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abstract
Objective To compare the clinical effectiveness of a 
programme of physiotherapy and occupational therapy with 
standard care in care home residents who have mobility 
limitations and are dependent in performing activities of daily 
living.
Design Cluster randomised controlled trial, with random 
allocation at the level of care home.
Setting Care homes within the NHS South Birmingham 
primary care trust and the NHS Birmingham East and North 
primary care trust that had more than five beds and provided 
for people in the care categories “physical disability” and 
“older people.” 
Participants Care home residents with mobility limitations, 
limitations in activities of daily living (as screened by the 
Barthel index), and not receiving end of life care were eligible 
to take part in the study. 
Intervention A targeted three month occupational therapy and 
physiotherapy programme.
Main outcome measures Scores on the Barthel index and the 
Rivermead mobility index.
Results 24 of 77 nursing and residential homes that catered 
for residents with mobility limitations and dependency for 
activities of daily living were selected for study: 12 were 
randomly allocated to the intervention arm (128 residents, 
mean age 86 years) and 12 to the control arm (121 
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residents, mean age 84 years). Participants were evaluated 
by independent assessors blind to study arm allocation 
before randomisation (0 months), three months after 
randomisation (at the end of the treatment period for patients 
who received the intervention), and again at six months after 
randomisation. After adjusting for home effect and baseline 
characteristics, no significant differences were found in 
mean Barthel index scores at six months post-randomisation 
between treatment arms (mean effect 0.08, 95% confidence 
interval −1.14 to 1.30; P=0.90), across assessments (−0.01, 
−0.63 to 0.60; P=0.96), or in the interaction between 
assessment and intervention (0.42, −0.48 to 1.32; P=0.36). 
Similarly, no significant differences were found in the mean 
Rivermead mobility index scores between treatment arms 
(0.62, −0.51 to 1.76; P=0.28), across assessments (−0.15, 
−0.65 to 0.35; P=0.55), or interaction (0.71, −0.02 to 1.44; 
P=0.06).
Conclusions The three month occupational therapy and 
physiotherapy programme had no significant effect on 
mobility and independence. On the other hand, the variation 
in residents’ functional ability, the prevalence of cognitive 
impairment, and the prevalence of depression were 
considerably higher in this sample than expected on the basis 
of previous work. Further research to clarify the efficacy of 
occupational therapy and physiotherapy is required if access 
to therapy services is to be recommended in this population.
Trial registration ISRCTN79859980

IntroductIon
Several surveys have found that care home residents 
in the UK have limited access to rehabilitation services 
such as physiotherapy and occupational therapy. Evi‑
dence for the benefit of rehabilitation services in this 
population is conflicting and inconclusive.1‑6 

The main objective of this trial was to evaluate the 
clinical effectiveness of a programme of physiotherapy 
and occupational therapy against standard care in 
care home residents with mobility limitations who are 
dependent on carers in some activities of daily living.

Methods
We selected 24 of 77 nursing and residential homes from 
the Birmingham area. Homes were purposefully chosen 
to encompass variations in geographical location, size, 
and funding sector. A cluster randomised controlled 

What Is already knoWn on thIs topIc?
Care home residents have greater dependence in activities 
of daily living than do community dwelling elderly people
Care home residents have limited access to physiotherapy 
and occupational therapy 
Research is inconclusive as to whether such therapies are 
beneficial in this population and, subsequently, a cost 
effective service

What thIs study adds
The three month physiotherapy and occupational therapy 
intervention delivered did not prove more beneficial than 
standard care in this sample
The prevalence of mood disorders and cognitive 
impairment was greater than was previously anticipated
The findings do not to support the argument that such 
services would be cost effective and reduce burden on care 
staff and society
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design was used to randomly allocate care homes to 
either the intervention arm or the control arm. 

Care home staff were asked to screen all residents 
with the Barthel index of activities of daily living and 
to provide information on cognitive status.7 Residents 
who scored below 5 or over 16 on the Barthel index 
were excluded. 

Residents in the intervention arm received a three 
month physiotherapy and occupational therapy inter‑
vention. The physiotherapy intervention was devel‑
oped using a modified version of another protocol and 
the consensus of a steering group of physiotherapists.8 
Therapy was aimed at enhancing mobility and the abil‑
ity to perform activities of daily living independently, 
and addressed components such as strength, flexibility, 
balance, and exercise tolerance. In addition, functional 
tasks such as bed to chair transfers, sit to stand, and 
walking or wheeling were practised. The intervention 
was delivered by two physiotherapists and was adjusted 
for each individual. 

The occupational therapy intervention was developed 
using the consensus of an occupational therapy steering 
group.9 Therapy was targeted towards improving inde‑
pendence in personal activities of daily living such as 
feeding, dressing, toileting, bathing, and transferring. The 
intervention was delivered by two occupational thera‑
pists who followed a client centred approach, including 
routine assessment, treatment, and reassessment. The 
dose, frequency, and duration of both physiotherapy 
and occupational therapy were dependent on the goals 
agreed by the individual participant and the therapists 
and on progress throughout the intervention.

The intervention arm also included an  intervention 
delivered to the care home staff. This involved a 
 programme of staff training to provide practice in 
promoting residents’ independence and the use of 
therapeutic aids.

Residents in care homes allocated to the control arm 
continued to receive standard care equal to that received 
before recruitment to the trial. Occupational therapy 
was not used routinely by any of the homes and physi‑
otherapy was accessed only via general practitioner 
referral. The control group received the therapy inter‑
vention after the trial had ended.

outcome measures
Assessments were carried out by two independent asses‑
sors blinded to cluster allocation. Assessment were con‑
ducted before randomisation (baseline, between July 
2004 and July 2005), at three months after randomisa‑
tion, and at six months after randomisation. The pri‑
mary outcomes were the scores on the Barthel index 
and the Rivermead mobility index.10 Measures of activi‑
ties of daily living and of mobility were also selected as 
main outcomes because the intervention was targeted 
at a population in whom limitations in these parameters 
are highly prevalent.

In addition, the mini mental state examination was 
used at the first assessment to determine the level of 
residents’ cognitive impairment (not an exclusion 
c riterion).

Mood was assessed using the hospital anxiety and 
depression scale depression subscale. Residents unable 
to complete this had the stroke aphasic depression ques‑
tionnaire completed by a proxy. Medical history and 
comorbidity information were also collected.

Data analysis
A 2 point change on the Barthel index was considered 
to be a meaningful change in independence with respect 
to activities of daily living and a sample size of 300 was 
targeted to allow for participant withdrawal. Scores for 
the Barthel index and the Rivermead mobility index 
were summarised by treatment arm at each of the three 
assessments. 

Separate multilevel models were used to test the effi‑
cacy of the intervention according to each score. Respec‑
tive centred pre‑intervention scores were included in 
the model as a covariate. Assessment was defined as 
a repeated measures factor. Study group, assessment 
(three months post‑randomisation and six months post‑
randomisation), and interaction between the two were 
modelled as fixed effects. Care home and participants 
were modelled as random effects. Models with differ‑
ent error structures were fitted. Estimated effects are 
reported from the model of best fit.

A further analysis was conducted using separate mul‑
tilevel models to test time standardised area under the 
curve values for Barthel index and Rivermead mobil‑
ity index scores across post‑intervention and follow‑
up assessments. Respective centred pre‑intervention 
scores were included in the model as a covariate, study 
group was modelled as a fixed effect, and care home 
and participants were modelled as random effects. The 
same error structure was used as in the “best fit” model 
above. The estimated value for the intracluster correla‑
tion coefficient was computed using pre‑intervention 
scores on the Barthel index and the Rivermead mobil‑
ity index.

results
Participants
A total of 24 homes and 249 participants were recruited 
to the trial. Twelve homes were randomised to each 
group, with 128 residents allocated to the intervention 
arm (median number per home=11) and 121 to the con‑
trol arm (median number per home=8). By the time of 
the six month follow‑up 62 participants had withdrawn 
(29 in the intervention group and 33 in the control 
group). See bmj.com. 

The most common specific comorbidities were arthri‑
tis (56%), stroke (46%), dementia (40%), and diabetes 
(36%).

Intervention
Out of 128 participants randomised, 123 received physi‑
otherapy and occupational therapy to some degree. The 
mean number of physiotherapist visits was 6.4 per resi‑
dent, with an average total contact time of 2.21 hours 
per resident. The mean number of occupational thera‑
pist visits was 9.8 per resident, with an average total 
contact time of 3.6 hours per resident.
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Primary analyses
Primary analyses were conducted on responses from 
243 participants who completed pre‑randomisation 
measures: 127 in the intervention group and 116 in 
the control group. Overall, participants exhibited a low 
level of independence before randomisation, with mean 
Barthel index scores of 11.1 and 12.5 in the intervention 
and control groups, respectively. Furthermore, very low 
levels of mobility were evident pre‑randomisation, with 
mean Rivermead mobility index scores of 5.8 and 6.9 in 
the intervention and control groups, respectively. 

No statistically significant differences were found 
between the study groups on mean scores for Barthel 
index or Rivermead mobility index (adjusting for clus‑
ters) at either three months post‑randomisation or six 
months post‑randomisation. Intracluster correlation 
coefficient values of 0.49 and 0.48 were calculated using 
pre‑intervention scores on Barthel index and Rivermead 
mobility index, respectively.

Once adjusted for home effect and pre‑intervention 
scores, the minimal important difference threshold 
of 2 index points was not reached for mean Barthel 
index scores at six months post‑randomisation between 
study groups, across assessments, or for the interaction 
between intervention and assessment. No differences 
were statistically significant (table).

Similarly once the scores had been adjusted, the mini‑
mal important difference threshold of 3 index points was 
not reached for mean Rivermead mobility index scores 
at six months post‑randomisation across study groups, 
across assessments, or for the interaction between inter‑
vention and assessment. Again no dif ferences were 
st atistically significant.

In analyses on area under the curve values, no 
s ignificant differences were found across study groups 
on Barthel or Rivermead mobility index score. 

dIscussIon
Our results suggest that the three month occupational 
therapy and physiotherapy programme was not effective 
in promoting independent living and mobility among 
care home residents over and above that achieved with 
standard care. Evidence exists to support occupational 
therapy and particular aspects of physiotherapy after 
stroke, but little evidence is available to support more 
widespread use.11

Comparison with other studies
Previous studies of physiotherapy and occupational 
therapy in this setting provide conflicting results.1‑6 
Results of this trial seem to support those other studies, 
which concluded that similar functional rehabilitation 
interventions had minimal impact on elderly people in 
residential care.12‑15

limitations
Certain characteristics of the population were unex‑
pected, which could suggest that a larger sample is 
required. The intracluster correlation coefficients of 0.49 
and 0.48 for the Barthel index and Rivermead mobility 
index, respectively, were higher than was anticipated 
from the sample size calculation conducted; however, 
similar intracluster correlation coefficients were observed 
in a study with participants from an equivalent popu‑
lation.16 In addition, an analysis of a large number of 
studies that used intracluster correlation coefficients 
concluded that the magnitude of between cluster vari‑
ation for a given measure can rarely be estimated in 
advance.17

In this study, care home residents were included in the 
trial if they scored in the mid‑range on the Barthel index. 
Initial Barthel index screening was carried out by care 
home staff, and some residents did not score within the 
inclusion parameters when subsequent pre‑intervention 
assessments were done. We decided that these residents 
should remain in the trial. The inclusion of these resi‑
dents could possibly have masked intervention benefits 
slightly because the intervention would be of insufficient 
intensity to be beneficial in these individuals.

All residents with the defined level of dependency 
were referred for physiotherapy and/or occupational 
therapy, yet in routine clinical practice only those with 
a specific problem would be referred. This meant the 
therapists were in some cases delivering interventions 
that maintained the physical abilities of the residents 
rather than actively rehabilitated them. In addition, it 
could be argued that the setting of this study does not 
lend itself to improvements in independence that could 
be recorded with the outcome measures selected because 
of the standard institutional risk policies in place, such as 
only allowing assisted bathing. 

Conclusion
The physiotherapy and occupational therapy interven‑
tion administered in this study do not have an effect 
on independence and mobility when applied relatively 
unselectively and the results do not support the provi‑
sion of such services.
We acknowledge the help of care home residents and staff, the trial steering 
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Mant, and the occupational therapy and physiotherapy advisory groups. We 
also thank Professors David Mant and Derick Wade for contributing to the study 
design. Finally, we would like to thank the locum therapists: Nicola Brittle, Eric 
Morgan, and Pam Versveldt.
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National Institute for Health Research. The University of Birmingham acted as 
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Summary of effects at six months post-randomisation in the multilevel model for Barthel index 
and Rivermead mobility index, adjusted for home effect and pre-intervention scores

Outcome measure
Barthel index Rivermead mobility index

Estimate (95% CI) P value Estimate (95% CI) P value
Repeated measures analysis
 Intervention 0.08 (−1.14 to 1.30) 0.90 0.62 (−0.51 to 1.76) 0.28
 Assessment −0.01 (−0.63 to 0.60) 0.96 −0.15 (−0.65 to 0.35) 0.55
 Interaction 0.42 (−0.48 to 1.32) 0.36 0.71 (−0.02 to 1.44) 0.057
 Covariate 0.71 (0.59 to 0.83) <0.0001 0.61 (0.50 to 0.72) <0.0001
Area under the curve analysis
 Intervention 0.54 (−0.69 to 1.77) 0.37 1.11 (−0.14 to 2.36) 0.078
 Covariate 0.72 (0.59 to 0.84) <0.0001 0.60 (0.49 to 0.71) <0.0001
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Equity, waiting times, and NHS reforms: retrospective study
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abstract
Objective To determine whether observable changes in 
waiting times occurred for certain key elective procedures 
between 1997 and 2007 in the English National Health 
Service and to analyse the distribution of those changes 
between socioeconomic groups as an indicator of equity.
Design Retrospective study of population-wide, patient 
level data using ordinary least squares regression to 
investigate the statistical relation between waiting times 
and patients’ socioeconomic status.
Setting English NHS from 1997 to 2007.
Participants 427 277 patients who had elective knee 
replacement, 406 253 who had elective hip replacement, 
and 2 568 318 who had elective cataract repair.
Main outcome measures Days waited from referral for 
surgery to surgery itself; socioeconomic status based on 
Carstairs index of deprivation.

Results Mean and median waiting times rose initially and 
then fell steadily over time. By 2007 variation in waiting 
times across the population tended to be lower. In 1997 
waiting times and deprivation tended to be positively 
related. By 2007 the relation between deprivation and 
waiting time was less pronounced, and, in some cases, 
patients from the most deprived fifth were waiting less time 
than patients from the most advantaged fifth.
Conclusions Between 1997 and 2007 waiting times 
for patients having elective hip replacement, knee 
replacement, and cataract repair in England went down 
and the variation in waiting times for those procedures 
across socioeconomic groups was reduced. Many people 
feared that the government’s NHS reforms would lead to 
inequity, but inequity with respect to waiting times did 
not increase; if anything, it decreased. Although proving 
that the later stages of those reforms, which included 
patient choice, provider competition, and expanded 
capacity, was a catalyst for improvements in equity 
is impossible, the data show that these reforms, at a 
minimum, did not harm equity.

IntroductIon
Hospital waiting times have dropped considerably 
over the past 10 years as the government in England 
increased the supply of doctors, increased funding 
for the health service, set rigid waiting time targets, 
and introduced market based reforms. Yet, whereas 

What Is already knoWn on thIs topIc
Little recent evidence exists on the association between 
waiting times and individual patients’ socioeconomic 
status in England
The impact of the government’s recent reforms on equity 
and quality is also not well documented

What thIs paper adds
The reforms have not had a deleterious impact on the 
equity of waiting times for elective surgery in England
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NHS waiting times are widely accepted to have fallen 
between 1997 and 2007, little is known about whether 
the drop in waiting times has been equitably distrib‑
uted with respect to socioeconomic status. One of the 
main fears associated with the market based elements 
of the  reforms was that any improvements in quality 
or drops in waiting times would come at the expense 
of equity.1‑3

We used population‑wide, patient level data to 
examine the extent of changes in waiting times for 
key elective procedures between 1997 and 2007 and 
to analyse the distribution of those changes between 
socioeconomic groups. We relate these changes to three 
distinct periods in government policy: a period from 
1997 to 2000 when the government focused on wait‑
ing lists, not waiting times, and moderately increased 
funding; a period from 2001 to 2004 when funding 
increased dramatically and the government focused on 
targets and performance management; and a period 
from 2005 to 2007 when the government expanded 
supply and introduced increased choice for patients 
and competition between providers.4 5

Methods
We examined patient level, national hospital activity 
data for day cases and inpatient cases in England from 1 
January 1997 to 31 December 2007. We examined three 
common, high volume elective surgical procedures that 
all had chronically long waiting times: knee replacement, 
hip replacement, and cataract repair. We looked at non‑
revision cases.

We excluded observations with any missing data 
fields or for which a patient’s waiting time was greater 
than three years. We linked observations to local area 
characteristics from patients’ postcodes. We calculated 
deprivation by using the 2001 Carstairs index of dep‑
rivation at the output area level and broke the level of 
deprivation into population fifths. The Carstairs index 
of deprivation is a composite deprivation index based 
on car ownership, unemployment, overcrowding, and 
social class within output areas.6 In our study, depriva‑
tion 1 was the least deprived fifth and deprivation 5 was 
the most deprived fifth.

Waiting times were measured as the time from when 
the patient was referred by a specialist for surgery to 
the time the patient actually had surgery. We calculated 
mean and median waiting times for each year and each 
procedure. We tested differences in mean and median 
waiting times for the periods of 1997‑2000, 2001‑4, and 
2005‑7. We determined whether intra‑year variation in 
waiting times existed between fifths of deprivation.

We used regression to determine whether patients’ 
deprivation level was associated with waiting times, 
c ontrolling for the patients’ age, sex, area type, and the 
year of procedure. We ran regressions on data from three 
periods that corresponded to changing government 
p olicy (1997‑2000, 2001‑4, and 2005‑7) independently.4

results
The total number of observations comprised 444 867 
knee replacements, 423 203 hip replacements, and 
2 647 235 cataract repairs. In total, 17 590 knee replace‑
ment observations, 16 950 hip replacement observations, 
and 78 917 cataract repair observations were excluded for 
missing data or because they had waiting times greater 
than three years. After these amendments, the observa‑
tions were limited to 427 227 knee replacements, 406 253 
hip replacements, and 2 568 318 cataract repairs.

For all three procedures, mean and median waiting 
times rose initially and then steadily fell. The figure 
shows mean waiting times for all three procedures, 
broken down by deprivation. In 1997 deprivation and 
waiting time tended to be positively related—the greater 
the degree of deprivation, the longer the waiting time. 
By 2007 waiting times were much more uniformly dis‑
tributed across the spectrum of deprivation; for cataract 
repair and knee replacement, the distribution had actu‑
ally reversed to show a negative relation between waiting 
time and deprivation.

We found a statistically significant difference in wait‑
ing times for each procedure between each of our three 
periods (P<0.001) determined by t tests and Wilcoxon 
sign rank tests. We found a statistically significant intra‑
year variation in waiting times between deprivation 
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groups for all three procedures for all years, except hip 
replacements in 2005 and 2006, measured with analysis 
of variance and Kruskal‑Wallis rank tests (P<0.05).

The relation between waiting times and the depriva‑
tion fifths also changed over time. For all three proce‑
dures, each successive time period was associated with 
a statistically significant reduction in waiting times (see 
bmj.com). More interestingly, less variation in waiting 
times existed across socioeconomic groups over time. 
For example, for hip replacement surgery in 1997‑2000 
each successive increase in deprivation fifth was associ‑
ated with a statistically significant increase in waiting 
time of between one and two weeks compared with the 
least deprived fifth (P<0.001). In 2001‑4 variations in 
waiting times between deprivation fifths tended to be 
large and significant. Each procedure showed a modi‑
fied U shaped distribution, with the middle fifths wait‑
ing the longest for care. In 2005‑7 very little difference 
existed in days waited depending on patients’ depriva‑
tion fifth. In fact, patients from the most deprived fifth 
having either a knee replacement or a cataract repair 
waited less time than patients from the least deprived 
fifth (P<0.05).

dIscussIon
Between 1997 and 2007, waiting times for elective knee 
replacements, hip replacements, and cataract repairs 
dropped significantly and equity, measured as the varia‑
tion in waiting times according to socioeconomic status, 
improved. Previous research has shown that greater 
deprivation is associated with longer waits in Scotland, 
and a small scale study of 4309 patients in England 
from April 2000 to 2001 found some inequity in the 
distribution of waiting times.7 8

Given the plethora of reforms aimed at reducing 
waiting times introduced between 1997 and 2007 
in England, ascribing the drop in waiting times that 
occurred after 2000 to one policy reform is difficult. 
The rise in funding, the rigid government targets, and 
increased choice and competition are all likely to have 
played a role in shortening patients’ waits. In addition 
to reducing waits and improving quality, the govern‑
ment argued that the reforms, especially those associ‑
ated with choice for patients, would improve equity.9‑11 
They argued that in health services without formalised 
choice, some form of privilege always exists for middle 
class and upper class users, who use their “voice” to 
negotiate for better services within the publicly funded 
service.10 Creating formal choice in the health service 
would give all patients greater power to affect their use 
of resources. In contrast, several analysts argued that 
the expansion of choice for patients and competition 
between providers would not only not improve equity 
but would harm it.1‑3 Critics of choice and competition 
have argued that better off people were better equipped 
to choose and that the reforms would produce incen‑
tives to focus on wealthy people to the detriment of 
the poor.

Our results show that during the period after the 
reforms were introduced, waiting times for knee replace‑
ment, hip replacement, and cataract repair continued 

to fall and the variation in waiting times between fifths 
of deprivation was reduced. In certain circumstances, 
by 2007 patients in more deprived areas were waiting 
less time than patients from less deprived areas. We can 
assert with confidence that the introduction of choice 
and competition, as well as the other post‑2000 govern‑
ment reforms, did not lead to inequitable distribution of 
waiting times across socioeconomic groups. 

limitations
This study has several limitations. Firstly, the Carstairs 
index of deprivation is one of several ways of measur‑
ing socioeconomic status. It cannot pick up deprivation 
of individual patients but rather the deprivation level of 
the area in which the patient lives. Secondly, these data 
are cross sectional, and the patients’ characteristics var‑
ied from year to year depending on who was referred 
for care. Therefore, variation exists in our samples over 
time. Likewise, this study looks at equity with reference 
to use of services not with reference to access. Thirdly, 
this analysis is focused on three particular surgical pro‑
cedures. Together, the three procedures account for 
between 6% and 7% of total elective surgical activity. 
We have no means of knowing that waiting times for 
all other elective surgical procedures have followed the 
same trends.
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Comparisons between geographies of mortality and 
deprivation from the 1900s and 2001: spatial analysis of 
census and mortality statistics 
Ian N Gregory

abstract
Objectives To examine the geographical relation between 
mortality and deprivation in England and Wales at the start 
of the 20th and 21st centuries. To explore the evidence for a 
strengthening or weakening of this relation over the century 
and test for relations between the mortality and deprivation 
patterns of a century ago and modern mortality and causes 
of death.
Design Census and mortality data for 634 districts from the 
1900s directly compared with interpolated ward level data 
from 2001.
Setting Census data and national statistics for England and 
Wales in the 1900s and 2001.
Population Entire population in both periods.
Main outcome measures Standardised mortality ratios for 
all districts for both periods with additional cause specific 
ratios calculated for 2001. Deprivation (Carstairs) scores for 
each district in 2001, with comparable measure created for 
the 1900s. Correlations and partial correlations between 
deprivation scores and standardised mortality ratios in the 
1900s and 2001 for the 614 districts for which all data were 
available.
Results There was no evidence of a significant change in the 
strength of the relation between deprivation and mortality 
between the start and end of the 20th century. Modern 
patterns of mortality and deprivation remain closely related 
to the patterns of a century ago. Even after adjustment for 
modern deprivation, standardised mortality ratios for the 
1900s show a significant correlation with modern mortality 
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and most causes of death. Conversely, however, there was 
no significant relation between deprivation in the 1900s and 
modern mortality for most causes of death after adjustment 
for modern deprivation.
Conclusions Despite all the medical, public health, social, 
economic, and political changes over the 20th century, 
patterns of poverty and mortality and the relations between 
them remain firmly entrenched. There is a strong relation 
between the mortality levels of a century ago and those of 
today. This goes beyond what would have been expected from 
the continuing relation between deprivation and mortality 
and holds true for most major modern causes of death.

IntroductIon
The 20th century saw dramatic improvements in pat‑
terns of mortality in England and Wales. Age and sex 
specific mortality rates declined across all ages but par‑
ticularly among the young. Life expectancy has risen 
from 46 for men and 50 for women in the 1900s1 to 77 
for men and 81 for women in 2001.2 These changes are 
linked to a major change in causes of death. Modern 
causes are dominated by cancers, which contributed 
25.6% of all deaths in 2001, ischaemic heart diseases 
(19.9%), and stroke (11.0%). In the 1900s classification 
was less well organised, resulting in over half of all deaths 
being assigned to “other causes.” Respiratory diseases 
and cancer were important. The major change is that in 
the 1900s infectious and parasitic diseases accounted for 
nearly a fifth of deaths. 

The experience of poverty has also changed over the 
century. In the 1900s poverty was usually an absolute 
concept, which meant that the income of an individual 
was not “sufficient to obtain the minimum necessaries for 
the maintenance of mere physical efficiency.”3 Advances 
in standards of living and the growth of the welfare state 
now mean poverty tends to be seen as a relative concept. 
Relative poverty is usually expressed by comparing the 
individual’s income or deprivation with that experienced 
by the society as a whole.

There is a well known relation between poverty and 
mortality today,4 5 but few studies have looked at whether 
this has changed over the long term. Dorling et al com‑
pared mortality and poverty in inner London in the 
1890s and the 1990s and showed clear links between 
an area’s modern mortality and its poverty in the past.6 I 
explored the link between deprivation and mortality for 
areas in the 1900s and today for the whole of England 
and Wales.

Methods
The Office for National Statistics published modern 
mortality and deprivation data for England and Wales 

What Is already knoWn on thIs topIc
There has been a strong relation between deprivation and 
poverty in recent decades
There is a clear relation between poverty and mortality in 
inner London in the 1890s and poverty and mortality in the 
1990s
There is some evidence of a direct link between the 
social conditions in which an individual’s mother or 
grandparents lived and their adult heath

What thIs study adds
Despite the fact that inequalities in mortality have 
narrowed, the relation between poverty and mortality 
across the whole of England and Wales seems as strong 
today as it was at the start of the 20th century
Mortality and deprivation patterns of 100 years ago are 
strong predictors of these patterns today; in particular 
areas with high rates of mortality or deprivation in the past 
still tend to have high rates of mortality today
Even when the effects of modern deprivation are taken 
into account, mortality patterns from the 1900s still have 
a significant relation with mortality today and this affects 
most major modern causes of death
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in 2001. Similar data are available for the decade from 
1901 to 1910.7‑9 I developed a deprivation index for the 
1900s and interpolated 2001 ward‑level data onto the 
registration districts of the 1900s data to allow direct 
comparisons.

The Carstairs index of deprivation is an aggregate 
of standardised data from four census variables: over‑
crowded housing, low social class, male unemployment, 
and households without a car.10 I calculated a deprivation 
index using variables similar to those used in the Car‑
stairs index for the whole of England and Wales in the 
1900s for 614 of the 634 registration districts.

I used a geographical information system that stores 
the statistical data along with the boundaries of the 
administrative units they refer to. Having the data in 
this form allowed calculation of the intersection between 
the 2001 census area statistics wards and the registration 
districts and poor law unions of the 1900s. In this way I 
constructed directly comparable measures of area based 
mortality and deprivation from the beginning of the 20th 
and 21st centuries.

results
In the 1900s the highest rates of deprivation and mortal‑
ity were found in urban and industrial areas such as inner 
London, south Wales, Birmingham, Liverpool, Manches‑
ter, Sheffield, and the north east. Low rates are a prima‑
rily rural phenomenon (fig 1). Calculation of a Pearson 
product moment correlation coefficient between the 
deprivation index and the standardised mortality ratios 
for the 614 registration districts for which all data were 
available gave a coefficient of r=0.503 (P<0.001). This 
tells us that there was a strong positive relation between 
mortality and deprivation across England and Wales in 
the 1900s. 

Figure 2 shows Carstairs scores and standardised mor‑
tality ratios for 2001 using 1900s registration districts. 
The pattern of deprivation seems similar to the 1900s 
pattern: high rates are concentrated in urban and indus‑
trial areas, except that these have spread out, particularly 
in what is now the M62 motorway corridor running from 
L iverpool through Manchester and Sheffield to Hull. The 
modern mortality map seems superficially to be notice‑
ably different from the 1900s map. On closer inspection, 
however, urban and industrial areas are high at both 
dates. A difference is that there are several rural areas 
that have high standardised mortality ratios in 2001. 
The Pearson’s product moment correlation coefficient 
between mortality and deprivation with these units is 
r=0.497 (P<0.001). Given the changes in the deprivation 
measures, the similarity in the correlations, r=0.503 and 
r=0.497 in the 1900s and 2001, respectively, suggest that 
there has been little change in the strength of this relation 
over the course of the century.

In 2001 the average standardised mortality ratio of the 
population 10th with the lowest mortality rates was 75.6 
while the average for the highest 10th was 135.5. Thus 
in 2001 the population 10% of the population living in 
the highest mortality areas had mortality rates that were 
1.79 times higher than the 10% living in areas with the 
lowest rates. In the 1900s the average for the highest 10th 
was 2.05 times higher than the lowest 10th. This shows 
that the morality gap between the best and worst areas 
had narrowed over the century. The worst deprivation 
10th in 2001 had an average standardised mortality ratio 
1.36 times higher than the best, in the 1900s this ratio 
was 1.39. This shows that, while the mortality gap might 
have narrowed over the century, the relation between 
the extremes of deprivation and mortality is as strong 
today as it was a century ago.

Deprivation Mortality

Deprivation
score

Standardised
mortality ratio

38.67 to 78.71
78.72 to 94.03
94.04 to 103.57
103.58 to 116.55
116.56 to 304.32
Modern county boundaries

-3.042 to -0.797
-0.796 to 0.347
0.348 to 1.291
1.292 to 2.877
2.878 to 12.12
Modern county boundaries

Unshaded - no dataUnshaded - no data

Fig 1 | Deprivation and mortality in the 1900s. Class intervals determined from population fifths from 1901. Modern county 
boundaries superimposed on 1900s registration districts to assist orientation
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The next question is whether the spatial pattern of 
mortality and deprivation in the 1900s can be used to 
predict modern patterns. Comparing standardised mor‑
tality ratios in the 1900s with those in 2001 gives a corre‑
lation coefficient of r=0.414 (P<0.001), while comparing 
the deprivation scores gives a correlation coefficient of 
r=0.578 (P<0.001). This confirms the patterns suggested 
by the figures—namely, that strong relations between pat‑
terns of mortality and deprivation have persisted over 
the course of the century.

The areas with the lowest and highest 10ths of mortal‑
ity in the 1900s still have low and high mortality rates 
in 2001. In the 1900s the high mortality 10th had rates 
2.05 times higher than the low mortality 10th. The mor‑
tality ratio between these areas had narrowed to being a 
more modest 1.38 by 2001, but this is still a large differ‑
ence. The impact of 1900s deprivation is also interesting 
because areas with the lowest deprivation scores in the 
1900s have an average standardised mortality ratio of 
97.2 in 2001, suggesting that areas that were affluent 100 
years ago do not now have mortality rates that are sig‑
nificantly better than other areas. By contrast, areas with 
the highest deprivation scores in the 1900s still have high 
standardised mortality ratios today, although at 116.6, 
this is less pronounced than the impact of high 1900s 
mortality at 125.4.

I used partial correlation coefficients to explore 
whether modern standardised mortality ratios are related 
to either mortality or deprivation in the 1900s, control‑
ling for the impact of modern deprivation. This gave 
partial correlation coefficients of r=0.160 (P<0.001) for 
1900s mortality, but only −0.016 for 1900s deprivation 
(P=0.690) (table). The table summarises the correlation 
coefficients. These suggest that mortality and depriva‑

tion continue to be closely linked and, in addition, that 
the mortality patterns of a century ago are still related 
to today’s mortality patterns in a way that cannot simply 
be explained by inertia in deprivation patterns. Depriva‑
tion in the 1900s does not seem to be related to modern 
mortality once modern deprivation is controlled for  
(table). 

dIscussIon
The 20th century has seen a dramatic decline in mortal‑
ity but the link between mortality and deprivation across 
England and Wales remains as strong today as it was a 
century ago. Geographical inequalities in mortality have 
declined slightly but there is no evidence that inequalities 
in deprivation have declined or that the relation between 
mortality and deprivation has lessened to any signifi‑
cant degree. Patterns of mortality and deprivation are 
deeply entrenched such that in both cases the patterns 

Deprivation Mortality

Deprivation
score

Standardised
mortality ratio

34.07 to 83.53
83.54 to 95.30
95.31 to 102.61
102.62 to 111.88
111.89 to 298.03
Modern county boundaries

-4.726 to -1.553
-1.552 to 0.036
0.037 to 1.320
1.321 to 2.835
2.836 to 16.25
Modern county boundaries

Unshaded - no dataUnshaded - no data

Fig 2 | Deprivation and mortality in 2001. Data interpolated from census area statistics wards onto registration districts for 
the 1900s. Class intervals determined from population fifths from 2001. Modern county boundaries superimposed on 1900s 
registration districts to assist orientation

Pearson’s product moment correlation coefficients between 
variables. All data have been standardised on 1900s 
registration districts unless otherwise stated
Variable 1 Variable 2 Controlled for r

Deprivation 1900s Mortality 1900s — 0.503*
Deprivation 2001 Mortality 2001 — 0.497*
Deprivation 2001 
(ward level)

Mortality 2001 
(ward level)

— 0.466*

Mortality 1900s Mortality 2001 — 0.414*
Deprivation 1900s Deprivation 2001 — 0.578*
Mortality 1900s Deprivation 2001 — 0.612*
Deprivation 1900s Mortality 2001 — 0.276*
Mortality 1900s Mortality 2001 Deprivation 2001 0.160*
Deprivation 1900s Mortality 2001 Deprivation 2001 −0.016
Deprivation 1900s Deprivation 2001 Mortality 2001 0.528*
Mortality 1900s Deprivation 2001 Mortality 2001 0.514*
*Significant at P<0.01.
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of a century ago are strong predictors of today’s patterns. 
This is not simply because of inertia in socioeconomic 
conditions because mortality in the 1900s is significantly 
related to modern mortality even when modern depriva‑
tion is taken into account. 

I focused on areas rather than individuals, which is 
both a strength and a weakness. It is a strength because 
the study covers the entire population; it is a limitation 
because it is unable to explain the patterns and, in par‑
ticular, say whether they are caused by area effects or 
individual level behaviours.

The 20th century has seen widescale reforms aimed 
at improving living conditions for society in general and 
the poor in particular. These include the formation of 
the National Health Service (NHS) and the welfare state. 
These have undoubtedly led to large increases in life 
expectancy but seem to have failed to reduce the impact 
that poverty has on mortality. This is not to say that these 
policies have been a failure as it is possible that without 
them health inequalities might have become far worse 
over time.

A major unanswered question is whether the increases 
in mortality in deprived areas that can be ascribed to con‑
ditions in the past are caused by area effects or operate 
more directly at the individual level. If it is an area effect 
then the long term effects of the physical, economic, or 
social environment still seem to have a relation to mod‑
ern conditions beyond those that the Carstairs index is 
able to measure. Individual effects are more problematic. 
There have been suggestions that socioeconomic condi‑
tions can have hereditary effects—for example, it has been 
claimed that there is a relation between mortality among 
Swedish men and the food supply of their paternal grand‑
fathers.11 On a shorter time scale, the Barker hypothesis 
claims that poor fetal nutrition leads to heart disease, 
diabetes, and respiratory disorders in later life.12 13

Digital boundary data for 2001 census area statistics wards were provided 
through EDINA (http://edina.ac.uk/) UKBorders with the support of the ESRC 
(Economic and Social Research Council) and JISC (Joint Information Services 
Committee) and use boundary material that is copyright of the Crown. The 
2001 VS data were created by the Office for National Statistics and distributed 
by the UK Data Archive, University of Essex. Crown copyright material is 
reproduced with the permission of the controller of HMSO. The original data 
creators, depositors, or copyright holders, the funders of the data collections 
(if different), and the UK Data Archive bear no responsibility for their further 
analysis or interpretation. Census output is Crown Copyright and is reproduced 
with the permission of the controller of HMSO. The ArcGIS software package 
produced by ESRI (www.esri.com) was used to standardise the geographical 
units used in this study. It also assisted the analysis and produced the maps.
Funding: This study was funded by the Leverhulme Trust under their early career 
fellowship scheme (ECF/40115).
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The effects of excluding patients from the analysis in 
randomised controlled trials: meta-epidemiological study
Eveline Nüesch,1 2 Sven Trelle,1 2 Stephan Reichenbach,1 3 Anne W S Rutjes,1 4 Elizabeth Bürgi,5  
Martin Scherer,6 7 Douglas G Altman,8 Peter Jüni1 2

abstract
Objective To examine whether excluding patients from the 
analysis of randomised trials are associated with biased 
estimates of treatment effects and higher heterogeneity 
between trials.
Design Meta-epidemiological study based on a collection of 
meta-analyses of randomised trials.
Data sources 14 meta-analyses including 167 trials that 
compared therapeutic interventions with placebo or non-
intervention control in patients with osteoarthritis of the hip 
or knee and used patient reported pain as an outcome.
Methods Effect sizes were calculated from differences 
in means of pain intensity between groups at the end of 
follow-up, divided by the pooled standard deviation. Trials 
were combined by using random effects meta-analysis. 

Estimates of treatment effects were compared between 
trials with and trials without exclusions from the analysis, 
and the impact of restricting meta-analyses to trials without 
exclusions was assessed.
Results 39 trials (23%) had included all patients in the 
analysis. In 128 trials (77%) some patients were excluded 
from the analysis. Effect sizes from trials with exclusions 
tended to be more beneficial than those from trials without 
exclusions (difference −0.13, 95% confidence interval −0.29 
to 0.04). However, estimates of bias between individual 
meta-analyses varied considerably (τ2=0.07). Tests of 
interaction between exclusions from the analysis and 
estimates of treatment effects were positive in five meta-
analyses. Stratified analyses indicated that differences in 
effect sizes between trials with and trials without exclusions 
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were more pronounced in meta-analyses with high between 
trial heterogeneity, in meta-analyses with large estimated 
treatment benefits, and in meta-analyses of complementary 
medicine. Restriction of meta-analyses to trials without 
exclusions resulted in smaller estimated treatment benefits, 
larger P values, and considerable decreases in between trial 
heterogeneity.
Conclusion Excluding patients from the analysis in 
randomised trials often results in biased estimates of 
treatment effects, but the extent and direction of bias is 
unpredictable. Results from intention to treat analyses 
should always be described in reports of randomised trials. 
In systematic reviews, the influence of exclusions from the 
analysis on estimated treatment effects should routinely be 
assessed.

IntroductIon
In clinical trials, deviations from protocol and losses to 
follow‑up often lead to the exclusion of patients from 
the analysis.1 2 Patients excluded after randomisation 
are unlikely to be representative of those remaining in 
the trial. The selective occurrence and biased ha ndling 
of protocol deviations and losses to follow‑up may lead 
to results that differ from the true values, a systematic 
error called attrition bias.2 To ensure that intervention 
and control groups are comparable and to prevent 
attrition bias the analysis should be done according to 
the intention to treat principle—that is, all randomised 
patients should be included in the analysis and kept 
in their original groups, regardless of their adherence 
to the protocol.2 3

Four meta‑epidemiological studies explored the 
association of withdrawals, dropouts, and exclu‑
sions after randomisation with estimated treatment 
effects.1 4 5‑ 7 The direction and magnitude of attrition 
bias varied between the studies according to meth‑
ods and definitions used and clinical areas.1 6 8 9 In 
general, randomised controlled trials using subjective 
outcomes are more susceptible to bias than trials using 
objective outcomes such as overall mortality. In trials 

of osteoarthritis, treatment effects are often evaluated 
using subjective outcomes, such as intensity of pain. 
Meta‑analyses of osteoarthritis trials may therefore be 
particularly prone to attrition bias.2

We examined whether excluding patients from 
the analysis were associated with biased estimates of 
treatment effects and increased heterogeneity between 
trials in meta‑analyses of interventions used for the 
treatment of pain in osteoarthritis.

Methods
We carried out an electronic search for meta‑analyses 
of randomised trials (those using an unpredictable 
allocation sequence) or quasi‑randomised trials (those 
using potentially predictable allocation mechanisms) 
in patients with osteoarthritis of the knee or hip (see 
bmj.com). Meta‑analyses were eligible if they assessed 
patient reported pain comparing any intervention with 
placebo, sham, or a non‑intervention control.

Component trials were classified to have had no 
exclusions of patients from the analysis if there was an 
explicit statement that all randomised patients were 
included in the analysis of the outcome we extracted 
or if the reported numbers of patients randomised 
and analysed on this outcome were identical. We 
classified trials to have had exclusions if they explic‑
itly reported this, if the number of patients analysed 
was lower than the number randomised, or if it was 
unclear whether exclusions had occurred. Conceal‑
ment of allocation was considered adequate if those 
responsible for patient inclusion were unable to sus‑
pect the next treatment allocation. Blinding of patients 
was considered adequate if experimental and control 
interventions were described as indistinguishable or 
if a double dummy technique was used.2

The primary outcome was patient reported pain. If 
different pain outcomes were reported we extracted 
one outcome per study according to a hierarchy.10 11

Statistical analysis
We expressed treatment effects as effect sizes (differ‑
ence in mean values at end of follow‑up divided by 
pooled standard deviation). Negative effect sizes indi‑
cate a beneficial effect of the experimental interven‑
tion. We used approximations for unavailable data.11 
To combine effect sizes across trials we used standard 
inverse variance random effects meta‑analyses and 
calculated the variance estimate τ2 as a measure of 
heterogeneity.12

We used random effects meta‑analysis to estimate 
effect sizes separately for trials with and trials with‑
out exclusions of patients from the analysis. Then 
we derived differences between estimates from trials 
with exclusions and trials without exclusions for each 
meta‑analysis and combined these differences using 
random effects meta‑analysis.13 A negative difference 
in effect sizes indicates that trials with exclusions 
show a more beneficial treatment effect. Formal tests 
of interaction between exclusions from the analysis 
and estimated treatment benefits were done sepa‑
rately for each meta‑analysis (see bmj.com) using z 

What Is already knoWn on thIs topIc
Excluding randomised patients from the analysis in 
randomised controlled trials may result in attrition bias
The direction and magnitude of attrition bias varies 
between different studies according to different methods 
and definitions used and different clinical areas addressed

What thIs study adds
Excluding patients from the analysis of randomised trials 
often resulted in biased estimates of treatment effects, but 
the extent and direction of bias remained unpredictable in 
a specific situation
Overestimation of treatment benefits seemed 
particularly pronounced in meta-analyses with high 
between trial heterogeneity, in meta-analyses with large 
estimated treatment benefits, and in meta-analyses of 
complementary medicine
Restriction of meta-analyses to trials without exclusions of 
patients resulted in smaller estimated treatment benefits, 
larger P values, and considerable decreases in between 
trial heterogeneity
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scores. We carried out stratified analyses accompa‑
nied by interaction tests for the following charac‑
teristics: between trial heterogeneity in the overall 
meta‑analysis (low, τ2<0.06, v high, τ2≥0.06), treat‑
ment benefit in the overall meta‑analysis (small, effect 
sizes >−0.5, v large, effect sizes ≤−0.5),10 14 and type 
of intervention assessed in the meta‑analysis (drug v 
other interventions, conventional v complementary 
medicine). To control confounding by concealment 
of allocation and by patient blinding, we used stratifi‑
cation by these factors to derive differences between 
trials with and trials without exclusions adjusted for 
concealment of allocation and adjusted for patient 
blinding.

Finally, we compared pooled effect sizes, between 
trial heterogeneity, precision (inverse of the standard 
error), and P values for pooled effect sizes between 
overall random effects meta‑analyses including all 
trials and restricted meta‑analyses including trials 
without exclusions only. Measures were compared 
using scatter plots and Wilcoxon rank tests for paired 
observations. P values were two sided.

results
Overall, 14 meta‑analyses (167 trials in 41 170 
patients) included at least one trial with and one 
without exclusion of patients from the analysis and 
contributed to the study.11 15‑ 25 Eight assessed drug 
interventions and five assessed complementary medi‑
cine. The number of trials per meta‑analysis ranged 
from three to 24 (median 11) and the number of 
patients per meta‑analysis from 278 to 13 659 (median 
1731). The pooled effect sizes derived from random 
effects meta‑analyses including all trials ranged from 

−0.07, indicating essentially no benefit, to −0.88, rep‑
resenting a large benefit. All meta‑analyses favoured 
the experimental intervention and 11 showed sig‑
nificant differences between experimental and con‑
trol intervention at P=0.05. The variance τ2 varied 
between 0.00 and 0.52 (median 0.04, see bmj.com).

Characteristics of component trials
Thirty nine of the 167 trials (23%) included all ran‑
domised patients in the analysis (see bmj.com). 
Exclusions occurred in 114 trials (69%) and in 14 
trials (8%) it was unclear whether exclusions had 
occurred. Exclusions ranged from 0.1% to 40% 
(median 7.2%). Trials with exclusions were less 
likely to provide information on losses to follow‑up 
(P=0.002). Data imputations using the last observa‑
tion carried forward were reported by 27% of trials 
with exclusions and 49% of trials without exclusions 
and multiple imputation by 4% and 15%. For 68% 
and 15% it was unclear how the trialists dealt with 
missing data. Trials with exclusions were published 
earlier than those without exclusions (mean 1998 
(SD 6) v 2001 (SD 4); P=0.002) and tended to report 
adequate concealment of allocation and sample size 
calculations less often.

Effect of exclusions on estimates of treatment effects
On average, treatment effects were more beneficial in 
trials with than in trials without exclusions (difference 
in effect sizes −0.13, 95% confidence interval −0.29 
to 0.04, P=0.13), but the variability in bias between 
meta‑analyses was considerable (τ2=0.07, P<0.001; 
figure). Differences in effect sizes ranged from −0.82 
to 0.35. Tests of interaction between exclusions from 
the analysis and estimates of treatment effects were 
positive at P=0.05 in five meta‑analyses: in four 
meta‑analyses estimated effects were more beneficial 
in trials with exclusions from the analysis and in one 
meta‑analysis estimated effects were more beneficial 
in trials without exclusions (figure).

Differences between trials with and trials without 
exclusions were evident in meta‑analyses with a high 
degree of between trial heterogeneity, but not in 
meta‑analyses with low between trial heterogeneity 
(P for interaction <0.001; see bmj.com). Similarly, 
differences were more pronounced in meta‑analyses 
with large estimated treatment benefits in the over‑
all meta‑analysis than in meta‑analyses with small 
estimated benefits and in meta‑analyses of comple‑
mentary interventions compared with conventional 
medicine (P for interaction <0.001 for both). When 
stratifying for these characteristics, the variability 
in bias decreased considerably. When adjusting for 
concealment of allocation (−0.11, 95% confidence 
interval −0.28 to 0.05, P=0.18) or patient blinding 
(−0.15, −0.30 to 0.00, P=0.047), average differences 
between trials with and trials without exclusions 
were robust. In both adjusted analyses the variability 
in bias between meta‑analyses was much the same as 
in the primary analysis, with variance estimates τ2 of 
0.08 and 0.06 (both P<0.001), respectively.

  Exercise20

  Viscosupplementation21

  Self management22

  Glucosamine23

  Diacerein25

  Acetaminophen (paracetamol)24

  Opioids26

  Oral NSAIDs29

  Topical NSAIDs29

  Low level laser therapy28

  TENS28

  Weight reduction27

  Acupuncture30

  Chondroitin16

Overall: τ2=0.07, P<0.001

-0.11 (-0.40 to  0.18)

-0.37 (-0.62 to -0.12)

-0.03 (-0.62 to  0.11)

-0.72 (-1.38 to -0.05) 

 0.16 (-0.07 to  0.39)

-0.22 (-0.41 to -0.04)

 0.11 (-0.11 to  0.34)

-0.03 (-0.22 to  0.17)

 0.35 (0.03  to  0.68) 

-0.15 (-1.26 to  0.96) 

-0.15 (-1.00 to  0.70)

 0.28 (-0.19 to  0.75)

-0.36 (-0.80 to  0.08) 

-0.82 (-1.08 to -0.57)

 -0.13 (-0.29 to 0.04)

0.46

0.003

0.68

0.034

0.18

0.018

0.32

0.79

0.034

0.79

0.73

0.25

0.11

<0.001
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Difference in effect sizes between 128 trials with and 39 trials without exclusions of patients 
from analysis. A negative difference in effect sizes indicates that trials with exclusions of 
patients from analysis show more beneficial treatment effects. P values are for interaction 
between exclusions from analysis and effect sizes. NSAIDs=non-steroidal anti-inflammatory 
drugs; TENS=transcutaneous electrical nerve stimulation
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Impact of restricting meta-analyses to trials without 
exclusions
When restricting meta‑analyses to trials without exclu‑
sions only, the median number of trials included in a 
single meta‑analysis decreased from 11 to 2 and the 
median number of patients from 1731 to 401. Esti‑
mates of treatment benefits decreased in 10 meta‑
analyses and increased in four (P=0.10). Between 
trial heterogeneity decreased in 12 meta‑analyses and 
increased in one (P=0.006). For one meta‑analysis only 
one trial had no exclusions from the analysis, and no 
between trial heterogeneity could be estimated after 
the restriction.25 Precisions of pooled effect size esti‑
mates decreased in nine meta‑analyses and increased 
in five (P=0.25). P values became larger in 10 meta‑
analyses and smaller in four (P=0.016). After the 
restriction to trials without exclusions only, six meta‑
analyses lost significance at the P=0.05 level.

dIscussIon
In this meta‑epidemiological study of 14 meta‑analyses 
and 167 trials we found that excluding randomised 
patients from the analysis often resulted in biased esti‑
mates of treatment effects. The average estimate of 
bias of a difference in effect size of −0.13 may seem 
small (figure), but it corresponds to one quarter to 
one half of a typical treatment effect found for inter‑
ventions in osteoarthritis.10 The impact of exclusions 
on estimates of treatment effects seemed most pro‑
nounced in meta‑analyses with large treatment ben‑
efits, complementary interventions, and a high degree 
of heterogeneity between trials, but the extent and 
direction of bias may be unpredictable in a specific 
situation. Tests of interaction between exclusions from 
the analysis and estimates of treatment effects were 
statistically significant in five meta‑analyses; in four of 
these meta‑analyses, estimated treatment effects were 
less beneficial in trials without exclusions.

When restricting meta‑analyses to trials without 
exclusions P values increased in most cases and six 
meta‑analyses lost significance at P=0.05 (see bmj.
com). This increase in P values was not only due to a 
loss of statistical power.26 As a result of the restriction 
the between trial heterogeneity τ2 decreased consider‑
ably. Therefore the average loss of statistical precision 
of random effects meta‑analyses was smaller than what 
could be expected after the exclusion of over half the 
trials. Only in five meta‑analyses was there a relevant 
loss of precision after the restriction, in six meta‑anal‑
yses the statistical precision remained much the same, 
and in three the precision increased.

Strengths and limitations of the study
We did not rely on statements in the reports on 
whether an intention to treat analysis was done or 
not. Rather we required explicit information on the 
flow of patients 27 28 or statements that all randomised 
patients were included in the analysis. Some might 
argue that our distinction between trials with and tri‑
als without exclusions from the analysis was overly 
stringent. We would expect that any bias associated 

with exclusions will increase with the number of exclu‑
sions. Others may argue that our classification was not 
stringent enough and that we should have required an 
affirmative statement that no crossovers had occurred 
and that all randomised patients were included in the 
analysis in the group to which they were originally 
allocated. Only seven of the 167 trials (4%) provided 
this information.

Our study is based on published information and 
depends on the quality of the reports. We were able to 
determine from trial reports in all but 14 trials whether 
exclusions had occurred, however, and bias intro‑
duced by misclassification of trials due to inadequate 
reporting is likely to be minimal. At least two thirds 
of the trials included in our study had incomplete 
outcome data. We were unable to examine whether 
the approach used for data imputation influences esti‑
mates of treatment effects because of the low quality 
of reporting.28‑30 In our study the observed association 
between exclusions of patients from the analysis and 
estimates of treatment effects could be confounded by 
concealment of allocation, which may have resulted in 
spurious associations. When accounting for conceal‑
ment of allocation in a sensitivity analysis, however, 
we found our results to be robust.

Implications
The most stringent interpretation of intention to treat 
includes the analysis of all patients, regardless of 
whether they were eligible, received treatment, and 
adhered to the protocol.3 Many trialists exclude ran‑
domised patients who did not receive at least one dose 
of the allocated intervention, whereas others exclude 
patients found retrospectively to be ineligible.3 31 
Both approaches may produce unbiased estimates 
if patients and treating doctors are unaware of the 
allocated intervention and if the decision to exclude 
patients is based solely on information collected 
before randomisation and unrelated to group assign‑
ment and clinical outcome.31 In addition, exclusions 
from the analysis owing to randomly missing outcome 
data may be less problematic than the selective exclu‑
sion of patients owing to protocol violations. These 
assumptions are hardly ever verifiable: details on the 
flow of participants through a trial and descriptions of 
procedures used to determine whether patients should 
be excluded from the analysis are often omitted from 
published reports of randomised trials.3 28 Therefore 
it is difficult to determine from published informa‑
tion whether reported exclusions from the analyses 
resulted in bias,2 and strict adherence to the intention 
to treat principle should be advocated.27 32

Per protocol analyses include only those patients 
who received treatment as defined in the protocol and 
provided outcome data. However, patients excluded 
from per protocol analyses are likely to be differ‑
ent from those analysed.33 Trials without exclusions 
more often reported imputations of missing data than 
those with exclusions. The last observation carried 
forward approach was used most often. This method 
is popular in musculoskeletal research34 35 but leads 
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to overly precise estimates and potential bias.36 37 
Multiple imputation is more difficult to carry out but 
avoids those problems.38 The CONSORT statement 
urges transparent reporting of the flow of participants 
through a trial, including a description of withdrawals 
and losses to follow‑up and reasons for exclusions.27 32 
In our view a description of strategies used to handle 
missing outcome data is also essential.

Conclusions
To avoid potential attrition bias, trialists should ensure 
low dropout rates and high compliance rates and min‑
imise missing outcome data. Results of intention to 
treat analyses should always be reported. Sensitivity 
analyses, restricted to patients adhering to the protocol, 
may be described in addition. In systematic reviews 
and meta‑analyses, data extraction should be based 
on results from analyses of all randomised patients, 
whenever possible. The influence of exclusions from 
randomisation on estimated treatment benefits should 
be routinely assessed in stratified analyses.
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understanding why some ethnic minority patients evaluate 
medical care more negatively than white patients:  
a cross sectional analysis of a routine patient survey in 
English general practices
Nicola Mead,1 Martin Roland2

 ratings of four aspects of primary care adjusting for 
mode of questionnaire administration, demographic 
factors, health need, and variation in reported stand-
ards of received care.

Primary outcome(s)
Patient evaluations of waiting times for GP 
 appointments, time spent waiting in surgeries for 
 consultations to start, and continuity of care were the 
primary outcomes. 

Main results and the role of chance
Respondents from the three minority ethnic groups 
rated all aspects of care more than 2.5% lower than did 
white patients. Poorer evaluations of time spent wait-
ing for consultations to begin (rated lowest by Asian 
patients) and continuity of care (rated lowest by Chinese 
patients) appeared to reflect worse reported experiences 
by ethnic minority groups. However, substantial differ-
ences between white and ethnic minority patients’ rat-
ings of appointment waiting times persisted even after 
adjusting for the actual time patients reported waiting. 
This effect disappeared for Chinese and black respond-
ents after adjusting for evaluations of reception staff 
and doctors’ communication skills, but Asian patients’ 
ratings remained more than 2.5% lower than those of 
white respondents.

Bias, confounding and other reasons for caution
The simple measure of ethnicity used in this study may 
have masked important differences within categories 
(such as between patients of Indian, Pakistani, and 
Bangladeshi origin all categorised as “Asian”). The key 
variables in the study are patients’ reported experiences 
of care and their evaluations of those experiences; it 
cannot be assumed these reported data reflect actual 
quality of care in practices.

Generalisability to other populations
Data were from routine surveys, thus no details of 
response rates are available. Surveys were completed 
in English mainly by consulting patients, who cannot 
be assumed representative of the wider population or 
of populations in other settings.

study funding/potential competing interests
This study was conducted by the National Primary 
Care Research and Development Centre and sup-
ported by funding from the Department of Health and 
the National Institute for Health Research. 

Study queStion Why do ethnic minority survey 
respondents give poor ratings of primary care compared 
with white patients?

Summary anSwer Relatively negative evaluations by 
ethnic minority patients of waiting times to see general 
practitioners and of continuity of care are partly explained 
by reported poor experiences of these aspects of care, but 
may also reflect communication problems and different 
expectations of waiting times for appointments. 

what iS known and what thiS paper addS Studies in 
the United States and the United Kingdom have shown that 
ethnic minority patients evaluate their care more negatively 
than do white patients. We found important differences in 
assessments of quality of care by different ethnic groups 
even after adjusting for factors that might account for 
observed differences. 

Participants and setting
Between April 2005 and March 2006, 1098 English 
general practices undertook routine surveys of patients 
using the General Practice Assessment Questionnaire 
(GPAQ). The study analysed surveys from 188 572 
respondents, of whom 95.8% classed themselves as 
“white”, “black/black British,” “Asian/Asian British,” 
or “Chinese.”

Design
We undertook a cross sectional analysis of patient sur-
vey data. Regression modelling was used to examine 
differences between white and ethnic minority patients’ 
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SUMMARY OF ETHNIC MINORITY GROUPS THAT RATED EACH ASPECT OF CARE SUBSTANTIALLY LOWER THAN WHITE RESPONDENTS*

*Cells show ethnic minority groups with a mean score at least 2.5 percentage points lower than that of white respondents on the evaluation item in question,
adjusting for other independent variables named in that column heading and all those to the left
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1.50, 95% confidence interval 0.83 to 2.69; P=0.18, fig). 
A one study removed analysis showed that the highest 
quality studies had the greatest effect towards showing 
no difference between study arms. Subgroup analyses 
assessing causes of heterogeneity defined a priori (that is, 
time from symptom onset to treatment, length of follow-
up, and type of antiviral studied) showed no b enefit of 
antivirals in addition to steroids.

Bias, confounding, and other reasons for caution
It is unclear whether incremental benefits from the addi-
tion of antivirals to steroids depend on the severity of 
facial muscle paralysis at presentation, the extent of facial 
recovery, or the time to facial recovery. The inclusion of 
patients with Bell’s palsy caused by Varicella zoster may 
dilute the potential benefit of antiviral therapy because 
this virus is less sensitive to antivirals than are other 
viruses, and the doses used in treatment trials are not high 
enough to treat Varicella zoster infection. Our subgroup 
analyses are limited by the small number of included stud-
ies and thus may lack statistical power. Finally, we were 
not able to perform intention to treat analysis because 
one study did not report such data; therefore, we used the 
number of patients at final  follow-up as our denominator, 
as these data were available for all studies.

study funding/potential competing interests
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The benefits of steroids versus steroids plus antivirals for 
treatment of Bell’s palsy: a meta-analysis 
Eudocia C Quant,1 2 Shafali S Jeste,3 2 Rajeev H Muni,4 Alison V Cape,5 2 Manveen K Bhussar,6 Anton Y Peleg2 6 7

Study queStion Does adding antivirals to steroids provide 
a better degree of facial muscle recovery in patients with 
Bell’s palsy than treatment with steroids alone?

Summary anSwer In this meta-analysis, antivirals did not 
provide an added benefit in achieving at least partial facial 
muscle recovery compared with steroids alone in patients 
with Bell’s palsy.

selection criteria for studies
PubMed, Embase, Web of Science, and the Cochrane 
Central Register of Controlled Trials were searched for 
studies published in all languages between 1984 and Jan-
uary 2009. Additional studies were identified from cited 
references. We included all randomised controlled trials 
that compared steroids with the combination of steroids 
and antivirals in patients with Bell’s palsy. Additional 
inclusion criteria were at least one month of follow-up 
and a primary end point of facial muscle recovery. Odds 
ratios and 95% confidence intervals were calculated and 
pooled using a random effects model.

Primary outcome
The primary outcome was the proportion of patients 
with at least partial facial muscle recovery from Bell’s 
palsy at longest follow-up point and who attended a 
follow-up visit at least one month after the initiation of 
treatment. Partial facial muscle recovery was defined as 
a House-Brackmann grade of at least 2 or an equivalent 
score using an alternative scoring system.

Main results and role of chance
Six trials involving 1145 patients were included; 574 
patients received steroids alone and 571 patients 
received steroids and antivirals. The pooled odds ratio 
for facial muscle recovery showed no benefit of steroids 
plus antivirals compared with steroids alone (odds ratio 
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