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Abstract
Objective To examine concordance between treatment 
effects in animal experiments and clinical trials.
Study design Systematic review.
Data sources Medline, Embase, SIGLE, NTIS, Science 
Citation Index, CAB, BIOSIS.
Study selection Animal studies for interventions with 
unambiguous evidence of a treatment effect (benefit 
or harm) in clinical trials: head injury, antifibrinolytics 
in haemorrhage, thrombolysis in acute ischaemic 
stroke, tirilazad in acute ischaemic stroke, antenatal 
corticosteroids to prevent neonatal respiratory distress 
syndrome, and bisphosphonates in the prevention and 
treatment of osteoporosis.
Review methods Data were extracted on study design, 
allocation concealment, number of randomised animals, 
type of model, intervention, and outcome.
Results Corticosteroids did not show any benefit in clinical 
trials of treatment for head injury but did show a benefit in 
animal models (pooled odds ratio for adverse functional 
outcome 0.58, 95% confidence interval 0.41 to 0.83). 
Antifibrinolytics reduced bleeding in clinical trials but the 
data were inconclusive in animal models. Thrombolysis 
improved outcome in patients with ischaemic stroke. In 
animal models, tissue plasminogen activator reduced 
infarct volume by 24% (95% confidence interval 20% to 
28%) and improved neurobehavioural scores by 23% (17% 
to 29%). Tirilazad was associated with a worse outcome 
in patients with ischaemic stroke. In animal models, 
tirilazad reduced infarct volume by 29% (21% to 37%) and 
improved neurobehavioural scores by 48% (29% to 67%). 
Antenatal corticosteroids reduced respiratory distress 
and mortality in neonates whereas in animal models 
respiratory distress was reduced but the effect on mortality 
was inconclusive (odds ratio 4.2, 95% confidence interval 
0.85 to 20.9). Bisphosphonates increased bone mineral 
density in patients with osteoporosis. In animal models 
the bisphosphonate alendronate increased bone mineral 
density compared with placebo by 11.0% (95% confidence 
interval 9.2% to 12.9%) in the combined results for the hip 
region. The corresponding treatment effect in the lumbar 
spine was 8.5% (5.8% to 11.2%) and in the combined 
results for the forearms (baboons only) was 1.7% (−1.4% to 
4.7%).
Conclusions Discordance between animal and human 
studies may be due to bias or to the failure of animal 
models to mimic clinical disease adequately.

Introduction
Before clinical trials are carried out, the safety and 
effectiveness of new drugs are usually tested in animal 
models.1 Some believe, however, that the results from 

animal experiments are not applicable to humans 
because of biological differences between the species 
and the type of animal model used.2 In this paper we 
compared treatment effects from systematic reviews of 
clinical trials with a systematic review of corresponding 
animal experiments.3-5 

Methods
We identified six interventions with evidence of 
a treatment effect (benefit or harm) in systematic 
reviews of clinical trials: corticosteroids in head 
injury,6-8 antifibrinolytics in haemorrhage,9 thrombo
lysis in stroke,10 11 tirilazad in stroke,12 antenatal 
corticosteroids to prevent neonatal respiratory 
distress syndrome,13 and bisphosphonates to treat 
osteoporosis.14 We then systematically searched for 
randomised and non-randomised controlled studies 
of the interventions in animal models (see bmj.com). 
For dichotomous measures we estimated odds ratios 
and confidence intervals and f������������������  or continuous mea-
sures we estimated the effect size (see bmj.com). ���We 
calculated pooled odds ratios, effect sizes, and 95% 
confidence intervals using a random effects model. 
Heterogeneity was examined using the I2 statistic.15 
We investigated the possibility of publication bias 
using a funnel plot and statistical methods.16

Results
The quality of the experiments for each intervention 
was poor (see bmj.com).

Corticosteroids for traumatic head injury 
Clinical trials of corticosteroids for head injury did not 
show any benefit and showed an increased risk of mor-
tality.6 Seventeen reports were found in animal models 
of head injury.w1-w17 Three reported adequate allocation 
concealment. Two reported the effect of corticosteroids 
on mortality but an effect estimate could not be calcu-
lated owing to missing numbers in one experiment and 
death of all the animals in the other.

Seven experiments reported neurological outcomes. 
Neurological status was assessed by the grip test (see 
bmj.com) and neurological severity score. Four experi-
ments reported the grip test: pooled odds ratio 0.58 
(95% confidence interval 0.41 to 0.83; see bmj.com). No 
heterogeneity was found (I²=0%). Three experiments 
reported neurological severity scores but none reported 
the scores in each group.

Antifibrinolytics in haemorrhage 
Clinical trials show that antifibrinolytics reduce 
blood loss during surgery.9 Eight reports were found 
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on antifibrinolytics in animal models.w18-w25 One 
did not give the number of animals. One reported 
mortality, five reported bleeding time, five reported 
blood loss, and one reported haemoglobin loss. None 
reported the method of allocation concealment. Four 
reported blinded outcome assessment but failed to 
describe the method. One assessed the effect of 
antifibrinolytics on mortality, but no deaths occurred. 
Five reported the effects on blood loss but only one 
had sufficient data to enable the effect estimate to 
be calculated. One reported a decrease in gastric 
bleeding of 0.09 ml (95% confidence interval 0.08 to 
0.10). One reported a decrease in blood loss (average 
523 ml) but failed to give the standard deviation. One 
reported a decrease in blood loss by 0.83 ml but did 
not give the number of controls. 

Thrombolysis in acute ischaemic stroke
Thrombolysis with tissue plasminogen activator 
reduces death or dependency after stroke, despite 
an increase in intracranial haemorrhage.10 11 Over-
all, �����������������������������������������������        113 reports were found on the effects of using 
tissue plasminogen activator�����������������������     or related agents for 
thrombolysis in animal models of stroke.w26-w138 
I�����������������������������������������������      nfarct volume was reported in 212 comparisons, 
neurobehavioural scores in 84, and haemorrhage in 
146. The funnel plot suggested an excess of stud-
ies overstating efficacy (see bmj.com). Tissue plas-
minogen activator reduced infarct volume by 24% 
(95% confidence interval 20% to 28%), improved 
neurobehavioural scores by 23% (17% to 29%), and 
increased the probability of haemorrhage (odds 
ratio 1.96, 95% confidence interval 1.63 to 2.35; see 
bmj.com). Heterogeneity was substantial for infarct 
volume (�I2=78.2%������������������������������   ) and neurobehavioural scores 
(�I2=75.2%��).

Tirilazad in acute ischaemic stroke
Tirilazad increases the risk of death and dependency 
in patients with stroke.12 Eighteen reports were found 
of tirilazad in animal models of stroke.w139-w156 All 18 
reported infarct volumes and eight reported neuro
behavioural outcomes (see bmj.com). The funnel plot 
suggested an excess of small experiments overstat-
ing efficacy. Tirilazad reduced infarct volume by 29% 
(95% confidence interval 21% to 37%) and improved 
neurobehavioural scores by 48% (29% to 67%). Hetero-
geneity was substantial for infarct volume (I2=73.3%) 
and neurobehavioural scores (I2=58.1%).

Antenatal corticosteroids to prevent neonatal  
respiratory distress syndrome
Antenatal corticosteroids reduce respiratory distress 
syndrome and mortality in neonates.13 Fifty six 
controlled reports were found of corticosteroids in 
animal models of preterm delivery.w157-w212 Thirty two 
assessed intramuscular or subcutaneous injections 
in mothers, six assessed intraperitoneal instilla-
tion in mothers, and 18 assessed injections into the 
fetus. Only three experiments assessed the effect 
of antenatal corticosteroid injections on neonatal 

respiratory distress syndrome, but the outcome was 
measured differently. 

Respiratory distress syndrome was reduced in the 
corticosteroid groups in all three experiments. In 
one experiment two of 15 calves in the corticoster-
oid group compared with nine controls developed 
respiratory distress syndrome (P=0.01). In another 
experiment the total (SD) lung capacity in newborn 
rabbits in the corticosteroid group was 1.8 (0.4) ml/g 
compared with 1.4 (0.4) ml/g in controls. In a third 
experiment, six of 12 monkeys in the corticoster-
oid group compared with 11 controls developed 
severe respiratory distress syndrome (P=0.03). Seven 
experiments reported the effects of corticosteroids 
on neonatal mortality: pooled odds ratio 4.2 (95% 
confidence interval 0.85 to 20.9). Heterogeneity was 
significant (I2=72.7%). 

Bisphosphonates to treat osteoporosis
Bisphosphonates increase bone mineral density in 
postmenopausal women with osteoporosis.14 Sixteen 
controlled reports were found of bisphosphonates in 
animal models (two in baboons and 14 in rats).w213-w228 
The effect of bisphosphonates on bone mineral density 
was reported in 11 experiments (see bmj.com). Eleven 
of 11 showed an increase in bone mineral density and 
six of six showed improvements in bone mass.

Meta-analysis showed that compared with placebo 
alendronate increased bone mineral density by 11.0% 
(95% confidence interval 9.2% to 12.9%) in the com-
bined results for the hip region, by 8.5% (5.8% to 11.2%) 
for the lumbar spine, and by 1.7% (−1.4% to 4.7%) for 
the forearms (baboons only). 

Discussion
Concordance between animal studies and clinical 
studies varied for six interventions. Thrombolysis with 
tissue plasminogen activator was effective in animal 
models of stroke and the results agreed with the clinical 
trials. The animal studies were of poor quality, however, 
with evidence of publication bias. Our evidence for 
concordance may therefore be biased. We found over 
100 experiments, totalling more than 3000 animals. 
The pooled result was therefore precise although not 
necessarily valid. The concordance may be explained 
by the large volume of evidence and the replication of 
similar designs in different animals and laboratories. 
Furthermore, tissue plasminogen activator was tested in 
older animals, those with comorbidities, and at a range 
of intervals after stroke onset, ensuring a reasonable 
match with patients in clinical trials. The results for 
bisphosphonates agreed between animal studies and 
clinical trials. We also found that antenatal corticoster-
oids reduced neonatal respiratory distress syndrome in 
animal studies and in clinical trials, although the data 
were sparse and we found no evidence of agreement 
for mortality.

The four experiments in our meta-analysis of 
corticosteroids in animal head injury models used the 
weight drop model.17 All had good allocation conceal-
ment and blinded outcome assessment. Taken together 
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they showed benefit. The experiments were, however, 
from one laboratory, had little evidence on adverse 
effects, and did not examine comorbidities. We also 
found a difference in results for tirilazad to treat stroke. 
The data from the animal studies suggested a benefit 
but the clinical trials showed no benefit and possible 
harm. The interval between stroke onset and treatment 
was, however, longer in the clinical studies (median 
five hours) than in the animal models (median 10 min-
utes). Some of the clinical trials recruited patients up 
to 24 hours after stroke onset. For antifibrinolytics in 
haemorrhage, clinical trials showed clear evidence of 
benefit despite the lack of any reliable data from animal 
models.

Animal studies are often carried out to learn about 
biological mechanisms and we cannot comment on 
the value of animal research. Although we tried to 
contact some authors, we analysed what was reported 
and cannot rule out unpublished data. Our system-
atic review does, however, provide insights into the 
limitations of animal models, including the extent to 
which they represent disease in humans. 

Systematic reviews could facilitate the translation 
of research findings from animals to humans. The 
animal studies we included varied in methodologi-
cal quality and sample sizes. Randomisation and 
blinding were rarely reported, which can have impor-
tant implications as animal experiments carried out 
without either are five times more likely to report a 
positive treatment effect.18

In the systematic review of thrombolysis in acute 
ischaemic stroke we found strong evidence of pub-
lication bias. Assessment of publication bias was 
difficult in the other systematic reviews owing to the 
number of experiments. In most cases we pooled 
the results to provide estimates of efficacy, although 
accuracy is open to question owing to heterogeneity. 
Prospective registration of animal experiments might 
reduce publication bias. We asked the UK Home 
Office for details of animal experiments relevant 
to our study, however they were unable to provide 
them (see bmj.com). 

Empirical evidence of bias from study design char-
acteristics helped to improve the quality of clinical 
trials and might do the same for animal experiments. 
Standards for evidence based reporting might ensure 
that relevant aspects of experiment methodology are 
reported.19

Systematic reviews can provide insights into the 
limitations of animal models. In stroke, the time 
from the occlusive event to the start of treatment was 
similar in animal and human studies. In head injury, 
treatment was given within five minutes of injury in 
the animal models but up to eight hours after injury 
in the clinical trials. None of the animal experiments 
used models that mimic the complex situations after 
head injury. Comorbidities are relevant in people 
with stroke and people with head injuries, but they 
were examined only in stroke models.

Systematic reviews of animal experiments could 
promote closer collaboration between the research 

communities and encourage an iterative approach to 
improving the relevance of animal models to clinical 
trial design. When models do not represent the clinical 
context they could be adapted accordingly. 

We thank Sir Iain Chalmers for his constructive comments on the 
manuscript.
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Research question 
Can acupuncture help pregnant women whose 
membranes rupture at term but before labour has started?

Answer
Acupuncture may speed up the active phase of labour 
and reduce the need for oxytocin to augment labour.

Why did the authors do the study?
There’s some evidence that acupuncture can augment 
labour for women giving birth at term. These authors 
wanted to find out whether it might specifically help 
women whose membranes rupture before labour is 
established. Pre-labour rupture of membranes puts 
women and their infants at risk of ascending infection, 
and labour is usually induced if it doesn’t start 
spontaneously within a day or two.

What did they do?
One hundred healthy women with singleton 
pregnancies took part in a randomised controlled trial. 
All had spontaneous rupture of membranes at term but 
before the onset of labour. Forty eight had acupuncture 
while they were waiting. The remaining 52 did not. The 
acupuncture was individually tailored to encourage and 
augment labour. If labour did not start spontaneously 
within 24 hours of rupture of membranes, it was 
induced with prostaglandins or oxytocin.

The authors compared the two groups after excluding 
six women who had caesarean sections, two who had 
intact membranes, and one who received acupuncture 
by mistake. They were interested in the impact of 
acupuncture on speed of delivery, length of the active 
phase of labour, need for induction, and need for 
augmentation of labour with intravenous oxytocin.

What did they find? 
Women who had acupuncture had a shorter active 

phase of labour than controls (mean time 4.4 hours 
v 6.1 hours, mean difference 1.7 hours (95% CI 0.2 
to 3.1), P=0.027), but they did not deliver any faster 
overall (29.1 hours from rupture of membranes v 32.7 
hours). Women who had acupuncture were no less 
likely to be induced than controls, but they were less 
likely to need an oxytocin infusion to augment labour 
once it started (use of oxytocin for >2 hours, 9/43 v 
21/48, P=0.018).

Among the women who needed induction of labour, 
those who had received acupuncture had a faster 
active phase than did controls (3.46 hours v 7.06 
hours, P=0.002).

What does it mean? 
This small and preliminary study suggests that 
acupuncture has detectable beneficial effects on 
labour among women with spontaneous rupture 
of membranes at term. But because there was no 
active control (such as sham acupuncture), it’s 
hard to say whether the benefits were due to the 
acupuncture itself or to the 20 minutes of personal 
attention received during treatment. The findings 
need to be confirmed in bigger trials with a better 
control group and analysed by intention to treat. 
Exclusions left this trial with only 43 women in the 
acupuncture group and 48 controls. The authors did 
not do a power calculation, but it’s likely their trial 
was underpowered. The negative results—on overall 
speed of delivery, for example—should be treated 
with caution.

Gaudernack et al. Acupuncture administered after spontaneous 
rupture of membranes at term significantly reduces the length of birth 
and use of oxytocin. A randomized controlled trial. Acta Obstetricia et 
Gynecologica 2006;85:1348-53
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