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Abstract
Objective To assess the effect of a multimodal group exercise 
intervention, as an adjunct to conventional care, on fatigue, 
physical capacity, general wellbeing, physical activity, and 
quality of life in patients with cancer who were undergoing 
adjuvant chemotherapy or treatment for advanced disease.
Design Randomised controlled trial.
Setting Two university hospitals in Copenhagen, Denmark.
Participants 269 patients with cancer; 73 men, 196 women, 
mean age 47 years (range 20-65) representing 21 diagnoses. 
Main exclusion criteria were brain or bone metastases. 235 
patients completed follow-up.
Intervention Supervised exercise comprising high intensity 
cardiovascular and resistance training, relaxation and body 
awareness training, and massage, nine hours weekly for 
six weeks in addition to conventional care, compared with 
conventional care.
Main outcome measures European Organization for Research 
and Treatment of Cancer Quality of Life Questionnaire (EORTC 
QLQ-C30), Medical Outcomes Study Short Form (MOS SF-36), 
Leisure Time Physical Activity Questionnaire, muscular 
strength (one repetition maximum), maximum oxygen 
consumption (Vo2max).
Statistical methods The general linear model was used for 
continuous outcome while analysis of associates between 
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categorical outcomes was performed as analysis of marginal 
homogeneity in contingency tables.
Results Adjusted for baseline score, disease, and 
demographic covariates, the intervention group showed an 
estimated improvement at six weeks for the primary outcome, 
fatigue, of −6.6 points (95% confidence interval −12.3 to −0.9, 
P=0.02; effect size=0.33, 0.04 to 0.61). Significant effects 
were seen on vitality (effect size 0.55, 95% CI 0.27 to 0.82), 
physical functioning (0.37, 0.09 to 0.65), role physical (0.37, 
0.10 to 0.64), role emotional (0.32, 0.05 to 0.59), and mental 
health (0.28, 0.02 to 0.56) scores. Improvement was noted in 
physical capacity: estimated mean difference between groups 
for maximum oxygen consumption was 0.16 l/min (95% CI 
0.1 to 0.2, P<0.0001) and for muscular strength (leg press) 
was 29.7 kg (23.4 to 34.9, P<0.0001). No significant effect was 
seen on global health status/quality of life.
Conclusion A supervised multimodal exercise intervention 
including high and low intensity components was feasible 
and could safely be used in patients with various cancers 
who were receiving adjuvant chemotherapy or treatment 
for advanced disease. The intervention reduced fatigue 
and improved vitality, aerobic capacity, muscular strength, 
physical and functional activity, and emotional wellbeing, but 
not quality of life.
Trial registration Current Controlled trials ISRCTN05322922.

Introduction
Fatigue is among the most frequent and burdensome 
side effects of chemotherapy and results in impaired 
or diminished physical activity.1 Prevention and treat‑
ment of fatigue in patients undergoing chemotherapy 
are complicated; treatment with drugs alone is rarely 
adequate. Exercise training has been introduced to 
improve physical capacity and quality of life and to 
reduce fatigue. Few intervention studies have included 
patients who were undergoing chemotherapy and the 
evidence is modest.2‑4

Typically studies investigated the effects of a single 
activity of moderate intensity. Additional studies are 
needed to provide evidence whether patients with dif‑
ferent cancer diagnoses, stages of disease, and symptoms 
can benefit from combined resistance and cardiovascu‑
lar training when undergoing chemotherapy.

What is already known on this topic
Supervised cardiovascular exercise training of moderate 
intensity has shown benefits in patients with breast cancer 
during or after adjuvant chemotherapy
Supervised group exercise interventions including 
patients with different cancer diagnoses and with 
advanced disease undergoing chemotherapy have not 
been evaluated in randomised clinical trials

What this paper adds
High intensity exercise can be undertaken safely by such 
patients and is associated with physiological, functional, 
and emotional benefits
Multimodal high and low intensity exercise interventions 
can be offered by interdisciplinary teams of clinicians
Innovative approaches to address men’s needs for 
physical rehabilitation in this context are required
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A wide range of low intensity interventions compris‑
ing psychosocial activities are recommended as adju‑
vants to pharmacological therapies, to relieve nausea, 
pain, and fatigue and to increase the patient’s percep‑
tion of self control.5 6 We developed and tested a six 
week multimodal group intervention consisting of high 
and low intensity components for men and women with 
cancer who were undergoing adjuvant chemotherapy 
or treatment for advanced disease.

Methods
Recruitment and assignment
Participants were recruited from Rigshospitalet and 
Herlev Hospital, Copenhagen, from March 2004 to 
March 2007. Participants were eligible if they had a 
diagnosis of cancer, had received at least one cycle of 
chemotherapy, and were aged 18-65 years. Exclusion 
criteria were brain or bone metastases. 

Baseline measures were obtained from participants, 
who were randomly allocated to an intervention or a 
control group. The patients were stratified by sex, diag‑
nosis category (breast, bowel, other oncological malig‑
nancies, haematological malignancies), and disease 
status (no evidence of disease or evidence of disease). 
Data analysts were blinded to patient allocation.

Intervention: exercise programme
Participants assigned to the intervention group received 
standard medical care while participating in a group 
based multimodal high and low intensity exercise 
intervention.

The intervention consisted of three 90 min high 
intensity physical training sessions followed by 30 min 
relaxation training, plus one 90 min session of body 
awareness training followed by 30 min of relaxation 
training each week. The intervention was undertaken 
over a six week period for nine hours per week, equal 
to 43 metabolic equivalent of task (MET) hours per 
week.7 The high intensity physical training sessions 
comprised three components: 30 min warm-up exer‑
cises, 45 min resistance training, and 15 min cardio‑
vascular training. 

Low intensity physical training comprised three psy‑
chosocial components: relaxation, body awareness and 
restorative training, and massage. 

Control group
Participants assigned to the control group received con‑
ventional medical care and were allowed to increase 
physical activity freely.

Primary and secondary outcome measures
The primary outcome, fatigue, was assessed using the 
European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire (EORTC QLQ-
C30; 30 items).8 The EORTC QLQ-C30 comprises five 
functional scales, nine symptom scales or items, and a 
global health status/quality of life scale. Secondary out‑
comes included all other scales on EORTC QLQ-C30, 
and general wellbeing was further assessed with the 
Medical Outcomes Study Short Form (MOS SF-36),9 

which contains eight scales measuring general health 
concepts and two summary scales: physical component 
scale and mental component scale. Leisure time physi‑
cal activity level was explored by questionnaire.

Other secondary outcomes included muscular 
strength and aerobic capacity (Vo2max). 

Statistical analysis
We performed a regression analysis using differences in 
outcome between baseline and six weeks in all outcome 
measures (EORTC QLQ-C30, MOS SF-36, Vo2max, 
and muscular strength) as the dependent variable. 
The variable intervention/control was fixed and the 
following covariates were tested: sex, age, cohabita‑
tion, educational level, baseline outcome score, rela‑
tive change in β haemoglobin, Vo2max, one repetition 
maximum knee extension, and the five disease related 
covariates—diagnosis, evidence of disease, relapse of 
disease, and chemotherapy cycles before and during 
the study period. All analyses used the intention to treat 
principle.

Results
Participants
During the study period 1956 patients with cancer aged 
18-65 years were referred to chemotherapy. Two hun‑
dred and sixty nine patients met the inclusion criteria 
and agreed to participate. For the primary outcome 
(fatigue) we obtained post-intervention data from 118 
participants in the intervention group (87.4%) and 117 
in the control group (87.3%). The intervention group 
adherence rate was 70.8% (17 of 24 training days, range 
3-24) of their supervised exercise sessions.

The control and intervention groups were matched 
at baseline for demographic and medical characteris‑
tics. Participants were on average 47 years old (range 
20-65 years), and 73% were female. The study included 
patients with 21 different cancer diagnoses. Forty eight 
percent had evidence of disease and 52% no evidence 
of disease.

The participants received a total of 59 different 
chemotherapy regimens during the study period. The 
intervention and control groups had received a mean 
of 2.5 and 2.6 cycles of chemotherapy, respectively, 
before the study period, and received a mean of 1.9 
and 1.8 cycles, respectively, during the six week study 
period.

Main outcomes
Changes in patient rated outcomes
We found a significant effect in favour of the interven‑
tion group for the primary outcome, fatigue. The fatigue 
score was reduced in the intervention group by an esti‑
mated mean difference of −6.6 points (95% CI −12.3 to 
−0.9) compared with the control group (P=0.02, effect 
size=0.33, 95% CI 0.04 to 0.61) (table 1). 

We noted significant effects of the intervention on 
seven of 10 subscales on general wellbeing (MOS 
SF-36): physical functioning (effect size 0.37, 95% CI 
0.09 to 0.65), role physical (0.37, 0.10 to 0.64), vitality 
(0.55, 0.27 to 0.82) role emotional (0.32 0.05 to 0.59), 
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mental health 0.28, 0.02 to 0.56), physical component 
scale (0.35 0.06 to 0.63), and mental component scale 
(0.41, 0.14 to 0.69) (table 2). Significant interaction was 
seen for role physical, with greater improvement in 
patients with no evidence of disease than in those with 
evidence of disease.

Changes in objectively measured physiological outcomes
Vo2max increased more in the intervention group than 
in the control group (see bmj.com); the mean improve‑

ment in Vo2max was 10.7% (SD 0.5) compared with no 
change in the control group. Significant improvements in 
muscular strength were seen in favour of the intervention 
group. The average improvement in muscular strength 
was 29.6% (SD 36.4) for the intervention group. 

Discussion
Principal findings
Men and women with a broad range of ages, cancer 
diagnoses, disease statuses, and chemotherapy regimens 
participated in this study. The multimodal intervention 
of high intensity exercise, relaxation, body awareness 
training, and massage for patients undergoing chemo‑
therapy showed broad effects. We noted significant 
effects on fatigue, vitality, physical functioning, role 
functioning, role emotional, mental health, physical 
component scale, and mental component scale, and 
physical capacity, while global health status/quality of 
life and symptom scales did not show improvements.

The primary outcome, fatigue, was the most fre‑
quently reported symptom; 65% of the study popula‑
tion reported a fatigue level greater than that of the 
general population at baseline10 and 29% reported 
severe fatigue.

The effect size of the improvement in fatigue (0.33) sug‑
gests a small to medium clinically important change.11-13 
Our result differs from findings of a meta-analysis that 
indicated that the magnitude of effect of exercise on can‑
cer related fatigue might be too small to be clinically 
meaningful.2 A Cochrane meta-analysis found the asso‑
ciation between exercise and fatigue to be insignificant 
and inconclusive owing to lack of studies.4

Severe fatigue results from extreme muscular de-con‑
ditioning caused by both the disease and treatment but 
can also be triggered by a sedentary lifestyle.14 How‑
ever, only 18% of the study population had a seden‑
tary lifestyle at baseline, which may indicate that their 
fatigue burden was primarily due to the disease or to 
the chemotherapy. 

Consistent with recently published studies and meta 
analyses on exercise interventions, 2‑4 15 16 we found no 
significant improvements in global health status/quality 
of life. Two recent trials in breast cancer patients found 
that neither aerobic exercise nor resistance training 
significantly improved cancer specific quality of life or 
general quality of life.13 16

The failure of the intervention to significantly 
improve global health status/quality of life indicates 
that this type of short term intervention was not able to 
overcome the complexity of patients’ overall negatively 
affected situation.

The intervention showed no significant effect on 
seven of eight somatic symptom scales in the EORTC 
QLQ-C30 questionnaire. This finding might be due 
to the fact that many side effects induced by chemo‑
therapy can be prevented or treated by supportive care 
drugs leading to a floor effect on these measures.17

Significant effects of the intervention were recorded 
for seven of ten subscales for general wellbeing, with 
small to medium effect sizes for six of the scales. Par‑
ticularly, vitality showed an effect size that was greater 

Table 1 | Health related Quality of Life (EORTC QLQ-C30) outcome variables and estimated 
differences

Outcome variable

Mean (SD) Test (reference: control)

Baseline 6 weeks
Estimated mean 

difference (95% CI) P*
Maximum number
  Control 134 117 NA NA
  Intervention 135 118 NA NA
Global health status/quality of life
  Control 60.2 (22.4) 63.3 (22.4)
  Intervention 63.8 (21.1) 67.2 (20.3) 2.2 (−2.7 to 7.1) 0.4
Physical functioning
  Control 84.0 (15.7) 86.4 (14.5)
  Intervention 84.7 (14.5) 89.0 (12.4) 2.4 (−0.4 to 5.1) 0.09
Role functioning
  Control 65.6 (28.5) 68.9 (26.5)
  Intervention 68.7 (28.4) 74.8 (26.3) 4.6 (−1.7 to 10.9) 0.2
Emotional functioning
  Control 75.7 (19.3) 80.6 (17.8)
  Intervention 77.6 (12.2) 81.3 (17.2) −0.3 (−4.0 to 3.4) 0.9
Cognitive functioning
  Control 81.9 (17.8) 81.3 (19.8)
  Intervention 84.4 (17.1) 83.8 (16.7) 1.7 (−2.6 to 6.0) 0.4
Social functioning
  Control 78.6 (21.2) 79.4 (20.8)
  Intervention 83.3 (20.6) 82.6 (20.5) 4.5 (−1.4 to 10.3) 0.1
Fatigue
  Control 43.0 (23.9) 41.0 (22.7)
  Intervention 39.7 (25.8) 34.6 (24.3) −6.6 (−12.3 to −0.9) 0.02
Nausea and vomiting
  Control 17.3 (21.7) 13.7 (18.4)
  Intervention 16.0 (22.9) 13.4 (17.3) −0.6 (−5.2 to 3.9) 0.8
Pain
  Control 15.4 (22.7) 16.8 (20.6)
  Intervention 17.4 (22.4) 14.6 (17.1) −2.9 (−7.6 to 1.7) 0.2
Dyspnoea
  Control 18.2 (25.3) 18.2 (24.4)
  Intervention 15.3 (21.6) 14.3 (21.5) −2.9 (−8.6 to 2.7) 0.3
Insomnia
  Control 32.7 (31.5) 26.4 (27.5)
  Intervention 22.7 (26.9) 18.4 (23.9) −3.5 (−9.5 to 2.6) 0.3
Appetite loss
  Control 16.5 (26.6) 14.6 (22.1)
  Intervention 18.4 (27.6) 12.8 (22.3) −3.4 (−8.9 to 2.0) 0.2
Constipation
  Control 22.2 (29.5) 18.4 (25.3)
  Intervention 16.7 (24.0) 20.8 (39.4) 4.5 (−4.0 to 13.1) 0.3
Diarrhoea
  Control 14.0 (23.5) 13.0 (21.9)
  Intervention 14.8 (28.0) 17.0 (26.1) 4.1 (−1.7 to 10.0) 0.2
Financial difficulties
  Control 14.3 (27.7) 13.0 (25.9)
  Intervention 11.1 (21.5) 10.8 (19.3) −0.3 (−5.0 to 4.4) 0.9
*Adjusted general linear model.
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than medium. Changes in fatigue were strongly affected 
by an increase in vitality. This finding may suggest that 
the multimodal intervention generates vitality and 
thereby reduces fatigue.

Patients in the intervention group scored high on 
the physical functioning scale at baseline, and after the 
six week intervention, their score was similar to that of 
the general Danish population.18 This finding confirms 
possibly the patient group’s predisposition for doing 
physical activity and that the intervention group was 
prepared to partake in demanding activities without 
health related constraints. With respect to the role emo‑
tional, mental health scales, and mental component 
scale, the patients in the intervention group showed 
significant improvement but had lower scores than their 
age equivalents in the general population.

Objectively measured physiological outcomes also 
showed significant improvement in aerobic capacity 
and muscular strength. Studies in healthy adults and 
in people with cardiac and renal illnesses and with dia‑
betes have shown that combined resistance and car‑
diovascular training programmes can have a range of 
beneficial effects such as increased physical function, 
aerobic capacity, and reduced muscular fatigue.19‑23 

On days with high intensity exercise training, the ses‑
sions closed with low intensity relaxation training. The 
aim was to assist the patients to recognise and test their 
own physical reactions, such as dizziness, overexertion, 
and cold sweat. These findings correspond to single 
intervention studies regarding patients’ perception of 
self control.24

Strengths and weaknesses
The strengths of the trial include: supervised and 
structured exercise, combined high and low intensity 
components, use of validated objective physiological 
measurements, validated questionnaires, intention to 
treat analyses, and limited drop-out rate of 12.7%. All 
participants were undergoing chemotherapy during 
the study period. Limitations include an adherence 
rate of 70.8% and a 53% recruitment rate, which are 
comparable with other exercise interventions includ‑
ing cancer patients with lesser disease burden.15 16

It was not possible to perform valid comparisons 
of the effect between the control and the intervention 
groups 3 months post intervention. 

Self selection of participants in our study resulted 
in a sample of cancer patients who were overtly moti‑
vated to engage in group based physical activity. Our 
findings suggest that population heterogeneity does 
not preclude use of this type of intervention. However, 
generalisation may be limited by the willingness of 
patients to allocate the necessary time to physical 
activity.
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Effect of “collaborative requesting” on consent rate for 
organ donation: randomised controlled trial (ACRE trial)
The ACRE Trial Collaborators

Abstract
Objective To determine whether collaborative 
requesting increases consent for organ donation from 
the relatives of patients declared dead by criteria for 
brain stem death.
Design Unblinded multicentre randomised controlled 
trial using a sequential design. Centralised 24 hour 
telephone randomisation based on randomised 
permuted blocks of 10.
Setting 79 general, neuroscience, and paediatric 
intensive care units in the United Kingdom.
Participants 201 relatives of patients meeting criteria for 
brain stem death. Relatives were blind to the intervention 
and to the trial; all other participants were necessarily 
unblinded.

Interventions Collaborative requesting for consent for 
organ donation by the potential donor’s clinician and a 
donor transplant coordinator (organ procurement officer) 
compared with routine requesting by the clinical team 
alone.
Main outcome measure Proportion of relatives consenting 
to organ donation.
Results 101 relatives were randomised to routine 
requesting and 100 to collaborative requesting. All 
were analysed on an intention to treat basis. In the 
routine requesting group, 62 relatives consented 
to organ donation. In the collaborative requesting 
group, 57 relatives consented. After correction for the 
ethnicity, age, and sex of the potential donors the risk 
adjusted ratio of the odds of consent in the collaborative 
requesting group relative to the routine group was 0.80 
(95% confidence interval 0.43 to 1.53), with a P value of 
0.49 adjusted for interim analysis and trial over-running. 
The conversion rate (donors with consent from whom any 
organs were retrieved) was 92% (57/62) in the routine 
requesting group and 79% (45/57) in the collaborative 
requesting group (P=0.043). There were 140 approaches 
to relatives in the per protocol analysis, leading to 60.3% 
(44/73) consent after routine and 67.2% (45/67) after 
collaborative requesting (risk adjusted odds ratio of 
consent 1.47, 0.67 to 3.20, P=0.33).
Conclusion There is no increase in consent rates for 
organ donation when collaborative requesting is used in 
place of routine requesting by the patient’s clinician.
Trial registration ISRCTN01169903.
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What is already known on this topic
There are several modifiable factors correlated with 
consent rates for organ donation

Previous research has suggested that “collaborative 
requesting,” which involves the donor transplant 
coordinator in the request for organs to a potential donor’s 
family, increases consent rates for donation

What this study adds
Collaborative requesting can practically be undertaken in 
only two thirds of requests for organ donation

Collaborative requesting has no effect on the consent rate 
for organ donation
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Introduction
The most common reason why organs for transplan‑
tation are not obtained from patients after confirma‑
tion of brain stem death on an intensive care unit in 
the United Kingdom is the refusal of consent by the 
patient’s relatives. A systematic review identified 11 
observational studies suggesting that using trained 
and experienced individuals to make requests for 
organ donation increased consent rates.1 One tech‑
nique to maximise the experience of requesters is 
“collaborative requesting,” where a request for organ 
donation is made jointly by the patient’s clinician 
and a donor transplant coordinator. Although widely 
advocated, the efficacy or effectiveness of this tech‑
nique has not been rigorously tested.

Methods
The ACRE (Assessment of Collaborative REquest‑
ing) study was designed to test the null hypothesis 
that there is no difference in consent rates for organ 
donation when relatives are approached by the clini‑
cal team and a donor transplant coordinator together 
(collaborative request) compared with the clini‑
cal team alone (routine request). The study was an 
unblinded multicentre randomised controlled trial, 
with a sequential design.

Participants were the relatives of patients declared 
dead by criteria for brain stem death or awaiting 
brain stem death testing who were to be approached 
regarding organ donation. The study took place in 
79 general, neuroscience, and paediatric intensive 
care units. We excluded units with in house donor 
transplant coordinators and a collaborative request‑
ing rate over 50% when the study started.

Our primary outcome measure was the proportion 
of relatives giving consent to organ donation. Sec‑
ondary outcome measures included the proportion of 
potential donors from whom each type of solid organ 
was retrieved and transplanted, and the proportion 
from whom tissues were retrieved.

Randomisation was made at the time when the 
patient’s clinicians and the donor transplant coor‑
dinator agreed to request organ donation from the 
relatives of a patient declared dead by brain stem 
criteria. Relatives were blind both to the intervention 
and to the trial itself.

Our primary end point (consent for organ dona‑
tion) was determined soon after randomisation, and 

because of the shortage of organs for transplantation 
there was a requirement not to prolong the study if 
a clear difference in consent rates became apparent. 
Consequently we used a sequential design and ana‑
lysed the data using a triangular test. In this design, 
the extent of the difference between the consent 
rates in the two groups is examined after the first 
100 patients have been recruited, and subsequently 
every 50, until there is evidence that the two rates 
differ or that there is no difference between them. 
See bmj.com. The results were analysed primarily 
on an intention to treat basis. Interim analyses were 
adjusted for the age group of the patient, ethnicity, 
and sex, factors that might influence the consent rate 
for organ donation. A per protocol analysis was also 
undertaken on those relatives who had a collabora‑
tive request. 

Results
The study recruited relatives between December 
2007 and October 2008. There were no differ‑
ences in characteristics of donors between the study 
groups, and the relatives were matched, except that 
there were fewer parents of donors and more chil‑
dren of donors in the collaborative requesting group 
and more patients who were registered with the UK 
organ donor registry or whose views on organ dona‑
tion were known in the routine requesting group. 
The characteristics of the requesters were matched. 
See bmj.com. 

The results of the risk adjusted sequential analysis 
and the planned analyses at 100 and 150 patients 
and the final analysis at 201 patients are shown on 
bmj.com. 

The table shows the consent rates for all the sets 
of relatives by study group assignment (intention to 
treat). There was no difference in the rates between 
groups (P=0.53). Of the 201 sets of relatives, the 
three risk adjustment factors likely to affect consent 
rates were available for all but six (97%) of the poten‑
tial organ donors. For these data, the risk adjusted 
consent rates were 58% in the collaborative request‑
ing group and 63% in the routine group. The risk 
adjusted ratio of the odds of consent in the collabo‑
rative requesting group relative to the routine group 
was 0.80 (95% confidence interval 0.43 to 1.53) with 
a P value of 0.49, adjusted for the interim analy‑
sis and over-running. The results of the risk adjust‑
ment, given as odds ratios, show that consent was 
more likely if the patient was white (8.43 for white v 
non-white, P<0.001), female (0.60 for male v female, 
P=0.12), and in the 25-34 age group (0.85, 0.29, 1.63, 
0.53, and 0.51 for 0-17, 18-24, 25-34, 35-49, 50-59 v 
≥60, overall P=0.12).

We supplemented the intention to treat analysis 
with a per protocol analysis. The protocol was fol‑
lowed exactly in only 140 (70%) of the 201 patients. 
The commonest reasons why the protocol was 
not followed were that the families had already 
indicated their wishes concerning organ donation 
before a request was made or that brain stem death 

Consent rates for organ donation

All 
(n=201)

Routine 
request 
(n=101)

Collaborative 
request 
(n=100)

Consent to organ 
donation (%)

119 (59) 62 57

Any solid organ retrieved 
(% all patients)

102 (51) 57 (56) 45 (45)

Per protocol 140 73 67
Consent to organ 
donation (% per protocol 
patients)

89 (64) 44 (60) 45 (67)

Any solid organ retrieved 
(% per protocol patients)

76 (54) 39 (53) 37 (55)
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tests revealed some evidence of brain stem activity 
and so organ donation was not appropriate. For the 
per protocol analysis, the consent rates were 67% 
(45/67) in the collaborative requesting group and 
60% (44/73) in the routine group. The risk adjusted 
ratio of the odds of consent was 1.47 (0.67 to 3.20, 
P=0.33), obtained from patients for whom age, sex, 
and ethnicity were known.

The results of the analyses of secondary outcome 
measures are on bmj.com. There was a slightly lower 
conversion rate (the number of donors from whom 
solid organs were actually retrieved as a proportion 
of donors in whom consent for donation had been 
obtained) in the collaborative requesting group com‑
pared with the routine requesting group (79% (45) v 
92% (57), P=0.043).

Discussion
Findings in the context of existing knowledge
We found no evidence for an increase in rates of 
consent for organ donation from relatives when col‑
laborative requesting was used in place of routine 
requesting by the patient’s clinician. There was weak 
evidence that the presence of a donor transplant 
coordinator at the interview was associated with a 
reduction in the number of organs retrieved from 
donors in whom consent for donation was available. 
The study confirmed previous UK findings that con‑
sent was more likely if the patient was white.2

The consent rate for all relatives approached was 
59%, almost exactly the figure reported in the large, 
UK-wide, potential donor audit.3 The percentage of 
donors with consent for organ donation from whom 
solid organs were actually obtained was 86% in our 
study, again close to the 90% reported previously in 
the UK. Finally, the proportion of white potential 
organ donors at 92% was similar to the 93% found in 
the audit. We believe our results are therefore gener‑
alisable to the whole UK potential donor pool.

Our results are at variance with the results of many 
observational studies.1 There are several possible rea‑
sons for this. Collaborative requesting took place in 
only 73% of assigned cases, but in nearly all of the 
remaining cases collaborative requesting would have 
been pointless as the relatives’ views were known or 
requesting was logistically impossible. Any modest 
effect of collaborative requesting, however, would 
have been diluted by these cases in the intention to 
treat analysis. The slight excess of patients in the rou‑
tine requesting group whose positive view of organ 
donation was known might also have diluted a mod‑
est benefit from collaborative requesting. 

The most likely reason for the discrepancy with 
published case series is simply that collaborative 
requesting confers little or no advantage in requests 
for organ donation. Why the undoubted extra 
experience of the donor transplant coordinators in 
interviewing the relatives of potential organ donors 
conveys no benefit is unclear. Relatives’ decisions 
might be largely made on the basis of long held 
beliefs that will not be modified by any requesting 

technique. The clinician or potential donor’s nurse 
has usually had prolonged contact with the rela‑
tives of potential organ donors, and the incremen‑
tal benefit of a newly introduced donor transplant 
coordinator’s experience might be modest. There is 
no structured training in making requests for organ 
donation in the UK, and the additional practical 
experience of the donor transplant coordinators 
might require some structure to make it more effec‑
tive in requests for organ donation.4 Finally, it might 
be simply that donor transplant coordinators, though 
experienced in interviewing families in nearly all 
matters pertaining to organ donation, actually have 
limited experience in making the initial request.

The lower numbers of all specific solid organs 
retrieved in the collaborative requesting group, result‑
ing in the lower conversion rate, was unexpected.

Findings in the context of UK policy and practice
The results do have some implication for policy in 
the UK. In 2007-8 an additional 10 in-house donor 
transplant coordinator posts were created with the 
goal of increasing the consent rate for organ dona‑
tion.5 The report of the UK Department of Health’s 
organ donation task force has also recommended 
the placement of “embedded” coordinators in all 
hospitals in the UK.6 In the light of our results it 
might be more effective to focus the efforts of these 
additional transplant coordinators on strategies other 
than collaborative requesting if they are to increase 
consent rates.
Details of the trial steering committee, the data monitoring and ethics 
committee, principal investigators and donor transplant coordinators, and 
regional ACRE representatives are on bmj.com.
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Abstract
Objectives To examine potential reciprocal associations 
between common mental disorders and obesity, and to 
assess whether dose-response relations exist.
Design Prospective cohort study with four measures of 
common mental disorders and obesity over 19 years 
(Whitehall II study).
Setting Civil service departments in London.
Participants 4363 adults (28% female, mean age 44 years 
at baseline).
Main outcome Common mental disorder defined as general 
health questionnaire “caseness;” overweight and obesity 
based on Word Health Organization definitions.
Results In models adjusted for age, sex, and body mass 
index at baseline, odds ratios for obesity at the fourth 
screening were 1.33 (95% confidence interval 1.00 to 
1.77), 1.64 (1.13 to 2.36), and 2.01 (1.21 to 3.34) for 
participants with common mental disorder at one, two, 
or three preceding screenings compared with people free 
from common mental disorder (P for trend<0.001). The 
corresponding mean differences in body mass index at 
the most recent screening were 0.20, 0.31, and 0.50 (P for 
trend<0.001). These associations remained after adjustment 
for baseline characteristics related to mental health and 
exclusion of participants who were obese at baseline. In 
addition, obesity predicted future risk of common mental 
disorder, again with evidence of a dose-response relation 
(P for trend=0.02, multivariable model). However, this 
association was lost when people with common mental 
disorder at baseline were excluded (P for trend=0.33).
Conclusions These findings suggest that in British adults 
the direction of association between common mental 

disorders and obesity is from common mental disorder 
to increased future risk of obesity. This association is 
cumulative such that people with chronic or repeat 
episodes of common mental disorder are particularly at risk 
of weight gain.

Introduction
Common mental disorders, such as depression and 
anxiety, have been hypothesised to increase the risk of 
obesity, but the evidence is inconclusive.1 Some stud‑
ies show higher rates of obesity in people with mental 
health problems,2‑5 whereas others report no association 
or a reverse effect.4 6 7 As the development of obesity 
has a relatively long induction period, chronic or recur‑
rent mental disorder is a more plausible cause than 
transient mental disorder. However, previous studies 
have typically measured common mental disorder at 
only one time point.

Other series of studies have explored the opposite 
causal direction—that is, obesity as a risk factor for 
future mental disorder. Again, the results from these 
studies have been contradictory.6 8‑ 13 

Several mechanisms could explain these two causal 
directions. Stress and common mental disorders them‑
selves are associated with disordered eating,14 15 and 
commonly used treatments for depression have known 
side effects that also could lead to weight gain.16 On 
the other hand, obesity may generate stigma result‑
ing in negative feelings and common mental disorder, 
depending on societal attitudes towards body size.

Prospective studies with repeat measurements of 
both common mental disorder and obesity offer a 
unique opportunity for in-depth study. This study takes 
advantage of four waves of medical screening of Brit‑
ish government employees to determine the direction 
and possible dose-response nature of the association 
between common mental disorder and obesity.

Methods
Study population
The target population of the British Whitehall II study 
was all London based office staff, aged 35-55, work‑
ing in 20 government departments at study baseline in 
1985-8.17 With a response of 73%, the baseline cohort 
consisted of 10 308 employees (6895 men and 3413 
women).

Design
Since the first medical examination (phase 1, 1985-8), 
follow-up screenings with a medical examination have 
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What is already known on this topic
Whether common mental disorders predict obesity or 
whether obesity predicts common mental disorders is 
unclear
Few studies have the repeat measures necessary to 
understand the nature of the association

What this study adds
Common mental disorder predicted subsequent obesity in 
a cohort of 4000 men and women over a 19 year follow-up 
period
Weight gain and the risk of obesity increased in a dose-
response fashion with the number of episodes of common 
mental disorder
Little evidence existed to suggest that obesity was a risk 
factor for subsequent common mental disorder in people 
with no pre-existing mental disorder
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taken place on three occasions over a 19 year period: 
phase 3 (1991-3), phase 5 (1997-9), and phase 7 (2003-
4). All these phases included a standardised assessment 
of common mental disorder and direct measurement 
of weight and height.

Baseline characteristics
Demographic characteristics, behavioural risk factors, 
and chronic health conditions were measured. These 
included smoking, alcohol consumption, physical activ‑
ity, blood pressure, cholesterol, diabetes, and coronary 
heart disease.17 

Common mental disorder
We assessed common mental disorders by using the 
self administered general health questionnaire,18 
a screening instrument designed for community 
settings. Response categories are scored as either 1 
or 0 to indicate whether a symptom is present or not. 
We defined people with a total score of 5 or more as 
general health questionnaire cases and those scoring 
0-4 as non-cases.19

Obesity and overweight
We calculated body mass index. We considered par‑
ticipants with a body mass index of 25-29.9 to be 
overweight and those with a body mass index of 30 or 
above to be obese.20

Statistical analysis
We ran two sets of analyses to examine the dose-
response pattern and direction of the association 
between common mental disorders and obesity.

Analysis 1: common mental disorder as a risk factor for 
subsequent overweight and obesity—We divided partici‑
pants into four groups on the basis of the number of 
times they were general health questionnaire cases at 
the first three measurement phases (phases 1, 3, and 
5). We used multinomial logistic regression analysis 
to summarise the association between occurrence of 
“caseness” and body mass index category at the end of 
follow-up (phase 7).

Analysis 2: obesity as a risk factor for future common mental 
disorder—We divided participants into four groups on 
the basis of the number of times they were obese at 
the first three measurement phases. We examined the 
associations between occurrence of obesity and general 
health questionnaire caseness at the end of follow-up 
(phase 7) by using logistic regression analysis.

In both analyses, we estimated regression estimates 
firstly without adjustments and then with control for 
age, sex, and baseline body mass index category (analy‑
sis 1) or baseline general health questionnaire caseness 
(analysis 2). Further adjustments took into account all 
baseline characteristics.

Sensitivity analyses
To examine temporality in the associations, we 
excluded from the analyses people who were obese 
or overweight at baseline (analysis 1) and people who 
were general health questionnaire cases at baseline 
(analysis 2). 

Results
Sample selection and sample characteristics
The study included 10 308 participants at phase 1. 
Our main analysis was based on 4363 participants 
(3122 men and 1241 women) who had complete data 
on common mental disorders, weight, and height at 
baseline and all follow-up measurements (44.6% of the 
baseline cohort alive at follow-up). The mean age of the 
included participants was 44.0 years, and 26.7% met 
the criteria for general health questionnaire caseness 
at phase 1. 

Analysis 1: common mental disorder as a risk factor for 
subsequent overweight and obesity
The mean follow-up from phase 1 to phase 7 was 16.5 
(range 14.6-18.8) years. Of the participants included in 
the analysis, 2379 (54.5%) never met the definition for 
general health questionnaire caseness across the first 
three screenings, 1159 (26.6%) were cases at one screen‑
ing, 585 (13.4%) were cases at two screenings, and 240 
(5.5%) were cases at all three screenings.

Occurrence of general health questionnaire caseness 
was associated with subsequent obesity (compared with 
being of normal weight) in a dose-response manner: 
unadjusted odds ratios were 1.11 (95% confidence inter‑
val 0.90 to 1.36), 1.27 (0.98 to 1.66), and 1.56 (1.10 
to 2.21) for caseness at one, two, and three screen‑
ings compared with participants who were case-free 
(P for trend=0.004). We found no robust association 
between general health questionnaire caseness at the 
first three screenings and subsequent overweight in the 
unadjusted analysis (P for trend=0.83). Table 1 shows 
multivariate models for these associations. The dose-
response association with obesity was robust to adjust‑
ment for a wide range of potential covariates: age, sex, 
and baseline body mass index category (model A); plus 
ethnicity, marital status, socioeconomic position, smok‑
ing, alcohol intake, physical activity, blood pressure, 
total cholesterol, diabetes, coronary heart disease, and 
use of psychotropic drugs (model B).

Table 1 | Multivariate models of association between occurrence of common mental disorder (GHQ 
caseness) and subsequent BMI category (n=4154)
No of times 
GHQ case at 
phases 1, 3, 
and 5

No of 
participants

Odds ratio (95% CI) for overweight* v 
normal weight at phase 7 (model A†)

Odds ratio (95% CI) for obese* v 
normal weight at phase 7

Model A† Model B‡
0 2259 1.00 (reference) 1.00 

(reference)
1.00 (reference)

1 1111 1.19 (0.99 to 1.41) 1.33 (1.00 to 
1.77)

1.31 (0.98 to 1.76)

2 555 1.32 (1.05 to 1.66) 1.64 (1.13 to 
2.36)

1.63 (1.12 to 2.37)

3 229 1.00 (0.71 to 1.40) 2.01 (1.21 to 
3.34)

2.01 (1.19 to 3.39)

Test for trend P=0.07 P<0.001 P<0.001
BMI=body mass index; GHQ=general health questionnaire (measure of common mental disorder).
*1518 (36.5%) normal weight; 1938 (46.7%) overweight; 698 (16.8%) obese.
†Adjusted for age, sex, and BMI category at phase 1.
‡As model A, but additionally adjusted for ethnicity, marital status, socioeconomic position, smoking, alcohol 
intake, physical activity, systolic blood pressure, diastolic blood pressure, total cholesterol, diabetes, coronary 
heart disease, and use of psychotropic drugs at phase 1.
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Analysis 2: obesity as a risk factor for future common 
mental disorder
Of the 4363 participants, 3727 (85.4%) were not obese at 
any of the three phases; 291 (6.7%) were obese once, 175 
(4.0%) were obese twice, and 170 (3.9%) were obese on 
three occasions. The odds ratios of general health ques‑
tionnaire caseness at phase 7 increased with the number 
of times participants were obese. Compared with non-
obese people, the odds ratios in unadjusted analysis for 
those who were obese one, two, or three times were 1.29 
(0.97 to 1.71), 1.35 (0.95 to 1.93), and 1.45 (1.02 to 2.06) 
(P for trend=0.004). However, as shown in multivariate 
models (table 2), all the odds ratios between obesity cate‑
gories and subsequent general health questionnaire case‑
ness were non-significant when adjusted for covariables, 
although the overall trend remained (P for trend=0.01 
in model A and 0.02 in model B).

Sensitivity analyses
The dose-response relation between occurrence of case‑
ness and subsequent obesity remained after exclusion 
of participants who were obese at phase 1 (n=214, P for 
trend<0.001) and those who were overweight (n=1356, 
P for trend=0.03). By contrast, the association between 
occurrence of obesity and subsequent general health 
questionnaire caseness was lost when participants 
defined as cases at phase 1 (n=1164) were excluded 
from the analysis (P for trend=0.33).

Discussion
Findings from this occupational cohort of more than 
4000 men and women provide evidence that common 
mental disorder may be a risk factor for future obesity. 
Additionally, we found evidence of a dose-response 
effect in the association of common mental disorder 
with obesity. Thus, the odds ratio of being obese at the 
fourth and final screening were two times higher for 
participants with common mental disorder at all three 
preceding screenings than for those who were disor‑
der-free at all previous screenings. This dose-response 
association was independent of a wide range of men‑
tal health related characteristics at baseline that may 
be associated with both obesity and common mental 
disorder. 

When we examined the association in the opposite 
direction (that is, obesity as a risk factor for common 
mental disorder), we also found a dose-response asso‑
ciation. However, when we removed participants with 
common mental disorder at baseline no association of 
obesity with future risk of common mental disorder 
existed. These results suggest a temporal sequence 
from mental disorder to obesity in this cohort of British 
adults.

Strengths and weaknesses
We are not aware of any other study that has four 
repeat measurements of common mental disorders 
and direct assessment of weight and height over an 
extended follow-up period. However, our study uses 
observational data, which can never provide complete 
proof of causality. Even though adjustment for a wide 
range of covariates had little effect on our estimates of 
association, the possibility of residual confounding can‑
not be excluded. Despite a high response to the survey 
(range 66-88%) at the successive data collection phases, 
loss to follow-up accumulated over the extended time 
period, as is inevitable in all long term prospective stud‑
ies. Furthermore, as these findings are from an occu‑
pational cohort, they may not apply to people not in 
paid employment.

Comparison with previous studies
Our findings are in agreement with a recent longitu‑
dinal study of elderly people that showed weight gain 
to be more common among people with symptoms 
of depression than among those who were symptom-
free.5 Our results are also consistent with those from 
another cohort that explored the bidirectional associa‑
tion between depression and type 2 diabetes, a condi‑
tion associated with raised body mass index.10 In that 
study, baseline depressive symptoms were associated 
with increased risk of type 2 diabetes at the follow-up 
(two years later), after removal of people with diabetes 
at baseline and adjustment for a wide range of potential 
confounding factors.

Meaning of the study
Several plausible explanations exist for the observation 
that persistent common mental disorder is a risk factor 
for obesity. Firstly, common mental disorders are asso‑
ciated with eating disorders, both over-consumption 
and under-consumption, which could influence future 
changes in adiposity.14 15 Secondly, physical inactivity, a 
major contributing factor to obesity, is more prevalent 
among people with mental health problems.21 Thirdly, 
commonly used drug treatments for mental disorders 
have known side effects that may result in weight 
gain (tricyclic antidepressants), weight loss (selective 
serotonin reuptake inhibitors), or both (short term 
and long term effects of selective serotonin reuptake 
inhibitors).16 22 Fourthly, biological factors, such as 
dysregulation of the hypothalamic-pituitary-adrenocor‑
tical axis, may strengthen the link between mental dis‑
orders and obesity.23 All these mechanisms are likely to 
increase the risk of obesity in a dose-response fashion.

Table 2 | Multivariate models of association between obesity and 
subsequent common mental disorder (GHQ caseness; n=4154)
No of times 
obese at 
phases 1, 
3, and 5

No of 
participants

Odds ratio (95% CI) for GHQ caseness* 
at phase 7

Model A† Model B‡
0 3557 1.00 (reference) 1.00 (reference)
1 272 1.21 (0.89 to 1.62) 1.21 (0.89 to 1.63)
2 166 1.35 (0.93 to 1.97) 1.36 (0.93 to 1.99)
3 156 1.43 (0.98 to 2.10) 1.39 (0.94 to 2.05)

Test for 
trend

P=0.01 P=0.02

GHQ=general health questionnaire (measure of common mental disorder).
*834 (20.1%) were GHQ cases at phase 7.
†Adjusted for age, sex, and GHQ caseness at phase 1.
‡As model A, but additionally adjusted for ethnicity, marital status, 
socioeconomic position, smoking, alcohol intake, physical activity, systolic 
blood pressure, diastolic blood pressure, total cholesterol, diabetes, 
coronary heart disease, and use of psychotropic drugs at phase 1.
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Unanswered questions
Further longitudinal research is needed to confirm the 
generalisability of these findings; to identify major social, 
behavioural, and biological mechanisms underlying the 
observed associations; to identify the time lag between 
exposure and outcome; and to determine whether our 
findings are transferable to patients with specific diag‑
nosed mental disorders. If the observed associations 
are causal, our findings have important implications for 
prevention and treatment. An increased risk of obesity 
should be taken into account in the treatment of persist‑
ent common mental disorders.
We thank all participating civil service departments and their welfare personnel 
and establishment officers; the Occupational Health and Safety Agency; the 
Council of Civil Service Unions; all participating civil servants in the Whitehall II 
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It is courteous and respectful to extend thanks to the 
people without whom the final research findings of 
our studies could not have been generated—that is, 
the patients.

I recently conducted a review of multinational 
randomised clinical trials and economic evaluations 
published over the past decade and explored the 
acknowledgments section of the main clinical paper 
looking for words of gratitude to patients. To my 
surprise only five (9%) of the 54 clinical studies 
included in the review had thanked patients for 
participating in the study. I also looked at randomised 
controlled trials published in the BMJ during 2009 
and found that, from the 32 studies published, 13 
(41%) had not thanked the patients in the manuscript.

Most of these studies included extensive lists of 
acknowledgments to trial investigators, editorial staff, 
and people who contributed to the success of the 

trial, but the authors from these studies seem to have 
overlooked their patients.

I am sure lead investigators thank patients through 
newsletters, information  sheets, and other means, 
but it is the final publication that most readers study.

Of course, my estimates are not really 
representative of all clinical trials, but I believe 
patients participating in these studies deserved those 
encouraging words.
Oliver Rivero-Arias ﻿�research officer, Health Economics Research 
Centre, Department of Public Health, University of Oxford, Oxford  
oliver.rivero@dphpc.ox.ac.uk

I thank all patients who participate in clinical trials and are often forgotten 
in the acknowledgments of important manuscripts. I am grateful to Helen 
Campbell and Alison Gater, at the University of Oxford, and Professor 
Simon Eckermann, Flinders University, for their constructive and useful 
comments when I was preparing this note.
Cite this as: BMJ 2009;339:b3683

Is a simple “Thank you” too much to ask?
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Abstract
Objective To quantify the contribution of smoking during 
pregnancy to social inequalities in stillbirth and infant 
death.
Design Population based retrospective cohort study.
Setting Scottish hospitals between 1994 and 2003.
Participants Records of 529 317 singleton live births and 
2699 stillbirths delivered at 24-44 weeks’ gestation in 
Scotland from 1994 to 2003.
Main outcome measures Rates of stillbirth and infant, 
neonatal, and post-neonatal death for each deprivation 
category (fifths of postcode sector Carstairs-Morris scores); 
contribution of smoking during pregnancy (“no,” “yes,” 
or “not known”) in explaining social inequalities in these 
outcomes.
Results The stillbirth rate increased from 3.8 per 1000 
in the least deprived group to 5.9 per 1000 in the most 
deprived group. For infant deaths, the rate increased from 
3.2 per 1000 in the least deprived group to 5.4 per 1000 in 
the most deprived group. Stillbirths were 56% more likely 
(odds ratio 1.56, 95% confidence interval 1.38 to 1.77) and 
infant deaths were 72% more likely (1.72, 1.50 to 1.97) 
in the most deprived compared with the least deprived 
category. Smoking during pregnancy accounted for 38% 
of the inequality in stillbirths and 31% of the inequality in 
infant deaths.
Conclusions Both tackling smoking during pregnancy 
and reducing infants’ exposure to tobacco smoke in the 
postnatal environment may help to reduce stillbirths and 
infant deaths overall and to reduce the socioeconomic 
inequalities in stillbirths and infant deaths perhaps by as 
much as 30-40%. However, action on smoking on its own is 

unlikely to be sufficient and other measures to improve the 
social circumstances, social support, and health of mothers 
and infants are needed.

Introduction
Both stillbirth and infant mortality show a social gradi‑
ent within developed countries.1‑6 As smoking during 
pregnancy has been clearly linked to stillbirths and 
infant deaths,7‑10 and as smoking rates during pregnancy 
vary markedly with socioeconomic position,11 jointly 
exploring the effects of smoking and of socioeconomic 
position is of interest. This will answer the question of 
how much of an effect smoking during pregnancy has 
on the social inequalities gap in stillbirths and infant 
deaths. Few studies have examined this question 
directly.12‑14 We have previously shown that smoking 
during pregnancy may have contributed to some of the 
social gradients in preterm birth in Scotland.15 Here, we 
examine the effects of smoking on social gradients in 
stillbirths and infant deaths and whether smoking dur‑
ing pregnancy contributed to these gradients.

Methods
Information on all maternity admissions to all Scot‑
tish hospitals is recorded and collated on a national 
database. This database contains information on 
demographic characteristics, clinical details of care, 
and data on birth outcomes. This database allows the 
construction of a pregnancy and birth cohort study of 
all maternities in a general population of just over five 
million people containing around one million women 
of reproductive age and 55 000 births a year.

We extracted records of all stillbirths and live single‑
ton births delivered at 24-44 weeks’ gestation in 1994-
2003 (n=541 557). We included data on 529 317 live 
births and 2699 stillbirths. Smoking during pregnancy 
was coded as “no,” “yes,” or “not known.” Infant deaths 
were subdivided into death of a liveborn infant within 
the first 28 days of life (neonatal deaths) and death of a 
liveborn infant after the first 28 days of life but before 1 
year of age (post-neonatal deaths). Preterm delivery was 
defined as delivery at less than 37 weeks’ completed 
gestation. Socioeconomic status was categorised by 
using quintiles of area based deprivation scores derived 
from postcode sector Carstairs-Morris scores for the 
whole population (using 2001 census data).16 

We determined the number of live births, stillbirths, 
and infant deaths in each deprivation category as well 
as the corresponding rates of stillbirth and neonatal, 
post-neonatal, and infant deaths. We calculated the 
odds ratios for stillbirth and for neonatal, post-neonatal, 

Contribution of smoking during pregnancy to inequalities in 
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population based study using hospital maternity records
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What is already known on this topic
Rates of both stillbirth and infant death show social 
gradients within developed countries
Smoking during pregnancy has been clearly linked to 
stillbirth and infant deaths
Quantifying the contribution that smoking during 
pregnancy has on the social inequalities gap in stillbirths 
and infant deaths is of interest

What this study adds
Social gradients existed in the stillbirth and infant death 
rates in Scotland during 1994-2003
Smoking during pregnancy accounted for 38% of the 
inequality in stillbirths and 31% of the inequality in infant 
deaths
In addition to tackling smoking during pregnancy and 
reducing infants’ exposure to tobacco smoke, other 
measures are needed to reduce social inequalities in these 
outcomes
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and infant death, comparing each deprivation category 
with the least deprived (reference) category. We used 
multiple logistic regression modelling to derive odds 
ratios adjusted for maternal age, parity, infant’s sex, and 
obstetric intervention (model A) and for maternal age, 
parity, infant’s sex, obstetric intervention, and smok‑
ing status (model B). We calculated the contribution of 
smoking in explaining the social inequalities in outcome 
between the most and the least deprived categories.17 

Results
The most deprived mothers tended to be younger and to 
be more likely to smoke and to give birth to preterm or 
low birthweight babies. Equally, the least deprived moth‑
ers were more likely to be older, non-smokers, and less 
likely to give birth to preterm or low birthweight babies. 
Women in the most deprived category were three times 
more likely to smoke during pregnancy than were those 
in the least deprived category (38% v 13%).

Overall, 2699 stillbirths and 2182 infant deaths 
occurred, corresponding to rates of 5.1 stillbirths 
per 1000 total births and 4.1 infant deaths per 1000 
live births. However, for stillbirths, the rate increased 
from 3.8 per 1000 in the least deprived group to 5.9 
per 1000 in the most deprived group. We found a 
similar pattern in the neonatal, post-neonatal, and 
infant death rates (see bmj.com). The rates of still‑
birth were lowest in the non-smokers and highest in 
the smoking “not known” category (table 1). We saw 
a similar pattern in the infant death rate and neonatal 
death rate.

Comparing mothers in the most deprived category 
with those in the least deprived category showed 
that stillbirths were 56% (odds ratio 1.56, 95% con‑
fidence interval 1.38 to 1.77) more likely and that 
infant deaths were 72% (1.72, 1.50 to 1.97) more 
likely in the most deprived group (table 2). Although 
an increased risk of neonatal death also existed in 
this group (37%), the really striking finding is that 
post-neonatal deaths were two and half times more 
likely in the most deprived group (odds ratio 2.56, 
2.02 to3.24).

After adjustment for the differences in age distribu‑
tions, parity, infant sex, and differences in obstetric 
intervention, the social gradient was slightly attenu‑
ated but still marked and statistically significant. After 
further adjustment for smoking during pregnancy, 
some attenuation in the gradient again occurred but a 
clear and significant trend was still apparent. Compar‑
ing mothers in the most deprived category with those 
in the least deprived category showed that stillbirths 
were 32% more likely and infant deaths were 35% 
more likely in the most deprived group. Assessment of 
the contribution of smoking to the inequality between 
the most and least deprived groups indicated that 
smoking accounted for about a third of the inequality: 
38% of stillbirths and 31% of infant deaths.

Discussion
We did a large population based retrospective cohort 
study of 532 016 births in Scotland between 1994-
2003, of which 2699 were stillbirths and 2182 resulted 
in an infant death. We found that the social inequali‑
ties in stillbirth and infant death were partly but not 
fully attenuated by adjustment for smoking during 
pregnancy, which accounted for approximately a 
third of the inequality in stillbirths and infant deaths 
between the most and least deprived groups in the 
population. The gradient for neonatal deaths was less 
marked than those for stillbirths and post-neonatal 
deaths.

Strengths and weaknesses
The strength of our study is that it is population based 
and used one of the few national databases of rou‑
tinely collected information. The coverage and qual‑
ity of the data have been established to be good, and 
information on socioeconomic position and smoking 
is available. The use of area deprivation indices as 
measures of social inequality is well supported in the 

Table 1 | Numbers and rates of stillbirths and neonatal, post-neonatal, and infant death by 
smoking category in Scotland 1994-2003 for 532 016 births

Smoking group (No of births)
Rate (No) of deaths

Stillbirths* Neonatal† Post-neonatal† Infant†
No 344 502 3.8 (1313) 2.1 (731) 1.0 (343) 3.1 (1074)
Yes 137 303 6.7 (914) 3.0 (414) 2.8 (380) 5.8 (794)
Not known 50 211 9.4 (472) 4.1 (205) 2.2 (109) 6.1 (314)

All 532 016 5.1 (2699) 2.6 (1350) 1.6 (832) 4.1 (2182)
*Rate per 1000 total births.
†Rate per 1000 live births.

Table 2 | Odds ratios (95% confidence intervals) of stillbirths and neonatal, post-neonatal, and 
infant deaths by deprivation category in Scotland 1994-2003, with contribution of smoking to the 
social inequality

Deprivation category
Stillbirths 
(n=2699)

Neonatal 
(n=1350)

Post-neonatal 
(n=832) Infant (n=2182)

1 (least) (reference group):
  Unadjusted 1 1 1 1
  Model A* 1 1 1 1
  Model B† 1 1 1 1
2:
  Unadjusted 1.24 (1.08 to 1.42) 0.99 (0.82 to 1.20) 1.17 (0.88 to 1.55) 1.04 (0.89 to 1.22)
  Model A* 1.22 (1.06 to 1.40) 0.97 (0.80 to 1.17) 1.10 (0.83 to 1.45) 1.01 (0.86 to 1.18)
  Model B† 1.16 (1.01 to 1.33) 0.95 (0.78 to 1.14) 1.03 (0.78 to 1.37) 0.97 (0.83 to 1.13)
3:
  Unadjusted 1.42 (1.24 to 1.61) 1.19 (0.99 to 1.42) 1.60 (1.23 to 2.07) 1.31 (1.13 to 1.51)
  Model A* 1.39 (1.22 to 1.59) 1.14 (0.95 to 1.37) 1.42 (1.09 to 1.85) 1.22 (1.05 to 1.42)
  Model B† 1.27 (1.11 to 1.45) 1.09 (0.91 to 1.30) 1.28 (0.98 to 1.66) 1.14 (0.98 to 1.32)
4:
  Unadjusted 1.46 (1.28 to 1.66) 1.10 (0.92 to 1.32) 1.95 (1.52 to 2.50) 1.35 (1.17 to 1.56)
  Model A* 1.42 (1.25 to 1.62) 1.05 (0.87 to 1.26) 1.65 (1.29 to 2.13) 1.23 (1.06 to 1.42)
  Model B† 1.28 (1.12 to 1.46) 0.99 (0.82 to 1.19) 1.44 (1.12 to 1.86) 1.13 (0.97 to 1.31)
5 (most):
  Unadjusted 1.56 (1.38 to 1.77) 1.37 (1.16 to 1.62) 2.56 (2.02 to 3.24) 1.72 (1.50 to 1.97)
  Model A* 1.52 (1.34 to 1.73) 1.28 (1.07 to 1.51) 2.05 (1.61 to 2.61) 1.51 (1.32 to 1.74)
  Model B† 1.32 (1.16 to 1.50) 1.19 (1.00 to 1.41) 1.70 (1.33 to 2.17) 1.35 (1.17 to 1.55)
Tests for trend‡ (P value):
  Unadjusted <0.001 <0.001 <0.001 <0.001
  Model A* <0.001 0.003 <0.001 <0.001
  Model B† <0.001 0.04 <0.001 <0.001
Contribution of smoking (%)§ −38.46 −32.14 −33.33 −31.17
*Adjusted for year of birth, maternal age, parity, infant sex, primary obstetric intervention.
†Adjusted for year of birth, maternal age, parity, infant sex, primary obstetric intervention, smoking during 
pregnancy.
‡χ2 test of effect of fitting deprivation category as ordinal rather than categorical variable.
§Contribution of smoking to inequality between deprivation categories 5 and 1.
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literature,18 and may be particularly useful in pregnant 
women, for whom determination of socioeconomic 
position is known to be problematic.19 However, an 
area based score does not always correspond to indi‑
vidually measured socioeconomic position.

Previous research has indicated that women may 
stop, reduce, and sometimes restart smoking at vari‑
ous points during pregnancy.20 In addition, many 
women may be reluctant to disclose a perceived 
socially undesirable behaviour to their clinicians dur‑
ing pregnancy. As a result, recording the maternal 
report on smoking (yes/no) during pregnancy once 
at the initial booking visit will give only a snapshot. 
We consider that by including a non-responder cat‑
egory in this study we have to some extent tackled 
the problem of misclassification of smoking status. 
Our analyses show that women in this “not known” 
group have a similar risk profile to smokers. This 
suggests either that they are smokers who choose not 
to declare themselves as such or else that their “not 
known” status is a marker of a risk factor that has a 
similar magnitude to smoking. 

The apparent effects of smoking during pregnancy 
on post-neonatal deaths could be explained by a 
direct effect on the feto-placental unit during preg‑
nancy, influencing or programming neonatal health. 
However, smoking during pregnancy may also act 
as a “marker” for smoking in the postnatal period, 
which is an established risk for post-neonatal death.21 
As we did not have a measure of smoking in the 
postnatal period, we cannot assess the interplay of 
these factors.

Another limitation of the data was the lack of infor‑
mation on the use of alcohol and illicit drugs during 
pregnancy and on maternal pre-pregnancy weight. 
All these factors are related to both smoking and still‑
birth/infant death and could be confounders. 

Possible mechanisms and implications for clinicians and 
policymakers
Despite recent policy interest in infant deaths,22 still‑
birth accounts for a larger proportion of losses than 
do infant deaths, and in most cases the cause remains 
unclear. Reducing smoking during pregnancy may be 
one of the few modifiable risk factors for this outcome 
that might also reduce the social gradient. Although 
the contribution of NHS smoking cessation services 
to reducing smoking prevalence has been small, it has 
had a disproportionate effect in the most disadvan‑
taged areas, thus potentially reducing inequalities.23 
Nevertheless, we would agree that more powerful and 
innovative targeted interventions are needed as well 
as action to strengthen tobacco control policy.24 

Finally, even after taking smoking into account, 
most of the effects of social deprivation are unex‑
plained. Therefore, action on smoking, although 
necessary, is not in itself sufficient; other measures to 
improve the social circumstances, social support, and 
health of mothers and infants are needed.
We thank Edmund Hey for helpful comments on an earlier draft.
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Cost effectiveness analysis of including boys in a  
human papillomavirus vaccination programme in the  
United States
Jane J Kim, Sue J Goldie

Results of sensitivity analysis
Results were stable across a range of scenarios for 
cervical cancer screening. When we assumed lower 
vaccine efficacy, waning immunity, or higher vac-
cine costs, vaccination of boys consistently exceeded 
$250 000 per QALY when reflecting benefits to cer-
vical disease only and $100 000 per QALY when 
including other HPV related conditions. When lower 
vaccine efficacy was accompanied by lower achiev-
able coverage or lower vaccine cost, the cost of vac-
cinating boys fell below $100 000 per QALY when all 
outcomes for both sexes were included. Costs associ-
ated with screening and treatment for cervical cancer 
and cross protective effects of the vaccine on cervical 
disease related to oncogenic HPV types other than 
HPV 16 and HPV 18 had minimal impact on the 
overall results.

Limitations
Limitations include uncertainties in the disease course 
of HPV related conditions and vaccine properties in 
the long term. We assumed an optimistic coverage 
rate for routine vaccination of both sexes and did not 
consider temporary catch-up scenarios. We did not 
incorporate decrements in quality of life associated 
with overdiagnosis of precancerous lesions attribut-
able to screening or potential adverse events attrib-
utable to vaccination. Our analysis does not address 
decision making at the individual level.

Study funding/potential competing interests
The authors are supported by the National Cancer 
Institute (R01 CA93435), the Centers for Disease Con-
trol and Prevention, and the American Cancer Society.  
We have no competing interests.

Study question Is it cost effective to include 
preadolescent boys (aged 12 years) in a human 
papillomavirus (HPV) vaccination programme for 
preadolescent girls in the United States?

Summary answer Given currently available 
information, our analysis suggests that if vaccine 
coverage and efficacy are high among preadolescent 
girls, then including boys in an HPV vaccination 
programme is unlikely to be cost effective, even under 
favourable conditions of vaccine protection and health 
benefits.

What is known and what this paper adds Guidelines 
for HPV vaccination in the US prioritise girls aged 11 to 
12 and may include boys in the near future. This study 
found that under conditions of high vaccine coverage 
and efficacy in girls, including boys in an HPV vaccination 
programme generally exceeds conventional thresholds of 
good value for money. 

Main results
With 75% vaccination coverage and complete, life-
long vaccine efficacy, routine HPV vaccination of 
12 year old girls was consistently less than $50 000 
per quality adjusted life year (QALY) compared with 
screening alone. Adding 12 year old boys to the vac-
cination programme cost nearly $300 000 per QALY 
when including benefits related to cervical disease 
only and fell below $100 000 per QALY only under 
scenarios of high, lifelong vaccine efficacy against all 
HPV related conditions (including other non-cervical 
cancers, genital warts, and juvenile onset recurrent 
respiratory papillomatosis), or scenarios of lower vac-
cine efficacy with lower coverage or lower vaccine 
costs. Lowering vaccine efficacy in males from 90% 
to 75% resulted in less attractive cost effectiveness 
ratios that exceeded $100 000 per QALY.

Design
We conducted a cost effectiveness analysis from the 
societal perspective.

Source(s) of effectiveness
Estimates of vaccine efficacy and screening test char-
acteristics were obtained from clinical studies and 
randomised controlled trials reported in the pub-
lished literature.

Data sources
Model variables were based on epidemiological stud-
ies, cancer registries, population surveys, and demo-
graphic statistics from the US.
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IMPACT OF DECREASED HPV VACCINE EFFICACY
IN BOYS ON COST EFFECTIVENESS RATIOS
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Harms
Bleeding after the index miscarriage was higher in 
those randomised to expectant or medical manage-
ment. Risk of unplanned admission was highest in 
the expectant arm, and duration of hospital stay was 
highest in the medical arm.

Bias, confounding, and other reasons for caution
We cannot be sure that the non-responders to the 
follow-up questionnaire had similar live birth rates to 
the responders, consequently the overall rate might 
in reality be different from that reported. Response 
rates, however, were similar for the three groups, 
and it is unlikely that any difference in birth rates 
between responders and non-responders would 
be sufficiently different between the three groups 
to negate the main finding of similar rates in the 
groups.

Generalisability to other populations
The study was conducted in one region of England, 
but there is no obvious reason why the results would 
not generalise to other areas and populations with 
a different composition—for example, concerning 
ethnic mix.

Study funding/potential competing interests
The study was funded by the Claire Wand Fund of 
the BMA.

Trial registration number
National Research Register N0467011677/
N0467073587.
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Incidence of pregnancy after expectant, medical, or surgical 
management of spontaneous first trimester miscarriage: 
long term follow-up of miscarriage treatment (MIST) 
randomised controlled trial
Lindsay F P Smith,1 Paul D Ewings,2 Catherine Quinlan1

Study question Does management method for early 
miscarriage affect long term fertility rates?

Summary answer Method of miscarriage management 
does not affect subsequent pregnancy rates with around 
four in five women giving birth within five years of the index 
miscarriage.

What is known and what this paper adds After 
miscarriage women are increasingly offered the option of 
expectant or medical management as well as traditional 
surgical care, but the long term effects of the three methods 
in terms of subsequent fertility are not known. The trial 
shows that long term fertility is not affected by the method 
of management.

Design
Women were randomly allocated by central telephone 
randomisation to either surgical evacuation of retained 
products of conception; medical treatment with mife-
pristone or misoprostol, or both; or expectant manage-
ment. Blinding to intervention was not possible.

Participants and setting
1200 women who had experienced an early miscarriage 
(<13 weeks), confirmed by scan, were recruited between 
1997 and 2001 from the early pregnancy clinics of acute 
hospitals in the south west region of England.

Primary outcome(s)
First self reported live birth after index miscarriage.

Main results and the role of chance
Completed questionnaires were returned for 68% of 
the women; respondents were representative of the 
original trial population. Five years after the index 
miscarriage 177/224 (79.0%, 95% confidence interval 
73.2% to 83.8%) of those who had been randomised to 
expectant management had given birth compared with 
181/230 (78.7%, 73.0% to 83.5%) of the medical group 
and 192/235 (81.7%, 76.3% to 86.1%) of the surgical 
group (P=0.41 for log rank comparison of time to birth). 
Having had one or more previous pregnancies before 
the index miscarriage did not significantly predict time 
to giving birth (P=0.10). Time to subsequent birth, 
however, was predicted by maternal age (P<0.001) 
and having had a previous miscarriage (P<0.001). Five 
years after the index miscarriage, 378/447 (84.6%) of 
those women with no previous miscarriage had given 
birth; the corresponding figures for 1, 2, and ≥3 previous 
miscarriages were 122/166 (73.5%), 33/49 (67.3%), and 
14/24 (58.3%), respectively.

This is a summary of a paper that 
was published on bmj.com as 
BMJ 2009;339:b3827
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Hazardous cosleeping environments and risk factors 
amenable to change: case-control study of SIDS  
in south west England
Peter S Blair,1 Peter Sidebotham,2 Carol Evason-Coombe,1 Margaret Edmonds,1 Ellen M A Heckstall-Smith,1 
Peter Fleming1

Main results and the role of chance
The median age at death (66 days) was more than three 
weeks less than in a study in the same region a decade 
earlier. Of the SIDS infants, 54% died while cosleeping 
compared with 20% among both control groups. Much 
of this excess is explained by a significant multivariable 
interaction between cosleeping and recent parental use 
of alcohol or drugs (31% v 3% random controls) and the 
increased proportion of SIDS infants who had coslept 
on a sofa (17% v 1%). More SIDS infants than random 
controls used a pillow for the last sleep (21% v 3%),  
were swaddled (24% v 6%), were found prone (29% 
v 10%), were preterm (26% v 5%) or were in fair or 
poor health for the last sleep (28% v 6%). More mothers 
of SIDS infants than random control infants smoked 
during pregnancy (60% v 14%). These differences were 
significant in the multivariable analysis regardless of 
control group compared. The significance of cover-
ing the infant’s head, postnatal exposure to tobacco 
smoke, dummy use, and sleeping in the side position 
has diminished.

Bias, confounding, and other reasons for caution
The noticeable reduction in SIDS rates and the small 
number of deaths from SIDS in this study and the dif-
ficulty in recruiting control families may limit the inter-
pretation of the results. Our high risk control group 
was important as not only were their characteristics 
more similar to those of the families with SIDS infants 
but they also had more in common with deprived 
families.

We did not interview the control families at weekends, 
when alcohol and drug use may be more common. 
However, an analysis restricted to deaths and reference 
sleeps occurring only during the week suggests the com-
bined effect of cosleeping and alcohol or drug use was 
still highly significant.

Generalisability to other populations
The south west region is representative of others in the 
United Kingdom—a predominantly white population 
and mix of rural and urban areas—and the increased 
deprivation among SIDS families reflects a similar trend 
in other populations. The prevalence of cosleeping dif-
fers between different cultures.

Study funding/potential competing interests
This study was funded by grants from the Foundation 
for the Study of Infant Deaths, Babes in Arms, and the 
Charitable Trust of University Hospitals Bristol. We 
have no competing interests.

Study question What are the circumstances in which 
sudden infant death syndrome (SIDS) occurs?

Summary answer Many of the SIDS infants had coslept in 
a hazardous environment. The major risk factors, regardless 
of markers for socioeconomic deprivation, are amenable 
to change: particularly never cosleeping on a sofa, and 
avoiding alcohol or drugs before cosleeping in a bed.

What is known and what this paper adds A higher 
proportion of the residual deaths from SIDS now occurs among 
more deprived families and those who cosleep with their infant. 
Many of the deaths while cosleeping occurred in potentially 
hazardous environments, including on a sofa or shared 
surface with an adult who had consumed alcohol or drugs.

Participants and setting
Our study population, set in the south west of England 
(184 800 births), comprised 80 SIDS infants and two 
control groups weighted for age and time of reference 
sleep: 87 randomly selected controls and 82 controls at 
high risk of SIDS (young, socially deprived, multiparous 
mothers who smoked).

Design, size, and duration
This was a population based case-control study over 
four years. Parents were interviewed shortly after the 
death or after the reference sleep (within 24 hours) for 
the two control families.

Primary outcome(s), risks, exposures
Both distal and proximal risk factors associated with 
SIDS, in particular those risk factors associated with the 
infant sleeping environment before death or the refer-
ence sleep. The primary exposure of interest was the 
cosleeping environment.
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MULTIVARIABLE LOGISTIC REGRESSION TO TEST FOR INTERACTION BETWEEN
COSLEEPING AND ALCOHOL AND DRUG USE BY PARENTS OF STUDY INFANTS

Both models adjusted for age, day or night sleep, maternal smoking during pregnancy, infant found sleeping prone,
  swaddling, gestational age, not sharing room, and fair or poor health in last 24 hours
*Also adjusted for maternal education
†Also adjusted for number of live births, young maternal age, poor socioeconomic status, and infant placed on pillow

Factors Odds ratio (95% CI)

Infant coslept in parental bed or
  on sofa for last sleep

Parental use of alcohol (>2 units)
  or drugs before last sleep

Interaction between cosleeping
  and alcohol or drug use

5.41 (1.12 to 26.17)

0.52 (0.10 to 2.72)

53.26 (4.07 to 696.96)

P value Odds ratio (95% CI)

Model 1: SIDS infants (n=74)
v random controls (n=86)*

Model 2: SIDS infants (n=74)
v high risk controls (n=81)†

P value

0.04

0.44

0.002

5.23 (1.37 to 19.91)

0.69 (0.16 to 3.00)

11.76 (1.40 to 99.83)

0.02

0.62

0.02
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