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ABSTRACT. Objective. To determine if the results of rheumatoid arthritis (RA) clinical trials are upwardly biased
by the Hawthorne effect.
Methods. We studied 264 patients with RA who completed a commercially sponsored 3-month,
open-label, phase 4 trial of a US Food and Drug Administration approved RA treatment. We evaluated changes in the Health Assessment Questionnaire disability index (HAQ) and visual analog
scales for pain, patient global, and fatigue during 3 periods: pretreatment in the trial, on treatment at
the close of the trial, and by a trial-unrelated survey 8 months after the close of the trial, but while
the patients were receiving the same treatment.
Results. The HAQ score (0–3) improved by 41.3% during the trial, but only by 16.5% when the endpoint was the post-trial result. Similar results for the other variables were patient global (0–10)
51.9% and 34.6%, pain (0–10) 51.7% and 39.7%, fatigue (0–10) 45.6% and 24.6%. Worsening
between the trial end and the first survey assessment was HAQ 0.29 units, pain 0.8 units, patient
global 0.8 units, and fatigue 1.1 units.
Conclusion. Almost half the improvement noted in the clinical trial HAQ score disappeared on entry
to a non-sponsored followup study, and from 23% to 44% of improvements in pain, patient global,
and fatigue also disappeared. These changes can be attributed to the Hawthorne effect. Based on
these data, we hypothesize that the absolute values of RA outcome variables in clinical trials are
upwardly biased, and that the treatment effect is less than observed. (J Rheumatol First Release Sept
15 2010; doi:10.3899/jrheum.100497)
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Although biologic therapy improves the health status of
patients with rheumatoid arthritis (RA), we have observed
that RA patients treated with biologics and followed in the
large National Data Bank for Rheumatic Diseases (NDB)
observational data bank, and patients followed in clinical
practice, do not have RA outcomes that are as good as those
seen in clinical trials1,2,3,4. This observation is somewhat
unexpected because RA patients treated in the community
have less severe RA than participants in clinical trials and
should be expected to have better results. By “outcomes,”
we mean the actual levels of the clinical variables [for
example, a Health Assessment Questionnaire (HAQ) score
of 1.1] as distinct from the change or percentage change in
the variables. However, the percentage change reported in
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clinical trials is also important because it can lead readers to
expect that the same degree of improvement that is observed
in clinical trials will also be found in clinical practice in similar patients.
RA clinical trials may be biased toward better results by
several factors. Some patients may be entered into the trial
at the time of a transient flare rather than when they are in a
steady state. In addition, the enrollment evaluation process
in itself can be biased toward the overreporting of baseline
abnormalities because patients must have predefined levels
of severity to enter the trial. To the extent that these biases
are present, they work on both the active treatment and the
control group equally, and ordinarily are accounted for by
the blinding and randomization process. However, the
degree of improvement, which is usually presented as
American College of Rheumatology (ACR) percentage of
improvement or Disease Activity Score (DAS) improvement, is generally emphasized only for the active treatment
group in publications and marketing materials, where one
might say, for example, that 68% of treated patients
achieved an ACR 20% response. These 2 biases, regression
to the mean and examination bias, can lead to exaggerated
improvement for the treated and untreated groups. However,
they do not lead to final values that are biased toward the
less abnormal, as they affect only starting values.
There is a third bias that could result in both increased
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improvement compared with baseline and improved final
values — the Hawthorne or trial effect. This bias could have
important implications about the effectiveness of therapy.
The Hawthorne effect was originally defined in an industrial setting as an increase in worker productivity produced by
the psychological stimulus of being singled out and made to
feel important5. Subsequently the definition has been broadened so that in medical settings it refers to treatment
response rather than productivity6. In the clinical trial setting, the effect may be defined as the additional clinical
response that results from increased attention provided by
participation in the clinical trial.
The Hawthorne effect, if present, could result in RA
improvement in 2 ways. First, it could result in true improvement — as in the Hawthorne effect of observed productivity
in the factory — and, second, it could result in reported but
not true improvement; for example, a patient might indicate
by HAQ score that his function is improved, while in reality
it is not. If the Hawthorne effect is present in that manner, we
would expect that patients would not do as well in the subsequent clinical setting, where the intensive clinical trial
attention is absent. We call the first type of Hawthorne effect
Type A and the second type of Hawthorne effect Type B.
Authors who have studied the Hawthorne effect have all
noted that it is extremely difficult to obtain reliable results.
There is some evidence from non-RA studies that the
Hawthorne effect may be present. Braunholtz, et al in 20017
performed a systematic review of the literature (mostly cancer trials) with respect to a Type A “protocol/Hawthorne
effect (benefit from improved routine care within a trial).”
They noted that there was “weak evidence to suggest that
clinical trials have a positive effect on the outcome of participants [and concluded] that it is more likely that clinical
trials have a positive rather than a negative effect on the outcome of patients. In the limited data available, the effect
seems to be larger in trials where an effective treatment
already exists and is included in the trial protocol.”
Peppercorn, et al evaluated 24 published articles of outcomes among cancer patients who were enrolled and not
enrolled in clinical trials. They noted that “14 comparisons
provided some evidence that patients enrolled in trials have
improved outcomes. However, strategies to control for
potential confounding factors were inconsistent and frequently inadequate,” and they concluded that “Despite
widespread belief that enrollment in clinical trials leads to
improved outcomes in patients with cancer, there are insufficient data to conclude that such a trial effect exists.”8
By contrast, McCarney, et al found that more intensive
followup of individuals in a placebo-controlled clinical trial
of Ginkgo biloba for treating mild to moderate dementia
resulted in a better outcome than minimal followup, as measured by their cognitive functioning6. The intensive group had
comprehensive assessment visits at baseline and 2, 4, and 6
months postrandomization compared with an abbreviated
assessment at baseline and a full assessment at 6 months.

The Hawthorne effect has not been evaluated in RA. We
hypothesized that a Type B Hawthorne effect might be present. In this report we studied RA patients who received comprehensive care in a clinical trial, including free treatment,
and received ordinary RA care by their non-study physicians
after the trial. During followup, patients used the same questionnaires as used in the trial and paid 0–100% of the cost of
their own medications, according to their insurance coverage. We compared outcomes at the end of the clinical trial
with outcomes noted in the non-sponsored followup assessments to see if improvement noted in the clinical trial was
maintained in clinical practice. Sponsored extension studies
of RA trials usually show maintenance of improvement. The
RA patients in this followup study were volunteers who had
a good response to therapy.
MATERIALS AND METHODS

In order to conceal the treatment, as desired by the sponsor of the clinical
trial, we have used approximate numbers of patients and dates of treatment
in the next paragraph. Patients in this study had been participants in a
1500–2500 person phase 4 clinical trial of a currently marketed and US
Food and Drug Administration approved RA treatment. The trial began with
a double-blind period, followed by a 3-month open-label treatment period
during which all patients received active treatment. Enrollment to the openlabel study began after 2005 and the last patient completed the study before
2008. Physicians were compensated for their participation, and patients
received the treatment without cost. There was a total of 5 study visits.
We were allowed to invite patients in the above study to participate in
the National Data Bank for Rheumatic Diseases (NDB) longitudinal study
of RA outcomes9,10 after completion of the phase 4 study. The NDB is a
research data bank that surveys patients by mail and Internet at 6-month
intervals (January and July). However, administrative procedures significantly limited our ability to recruit for the followup NDB study, and enrollment did not begin until half of the phase 4 study was completed and easy
access to patients was lost. We were not allowed to contact patients directly, but were required to contact their physicians. Physicians were not compensated, but were asked to contact their patients, explain the study, ask for
their signed informed consent, and forward details to the NDB. As a result,
many physicians did not participate and an unknown number of patients
were contacted. From this process 264 patients consented to participate in
the study followup. Patients who participated were systematically different
from nonparticipants. Compared with nonparticipants, participants had
increased rates of ACR20, ACR50, and ACR70 responses11, and had lower
(better) HAQ12, pain, patient global, and fatigue scores. Patients were not
compensated for the participation in the NDB.
Patients received a standard, FDA-approved dose of the study medication
throughout the open label study, and this dose was continued during the NDB
followup, except for 16 patients (6.1%) who discontinued the treatment. For
the purposes of this study we evaluated only variables that were included in
both the open-label and followup study. These variables included the HAQ
disability index12, and visual analog scales (VAS) for pain, patient global, and
fatigue. The assessment formats used in both studies were the same, except
that some NDB patients completed the questions on the Internet.

Statistical methods. We compared the 4 clinical variables at 3 timepoints:
the start of active drug administration in the open-label trial, the final observation in the open-label trial, and the first observation in the followup NDB
survey. We used t-tests to compare variables at the different timepoints, and
we calculated effect sizes using the pooled standard deviation. Data were
analyzed using Stata (Stata Corp., College Station, TX, USA) version 10.1.
To compare the final NDB values with values of other NDB RA
patients, we identified 5686 RA patients in the NDB receiving the same
class of treatment at their first NDB observation as those in the clinical
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trial. We excluded patients participating in safety registries because their
RA might be more severe than the RA of the average patient. By regression
analysis, we adjusted their HAQ, pain, patient global, and fatigue scores to
the characteristics of the study population, as noted in Table 1.

RESULTS
At the time of evaluation in the NDB surveys, the median
RA duration of the 264 patients was 10.4 years (Table 1).
The median duration from the last clinical trial assessment
to the first post-trial survey assessment was 0.8 years. All
patients received the study drug during the 6-month recall
period of the survey questionnaire. However, 16 patients
(6.1%) discontinued the treatment during this period.
Sensitivity analyses indicated only minimal change in study
results if these patients were included or excluded, and
therefore we elected to include them in the study. The dose
of the study drug was unchanged between the end of the
study and the first post-study reporting.
All study measures improved during the trial and worsened thereafter (Table 2 and Figure 1). The HAQ score
improved by 41.3% during the trial, but only by 16.5%
when the endpoint was the post-trial result. Similar results
for the other variables were patient global 51.9% and 34.6%,
respectively, pain 51.7% and 39.7%, and fatigue 45.6% and
24.6%. Worsening between the trial end and the first survey
assessment was HAQ 0.29 units, pain 0.77 units, patient
global 0.77 units, and fatigue 1.1 units.
Table 1. Characteristics of study population during NDB followup (n =
264).
Variable

Median (IQR) or %

Age, yrs
Disease duration, yrs
Time from clinical trial closure, yrs
Male, %
Study treatment, %
Prednisone, %
Methotrexate, %
Leflunomide, %

57.2 (50.1–64.4)
10.4 (4.3–23.5)
0.8 (0.5–1.4)
17.0
100.0
30.7
68.2
3.4

We also calculated the effect sizes for the study variables
for the 2 time periods in Table 2. Pain and patient global
improved most in the trial (effect sizes 1.29 and 1.22,
respectively) and HAQ and fatigue improved the least
(effect sizes 0.83 and 0.93). From the end of the trial to the
survey evaluation, the effect sizes decreased by 0.30 (pain)
to 0.44 (HAQ). The reduction in effect size for HAQ was
more than half of the noted improvement.
ACR20%, 50%, and 70% improvement was noted by
63.1%, 43.4%, and 20.2% in the trial, respectively. We
examined the effect of ACR improvement on changes in
HAQ score between trial end and first survey evaluation in
Figure 2. Except for the large difference in the small ACR70
group, changes in HAQ were similar in the nonresponders
and ACR20 and ACR50 responders.

DISCUSSION
In our study we found a general loss of improvement in
patient-reported outcomes in treated patients after they
stopped participating in a clinical trial, but continued their initial study treatment. The study and non-study evaluations used
the same questionnaire but differed only in the attention and
setting of the evaluations. While this improvement meets the
definition of a Hawthorne effect — additional clinical
response that results from increased attention provided by participation in the clinical trial — it seems likely that the result
could be attributed to a Type B effect in which the improvement is reported but is not true improvement. The alternative
interpretation — that true improvement occurred in the trial
but is lost at the end of the trial — seems untenable.
What is the nature of this improvement? One possibility
is that it represents expectation bias, a form of placebo
effect. Epstein noted this bias to be present in unblinded
studies, but not in blinded controlled trials13. Hróbjartsson
and Gøtzsche in a systematic review of placebo effects
found placebo had minimal clinical effect compared to usual
treatment14. However, the pooled standardized mean difference was significant for the trials with subjective outcomes
but not for those with objective outcomes. In 27 trials

Table 2. Changes in study variables according to study time and setting.
Variable
ACR20 (%)
ACR50 (%)
ACR70 (%)
HAQ, 0–3
Global, 0–10
Pain, 0–10
Fatigue, 0–10

Trial Start,
mean (SD)

Trial End,
mean (SD)

1.21 (0.60)
5.2 (2.3)
5.8 (2.3)
5.7 (2.7)

63.1
43.4
20.2
0.71 (0.61)
2.5 (2.1)
2.8 (2.4)
3.1 (2.7)

Positive ES
(95% CI)

0.83 (0.72, 0.95)
1.22 (1.07, 1.38)
1.29 (1.12, 1.45)
0.93 (0.78, 1.09)

Post-trial Followup
Mean (SD)
Negative ES
(95% CI)

1.01 (0.71)
3.4 (2.5)
3.5 (2.7)
4.3 (2.9)

0.44 (0.60, 0.26)
0.38 (0.49, 0.25)
0.30 (0.41, 0.19)
0.41 (0.54, 0.27)

Trial start: pretreatment; trial end: 6 months later; post-trial followup: 0.8 years later. Differences between trial
end and trial followup are significant at p < 0.001. Positive: clinical improvement; negative: clinical worsening;
ES: effect size.
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Figure 1. The effect of trial participation by categories on clinical outcomes for 264 patients treated with study
drug. The median time from trial end to non-trial followup assessment was 0.8 years.
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Figure 2. The effect of trial participation by categories of American College of Rheumatology (ACR) response for
264 patients treated with study drug. The median time from trial end was 0.8 years.

involving the treatment of pain, placebo had a beneficial
effect, as indicated by a reduction in the intensity of pain of
6.5 mm on a 100-mm VAS.

Of interest, in the current study the difference in pain in
the 2 settings was 0.70 units, very similar to Hróbjartsson
and Gøtzsche’s 6.6 mm. In standardized units of the effect
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size, this difference was 0.3. For the HAQ score the effect
size was –0.44 and the absolute difference was –0.30 units.
A change of 0.22 units is considered to be the minimally
important difference15. The difference between the clinical
trial HAQ and the community (clinic) HAQ is important
because HAQ values are commonly used to map to utility
scores and then in the calculation of cost effectiveness16. In
addition, the HAQ is a powerful predictor of mortality17 and
medical costs18. If clinical trial results overstate HAQ
scores, then the true effectiveness — the real functional status — is overstated. In addition, US Food and Drug Administration indication requires a sustained improvement on the
HAQ score. But what if the observed HAQ score is the
result of a Type B Hawthorne effect?
Extension studies following clinical trials are common,
and usually report sustained improvement. In a review of such
extension studies, Landewé and van der Heijde report that “if
there are no differences in treatment effects during an RCT,
they are unlikely to appear at followup,” and conclude that
biased selection, dropouts, crossover, and confounding render
such studies useless for providing longterm information19.
Can our findings be extrapolated to other settings? We
used the NDB to obtain scores for other patients with RA participating in survey research. We adjusted the results to the
characteristics of the patients in the current study. For current
study compared with other NDB RA patients, the results were
HAQ 1.01 versus 1.12, patient global 3.4 versus 3.5, pain 3.5
versus 3.8, and fatigue 4.3 versus 4.5, respectively.
There are a number of real and potential limitations to
this study. Participants were volunteers who continued on
the study therapy after the trial. Patients who chose not to
participate or discontinued therapy were not included in the
study, and such patients had worse outcomes or were unsatisfied with their therapy. However, this exclusion process
worked to the advantage in the study becaause it allowed us
to observe how patients who are doing well fared when they
changed setting — the model for Hawthorne effect observation. Even so, it is possible, although unlikely, that nonparticipants would have responded differently in the followup
period. The Hawthorne effect is an important issue, and our
hypothesis could be tested following future studies, with
appropriate planning.
We also did not have physician data. So we were unable
to extend this observation to physical examination and laboratory data. However, because patient global and tender
joint count are part of the DAS-2820, and pain and HAQ are
part of the ACR improvement criteria, it seems likely that
the Hawthorne effect plays a role here, too. However, the
extent of the role cannot be determined.
In summary, almost half of the improvement noted in the
clinical trial HAQ score disappeared on entry to a non-sponsored followup study, and from 23% to 44% of improvements
in pain, patient global, and fatigue also disappeared. These
changes can be attributed to the Hawthorne effect. Based on
2220

these data, we hypothesize that the absolute values of
patient-reported RA outcome variables in clinical trials are
upwardly biased, and that treatment effect is less than observed.
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