combination therapy over monother-
apy based on lung function measures compared with the more modest 
benefit based on symptom control and quality of life measures. 
However, patient-oriented outcomes such as quality of life, while 
highly reliable, are more difficult to collect, especially in long-term 
follow-up studies. Composite outcomes, such as those in the Asthma 
Control Questionnaire, are more likely to be clinically relevant 
because they reflect the symptoms and changes in airway calibre. 
Ultimately, the occurrence of exacerbations is likely to be one of the 
most clinically relevant outcomes because it has the greatest impact 
on the patient and on the cost to society (16,17). 

The involvement of industry in all of the asthma trials examined 
here precluded an examination of the influence of industry versus 
nonindustry support on trial results. Additionally, a comparison of 
results between large (>100 participants) and small trials, potentially 
revealing because of a known association between large trials and 
positive results (18), could not be performed because the majority of 
trials (87%) were large. For this reason, an assessment of industry 
involvement on magnitude of treatment effect may have been more 
revealing.

Finally, when significant results regarding treatment efficacy are 
not found, studies may sometimes inappropriately draw conclusions 
about treatment equivalence or noninferiority. Assessing this aspect 
of the trials would also have added a level of complexity and detail to 
the analysis that may have been more revealing. Nevertheless, assess-
ments of the association between the significance of results and 
industry sponsorship is important because authors and readers of 
medical research papers frequently draw conclusions about the com-
parative effectiveness of interventions based on the report of statis-
tical significance (19).

There are several weaknesses in the present study. First and fore-
most is the fact that the small number of nonindustry asthma trials 
(five of 91) precluded a subgroup comparison between the influence 
of industry versus nonindustry support on trial results. Lacking this 
comparison subgroup, the study results are only suggestive of an asso-
ciation between authorship and positive results. For example, it may 
be that the apparent bias associated with author affiliation may just 
mean that manufacturers are successful at enlisting opinion leaders to 
contribute to their high-profile studies. Future studies comparing 
industry-sponsored and nonindustry-sponsored trials may help to shed 
additional light on the potential biases associated with different forms 
of industry sponsorship.  

Second, the ‘author affiliation’ category combined five types of 
affiliation (eg, authors who were employed by the manufacturer, those 
acting as consultants or advisory board members, paid lecturers or 
grant holders, owners of stock in the company and patent holders). It 
is plausible that the various forms of association within this group dif-
fer with respect to the potential degree of conflict of interest and the 
influence this conflict exerts on study outcomes. As such, a more 
granular analysis of these associations may offer greater insight into 
the mechanisms and degree of influence of these associations on the 
direction and magnitude of trial results.

Third, the categorization of author affiliation was made only for 
the primary or senior author based on the conflict of interest state-
ments provided by the authors. This decision was based on the 
assumption that the primary and senior authors of studies are most 
likely to influence the presentation of results. We believe this was a 
reasonable assumption given the increasing trend to designate senior 

researchers as first and senior authors over more junior researchers 
(20). If industry authors typically appear as middle authors and this 
authorship is an indicator of industry management of the research and 
publication and, hence, of an associated bias, this would underesti-
mate the differences between the groups. The large number of authors 
in the studies precluded any meaningful evaluation of their individual 
influence. It is also likely that influences other than type of author 
affiliation and reporting biases exist, which we could not uncover in 
the present analysis (21). 

 Finally, we relied on reported statements of industry affiliation or 
involvement to determine author involvement and did not validate 
these potential conflicts by contacting the authors, examining their 
curriculum vitaes, their past publications or other strategies. Previous 
research has also suggested that industry-sponsored research reporting 
results favourable to the company product are more likely to be pub-
lished as abstracts (4). Because we excluded abstracts, our results are 
likely to be a conservative estimate of the influence of industry spon-
sorship on trial results.

Barring the complete sequestration of research and industry 
(22,23), the potential bias introduced by industry associations will 
continue to be a problem for reviewers, clinicians and policy makers, 
especially in areas of research in which industry is frequently involved. 
In such cases, researchers who depend on the involvement of industry 
can do no better than to follow existing guidelines for the ethical 
conduct of industry-physician relationships (24), and readers of the 
results of such research will have to rely on authors to openly declare 
competing interests and to trust that researchers have minimized the 
potential influence of these relationships. For these reasons, the 
results of the present study complement – but also challenge – the 
conclusions of research regarding claims of a pharmaceutical industry 
bias that has not examined the type and degree of industry involve-
ment. Furthermore, the present examination, and similar others (9), 
both support and are supported by the development and use of more 
comprehensive and rigorous standards for reporting authorship roles 
and potential conflicts of interest (25). 

The findings of the exploratory analyses highlight the importance 
of and need for mandatory and accurate statements of conflicts of 
interest and author contributions – a need that has been highlighted 
by the recent publication of a rigorous checklist for financial conflict 
of interest and author contribution (25). Future studies comparing 
industry-sponsored and nonindustry-sponsored trials may help to 
shed light on the potential biases associated with different forms of 
industry sponsorship. The fact that so many trials were unpublished 
and reported nonclinically important measures as primary outcomes 
remains a concern. In light of the observations made here, there is a 
need for regulatory bodies, clinicians interested in asthma manage-
ment and patient advocacy groups to request trials with clinically 
relevant and patient-oriented outcomes as primary study outcomes. 

ConCLuSIonS
The associations described in the present article support further 
investigation into the nature and influence of industry involvement 
in drug efficacy trials, especially in topic areas such as asthma treat-
ment where industry sponsorship is frequent but also variable and, 
hence, where the influence of potential conflicts of interest may also 
vary. Greater insight into these variations would be facilitated by 
mandatory and detailed statements of conflicts of interest and author 
contributions, and the reasons for the selection of study outcomes. 
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