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Abstract
Objective To compare the effectiveness of radial 
extracorporeal shockwave treatment with that of supervised 
exercises in patients with shoulder pain.
Design Single blind randomised study.
Setting Outpatient clinic of physical medicine and 
rehabilitation department in Oslo, Norway.
Participants 104 patients with subacromial shoulder pain 
lasting at least three months. 
Interventions Radial extracorporeal shockwave treatment: 
one session weekly for four to six weeks. Supervised 
exercises: two 45 minute sessions weekly for up to 12 weeks.
Primary outcome measure Shoulder pain and disability index.
Results A treatment effect in favour of supervised exercises at 
6, 12, and 18 weeks was found. The adjusted treatment effect 
was −8.4 (95% confidence interval −16.5 to −0.6) points. A 
significantly higher proportion of patients in the group treated 
with supervised exercises improved—odds ratio 3.2 (1.3 to 
7.8). More patients in the shockwave treatment group had 
additional treatment between 12 and 18 weeks—odds ratio 
5.5 (1.3 to 26.4).
Conclusion Supervised exercises were more effective than 
radial extracorporeal shockwave treatment for short term 
improvement in patients with subacromial shoulder pain. 
Trial registration Clinical trials NCT00653081.

Introduction
Patients with subacromial shoulder pain are often 
treated with physiotherapy, non-steroidal anti-
inflammatory drugs, and corticosteroid injections. 
Physiotherapy includes a variety of modalities such as 
electrotherapy, radial extracorporeal shockwave treat-
ment, ultrasound treatment, laser treatment, manual 
therapy, supervised exercises, sling exercise treatment, 
and acupuncture.1‑4 Some evidence exists for the effec-
tiveness of corticosteroid injections, non-steroidal anti-
inflammatory drugs, and exercises for chronic shoulder 
pain.5‑7 A recent systematic review concluded that sur-
gery and exercises are equally effective for rotator cuff 
disease.8 

In a systematic review, Harniman et al found mod-
erate evidence that low energy radial extracorporeal 
shockwave treatment was not effective for non-calcify-
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ing rotator cuff tendinosis.3 Additional studies includ-
ing patients with calcifying or non-calcifying tendinosis 
reported no treatment effect compared with sham or 
control.9 10 Despite these findings, shockwave treatment 
is increasingly used for subacromial shoulder pain. The 
purpose of this study was to compare the short term 
effect of radial extracorporeal shockwave treatment 
and supervised exercises in patients with subacromial 
shoulder pain.

Methods
Participants and randomisation
We did a randomised single blind clinical study. Partici-
pants were recruited by physicians at a physical medi-
cine outpatient clinic in Oslo, Norway, between July 
2006 and August 2007. Women and men aged between 
18 and 70 years with subacromial shoulder pain last-
ing at least three months were eligible for inclusion. 
We randomly allocated patients to treatment groups. 
Randomisation was stratified by sex. 

Outcomes
The participants completed a comprehensive question-
naire. The main outcome measure was the shoulder 
pain and disability index (SPADI), a self report ques-
tionnaire. The questionnaire consists of two domains: 
pain (five items) and disability (eight items).11 The total 
score ranges from 0 to 100 points, with a higher score 
indicating worse shoulder pain and disability.11

What is already known on this topic
Supervised exercises and arthroscopic surgery are better 
than placebo treatment for shoulder pain
Moderate evidence suggests that low energy radial 
extracorporeal shockwave treatment is not effective for 
non-calcifying rotator cuff tendinosis

What this study adds
Supervised exercises are better than radial extracorporeal 
shockwave treatment for short term improvement in 
patients with subacromial shoulder pain
More patients treated with supervised exercises returned 
to work
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Intensity of pain during rest and activity in the 
previous week was measured on a nine point Lickert-
type scale.12 Active range of motion was measured bilat-
erally.12 13 Participants reported work status and use of 
drug treatment.

Follow-up
At six weeks the patients completed a questionnaire 
including the outcome measures. The 12 week and 18 
week follow-ups were done at the hospital. A blinded 
physiotherapist made all the baseline and follow-up 
measurements.

Interventions
Both treatments were given at the clinic. The supervised 
exercise regimen was provided by two physiotherapists. 
Patients attended two 45 minute sessions weekly for a 
maximum of 12 weeks. Initially, the principal focus 
was on relearning of normal movement patterns, which 
could then be transferred to daily activities.2 The initial 
aim was to unload the stress on the rotator cuff and 
subacromial structures.2 Once dysfunctional neuromus-
cular patterns were normalised, endurance exercises 
were performed with gradually increasing resistance. 
Patients had an adjusted programme at home, which 
consisted of correction of alignment during daily living 
and simple low loaded exercises.

Radial extracorporeal shockwave treatment was 
provided by an experienced physiotherapist. The 

treatment was administered once a week for four to 
six weeks; three to five tender points were treated each 
time. Radial extracorporeal shockwave treatment uses 
low to medium energy shockwaves generated when 
a projectile is accelerated by compressed air and hits 
an applicator.4 These impulses are delivered into the 
tissue and spread as spherical “radial” waves. Patients 
were informed that the suggested mechanism for pain 
relief was hyperstimulation analgesia and increased 
neovascularisation that improves regeneration of 
tissue.3 14

All the patients were asked not to have any addi-
tional treatment except analgesics (including anti-
inflammatory drugs) for their shoulder pain for the 
time between the start of treatment and the 18 week 
follow-up.

Statistical analyses
To evaluate the treatment effect (the mean difference 
between the groups at six, 12, and 18 weeks), we used 
mixed model analysis.15 This model includes the inter-
action between treatment and elapsed time, and base-
line values are adjusted.15 We estimated the smallest 
detectable real difference between two measurements 
on the same person to be 19.6 points on the shoulder 
pain and disability index and used this as a cut-off 
point.16 We calculated the number needed to treat. We 
used regression with adjustment for baseline values to 
compare work status and drug treatment. We analysed 
data according to the intention to treat principle.

Results
A total of 141 patients were eligible for inclusion, and 
104 were randomised for study intervention. The 
groups were similar at baseline with regard to age, 
education, dominant arm affected, duration of pain, 
sick leave, shoulder pain and disability index score, 
and secondary outcome variables (tables 1 and 2). 

Patients treated with radial extracorporeal shock-
waves (n=52) received a median of five (interquartile 
range 4-6) treatments. Patients in the supervised exer-
cise group (n=51) received a median of 14 (11-16) 
treatments. Thirteen patients in the radial extracor-
poreal shockwave group and three patients in the 
supervised exercise group received additional treat-
ment between 12 and 18 weeks (odds ratio 5.5, 95% 
confidence interval 1.3 to 26.4; P=0.014).

Primary outcome
The treatment effect was in favour of supervised exer-
cises at six, 12, and 18 weeks. At 18 weeks the treatment 
effect was −8.4 (95% confidence interval −16.5 to −0.6; 
P=0.047) points (table 1). The treatment effect was con-
sistent when adjusted for sex (P=0.049). Thirty two out 
of 50 (64%) patients treated with supervised exercises 
and 18/50 (36%) patients treated with radial extracor-
poreal shockwaves achieved a reduction in shoulder 
pain and disability index score exceeding the smallest 
detectable difference of 19.6 points (odds ratio 3.2, 1.3 
to 7.8; P=0.009). The number needed to treat was 3.2 
(95% confidence interval 2.1 to 7.1).

Table 1 | Mean (SD) scores and differences in improvement with overall P values at 18 weeks, from 
mixed models linear (repeated measures analysis)

Supervised 
exercises

Radial extracorporeal 
shockwave treatment

Treatment effect 
(95% CI) P value

Shoulder pain and disability index
Baseline 48.8 (20.6) 45.1 (22.1)
6 weeks 25.8 (21.5) 33.5 (23.3) −10 (−17.6 to −2.3)
12 weeks 27 (24.2) 36.1 (28.4) −10.3 (−19.8 to −0.8)
18 weeks 24.5 (25.6) 29.2 (25.9) −8.4 (−16.5 to −0.6) 0.047
Pain
At rest:
  Baseline 3.4 (1.9) 3.5 (2.1)
  6 weeks 2.6 (1.9) 2.9 (2.1) −0.3 (−0.9 to 0.4)
  12 weeks 2.5 (1.8) 2.9 (2.1) −0.3 (−0.9 to 0.3)
  18 weeks 2.5 (1.9) 2.7 (2.0) −0.2 (−0.7 to 0.3) 0.83
During activity:
Baseline 5.6 (2.0) 5.4 (1.9)
  6 weeks 3.9 (2.0) 4.6 (2.4) −0.7 (−1.6 to 0.1)
  12 weeks 3.7 (2.2) 4.1 (2.4) −0.5 (−1.3 to 0.4)
  18 weeks 3.6 (2.3) 4.1 (2.5) −0.6 (−1.3 to 0.2) 0.42
Function
Carrying bag:
  Baseline 4.1 (1.8) 3.6 (2.0)
  6 weeks 3.0 (1.8) 3.1 (2.1) −0.5 (−1.1 to 0.2)
  12 weeks 3.0 (1.9) 3.2 (2..0) −0.4 (−1.0 to 0.2)
  18 weeks 2.8 (1.8) 3.0 (2.1) −0.5 (−1.0 to 0.1) 0.26
Taking down from 
cupboard:
  Baseline 4.9 (1.2) 4.6 (1.8)
  6 weeks 3.4 (1.7) 3.9 (1.9) −0.7 (−1.3 to −0.01)
  12 weeks 3.1 (1.9) 3.5 (2.0) −0.5 (−1.2 to 0.2)
  18 weeks 3.2 (1.8) 3.4 (2.0) −0.5 (−1.1 to 0.1) 0.2
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Secondary outcomes
At 18 weeks, results for pain, function, and active 
range of motion were not statistically significant (table 
1). More patients in the supervised exercise group 
returned to work (P=0.016) (table 2). Six patients in 
the supervised exercise group and one in the radial 
extracorporeal shockwave group used less drug treat-
ment (table 2).

Discussion
We found a small but statistically significant difference 
in favour of supervised exercises over radial extracor-
poreal shockwave treatment for the primary outcome 
(shoulder pain and disability index) at six, 12, and 18 
weeks in patients with subacromial shoulder pain. In 
addition, more patients from the radial extracorporeal 
shockwave group (13 v 3) had additional treatment after 
12 weeks, suggesting that they were less satisfied. The 
results for the differences in secondary outcomes were 
in favour of exercises, but differences were not signifi-
cant except for change in work status after 18 weeks, 
which may indicate that supervised exercise is a more 
comprehensive rehabilitation intervention.

Strengths and limitations
The advantages of this study are the randomised 
design, stratification by sex, treatments provided by 
physiotherapists experienced in the use of the meth-
ods, high compliance, blinded observer, large number 
of patients attending follow-up, and intention to treat 
analysis. At least two possible limitations must be taken 
into account when interpreting the results. Firstly, we 
did not include a placebo group and cannot exclude 
the possibility that the observed results reflect a placebo 
effect or the natural course of the condition. Secondly, 
local anaesthetics were not injected into the subacro-
mial space to improve diagnostic accuracy. 

Comparison with existing literature
Our results are in agreement with results from previ-
ous trials recommending exercise therapy6‑8 17 and do 
not strengthen the evidence for extracorporeal shock-
wave treatment.3 4 9 10 18 By using the smallest detectable 
real difference for an individual patient of 19.6 points 
as a cut-off point, we found that a larger proportion 
of patients in the supervised exercise group than in 

the radial extracorporeal shockwave treatment group 
improved.16 This suggests that more patients receiving 
supervised exercises had clinically relevant improve-
ment.16 19 The number needed to treat to benefit from 
supervised exercises was three, which is considered 
clinically important.20 However, the estimate of number 
needed to treat has to be interpreted with caution 
because of possible differences in the study population 
recruited from a university hospital and the popula-
tion in primary care to which we wish to extrapolate. 
The observed improvements were largest at six weeks, 
suggesting that a reduction of mechanical subacromial 
stress and normalisation of movement patterns had 
occurred within a relatively short treatment period. 

Conclusions
After 18 weeks, supervised exercises were better than 
radial extracorporeal shockwave treatment in terms of 
the primary outcome variable—the shoulder pain and 
disability index—and one secondary outcome variable—
work status. We found no significant differences for the 
other secondary outcome variables of pain, function, 
active range of motion, and use of drug treatment. More 
patients in the supervised exercise group improved, 
probably owing to a treatment effect.
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Use of qualitative methods alongside randomised controlled 
trials of complex healthcare interventions: methodological study
Simon Lewin,1 2 Claire Glenton,3 Andrew D Oxman3

Abstract
Objective To examine the use of qualitative approaches 
alongside randomised trials of complex healthcare 
interventions.
Design Review of randomised controlled trials of 
interventions to change professional practice or the 
organisation of care.
Data sources Systematic sample of 100 trials published in 
English from the register of the Cochrane Effective Practice 
and Organisation of Care Review Group.
Methods Published and unpublished qualitative studies 
linked to the randomised controlled trials were identified 
through database searches and contact with authors. 
Data were extracted from each study by two reviewers 
using a standard form. We extracted data describing the 
randomised controlled trials and qualitative studies, the 
quality of these studies, and how, if at all, the qualitative 
and quantitative findings were combined. A narrative 
synthesis of the findings was done.
Results 30 of the 100 trials had associated qualitative work 
and 19 of these were published studies. 14 qualitative 
studies were done before the trial, nine during the trial, 
and four after the trial. 13 studies reported an explicit 
theoretical basis and 11 specified their methodological 
approach. Approaches to sampling and data analysis 
were poorly described. For most cases (n=20) we found 
no indication of integration of qualitative and quantitative 
findings at the level of either analysis or interpretation. The 
quality of the qualitative studies was highly variable.
Conclusions Qualitative studies alongside randomised 
controlled trials remain uncommon, even where relatively 
complex interventions are being evaluated. Most of the 
qualitative studies were carried out before or during the 
trials with few studies used to explain trial results. The 
findings of the qualitative studies seemed to be poorly 
integrated with those of the trials and often had major 
methodological shortcomings.

Introduction
Qualitative approaches can contribute to the devel-
opment and evaluation of complex and other health 
interventions (see bmj.com) and, increasingly, quali-
tative components are being included in randomised 

controlled trials of such interventions.1 2 Multiple, inte-
grated approaches may be particularly useful in the 
evaluation of the effects of complex health and social 
care interventions as these involve social or behavioural 
processes that are difficult to explore or capture using 
quantitative methods alone.3

We systematically examined the use of qualitative 
approaches alongside randomised controlled trials of 
complex healthcare interventions. We also explored 
how trial teams could improve the quality of qualitative 
studies linked to randomised controlled trials and how 
synergies between qualitative approaches and the trials 
can be maximised.

Methods
From a list of randomised controlled trials published 
in English during 2001-3 and included in the register 
of the Cochrane Effective Practice and Organisation of 
Care Review Group4 we sampled every fifth study for 
each year to obtain a sample of 100 trials.

We attempted to identify all published and 
unpublished qualitative studies—defined as those using 

What is already known on this topic
Complex healthcare interventions involve social processes 
that can be difficult to explore using quantitative methods 
alone
Qualitative research can support the design of interventions 
and improve understanding of the mechanisms and effects 
of complex healthcare interventions
Increasing numbers of randomised trials of complex 
interventions are now thought to include qualitative 
components

What this study adds
Qualitative studies remain relatively uncommon alongside 
trials of complex healthcare interventions
Most of the qualitative studies identified were carried out 
before the trial so opportunities to understand better the 
effects of interventions and how they are experienced by 
recipients are not being fully utilised
Most of the qualitative studies had important methodological 
shortcomings and their findings were often poorly 
integrated with those of the trial in which they were nested
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qualitative methods for data collection or analysis—
linked to the randomised controlled trials. We checked 
the primary trial for citations of qualitative studies and 
then located the trial in PubMed and searched for related 
studies and other studies published by the trials’ authors. 
We also located the randomised controlled trial in the 
Science and Social Science Citation Index and checked 
the list of studies citing the paper. Any potentially rel-
evant titles and abstracts were examined and full papers 
obtained where necessary. Finally, we contacted authors 
for information on published or unpublished qualitative 
studies linked to their trials. We received responses for 
76 of the 100 papers.

Two reviewers used a standard form to extract data on 
each randomised controlled trial and any qualitative stud-
ies, such as descriptions and the quality of the trials and 
studies and information on the approaches used to com-
bine the findings of the trials and studies. The quality of 
the trials was assessed using the Cochrane Effective Prac-
tice and Organisation of Care Review Group’s checklist.5 
The quality of the studies was assessed using a modified 
checklist from the critical appraisal skills programme.6 
These modifications included further details on whether 
the qualitative approach was justified and appropriate to 
the research question, whether the research context was 
described adequately, and items to differentiate adequate 
reporting of methods from the appropriateness of those 
methods, in relation to the research question.

Results
Thirty of the 100 trials included qualitative work. Nine-
teen of these qualitative studies were published. In 23 
(77%) of the 30 cases the researchers employed quali-
tative methods for data collection and analysis. In the 
remaining seven cases some form of qualitative data 
collection was used, but no formal analysis of these data 
using qualitative approaches was reported. Most of the 
qualitative studies (n=25) were carried out before or 
during the randomised controlled trial (see bmj.com). 
An explicit theoretical basis for the intervention was 
reported in 12 of the 30 cases.

The 30 trials that included qualitative research were 
carried out in a variety of settings: 24 were carried out in 
primary care and the remainder evaluated interventions 
in secondary care or across a mix of levels. The trials, all 
carried out in high income countries, dealt with a wide 
range of healthcare issues. The methodological quality 
of the trials with qualitative studies was similar to those 
without such studies.

The objectives of the qualitative studies varied widely 
(see bmj.com). The 16 studies done before the trial, or 
before and during the trial, had one or more objec-
tives: to explore the knowledge, attitudes, or practices 
of the target groups about the topic in question; to 
explore the illness experience of consumers; to develop 
the intervention; and to develop the instrument used 
to measure the effects of the intervention in the ran-
domised controlled trial.

The nine qualitative studies done during the trials had 
a wide range of objectives. These included describing the 
intervention as delivered and exploring issues influenc-

ing the effects of the intervention, the illness experience 
of consumers, participants’ experiences of the interven-
tion (see bmj.com), and reasons for refusal to participate 
in the trial (see bmj.com).

Of the four qualitative studies carried out after the trial, 
two explored participants’ experiences of the interven-
tion, one explored factors influencing the effects of the 
intervention (see bmj.com), and one analysed the process 
for development of the intervention.

Methodological approach, sampling, data collection, and 
data analysis
The methodological approaches of the qualitative stud-
ies were heterogeneous. Whereas 19 did not refer to 
any specific approach, 11 mentioned grounded theory, 
ethnography, action research, or narrative approaches. 
Ten studies used several methods for data collection, 10 
utilised individual interviews, five used focus groups, and 
two used different forms of observation. We were unable 
to obtain further information from the authors of the 
remaining three, unpublished, studies.

A number of studies inadequately reported several 
aspects of the methods—13 did not describe their sam-
pling approach and the remainder used a mix of purpo-
sive, convenience, and random sampling. In 14 studies 
we could find no information on data analysis. Where 
methods were reported, thematic or content analysis 
or framework analysis (n=10) or a grounded theory 
approach (n=2) were utilised. Four studies used other 
approaches.

Links between qualitative studies and randomised controlled 
trials
Where the findings of the trial and qualitative studies 
were reported in separate papers, the link between the 
two was not always clear from the papers. Sixteen of 
the studies shared authors with the randomised con-
trolled trial. Only nine papers explicitly described link-
age between the study teams. In two of the studies the 
researchers stated that they had used a “mixed method” 
approach.

Quality of the qualitative studies
Ten qualitative studies (including the seven with no for-
mal analysis of qualitative data) had insufficient data to 
allow assessment of methodological quality. The quality 
of the remaining 20 studies (see bmj.com) was highly 
variable. The most common weaknesses were lack of a 
clear justification for the qualitative approach used; inad-
equate descriptions of context, sampling, data collection, 
and analysis; little reflection on the researcher’s role in 
the research process; lack of clarity on how ethical issues 
had been taken into consideration; and insufficient evi-
dence to support the claims made in the study.

Discussion
Qualitative studies undertaken alongside randomised 
controlled trials of interventions to change organisa-
tion and practice remain uncommon. Less than one 
third of recently completed trials of relatively complex 
interventions in the Cochrane Effective Practice and 
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Organisation of Care register included some form of 
qualitative research. Of these, only about two thirds 
were published studies. This is surprising given the 
nature of these interventions and the growing aware-
ness of the role that qualitative research can play in the 
design and evaluation of interventions.2 7‑ 9 Furthermore, 
contacts with authors suggested that many valued the 
findings of qualitative studies. Constraints on resources 
and poor access to relevant expertise were mentioned 
by authors in response to our requests for information 
on qualitative studies. It has also been suggested that 
linear models for evaluating interventions may impede 
the use of qualitative approaches. These models, it is 
suggested, view such evaluation as passing through a 
series of phases from the development of hypotheses 
to efficacy trials and then effectiveness trials. This may 
contribute to the view that earlier phases of research do 
not need to incorporate qualitative studies to explore the 
effects of contextual and other moderating factors.10

Although much has been written on qualitative 
process evaluation alongside trials of complex interven-
tions, the largest group of qualitative studies identified 
were those carried out before trials. This suggests that 
reviewers who aim to understand better the effects of 
interventions through examining qualitative process 
evaluations may find little data.

We identified major shortcomings in many of the 
studies, particularly regarding sampling, analysis, and 
critical analysis of the researchers’ roles. Interestingly 
an explicit theoretical basis for the intervention was 
reported in over a third of cases—a higher proportion 
than reported in recent reviews on theory in imple-
mentation research.11 12 Twice as many of the trials that 
included qualitative work also had a clearly specified 
theoretical basis (40%) compared with randomised con-
trolled trials without any such work (20%). However, 
the use of theory is by no means the norm in studies 
in this specialty and it remains unclear whether inter-
ventions based explicitly on a theoretical approach are 
more likely to be effective than those designed using 
pragmatic processes.13‑15

We found little evidence of explicit integration of data 
from qualitative studies and randomised controlled trials 
and few cases discussed mixed methods approaches.

Limitations of the study
We may not have identified all qualitative studies linked 
to the index randomised controlled trials. However we 
did receive a high response rate from the authors of the 
trials, and other reviews have indicated that this approach 
identifies the largest number of additional studies.12 All 
methods of identifying studies were resource intensive—
a potential barrier to examining qualitative work done 
alongside trials. Secondly, trials sampled from the 
Cochrane Effective Practice and Organisation of Care 
database may not be representative of those evaluating 
interventions to change professional practice and the 
organisation of care. The sampled trials are unlikely to 
be representative of randomised controlled trials more 
widely but are likely to be similar, in terms of their use of 
qualitative methods, to other randomised controlled trials 

of complex interventions. Finally, our analysis is based 
largely on study reports. These may not reflect the extent 
of integration of qualitative and quantitative findings.

Conclusions
Well conducted qualitative studies can support trial 
design and improve our understanding of the effects 
of complex interventions and the mechanisms through 
which changes occur. However, qualitative studies 
remain relatively uncommon alongside trials of complex 
interventions. Most of the qualitative studies were car-
ried out before the trial, had important methodological 
shortcomings, and the findings were poorly integrated 
with those of the trials. This study highlights ways in 
which the quality and usefulness of qualitative studies 
carried out alongside randomised controlled trials can 
be improved (see bmj.com).
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Selective serotonin reuptake inhibitors in pregnancy and 
congenital malformations: population based cohort study
Lars Henning Pedersen,1 2 Tine Brink Henriksen,3 Mogens Vestergaard,4 Jørn Olsen,2 Bodil Hammer Bech1

prescribed any SSRI, and 2.1% (4/193) among chil-
dren whose mothers were prescribed more than one 
type of SSRI.

Bias, confounding, and other reasons for caution
Induced or spontaneous abortions might have intro-
duced selection bias if the drug reduces the survival of 
a fetus or if exposed women undergo more intensive 
screening. Late abortion (after 12 weeks of pregnancy) 
because of septal heart defects, however, would not be 
granted in Denmark. The estimates could be biased 
if children of women with depression or with a spe-
cific pharmacological treatment for a depression were 
likely to be examined more thoroughly than other 
children. The study adjusted for potential confound-
ing factors, but residual confounding or unmeasured 
confounding might still be present. We had no infor-
mation on the severity of the depression, and poten-
tial confounding by indication is impossible to rule 
out in a non-randomised design. The results depend 
on a correlation between redemptions of prescrip-
tions and drug use. Non-compliance, if some of the 
“exposed” were in fact unexposed, and use of antide-
pressant medication without prescription would result 
in underestimation of a true association.

Generalisability to other populations
The study used nationwide registries with almost 
complete follow-up of liveborn infants, and we expect 
a high degree of generalisability to comparable  
populations.

Study funding/potential competing interests
This work was funded by a grant from the Lundbeck 
Foundation, an independent foundation supported 
by the pharmaceutical company, Lundbeck. The 
Lundbeck Foundation had no role in the design and 
conduct of the study; the collection, analysis, inter-
pretation of the data; or the preparation, review, or 
approval of the manuscript.
Accepted: 6 June 2009

Study question Is there any association between 
selective serotonin reuptake inhibitors (SSRIs) taken 
during pregnancy and congenital major malformations?

Summary answer There is an increased prevalence 
of septal heart defects among children whose mothers 
were prescribed an SSRI in early pregnancy, particularly 
sertraline, citalopram, or more than one type of SSRI.

What is known and what this paper adds The 
teratogenic effects of specific SSRIs are unconfirmed. 
The study found prescriptions for sertraline, citalopram, 
or more than one type of SSRI were associated with an 
increased prevalence of septal heart defects.

Participants and setting
493 113 children born in Denmark, 1996-2003.

Design, size, and duration
This was a population based cohort study. We cat-
egorised major malformations according to Eurocat 
(European Surveillance of Congenital Anomalies) 
with additional diagnostic grouping of heart defects. 
Nationwide registers on medical redemptions (filled 
prescriptions), delivery, and hospital diagnosis pro-
vided information on mothers and newborns. We 
included all children born in 1996-2003, and follow-
up data were available to December 2005.

Main results and the role of chance
Redemptions for SSRIs were not associated with 
major malformations overall but were associated with 
septal heart defects (odds ratio 1.99, 95% confidence 
interval 1.13 to 3.53). For individual SSRIs, the odds 
ratio for septal heart defects was 3.25 (1.21 to 8.75) 
for sertraline, 2.52 (1.04 to 6.10) for citalopram, and 
1.34 (0.33 to 5.41) for fluoxetine. Redemptions for 
more than one type of SSRI were associated with 
septal heart defects (4.70, 1.74 to 12.7). The absolute 
increase in the prevalence of malformations was low—
for example, the prevalence of septal heart defects 
was 0.5% (2315/493 113) among unexposed children, 
0.9% (12/1370) among children whose mothers were 
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LIKELIHOOD OF MALFORMATIONS ACCORDING TO TWO OR MORE PRESCRIPTIONS FOR SSRI
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sure, and total cholesterol and triglyceride concentra-
tions (fully adjusted model).

Bias, confounding, and other reasons for caution 
The fact that associations were independent of per-
centage body fat as well as abdominal obesity suggests 
that the risk with smaller thighs might be associated 
with too little muscle mass in the region. Because we 
did not measure tissue composition of the thighs we 
could not study this question.

Generalisability to other populations 
Our results show that there might be an increased risk 
of premature death related to thigh size. Furthermore, 
there seems to be a threshold effect of a thigh circum-
ference around 60 cm, but this needs confirmation in 
other population groups before the results can be gen-
eralised. The measure of thigh circumference might 
be a relevant anthropometric measure to help general 
practitioners in early identification of individuals at an 
increased risk of premature morbidity and mortality.
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Thigh circumference and risk of heart disease and 
premature death: prospective cohort study
Berit L Heitmann,1 2 Peder Frederiksen1

Study question Is thigh size independently related to 
cardiovascular and coronary heart disease or premature 
death and is there a threshold for effect? 

Summary answer Smaller thigh size is associated with 
an increased risk of cardiovascular morbidity and early 
mortality independently of abdominal and general  
obesity and lifestyle and cardiovascular risk factors.  
There was a threshold effect, with a greatly increased risk 
of premature death associated with thigh size  
below around 60 cm.

Participants and setting 
A random subset of 1436 men and 1380 women aged 
35-65 participating in the Danish MONICA project.

Design, size, and duration
Prospective observational cohort study with Cox pro-
portional hazards model and restricted cubic splines. 
Participants were examined in 1987-8 for height, 
weight, and thigh, hip, and waist circumference, and 
body composition by impedance. Those initially free 
from coronary heart disease, stroke, and cancer were 
followed up through personal identification numbers 
for an average of 10 years for incidence of cardiovas-
cular and coronary heart disease, and for 12.5 years 
for total mortality.

Main results and the role of chance 
During the 12.5 years of follow-up 257/1436 men 
(crude rate 3.3/1000) and 155/1380 women (8.0/1000) 
died. Smaller thigh circumference was independ-
ently related to total death and cardiovascular and 
coronary heart diseases for men and to total death 
for women. In both men and women, the risk was 
more highly related to thigh circumference than to 
waist circumference or body mass index (BMI). Fur-
thermore, there was a threshold effect in the curves 
for all end points, suggesting the existence of a criti-
cally low thigh circumference. This threshold was 
62 cm for both men and women in relation to total 
mortality, 56 cm in relation to cardiovascular and 
coronary heart diseases for men, 68 cm in relation 
to cardiovascular disease for women, and 60 cm in 
relation to coronary heart disease for women. Above 
these thresholds, the protective effect of having larger 
thighs on survival and morbidity from cardiovascular 
and coronary heart diseases was no longer related to 
the size of the thighs, whereas below the threshold 
the risk was greatly increased. All findings were seen 
both after adjustment for smoking, physical activity, 
education, menopause (for women), BMI, and waist 
circumference (partially adjusted model) or further 
adjustment for alcohol intake, systolic blood pres-
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