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STUDY QUESTION  
What is the association between exposure to aircraft  
noise and risk of hospitalization for cardiovascular  
disease in older people residing near airports in the United 
States?

SUMMARY ANSWER  
Averaged across airports, we found a statistically  
significant association between exposure to aircraft noise 
and risk of hospitalization for cardiovascular disease, 
controlling for individual demographics, area level 
socioeconomic status, air pollution, and proximity to 
roadways. 

WHAT IS KNOWN AND WHAT THIS PAPER ADDS  
Aircraft noise has been associated with hypertension 
outcomes, but few studies have investigated its relation 
to cardiovascular disease. Long term exposure to aircraft 
noise is positively associated with hospitalization for 
cardiovascular disease. 

Participants and setting
Our study included over 6 million participants in the 
national medical insurance (Medicare) program (aged ≥65 
years) in 2009, all residing in one of 2218 zip codes sur-
rounding 89 airports in the contiguous states. 

Design
We conducted a multi-airport retrospective study to estimate 
the percentage increase in the zip code level cardiovascular 
hospital admission rate associated with aircraft noise. We 
constructed two exposure metrics: population weighted 
noise within each zip code and 90th centile of noise among 
populated census blocks within each zip code. We also esti-
mated the population attributable fraction for aircraft noise, 
fine particulate matter, and ozone. 

Primary outcome
Percentage increase in hospitalization admission rate for 
cardiovascular disease associated with a 10 dB increase in 
aircraft noise, for each airport and on average across airports.

Main results and the role of chance
Averaged across airports and using the 90th centile noise 
exposure metric, a zip code with 10 dB higher noise expo-
sure had a 3.5% higher (95% confidence interval 0.2% 
to 7.0%) cardiovascular hospital admission rate, after 
controlling for covariates. We found that 2.3% of hospi-
talizations for cardiovascular disease in our cohort were 
attributable to aircraft noise. In comparison, 6.8% of hos-
pitalizations for cardiovascular disease were attributable 
to fine particulate matter and 4.2% to ozone. 

Bias, confounding, and other reasons for caution
The availability of only zip code level addresses can lead to 
exposure misclassification, with potential downward bias 
due to aggregation effects. We were not able to separate the 
effect of night time noise, which would be relevant given 
evidence that sleep interference may mediate the effect of 
noise on cardiovascular health. 

Generalisability to other populations
Our study included nearly 100% of adults aged ≥65 liv-
ing near 89 airports in the United States, so our findings 
would generalise to older populations in developed coun-
tries with similar proximity to airports and housing types. 

Study funding/potential competing interests
This study was funded by the US Federal Aviation Adminis-
tration. The sponsor provided the noise contours, but had 
no role in the analysis or interpretation of data, writing of 
the article, or decision to submit the article for publication. 
We have no competing interests. 

Residential exposure to aircraft noise and hospital admissions for 
cardiovascular diseases: multi-airport retrospective study
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ЖЖ EDITORIAL by Stansfeld 

Overall estimates of percentage increase in hospital admission rate for cardiovascular
disease (CVD) associated with 10 dB (day-night sound level) increase in noise
Model 1 controls for age, sex, and race; model 2 additionally controls for zip code level
socioeconomic status and demographics; and model 3 adds to model 2 by also
controlling for annual average �ne particulate matter and ozone levels
Panel 3 shows models 1-3 �tted to only 779 zip codes with both air pollution variables
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STUDY QUESTION   
Do areas exposed to aircraft noise related to Heathrow 
airport in London have higher risks for hospital admissions 
or mortality for stroke, coronary heart disease, and 
cardiovascular disease?

SUMMARY ANSWER   
Areas with high levels of aircraft noise had increased risks of 
stroke, coronary heart disease, and cardiovascular disease for 
both hospital admissions and mortality. 

WHAT IS KNOWN AND WHAT THIS PAPER ADDS 
Experimental and epidemiological studies have suggested 
that the risk of hypertension is increased with exposure 
to environmental noise, but few studies have looked at 

stroke, heart disease, or circulatory disease. This paper 
adds information on these outcomes; interpretation should 
consider residual confounding and ecological bias as well as 
possible causal explanations.

Participants and setting
General population (3.6 million) living in areas exposed to 
aircraft noise related to Heathrow airport.

Design
Small area study using routinely available data on hospital 
admissions and mortality and area level data on confound-
ers of deprivation, ethnic composition, and smoking proxy 
(lung cancer mortality).

Primary outcomes
Stroke, coronary heart disease, and cardiovascular disease 
hospital admissions and mortality. 

Main results and the role of chance
During 2001-05, 189 226 first episodes of hospital  
stay in a given year for cardiovascular disease (16 983 
stroke, 64 448 coronary heart disease) and 48 347  
cardiovascular disease related deaths (9803 stroke, 
22 613 coronary heart disease) occurred in the study 
area. The risk of hospital admissions was statistically  
significantly increased for stroke, coronary heart  
disease, and cardiovascular disease for both daytime 
and night time aircraft noise. Comparing areas expe-
riencing the highest with lowest levels of daytime air-
craft noise (>63 dB v ≤51 dB), the relative risk of hospital 
admissions was 1.24 (95% confidence interval 1.08 to 
1.43) for stroke, 1.21 (1.12 to 1.31) for coronary heart  
disease, and 1.14 (1.08 to 1.20) for cardiovascular disease.  
Corresponding relative risks for mortality were of simi-
lar magnitude, but with wider confidence intervals. 
Linear tests for trend were statistically significant for hos-
pital admissions but not for mortality (except daytime 
noise and coronary heart disease). Results were robust 
to adjustment for particulate matter of ≤10 μm air pollu-
tion and road traffic noise, possible for London boroughs  
(2.6 m population). 

Bias, confounding, and other reasons for caution 
Adjustment for confounders may be incomplete as adjust-
ment was made at aggregate, not individual, level. Risks 
(particularly hospital admissions for coronary heart  
disease) were noticeably reduced after adjustment for per-
centage population of South Asian ethnicity. Interpretation 
should therefore include possible alternative explanations 
such as residual confounding as well as potential for  
ecological bias.

Aircraft noise and cardiovascular disease near  
Heathrow airport in London: small area study 
Anna L Hansell,1 2 Marta Blangiardo,1 Lea Fortunato,1 Sarah Floud,1 Kees de Hoogh,1  
Daniela Fecht,1 Rebecca E Ghosh,1 Helga E Laszlo,1 Clare Pearson,1 Linda Beale,1 Sean Beevers,3 
John Gulliver,1 Nicky Best,1 Sylvia Richardson,1 4 Paul Elliott1

1UK Small Area Health Statistics Unit, 
MRC-PHE Centre for Environment 
and Health, Dept Epidemiology 
and Biostatistics, School of Public 
Health, Imperial College London, 
W2 1PG, UK
2Imperial College Healthcare NHS 
Trust, London, UK
3Environmental Research Group, 
MRC-PHE Centre for Environment 
and Health, King’s College London, 
UK
4MRC Biostatistics Unit, Cambridge, 
UK
Correspondence to: P Elliott 
p.elliott@imperial.ac.uk
Cite this as: BMJ 2013;347:f5432
doi: 10.1136/bmj.f5432

This is a summary of a paper that 
was published on bmj.com as BMJ 
2013;347:f5432

ЖЖ EDITORIAL by Stansfeld

Relative risks (95% con
dence intervals) for associations between hospital admissions
for stroke, coronary heart disease, and cardiovascular disease in 2001-05 and annual
population weighted average daytime aircra� noise (relative to ≤51 dB) and night time
aircra� noise (relative to ≤50 dB) in 2001, census output areas
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STUDY QUESTION  
Are any particular factors associated with the long term 
course of complicated grief, depression, and suicide ideation 
in relatives and spouses of people who commit suicide?

SUMMARY ANSWER  
Complicated grief, depression, and suicide ideation are 
strongly associated in the long term bereavement course after 
suicide of a first degree relative or spouse. 

WHAT IS KNOWN AND WHAT THIS PAPER ADDS  
Counselling can be effective in decreasing the risk of 
problematic grief in individuals at increased risk of adverse 
outcomes after bereavement. Around a fifth of people 
bereaved by suicide experience suicide ideation after the 
loss. In first degree relatives and spouses bereaved after 
suicide, symptoms of complicated grief, depression, and 
suicide ideation are strongly associated. Though a causal 
association cannot be claimed, received mutual support 
was associated with an increased risk of complicated grief.

Participants and setting
Community based sample of 153 first degree relatives and 
spouses of 74 people who had committed suicide in the 
northern part of the Netherlands. 

Design, size, and duration
We investigated the 8-10 year course of bereavement in rela-
tives and spouses after a loss due to suicide. Associations 

between sociodemographic and personality features, mental 
health history, help seeking including four sessions of fam-
ily based cognitive behavioural therapy, and symptoms of 
complicated grief, depression, and suicide ideation at three, 
13, and 96-120 months (8-10 years) after the suicide were 
explored with multivariate multilevel regression models.

Main results and the role of chance
Symptoms of complicated grief, depression, and suicide 
ideation were strongly associated in the long term bereave-
ment course. A history of clinical depression or anxiety was 
not associated with complicated grief, depression, or suicide 
ideation during the course of bereavement after suicide. A 
history of attempted suicide in the relatives was associated 
with long term suicide ideation (odds ratio 5.5, 95% con-
fidence interval 1.8 to 16.7; P=0.003). This provides sup-
port for the stress-diathesis model of suicidal behaviour, 
proposing that suicidal behaviour is not only determined 
by a stressor (such as mental disorder, experience of loss), 
but also by a constitutional predisposition to this type of 
behaviour. Depression is more likely predicted by individual 
factors generally associated with an increased risk of depres-
sion, whereas complicated grief is probably predicted by the 
trauma of losing a child. In general, relatives bereaved by 
suicide recover in the course of time, though the magnitude 
of change in depression and complicated grief between three 
and 13 months is small. No particular help resources (fam-
ily based cognitive behavioural therapy, mental healthcare, 
general practitioners’ support) were significantly associated 
with long term symptoms of complicated grief, depression, 
or suicide ideation. Mutual support, however, was associ-
ated with an increased risk of complicated grief. It is possible 
that similar cognitions play a role in the onset of complicated 
grief and suicide ideation, though it is unclear whether sui-
cide ideation is a cause or a consequence of complicated 
grief.

Bias, confounding, and other reasons for caution
We cannot rule out that the sample is biased by over- 
representation of relatives who feel a need for help, nor can 
we draw conclusions about a causal association between 
complicated grief and mutual support. The content, tim-
ing, and dose of mutual support remained unknown.

Generalisability to other populations
The external validity is proposed to be reasonable because 
of the community based nature of the sample and the rela-
tively strong adherence of participants to the study. 

Study funding/potential competing interests
This study was funded by ZONMW (Netherlands Organisation 
for Health Research and Development) No 60-60100-98-052.
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Final prediction models of 8-10 year course of complicated grief and depression in community 
based sample of first degree relatives and spouses (n=153) bereaved by suicide

B regression coefficient (95% CI), P value 
Complicated grief Depression

Sociodemographic/personality features:
  Female respondent — 2.8 (4.6 to 1.1), 0.001
  Neuroticism (range 0-12) 0.7 (0.1 to 1.3), 0.032 0.7 (0.4 to 1.0), <0.001
  Mastery* (range 7-35) — 4.0 (1.5 to 6.4), 0.002
Relationship to dead person (1=yes, 0=no):
  Spouse (reference) 1.0 1.0
  Parent 5.5 (0.1 to 10.9), 0.046 −2.7 (−5.1 to −0.4), 0.024
  Sibling — −2.6 (−5.2 to −0.1), 0.040
Long term mental health:
  Complicated grief (range 0-129) NA 0.3 (0.2 to 0.3), <0.001
  Depression (range 0-60) <0.001 NA
  Suicide ideation (1=yes, 0=no) 7.1 (2.8 to 11.3), <0.001 4.0 (1.5 to 6.4), <0.001
Help seeking (1=yes, 0=no):
  Mutual support 6.4 (1.8 to 11.0), 0.006 —
Time (months) since suicide:
  2.5 (T0) (reference) 1.0 1.0
  13 (T1) −2.8 (−5.5 to −0.4), 0.046 −5.5 (−7.3 to −3.8), <0.001
  96-100 (T2) −11.9 (−16.1 to −7.7), 0.046 −5.6 (−8.0 to −3.3), <0.001
NA= not applicable.
*Lower scores indicate higher sense of control.
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Exercise for lower limb osteoarthritis: systematic review 
incorporating trial sequential analysis and network meta-analysis
Olalekan A Uthman,1 2 Danielle A van der Windt,1 Joanne L Jordan,1 Krysia S Dziedzic,1  
Emma L Healey,1 George M Peat,1 Nadine E Foster1

STUDY QUESTION  
Which types of exercise intervention are most effective in 
relieving pain and improving function in people with lower 
limb osteoarthritis? 

SUMMARY ANSWER  
As of 2002 sufficient evidence had accumulated to show 
significant benefit of exercise over no exercise. An approach 
combining exercises to increase strength, flexibility, and 
aerobic capacity is most likely to be effective for relieving 
pain and improving function.

WHAT IS KNOWN AND WHAT THIS PAPER ADDS  
Current international guidelines recommend therapeutic  
exercise (land or water based) as “core” and effective 
management of osteoarthritis. Evidence from this first 
network meta-analysis, largely based on studies in knee 
osteoarthritis, indicates that an intervention combining 
strengthening exercises with flexibility and aerobic exercise 
is most likely to improve outcomes of pain and function. 
Further trials of exercise versus no exercise are unlikely  
to overturn this positive result. 

Selection criteria for studies
Nine electronic databases were searched from inception 
to March 2012 to identify randomised controlled trials 
comparing exercise interventions either with each other 
or with no exercise control for adults with knee or hip 
osteoarthritis. Trial sequential analysis was used to inves-
tigate reliability and conclusiveness of available evidence 
for exercise interventions. We conducted Bayesian net-

work meta-analysis to combine both direct (within trial) 
and indirect (between trial) evidence and investigate the 
relative effectiveness of different types of exercise interven-
tion. Exercise interventions were classified as either land 
or water based and as predominantly aimed at increasing 
strength, flexibility, and/or aerobic capacity (endurance). 

Primary outcomes
The main outcomes for analysis, expressed as standard-
ised mean difference (SMD) were changes in pain intensity 
reported by patients (often measured on a 0-10 numerical 
rating scale) and limitations in function (assessed with 
multi-item questionnaires). 

Main results and role of chance
A total of 60 trials (44 knee osteoarthritis, 2 hip osteo-
arthritis, 14 mixed) covering 12 exercise interventions 
and 8218 patients met the inclusion criteria. Sequential 
analysis showed that as of 2002 sufficient evidence had 
been accrued to confirm significant benefit of exercise 
interventions over no exercise control. The network meta-
analysis showed that for pain relief, five types of exercise 
intervention all including strengthening exercises were 
significantly more effective than no exercise control. For 
reduction in limitation in function only the combined inter-
vention of strengthening, flexibility, and aerobic exercise 
(whether land or water based) was significantly more effec-
tive than no exercise control (standardised mean difference 
−0.63, 95% credible interval −1.16 to −0.10).

Bias, confounding, and other reasons for caution: 
Most (44/60) trials included in this network meta-analysis 
investigated knee osteoarthritis. In a sensitivity analysis 
of the 44 trials focusing only on knee osteoarthritis, effect 
estimates tended to be slightly larger than produced by the 
overall analysis, which also included trials focusing on hip 
osteoarthritis or including a mix of patients with lower 
limb osteoarthritis. Adjustment for potential confounding 
by differences between trials in the number of supervised 
sessions, duration of follow-up, or publication year did 
not greatly impact on the results of the analysis. A further 
limitation was the small number of studies contributing 
evidence to some of the comparisons in the network, which 
also limited the possibility to investigate specific types of 
exercise, such as t’ai chi. 

Study funding/potential competing interests
This study was funded by the National Institute for Health 
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Summary of results of network meta-analysis for pain relief and improvement in function 
(unadjusted estimates based on data from 60 randomised controlled trials)

Exercise intervention
SMD (95% CrI)
Pain relief Improvement in function

No intervention control Reference —
Flexibility −0.66 (−1.33 to 0.00) −0.17 (−1.26 to 0.93)
Strengthening −0.81 (−1.13 to −0.50) −0.37 (−0.84 to 0.09)
Aerobic −0.41 (−1.13 to 0.30) −0.30 (−1.53 to 0.92)
Strengthening+flexibility −0.50 (−0.85 to −0.16) −0.40 (−0.92 to 0.12)
Flexibility+aerobic −0.26 (−1.00 to 0.47) −0.18 (−1.24 to 0.89)
Strengthening+aerobic −0.13 (−0.88 to 0.61) −0.17 (−1.25 to 0.91)
Combined −0.69 (−1.04 to −0.35) −0.63 (−1.16 to −0.10)
Aquatic:
  Strengthening −0.75 (−1.42 to −0.07) −0.43 (−1.42 to 0.56)
  Strengthening+flexibility −0.96 (−1.64 to −0.27) −0.61 (−1.75 to 0.52)
  Flexibility+aerobic −0.07 (−0.98 to 0.83) 0.07 (−1.23 to 1.36)
  Strengthening+aerobic −0.92 (−2.08 to 0.25) −0.86 (−2.52 to 0.79)
  Combined −0.45 (−1.02 to 0.11) −0.49 (−1.32 to 0.33)
SMD=standardised mean difference; CrI=credible interval.
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