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Summary
AIM OF THE STUDY: The internal validity of double blinding in randomised placebo-controlled trials (RCTs) has become a target of criticism. The goal of this study was to investigate (a) how accurately the patients and their treating
physicians were able to guess their assigned treatment,
and (b) predictors for an accurate guess.
METHODS: Data on treatment estimation from patients
(n = 382) and their physicians (n = 358 guesses) in an
RCT investigating the role of adjunct prednisone for community-acquired pneumonia in a tertiary care setting were
analysed. At discharge, patients and their physicians had
to guess whether they had been assigned to the prednisone or to the placebo group. The alternative possibility
was “uncertain”. Percentages and confidence intervals
(CIs) were calculated for the proportion of patients guessing correctly. Chance finding was defined as having 50%
or less correct guesses. To test for predictors for prednisone treatment guess, a mixed effects logistic regression model was performed.
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RESULTS: In the prednisone group, 28.9% (55/190; 95%
CI 22.6–36.0%) of the patients made a correct guess and
the majority (61.6%, 117/190) was uncertain. In the placebo group, 13.0% (25/192; 95% CI 8.8–18.8%) guessed
correctly, with the majority being uncertain (69.8%, 134/
192). Physicians guessed correctly in 48.3% (87/180, 95%
CI 40.8–55.9%) of cases in the prednisone group and
in 66.3% (118/178, 95% CI 58.8–73.2%) of cases in the
placebo group, which was above chance for the placebo
group. The physicians were uncertain in 21.7% (39/180)
of cases in the prednisone group, and in 15.2% (27/178)
of cases in the placebo group. Significant predictors for
guessing prednisone were the occurrence of hyperglycaemia (odds ratio [OR] 3.77, 95% CI 2.39–5.95; p<0.001)
and a shorter time to clinical stability (OR 0.95, 95% CI
0.91–0.99; p = 0.02).
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CONCLUSIONS: We confirmed that patient blinding was
achieved in this study. Physicians made correct guesses
more often than patients. Treatment estimation by both
patients and physicians was led not only by the expectations of treatment effects of the study drug but also by
known side effects of prednisone.
Trial registration no.:: NCT00973154
Key words: randomised, controlled trials, double-blind,
treatment assignment, guess

Introduction
Randomised, placebo-controlled, double-blind studies
(RCTs) have emerged as a gold standard in evaluating the
effects of new drug treatments, but the internal validity
of the process of double blinding has become a target
of criticism [1]. Several studies raised the question as to
how accurately patients were able to guess their assigned
treatment [2–7]. The accuracy of patients’ and physicians’
guesses was striking. Two studies evaluating the effects of
two antidepressant drugs compared with placebo showed
that the majority of patients and physicians were able to
distinguish active drug from placebo [2, 3]. In these studies, the more certain the patients were about their guess, the
higher was their probability of a correct guess. This is not
only a problem for outcome assessment bias – which could
be avoided by using hard or objective endpoints – but it
is also suspected to be a source of bias concerning treatment effect. A study by Schnoll et al. evaluating smoking
cessation drugs showed that a patient’s belief of being assigned to the intervention group positively influenced outcome [5]. Even more striking is the effect of an antidepressant drug in chronic pain management: Pretreatment
expectations of pain relief influenced the extent of pain relief in patients assigned to the intervention group. However, this was not observed in the placebo group, suggesting
an effect beyond placebo [6].
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Nevertheless, these studies were performed in the setting
of psychiatric care [2, 3] or management of chronic disease
(such as obesity, smoking cessation, chronic pain) [4–6]
that have a longer course of disease and follow-up, more
distinguishable treatment effects, and subjective outcomes
especially influenced by personal behaviour and expectations. Currently, there are no publications available that examined the blinding in RCTs in acute clinical settings with
short-term interventions in acute, life-threatening diseases.
Therefore, we evaluated treatment estimation accuracy in a
RCT investigating the effects of an adjunctive 7-day treatment with prednisone in patients hospitalised with community-acquired pneumonia and whether there were predictors for guessing prednisone rather than placebo.

Methods
Study procedures and definition of successful blinding
A detailed description of the study procedures has been
published elsewhere [8]. Briefly, patients with communityacquired pneumonia admitted to tertiary care hospitals in
Switzerland were assigned to receive either 50 mg of prednisone or placebo daily for 7 days in a double-blind fashion. Before discharge, patients and their treating physicians
(or the assigned study doctors if the treating physician did
not answer) were asked to guess whether they had been allocated to the prednisone or the placebo group. The cut-off
for guessing correctly by chance was defined as 50%, according to flipping a coin. An alternative possibility was
to answer “uncertain”. Answering “uncertain” was equated with making a wrong guess because not being certain
about treatment allocation is the ultimate proof that the patient/physician was blinded. Therefore, successful blinding
was achieved if ≤50% of the patients made a correct guess,
and the rest either made a wrong guess or were uncertain
about treatment allocation. The same principle held true for
the physicians’ guesses.
Predictors
The following predictors for guessing prednisone were
analysed: (a) Time to clinical stability (TTCS, with longer
TTCS leading to the thought of placebo treatment); (b) occurrence of hyperglycaemia (defined as either mean blood
glucose >10 mmol/l on at least one day during hospitalisation, or one blood glucose measurement >15 mmol/
l, or need of new insulin treatment); (c) serious adverse
events during hospitalisation that were possibly related to
prednisone treatment; (d) the occurrence of nosocomial infections or empyema during hospitalisation; (e) persisting
fever (being a predictor for placebo guess); and (f) relapse.
Statistical analysis
Guesses from patients and physicians according to treatment group are presented as summary statistics including
95% confidence intervals (CIs). Criteria for successful
blinding were met if the lower 95% CI of the proportion
that made a correct guess was below or equal to 50%.
For the evaluation of predictors for guessing prednisone
a mixed effects logistic regression model was fitted
(GLMM). The outcome variable was guessing prednisone
as binary variable (placebo = 0, prednisone = 1). Explanatory variables were the predictors mentioned above with
participant identification number as random effect.
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R software version 3.4.3 was used for the analyses.

Results
Brief summary of original results
In this study, which was conducted from 1 December 2009
to 21 May 2014, 785 patients who were hospitalised with
community-acquired pneumonia were randomly assigned
to receive either prednisone (n = 392) or placebo (n =
393). The primary endpoint was time to clinical stability
(TTCS). TTCS was shorter in the prednisone group (median 3.0 days, interquartile range [IQR] 2.5–3.4) than in
the placebo group (4.4 days, 4.0–5.0; hazard ratio 1.33,
95% CI 1.15–1.50; p <0.0001). There was no difference
between groups in pneumonia-associated complications.
Patients in the prednisone group had a higher incidence
of in-hospital hyperglycaemia requiring insulin treatment
(76 [19%] vs 43 [11%]; odds ratio [OR] 1.96, 95% CI
1.31–2.93; p<0.01). Both groups had similar rates of adverse events that were compatible with corticosteroid use
[9].
Treatment assignment guesses
Data were available from 449 patients from three centres
in Switzerland (University Hospital Basel, Kantonsspital
Aarau and Bürgerspital Solothurn). In 334 cases, guesses
from both the patients and the physicians were available.
Physicians’ and patients’ guesses were missing in 70 and
45 cases, respectively.
In the prednisone group, 28.9% of the patients (55/190)
correctly guessed prednisone (95% CI 22.6–36.0%), which
was below chance. Another 9.5% in this group (18/190)
thought they had received placebo. The remaining 61.6%
of patients (117/190) were uncertain about treatment allocation. The physicians in the same treatment group (prednisone) guessed correctly in 48.3% of cases (87/180, 95%
CI 40.8–55.9%) which was within the expected range of
chance. Thirty percent of the physicians’ guesses were
wrong (54/180), and 21.7% (39/180) were “uncertain” (fig.
1, table 1).
In the placebo group, 13.0% of the patients (25/192) correctly guessed placebo (95% CI 8.8–18.8%), which was
below the chance of 50%; 69.8% (134/192) were uncertain
and 17.2% (33/192) falsely thought themselves to have
been allocated to the prednisone group. Of the physicians’
guesses for the placebo group, 66.3% (118/178) were correct (95% CI 58.8–73.2%); 18.5% (33/178) of the guesses
were wrong and 15.2% (27/178) were “uncertain”.
Predictors for treatment guess
The results for the linear regression model are summarised
in table 2. The longer the time to clinical stability, the
lower was the probability for the patients and their physicians to guess prednisone (OR 0.95, 95% CI 0.91–0.99; p =
0.02). The higher blood sugar values were during hospitalisation the higher was the probability to guess prednisone
(OR 3.77, 95% CI 2.39–5.95; p <0.001). All other potential
predictors did not show statistical significance: The ORs
for guessing prednisone in patients who either had serious adverse events or experienced nosocomial infections
and/or empyema were 2.52 (0.89–7.10; p = 0.08) and 1.63
(0.66–4.03; p = 0.29), respectively. In patients with persist-
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ing fever the OR was 0.86 (0.54–1.36, p = 0.51). In patients
with relapse there was also no difference in guesses (OR
0.67 (0.22–2.04, p = 0.48).

Discussion
Overall, we confirmed that patient blinding was achieved
in this study, as successful blinding was defined as having
50% or less correct guesses [10]. Blinding is especially
important in clinical trials as the Hawthorne and/or placebo/nocebo effects could lead to an alteration in a patient’s
health behaviour and, therefore, in outcome [11, 12]. An

interesting finding in this study was that shorter time to
clinical stability correlated with guessing prednisone, indicating patients’ and physicians’ expectations in this trial.
The majority of patients was uncertain or made a wrong
guess about their treatment allocation, independently of
their actual treatment. Even though physicians more often
made a correct guess, this was not as pronounced as expected, even though physicians had the possibility to observe the patient at every stage of the disease and had
full knowledge of their clinical and laboratory parameters.
Moreover, in the prednisone group, only nearly half of the
guesses by the treating physicians were correct. It was only in the placebo group that the treating physicians guessed

Figure 1: Treatment allocation guesses by patients and physicians according to actual treatment.

Table 1: Patients’ and physicians’ guesses according to treatment group.
Treatment allocation

Patients’ guesses (n = 382)
“Placebo”

“Uncertain”

Total

“Prednisone”

“Placebo”

“Uncertain”

Total

55; 28.9%
(22.6–36.0%)

18; 9.5%
(5.7–14.6%)

117; 61.6%
(54.3–68.5%)

190

87; 48.3%
(40.8–55.9%)

54; 30.0%
(23.4–37.3%)

39; 21.7%
(15.9–28.4%)

180

33; 17.2 (12.1–23.3%)

25; 13.0%
(8.8–18.8%)

134; 69.8%
(62.8–76.2%)

192

33; 18.5%
(13.1–25.0%)

118; 66.3%
(58.8–73.2%)

27; 15.2%
(10.2–21.3%)

178

Prednisone
Placebo

Physicians’ guesses (n = 358)

“Prednisone”

Data are presented as absolute number, percentage and 95% confidence interval.
Table 2: Predictors for guessing prednisone.
Predictor

Odds ratio (95% CI) for guessing prednisone

p-value

Time to clinical stability

0.95 (0.91–0.99)

0.02*

Hyperglycaemia (n = 90)

3.77 (2.39–5.95)

<0.001***

Serious adverse events (n = 13)

2.52 (0.89–7.10)

0.08

Infection or empyema (n = 23)

1.63 (0.66–4.03)

0.29

Persisting fever (n = 152)

0.86 (0.54–1.36)

0.51

Relapse (n = 15)

0.67 (0.22–2.04)

0.48
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correctly in two thirds of the cases. These results are surprising, as prednisone is known to dysregulate glycaemic
control and to have immunosuppressive effects [13, 14].
Also, these findings stand in contrast to the results published by the authors mentioned in the Introduction section, in which 75–80% of patients or physicians correctly
guessed their treatment [2–7]. There could be several reasons for this discrepancy. First, those studies were performed in long-term settings. It was shown that the longer
a treatment is given, the clearer the treatment allocation
becomes [2]. Our trial tested a short-duration treatment of
7 days. Second, patients with chronic diseases have plenty of experience with the course of their disease, compared with patients who have suffered only once or twice
from a certain disease, as is the case with community-acquired pneumonia. Third, antidepressant drugs are potent
psychopharmaceuticals showing strong beneficial effects
but also major side effects. Side effects are an important
predictor for guessing accuracy [1, 4]. In contrast, prednisone given over a short period of 7 days does not have
many side effects except for transient hyperglycaemia [9].

tions about a study drug need to be prevented by blinding, as side effects may arise owing to not only the study
drug but also the disease itself. We therefore propose that
assessing potential unblinding through correctly guessing
treatment allocation (due to effects or side effects of the
verum) in the course of a double-blind RCT should be implemented when one of the following conditions are met:
(a) investigation of a chronic disease (such as chronic psychiatric or pain conditions);(b) long treatment duration (for
example, >7 days);(c) known drug-specific side effects
(such as with antidiabetic, cytostatic, or diuretic agents);
and (d) no comparison with an active substance with a similar therapeutic effect (placebo control only).

Interestingly, if patients in the prednisone group were certain about their guess, the probability of guessing prednisone was higher, which was also true for physicians. This
is probably as a result of prednisone-induced hyperglycaemia and/or a psychological steroid effect for the patients. Although hyperglycaemia was more prevalent in
the prednisone group, it also had a high prevalence in the
placebo group [15]. In conformity with these assumptions,
we showed that hyperglycaemia is a predictor for guessing
prednisone, independently of actual treatment allocation.
Although our predictor analysis showed a tendency for
physicians and patients to guess prednisone when corticosteroid-related adverse events such as nosocomial infection,
delirium or gastrointestinal bleeding occur, these findings
were not significant. However, considering the large confidence intervals, the lack of statistical significance could be
due to the small number of patients experiencing serious
adverse events.
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This study has several limitations. First, this was a subanalysis and no sample size calculation was performed.
However, the 95% CIs that do not include 50% provide evidence that the sample size was large enough for the primary research question of this article (treatment estimation accuracy). Furthermore, compared with the other trials
cited in the introduction, this trial had the second largest
sample size of treatment allocation estimates. Another limitation relates to prediction of the physicians’ treatment estimation accuracy. The n = 358 physician guesses did not
come from individual physicians. Therefore, it would have
been interesting to know whether making a correct guess
was associated with the years of experience and other personal factors. However, physician-specific data are lacking.
In conclusion, we showed that sufficient patient and – to a
lesser extent – physician blinding was achieved in a study
of short-term prednisone vs placebo. These results may be
extrapolated to similar interventional studies where administration time of the study drug is short, and drug-related
side effects cannot clearly be distinguished from diseasespecific symptoms. The predictor analysis showed that the
influence of not only positive but also negative expecta-
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