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Abstract

Objectives We aimed to evaluate and compare nonadherence to oral and inhaled antiviral therapies
prescribed of a randomised clinical trial in outpatients with
influenza A infection.
Design A parallel, three-arm, double-blinded trial
randomly allocated antiviral therapies twice daily for
5 days: (1) oral oseltamivir plus inhaled zanamivir (arm OZ);
(2) oseltamivir plus inhaled placebo (arm Opz); or (3) oral
placebo plus inhaled zanamivir (arm poZ). Analysis of nonadherence was a secondary objective of the trial.
Settings Outpatients were enrolled by 145 general
practitioners throughout France during the 2008–2009
seasonal influenza epidemics.
Participants A total of 541 adults presenting with
influenza-like illness for less than 36 hours.
Primary outcomes Non-persistence, the time between
inclusion and the last dose treated as a failure time, was
used as the primary endpoint.
Results The proportions of patients who persisted on
treatment until the end of prescription were estimated at
85.73% (±3.28%) for the oral route and 82.73% (±3.44%)
for the inhaled route. Based on multivariable models, nonpersistence was associated with a PCR confirmation of
influenza for both the oral (HR=0.54, p=0.010) and inhaled
(HR=0.59, p=0.018) drugs and antibiotic coprescriptions
(HR=2.07, p=0.007; and HR=1.88, p=0.017, respectively)
and active combination treatment (HR=1.71, p=0.035;
and HR=1.58, p=0.035, respectively). The hazard of nonpersistence of the inhaled therapy was increased compared
with that of the oral therapy (HR=1.23, p=0.043).
Conclusion In addition to the clinical and virological
profiles of influenza infection, non-persistence may have
been influenced by an active combination and the route of
administration.
RCT registration number NCT00799760. This is a postresult analysis.

Introduction
The increase in drug-resistant influenza
viruses, both epidemic and pandemic
strains, is a major public health concern.

Strengths and limitations of this study
►► We provide a precise description of longitudinal

treatment dropout and loss to follow-up from a
double-blind randomised clinical trial to assess
the efficacy of the combination of oseltamivir plus
zanamivir compared with each monotherapy for
influenza.
►► We used a definition from the recent taxonomy of
non-adherence that splits this complex outcome into
two main components: persistence and execution.
►► We used specific methods to address missing data
and loss to follow-up, a constant issue in studies
assessing the efficacy of outpatient treatments.
►► The measurement of patients’ dosing regimen
history was not performed via recommended
electronic monitoring but by combining self-reported
diaries and pill counts.

Moreover, meta-analysis has questioned the
efficacy of antiviral monotherapies.1 The use
of combined therapy has been advocated as
a solution to this issue. Therefore, a doubleblind randomised clinical trial (RCT) was
conducted among 541 patients with seasonal
influenza A (mainly H3N2 viral infection) to
assess the clinical and virological responses
to a combination of oral oseltamivir and
inhaled zanamivir compared with each
monotherapy combined with a placebo of the
other drug. The results of this trial (BIVIR,
NCT00799760), based on an intent-to-treat
analysis, showed that for treating seasonal
influenza, the oseltamivir–zanamivir combination was less effective than oseltamivir
monotherapy and was not significantly more
effective than zanamivir monotherapy.2
One important factor of successful therapy
is adherence to the prescribed medicine,
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notably among ambulatory patients, such as patients with
influenza.3 Adherence is defined as ‘the extent to which a
person’s behaviour—taking medication, following a diet,
and/or executing lifestyle changes—corresponds with
agreed recommendations from a health care provider’.4
Medication adherence (with patient compliance) is the
most commonly used metric to describe deviations from
prescribed dosing regimens.3 However, if non-adherence
affects the outcome of therapy, it might also be a major
determinant in the emergence of viral resistance, particularly in the context of antiviral therapies. Indeed, low
drug concentrations might not inhibit viral replication,
and this replication in the presence of antiviral drugs
promotes the emergence of viral resistance. In addition,
low adherence may interfere with the intent-to-treat analysis of clinical trials, which is currently a point of particular
attention.5 Notably, as reported by Heneghan et al,6 this
issue is very common in RCTs evaluating the efficacy of
antiviral therapies for influenza disease. Indeed, in their
meta-analysis, none of the included studies reported data
on the complete follow-up of patients. Thus, a precise
description of non-adherence may guide the use of
alternative analysis strategies,7–9 and as such defined a
secondary objective of the BIVIR trial.
Thus, we conducted analyses of the BIVIR trial data
to (1) describe patient non-adherence to the combination therapy, (2) compare patient non-adherence to the
oral and inhaled therapies and (3) investigate potential
factors of non-adherence.
Methods
The BIVIR trial is a community-based, double-blind RCT
that was conducted between 7 January 2009 and 15 March
2009 (ie, the influenza epidemic period during the winter
of that year in France). The methods associated with this
trial have been published elsewhere2 and are only briefly
reported here.

was balanced across the three arms and was stratified by
the participating GP.
Either a 75 mg oseltamivir pill (Roche, Bale, Switzerland) or its oral placebo was combined with either a 10 mg
zanamivir Rotadisk or its inhaled placebo. The commercialised GlaxoSmithKline Diskhaler (GlaxoSmithKline,
Philadelphia, Pennsylvania, USA) was used, which
required patients to take two inhalations (one 5 mg Rotadisk blister/inhalation for a total of 10 mg). Once the
instructions for capsule intake and Diskhaler use were
provided to the patient, the first dose was administered in
the presence of the GP. The patients received treatment
units that contained the following: (1) a tablet of 10 oseltamivir or placebo pills and (2) a package containing five
zanamivir or placebo Rotadisks (total of 10 doses) and 1
Diskhaler inhalation device.
Specific case report forms (CRFs) were completed by
the GP. Moreover, patient diaries were given to enrolled
patients to collect information on adherence, symptoms and quality of life. The patients were asked to
answer questions regarding their intake of the oral and
inhaled treatments and the presence of symptoms each
time they took a scheduled dose. The severity levels of
seven symptoms (ie, nasal stuffiness, sore throat, cough,
muscle aches, tiredness or fatigue, headache and feverishness) were rated by the patient twice daily (morning
and evening) up to day 5 and then once daily on a 4-point
scale (0, none; 1, mild; 2, moderate; and 3, severe). The
time to resolution of illness was defined as the time from
study drug initiation to the time of symptom alleviation.
The treatment units were collected and analysed by
the referent study pharmacist. A pill counts (PC) was
performed by the pharmacist when possible.

RCT procedures
A total of 145 general practitioners (GPs) enrolled 541
adult patients who were older than 18 years of age, were
within 36 hours of the onset of influenza symptoms
and had a positive nasal rapid test for influenza. All of
the patients provided written informed consent, and
the protocol was approved by the Ethics Committee of
Ile de France and was registered in 
ClinicalTrials.
gov
(NCT00799760). The treatment efficacy was assessed
virologically, on the proportion of patients with nasal
influenza reverse transcription (RT)-PCR levels below 200
copies per genome at day 2 (primary outcome), as well as
clinically by the time to alleviation of symptoms.2
The patients were allocated to one of the following
three study arms: (1) oral oseltamivir 75 mg plus inhaled
zanamivir 10 mg (OZ); (2) oseltamivir plus inhaled
placebo (Opz); or (3) oral placebo plus inhaled zanamivir (poZ). All of the treatments were scheduled to be
administered twice daily for 5 days. Patient randomisation

Description of non-adherence
Recently adopted taxonomy distinguishing three successive phases of medication adherence, namely initiation,
implementation of the dosing regimen and persistence
with treatment, was used.3 Given that the first dose was
administered at the clinical site, which insured treatment initiation, we first focused on implementation by
studying treatment execution through the description of
dose omissions. Then we described persistence through
a time-dependent variable where patients are still on
treatment. Omissions followed by dosing were analysed
as failures of treatment execution where patients were
still considered under treatment (implementation), as
opposed to discontinuation (non-persistence) where
missing dosing is followed by missing dosing to the rest
of the observation period. In this RCT setting, the main
study endpoint was defined as the time between inclusion and the last dose treated as a failure of time, that
is, the non-persistence.3 We computed the number of
reported individual treatment intakes for each patient
based on patient diaries, the CRF and pill count data.
Adherence (implementation and persistence) was
studied separately for the oral and inhaled administration routes.
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Statistical methods
All patients included in the trial were analysed.
To study the execution and to describe the pattern
of treatment omissions, as well as of missing data (loss
of sights), plots of actually taken doses, omissions and
missing data at each time point were drawn, and causes of
dropouts were described.
Multiple imputation by chained equations (MICE) was
used to impute missing information regarding actual
patient dosing10; this method incorporated all of the
baseline demographic and clinical covariates, the randomisation arm, and sequentially the symptoms and actual
doses taken at each time point.
We first used summary statistics, averaged over
M=50 imputed data sets, to quantify the implementation
of the two oral and inhaled dosing regimens, that is, the
proportion of prescribed doses taken over time, for each
patient.
Treating persistence as time-to-event data, we then used
Kaplan-Meier (KM) curves to estimate the proportion
of persistent patients over time; the observation period
included 10 points representing each scheduled dose. To
show the variability of estimates resulting from the imputation of missing data, we displayed all of the KM curves
of all the 50 imputed data sets.
A Cox proportional hazards model was then used to
assess factors associated with non-persistence and to
compare non-persistence between the two routes of
administration, using univariable, then multivariable
models. The following potential predictors were considered: age, sex, tobacco use, underlying chronic diseases,
influenza A viral load (RT-PCR), confirmed influenza,
treatment arm, symptom score on day 0 (randomisation),
household composition, occupation and other treatments
prescribed. The influence of the oral versus the inhaled
route of administration on the hazard of non-persistence
was also assessed using robust estimators of variance to
handle correlation between the two observations of
each patient. Multivariable models considered variables
selected from univariable models, although to limit
collinearity specialised knowledge of the data allowed us
to include only influenza confirmation rather than viral
load. Stepwise selection procedure was also performed
to check extra useful information of retained predictors.
Proportional hazard assumptions were checked and met
for all variables. We also tested the effect of disease score,
included as a time-dependent variable in the multivariable model. Note that GP effect was assessed through
frailty terms, the variance of which did not significantly
differ from zero.
Primary analyses used pooled estimates from the
50 MICE data sets. Finally, sensitivity analyses were
performed with different assumptions regarding missing
data: (1) patients with incomplete information were
excluded from the analysis (complete case analysis); (2)
all missing data were imputed as ‘correct execution’ of
the treatment; and (3) all missing data were imputed as
treatment discontinuations.

Additional analyses using discrete time versions of the
proportional hazard model with a complementary log–
log link function were performed.
All statistical analyses were performed using R software
(http://www.R-project.org/); the R package mice was
used to perform the multiple imputation.11 Two-sided p
values less than or equal to 0.05 were considered to be
statistically significant.
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Results
Among the 541 patients who were included in the study,
a total of 5410 treatment intakes were scheduled for each
route of administration. Based on the combination of
individual data from the SQ, CRF and PC analyses, the
treatment could be considered to be taken, not taken or
missing for each of the scheduled treatment intakes (ie,
10-fold for each route). Details about this combination
are provided in the online supplementary materials.
Figure 1 shows the patients’ drug histories according to
administration route and randomisation arm, illustrating
punctual treatment omissions and treatment discontinuation, as well as missing data. Most of the self-reported
deviations in medication were driven by treatment discontinuation and, thus, non-persistence. Punctual omissions
consisted of one, two or at most three doses not taken. The
distribution of missing data presents a similar patterns:
punctual missing information and loss to follow-up.
There were 39 (7.2%) and 47 (8.7%) patients who had
at least one missing data point during their follow-up for
oral and inhaled treatments, respectively. Further results
deal with data from multiple imputations unless specified. During implementation of oral treatment, 80% of
patients omitted only one dosing, and 14% only omitted
two or three, while 6% of patients displayed a more atypical pattern with more than three omissions followed
by retreatment. For inhaled treatment, 75% of patients
omitted one single omission, 20% two or three omissions
and 5% more than three.
Figure 2 (black plots) displays the estimated distribution of time to non-persistence. For oral treatment, the
percentages of persistent patients were estimated at 95.6%
(±1.9%) at 48 hours and 85.7% (±3.3%) at day 5 (the end
of follow-up); for inhaled treatment, the percentages of
persistent patients were estimated at 92.9% (2.3%) at
48 hours and 82.7% (±3.5%) at day 5.
Table 1 reports the univariable analyses of non-persistence predictors. The hazard of non-persistence
decreased with the viral load (ie, the higher the viral
load, the higher the likelihood of persistence) and, as
expected, with having confirmed influenza by PCR,
while it increased with the duration of influenza symptoms prior to inclusion in the study (ie, the longer the
duration, the higher the likelihood of non-persistence)
and with the coprescription of antibiotics. Randomisation also affected non-persistence; patients in the OZ
arm had increased risk of non-persistence, with HRs of
1.71 ((95% CI 1.04 to 2.81), p=0.022) for the oral route

Open Access

Figure 1 Schematic representation of the 10 medication intakes over the five study days according to the randomisation arm
and the route of administration (oral vs inhaled) during the BIVIR trial (n=541). The blue cells correspond to missing data, the red
cells correspond to treatment discontinuation due to side effects, and the yellow cells correspond to treatment discontinuation
due to other causes (including unspecified causes).
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Figure 2

Kaplan-Meier curves for persistence on treatment for oral and inhaled route of administration in BIVIR trial.

over time from time 6 to time 10, by which time most of
the patients who discontinued their therapies had recovered.
Finally, the results of the multivariable models based on
a discrete scale were slightly modified (see online supplementary materials).

and 1.58 ((95% CI 1.00 to 2.51), p=0.030) for the inhaled
route.
Multivariate Cox models were then applied. Regardless
of the administration route, non-persistence was jointly
associated with PCR confirmation of influenza, antibiotic
prescriptions and allocation to the OZ randomisation arm.
Based on the Cox pooled estimates, we found that early
dropout was significantly associated with the inhaled
route (HR=1.23 (95% CI 1.01 to 1.49), p=0.043). No
effect of disease score on the hazard of non-persistence
was found (HR=0.99 (95% CI 0.94 to 1.06), p=0.34).
The sensitivity analyses (table 2A,B) confirmed that
complete case analysis would mask some associations.
Note that MICE and the simple imputation of missing
data by omission achieved very similar results.
Figure 3 describes the main reason given by patient,
nurse or physician to explain non-persistence. The
most prevalent cause of non-persistence was side effects,
although information on underlying cause was unknown
in one-third of the patients. This is otherwise displayed
in figure 1: compared with the other arms, there was
increased non-persistence in the active biotherapy (OZ)
arm due to side effects.
Last, with MICE data sets, we calculated which patients
recovered at the time of discontinuation (non-persistent
patients). As shown in figure 4, the proportion of recovered patients at the time of discontinuation increased

Discussion
Based on the data collected in a double-blind RCT that evaluated the benefits of bitherapy against seasonal influenza,
this study found that patient non-persistence increased for
the inhaled treatment compared with the oral treatment
and for the combination of two active drugs compared
with each drug combined with a placebo; in contrast, the
virological confirmation of the influenza diagnosis was associated with a longer persistence on treatment.
Despite some restrictions discussed further, the precise
description of longitudinal treatment dropout and loss of
sight, although rarely detailed, is of interest in RCTs that
assess the efficacy of antiviral drugs for treating influenza.
Increased non-adherence to inhaled medications
compared with oral medications has already been
described, mainly in studies of chronic treatment of
patients with asthma.12–14 Non-adherence to nebulised
antibiotics has also been reported in patients with cystic
fibrosis.15 However, to our knowledge, this study is the first
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0.249

2.64 (1.61 to 4.35)
0.95 (0.63 to 1.43)

Antibiotic coprescription

Stopped working

Randomisation arm, OZ
Randomisation arm, Opz

1.79 (1.09 to 2.95)
0.91 (0.51 to 1.62)

0.44 (0.28 to 0.69)

Confirmed influenza by PCR

Randomisation arm, poZ

0.92 (0.87 to 0.98)
0.83 (0.75 to 0.91)

BIVIR symptoms score at baseline

Log of viral load

1.43 (0.78 to 2.62)
1.02 (1.00 to 1.04)

Occupation

Symptoms duration before inclusion

0.458

0.79 (0.43 to 1.46)

Active tobacco use

0.022 1.71 (1.04 to 2.81)
0.745 0.89 (0.50 to 1.59)

<0.001 2.07 (1.22 to 3.52)

<0.001 0.54 (0.33 to 0.86)

<0.001

0.015

0.064

0.485

0.79 (0.41 to 1.52)

Chronic conditions

0.215
0.052

0.90 (0. 74 to 1. 10)
1.52 (1.00 to 2.31)

0.035
0.688

0.007

0.010

1.66 (1.05 to2.63)
1.23 (0.75 to2.01)

0.67 (0.46 to 0.97)

2.29 (1.44 to 3.64)

0.50 (0.33 to 0.75)

0.82 (0.76 to 0.90)

0.95 (0.90 to 1.01)

1.01 (0.99 to 1.03)

1.48 (0.87 to 2.52)

0.87 (0.51 to 1.48)

0.97 (0.57 to 1.67)

1.00 (0.82 to 1.10)
1.49 (1.03 to 2.18)

HR (95% CI)
Univariate analysis

HR (95% CI) Univariate
analysis
p

HR (95% CI)
Multivariate analysis p

Inhaled medication

Oral medication

0.030
0.408

0.036
1.58 (1.00 to 2.51)
1.21 (0.74 to 1.98)

<0.001 1.88 (1.15 to 3.08)

0.035
0.454

0.017

0.018

HR (95% CI)
Multivariate analysis p

<0.001 0.59 (0.38 to 0.92)

<0.001

0.103

0.195

0.151

0.915

0.718
0.035

p

Non-adherence in the BIVIR trial: univariate and multivariate Cox regression after multiple imputation by chained equations from m=50 imputed data sets

Age, /decade
Female sex

Table 1
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0.92 (0.87 to 0.98)
0.97 (0.93 to 1.02)

0.98 (0.98 to 1.04)

BIVIR symptoms score at baseline 1.01 (0.99 to 1.04)

0.88 (0.73 to 1.06)

0.39 (0.21 to 0.72) 0.45 (0.24 to 0.86) 0.85 (0.67 to 1.08) 0.87 (0.68 to 1.11) 0.44 (0.28 to 0.69) 0.54 (0.33 to 0.86) 0.44 (0.28 to 0.69) 0.53 (0.33 to 0.86)

2.36 (1.73 to 4.74) 1.75 (0.83 to 3.68) 1.18 (0.88 to 1.58) 1.14 (0.85 to 1.54) 2.64 (1.61 to 4.35) 2.07 (1.22 to 3.52) 2.64 (1.61 to 4.35) 2.07 (1.22 to 3.52)

1.28 (0.72 to 2.31)

Log of viral load

Confirmed influenza by PCR

Antibiotic coprescription

Stopped working

0.91 (0.42 to 1.94) 0.87 (0.41 to 1.86) 0.97 (0.78 to 1.21) 0.96 (0.78 to 1.20) 0.91 (0.51 to 1.62) 0.89 (0.50 to 1.59) 0.91 (0.51 to 1.62) 0.88 (0.50 to 1.58)

0.95 (0.63 to 1.43)

0.82 (0.75 to 0.91)

0.96 (0.90 to 1.02)

1.02 (1.00 to 1.04)

1.52 (0.80 to 2.90)

1.32 (0.67 to 2.61) 1.23 (0.62 to 2.45) 1.04 (0.84 to 1.28) 1.02 (0.83 to 1.27) 1.79 (1.09 to 2.95) 1.71 (1.04 to 2.81) 1.79 (1.09 to 2.95) 1.70 (1.03 to 2.81)

0.95 (0.63 to 1.43)

0.83 (0.75 to 0.91)

0.92 (0.87 to 0.98)

1.02 (1.00 to 1.04)

1.43 (0.78 to 2.62)

Randomisation arm, Opz

1.00 (0.84 to 1.20)

1.01 (0.74 to 1.39)

0.79 (0.41 to 1.52)

0.75 (0.40 to 1.46)

Randomisation arm, OZ

Randomisation arm, poZ

0.99 (0.96 to 1.02)

1.09 (0.32 to 2.58)

Symptoms duration before
inclusion

0.79 (0.43 to 1.46)

1.52 (1.00 to 2.31)

Occupation

0.97 (0.76 to 1.24)

0.79 (0.41 to 1.52)

1.52 (1.00 to 2.31)

0.92 (0.41 to 2.06)

0.94 (0.73 to 1.21)

1.06 (0.89 to 1.27)

Active tobacco use

Multivariate HR
(95% CI)

0.27 (0.64 to 1.10)

0.90 (0.74 to 1.10)

Univariate HR
(95% CI)

Missing = not taken

1.62 (0.90 to 2.92)

Multivariate HR
(95% CI)

Chronic conditions

0.90 (0.74 to 1.10)

Univariate HR
(95% CI)

Multiple imputation

Female sex

0.91 (0.90 to 1.10)

Multivariate HR
(95% CI)

1.34 (0.66 to 1.10)

Univariate HR
(95% CI)

Age, /decade

Complete case

Univariate HR
(95% CI)

Multivariate HR
(95% CI)

Missing = taken

Table 2A Non-adherence in the BIVIR trial, oral treatment: sensitivity analysis, univariate and multivariate Cox regression of non-persistence after (1) unclassified imputed
as observant, (2) complete case analysis, (3) multiple imputation by chained equations from m=50 imputed data sets and (4) unclassified imputed as non-adherent
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0.43 (0.24 to 0.75)

2.14 (1.11 to 4.15)

0.86 (0.51 to 1.45)

Confirmed influenza by PCR

Antibiotic coprescription

Stopped working

1.45 (0.74 to 2.83)

1.42 (0.72 to 2.82)

Randomisation arm, OZ

Randomisation arm, Opz

Randomisation arm, poZ

1.03 (0.95 to 1.11)

0.81 (0.72 to 0.91)

BIVIR symptoms score at baseline

1.01 (0.99 to 1.04)

Symptoms duration before inclusion

Log of viral load

1.03 (0.50 to 2.10)

1.16 (0.45 to 2.99)

Active tobacco use

0.47 (1.17 to 1.29)

Chronic conditions

Occupation

0.90 (0.74 to 1.22)

1.70 (0.98 to 2.91)

Age, /decades

Female sex

Univariate HR
(95% CI)

Missing = taken

1.37 (0.69 to 2.67)

1.35 (0.69 to 2.67)

1.56 (0.73 to 3.33)

0.45 (0.24 to 0.87)

Multivariate HR
(95% CI)

1.00 (0.54 to 1.84)

1.30 (0.73 to 2.30)

0.69 (0.42 to 1.11)

2.33 (1.27 to 4.27)

0.40 (0.24 to 0.66)

0.80 (0.71 to 0.89)

1.01 (0.98 to 1.03)

1.25 (0.52 to 2.95)

1.01 (0.53 to 1.93)

0.70 (0.32 to 1.55)

0.18 (1.10 to 2.94)

1.00 (0.82 to 1.22)

Univariate HR
(95% CI)

0.98 (0.53 to 1.81)

1.21 (0.68 to 2.16)

1.73 (0.91 to 3.30)

0.45 (0.27 to 0.78)

Multivariate HR
(95% CI)

Complete case (n=493)

1.23 (0.75 to 2.01)

1.66 (1.05 to 2.63)

0.67 (0.46 to 0.97)

2.29 (1.44 to 3.64)

0.50 (0.33 to 0.75)

0.82 (0.76 to 0.90)

0.95 (0.90 to 1.01)

1.01 (0.99 to 1.03)

1.48 (0.87 to 2.52)

0.87 (0.51 to 1.48)

0.97 (0.57 to 1.67)

1.49 (1.03 to 2.18)

1.00 (0.82 to 1.10)

Univariate HR
(95%)

Multiple imputation

1.21 (0.74 to 1.98)

1.58 (1.00 to 2.51)

1.83 (1.11 to 3.00)

0.59 (0.38 to 0.91)

Multivariate HR
(95% CI)

1.23 (0.75 to 2.01)

1.66 (1.05 to 2.63)

0.67 (0.46 to 0.97)

2.28 (1.44 to 3.64)

0.50 (0.33 to 0.74)

0.81 (0.74 to 0.88)

0.44 (0.28 to 0.69)

1.02 (0.99 to 1.03)

148 (0.80 to 2.74)

0.87 (0.51 to 1.48)

0.94 (0.54 to 1.62)

1.49 (1.03 to 2.17)

0.90 (0.82 to 1.10)

Univariate HR
(95% CI)

1.21 (0.73 to 1.97)

1.58 (1.00 to 2.51)

1.88 (1.14 to 3.07)

0.59 (0.38 to 0.91)

Multivariate HR
(95% CI)

Missing = not taken

Table 2B Non-adherence in the BIVIR trial, inhaled treatment: sensitivity analysis, univariate and multivariate Cox regression of non-persistence after (1) unclassified
imputed as adherent, (2) complete case analysis, (3) multiple imputation by chained equations from m=50 imputed data sets and (4) unclassified imputed as non-adherent
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Figure 3 The main reasons for treatment withdrawal, reported by the patients or recorded by the nurses or physicians over the
10 medication intakes during the 5 days of the BIVIR trial.

to report such results for an acute antiviral treatment. In
our study, only a few patients reported difficulties using
the Diskhaler for the delivery of the inhaled drug; this low
prevalence suggests that technical difficulties were not the
main reason for the discontinuation of the inhaled treatment. In addition to factors such as the complexity of the
inhalation regimen and the patients’ understanding of
the device and its instructions, treatment non-adherence
can be influenced by a number of individual-level factors,
including health beliefs, sociocultural and psychological
factors and disease severity.14 Thus, physicians should be
aware of these issues to limit non-adherence. Although the
use of drug association may appear difficult to promote in
outpatients, its use in critically ill patients could have been
of interest if its benefit had been demonstrated. Nevertheless, the strategy of using associations can be jeopardised by
non-adherence, while it can only be effective if patients are
adherent to both drugs. Non-adherence allows viral replication to take place due to the low drug concentration, which
in turn favours the emergence of resistance and subsequent
treatment inefficacy. However, whether non-adherence
results in inefficacy or inefficacy increases non-adherence
remains a matter of debate.
We found that side effects were the most commonly
reported cause of treatment discontinuation. This
correlation is well known, particularly for psychiatric
treatments, where persistence to long-term treatment
may be compromised by unpleasant side effects.16 The
occurrence of side effects is likely increased by drug
combinations, as has been extensively documented for
HIV antiviral treatments.17 18 With respect to the use of
neuraminidases for preventing or treating influenza, a
recent Cochrane review found that side effects (ie, nausea,

vomiting, headaches and renal and psychiatric events)
were correlated with oseltamivir use and that patients
reported better tolerance for zanamivir.1 The reported
impact of these side effects on treatment course varies
in the literature.19 20 A recent placebo-controlled safety
trial of the use of oseltamivir and zanamivir as preventive
monotherapies among healthcare workers did not show
any difference in drug-related study withdrawals between
the treatment and placebo arms.21 A recent meta-analysis
also reported equal withdrawal rates between the oseltamivir and placebo groups.22 In the present study, the
patients who were randomised to the active combination
treatment arm were more likely to report side effects
than the patients who were allocated to the two placebo-containing arms. Moreover, as previously reported,23
trial participants who experience unpleasant side effects
are less likely to continue treatment than those who have
been assured of the efficacy of their treatment.
Despite our efforts to reduce the amount of missing
data (see online supplementary materials), 10.3% of
the individual treatment intake data points were missing
due to loss of sight. Missing data is a very frequent issue
in clinical trials and is often underestimated, despite its
strong impact on the measure of treatment efficacy, and
is commonly treated by analysing only the available data
(complete case analysis). To face this issue, we used MICE
imputation, a valid and robust approach that has been
well described in the context of clinical trials.24 Sensibility
analyses show differences between complete case analysis
and MICE imputation, while the results of MICE were
close to those simply imputing omissions on missing data.
Indeed, the patterns of missing data and non-persistence
were rather similar, and one could expect that there is
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Figure 4

Illness status at the time of discontinuation over the 10 medication intakes during the 5 days of the BIVIR trial.

a correlation between non-adherence to the research
protocol itself (missing data) and to the treatment
prescribed (non-adherence to medication). The similarity of these results suggests that modelling by MI could
capture a part of this assumption regarding missingness.
Some limitations of our study need to be acknowledged.
First, the measure of medication intakes in the BIVR study
protocol, using patient diaries, has been shown to overestimate theses intakes due to desirability bias. As described,3
the use of electronic medication-event monitoring would
have been more appropriate for monitoring medicine
intakes. However, the use of complementary sources of
information, in particular the PC and the CRF from the
GP and nurses, allowed us to correct a large amount of
self-reported deviations from prescribed medication
and missing data. Combining sources of information
is known to be an effective way to improve data quality
while studying patient treatment omissions and discontinuation.25 This fact does not challenge the association
observed between non-persistence, treatment arm and

other covariates. Indeed, the strength of these associations
would have been underestimated by an overestimation
of treatment intakes. Second, some level of residual
collinearity between predictors of non-persistence could
have persisted in the regression model, notably between
the antibiotic coprescription and PCR confirmation.
However, we thought they provide extra useful information. Nevertheless, in stepwise regression procedure, both
variables remained in the model, suggesting that highly
correlated and/or redundant predictors have been
removed from the model. Third, we used Cox models,
ignoring the discrete scale of our data; we reran analyses
with discrete time versions of the proportional hazard
model with either a logit link or a c-log–log link, without
markedly modifying the results. Last, we used MICE to
address the issue of missing data, given it has been a
reported method of choice for complex incomplete
data problems, and always better than case deletion or
single ad-hoc methods, with a great flexibility.10 However,
resulting estimates are valid under a missing at random
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mechanism, which assumes that the missing treatment
intake data were only related to the observed patient
characteristics. This assumption could be violated if drug
discontinuation and the missing data on drug intake were
linked through an unobservable mechanism. Selection
models and pattern models have been proposed in this
later case, but such models rely on assumptions that have
been reported more tenuous than the missing at random
mechanism so that a well-done MICE analysis appeared
preferable.26 However, it is worth noting that the inclusion of appropriate auxiliary variables into the imputation
model can go a long way towards reducing the likelihood
of violation. The best auxiliary variables are those that are
highly correlated with both the variable that has missing
data and the probability that the variable is missing. Thus,
as recommended, we include as much data as possible in
the imputation model.
Moreover in longitudinal studies where the mechanism
of missingness is rather dependent on history, MI gives
good results because it uses a sequential mechanism for
imputation that uses all of the information available at
time t-1 to impute missing data at time t.
Finally, we used a common approach in such cases, that
is, to perform a sensitivity analysis, by drawing inferences
based on a variety of assumptions regarding the missing
data mechanism.
Our results suggested that the association between the
non-persistence and the allocation to the active bitherapy
may question the lack of demonstrated association between
that arm and the efficacy provided by the primary intent-totreat analysis. Further analysis, including adherence-based
analytical techniques27 per protocol, instrumental variables or complier average causal effects analyses, should
be required to go further. Nevertheless, such analyses are
jeopardised by the fact that, after treatment discontinuation, patients are likely to have been lost to follow-up or
withdrawn from the trial, and thus there are only a few data
to infer about this issue.
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Conclusion
Non-adherence is a major concern in clinical trials given
that it can interfere with the interpretation of results,
especially in intent-to-treat analyses. We studied patient
non-adherence to bitherapy in a double-blind RCT and
found that the main reason for treatment discontinuation
was the occurrence of side effects. Compared with the two
placebo-containing treatment arms, patient non-adherence
was higher in the active bitherapy treatment arm. Further
analyses should investigate the potential impacts of these
findings in evaluating the activity of oseltamivir and zanamivir bitherapy in the BIVIR trial.
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