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The term “real-world evidence” is widely used by 
those who develop medical products or who 
study, deliver, or pay for health care, but its spe-
cific meaning is elusive. We believe it refers to 
information on health care that is derived from 
multiple sources outside typical clinical research 
settings, including electronic health records 
(EHRs), claims and billing data, product and dis-
ease registries, and data gathered through per-
sonal devices and health applications.1,2 Key to 
understanding the usefulness of real-world evi-
dence is an appreciation of its potential for 
complementing the knowledge gained from tra-
ditional clinical trials, whose well-known limi-
tations make it difficult to generalize findings 
to larger, more inclusive populations of patients, 
providers, and health care delivery systems or 
settings that reflect actual use in practice.3

Real-world evidence can inform therapeutic 
development, outcomes research, patient care, 
research on health care systems, quality improve-
ment, safety surveillance, and well-controlled 
effectiveness studies. Real-world evidence can 
also provide information on how factors such as 
clinical setting and provider and health-system 
characteristics influence treatment effects and 
outcomes. Importantly, the use of such evidence 
has the potential to allow researchers to answer 
these questions efficiently, saving time and money 
while yielding answers relevant to broader popu-
lations of patients than would be possible in a 
specialized research environment.4,5

As defined above, real-world evidence can be 
viewed as a means of incorporating diverse types 
of evidence into information on health care. 
However, the confluence of large data sets of 
uncertain quality and provenance, the facile ana-
lytic tools that can be used by nonexperts, and a 

shortage of researchers with adequate methodo-
logic savvy could result in poorly conceived study 
and analytic designs that generate incorrect or 
unreliable conclusions. Accordingly, if we are 
to realize the full promise of such evidence, we 
must be clear about what it is and how it can 
be used most effectively, and we must have ap-
propriate expectations about what it can tell us. 
It is important to distinguish two key dimensions 
of real-world evidence. The first is the setting in 
which evidence is generated, which includes the 
population defined by the data source as well as 
the specific methods used to collect and curate 
the data on that population. The second is the 
methodologic approach used to conduct the sur-
veillance or research.

Research Set tings — Tr aditional 
Trial s vs .  Real World

“Traditional” clinical trials are often conducted 
with specific populations and in specialized 
environments that differ from the realities of 
clinical or home settings. These trials may take 
measures designed to control variability and to 
ensure the quality of the data they generate, 
such as the development of long lists of eligibil-
ity criteria, the use of detailed case-report forms 
that exist separately from ordinary medical rec-
ords, and the use of intensive monitoring and 
specialized research personnel to ensure adher-
ence to a well-characterized protocol that defines 
study procedures and ensures precision in data 
collection.

The clinical trial unquestionably remains a 
powerful tool for developing scientific evidence 
about the safety and efficacy of a medical prod-
uct while informing our understanding of the 
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Nonrandomized observational analyses of large 
electronic patient databases are being promoted 
as an alternative to randomized clinical trials as 
a source of “real-world evidence” about the effi-
cacy and safety of new and existing treatments.1-3 
For drugs or procedures that are already being 
used widely, such observational studies may in-
volve exposure of large numbers of patients. 
Consequently, they have the potential to detect 
rare adverse effects that cannot plausibly be at-
tributed to bias, generally because the relative 
risk is large (e.g., Reye’s syndrome associated 
with the use of aspirin, or rhabdomyolysis as-
sociated with the use of statin therapy).4 Non-
randomized clinical observation may also suf-
fice to detect large beneficial effects when good 
outcomes would not otherwise be expected (e.g., 
control of diabetic ketoacidosis with insulin treat-
ment, or the rapid shrinking of tumors with 
chemotherapy).

However, because of the potential biases in-
herent in observational studies, such studies can-
not generally be trusted when — as is often the 
case — the effects of the treatment of interest 
are actually null or only moderate (i.e., less than 
a twofold difference in the incidence of the 
health outcome between using and not using the 
treatment).4-6 In those circumstances, large obser-
vational studies may yield misleading associa-
tions of a treatment with health outcomes that 
are statistically significant but noncausal, or that 
are mistakenly null when the treatment really 
does have clinically important effects. Instead, 
randomized, controlled trials of adequate size 
are generally required to ensure that any moder-
ate benefits or moderate harms of a treatment are 
assessed reliably enough to guide patient care 
appropriately (Box 1).5-7

Reliance on nonrandomized observational 
studies risks inadequate assessments of both 

safety and efficacy because the potential biases 
with respect to both can be appreciable. For ex-
ample, the treatment that is being assessed may 
well have been provided more or less often to 
patients who had an increased or decreased risk 
of various health outcomes. Indeed, that is what 
would be expected in medical practice, since both 
the severity of the disease being treated and the 
presence of other conditions may well affect the 
choice of treatment (often in ways that cannot be 
reliably quantified). Even when associations of 
various health outcomes with a particular treat-
ment remain statistically significant after adjust-
ment for all the known differences between pa-
tients who received it and those who did not 
receive it, these adjusted associations may still 
reflect residual confounding because of differ-
ences in factors that were assessed only incom-
pletely or not at all (and therefore could not be 
taken fully into account in adjusted analyses). 
Modeling studies indicate that potential biases 
in observational studies may well be large enough 
to lead to the false conclusion that a treatment 
produces benefit or harm, with none of a range 
of statistical strategies capable of adjusting with 
certainty for bias. Those findings are consistent 
with findings from reviews that compared esti-
mates of treatment effects from observational 
studies with estimates from randomized trials, 
with examples in which results for the same in-
tervention were similar but also many in which 
the results were importantly different.8-12

Such discrepancies are illustrated by a data-
base analysis involving the entire Danish popu-
lation that found that the relative risk of death 
from cancer was 15% lower (95% confidence 
interval, 13 to 18) among patients who had 
taken statin therapy for only a few years than 
among those who had not taken statin therapy, 
even after statistical adjustment for what was 
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What is RWE?

✤ Information on health care that is derived from multiple 
sources outside typical clinical research settings

✤ Electronic health records (EHRs)

✤ Claims and billing data

✤ Product and disease registries

✤ Personal devices and health applications



Usefulness

✤ Generalization

✤ Reflect actual use in practice 

✤ Provide information how factors (clinical setting, 
provider, health-system characteristics) influence 
treatment effects and outcomes 

✤ Saving time and money



Quality of data

Analytic tools

Methodology



2 Key dimensions

Research settings

Population
Data collection

Methodologic approach



Research settings 
RCT vs Real world

RCTs

Pros Cons

✤ Specific populations
✤ Control variability and quality of 

data
✤ Evaluate safety and efficacy of 

medical product

✤ Uncertain generalizability
✤ Expense

1



Real-world setting

Data  access What to concern? How to fix?

Point of care data
✤ EHR
✤ Claims databases
✤ Registries

✤ Not collected or 
organized with the 
goal of supporting 
research

✤ Harmonized data 
collection

✤ Create a unified 
system

✤ Developing and 
implementing 
methods for 
incorporation data 
from EHRs and 
other source to 
research

Monitoring
✤ Personal devices
✤ Applications

✤ Accuracy and 
reliability of data

Epidermiologic
✤ Social media

✤ Quality of data
✤ Privacy



Research method, treatment 
allocation, and definition of RWE

RWE  ≠  RCTs

incorrect !!!

Appropriate analytic approaches
Study design: planned interventions

Setting: tertiary care / academic centers
RWE  ~  RCTs

2



Useful of observational setting

✤ Generate hypothesis for prospective trials

✤ Assess generalizability of finding from interventional 
trials

✤ Conduct safety surveillance

✤ Examine changes in patterns of therapeutics use

✤ Measure and implement quality in health care delivery 



Cautions

Small effect size
True effect?

or

Confounding factors

Flawed conclusion
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lytic tools that can be used by nonexperts, and a 

shortage of researchers with adequate methodo-
logic savvy could result in poorly conceived study 
and analytic designs that generate incorrect or 
unreliable conclusions. Accordingly, if we are 
to realize the full promise of such evidence, we 
must be clear about what it is and how it can 
be used most effectively, and we must have ap-
propriate expectations about what it can tell us. 
It is important to distinguish two key dimensions 
of real-world evidence. The first is the setting in 
which evidence is generated, which includes the 
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the specific methods used to collect and curate 
the data on that population. The second is the 
methodologic approach used to conduct the sur-
veillance or research.

Research Set tings — Tr aditional 
Trial s vs .  Real World

“Traditional” clinical trials are often conducted 
with specific populations and in specialized 
environments that differ from the realities of 
clinical or home settings. These trials may take 
measures designed to control variability and to 
ensure the quality of the data they generate, 
such as the development of long lists of eligibil-
ity criteria, the use of detailed case-report forms 
that exist separately from ordinary medical rec-
ords, and the use of intensive monitoring and 
specialized research personnel to ensure adher-
ence to a well-characterized protocol that defines 
study procedures and ensures precision in data 
collection.

The clinical trial unquestionably remains a 
powerful tool for developing scientific evidence 
about the safety and efficacy of a medical prod-
uct while informing our understanding of the 
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receive it, these adjusted associations may still 
reflect residual confounding because of differ-
ences in factors that were assessed only incom-
pletely or not at all (and therefore could not be 
taken fully into account in adjusted analyses). 
Modeling studies indicate that potential biases 
in observational studies may well be large enough 
to lead to the false conclusion that a treatment 
produces benefit or harm, with none of a range 
of statistical strategies capable of adjusting with 
certainty for bias. Those findings are consistent 
with findings from reviews that compared esti-
mates of treatment effects from observational 
studies with estimates from randomized trials, 
with examples in which results for the same in-
tervention were similar but also many in which 
the results were importantly different.8-12

Such discrepancies are illustrated by a data-
base analysis involving the entire Danish popu-
lation that found that the relative risk of death 
from cancer was 15% lower (95% confidence 
interval, 13 to 18) among patients who had 
taken statin therapy for only a few years than 
among those who had not taken statin therapy, 
even after statistical adjustment for what was 
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BACKGROUND
A reduction in the availability of cholesterol may limit the cellular proliferation re-
quired for cancer growth and metastasis. We tested the hypothesis that statin use 
begun before a cancer diagnosis is associated with reduced cancer-related mortality.

METHODS
We assessed mortality among patients from the entire Danish population who had 
received a diagnosis of cancer between 1995 and 2007, with follow-up until December 
31, 2009. Among patients 40 years of age or older, 18,721 had used statins regu-
larly before the cancer diagnosis and 277,204 had never used statins.

RESULTS
Multivariable-adjusted hazard ratios for statin users, as compared with patients 
who had never used statins, were 0.85 (95% confidence interval [CI], 0.83 to 0.87) 
for death from any cause and 0.85 (95% CI, 0.82 to 0.87) for death from cancer. 
Adjusted hazard ratios for death from any cause according to the defined daily 
statin dose (the assumed average maintenance dose per day) were 0.82 (95% CI, 
0.81 to 0.85) for a dose of 0.01 to 0.75 defined daily dose per day, 0.87 (95% CI, 0.83 
to 0.89) for 0.76 to 1.50 defined daily dose per day, and 0.87 (95% CI, 0.81 to 0.91) 
for higher than 1.50 defined daily dose per day; the corresponding hazard ratios for 
death from cancer were 0.83 (95% CI, 0.81 to 0.86), 0.87 (95% CI, 0.83 to 0.91), and 
0.87 (95% CI, 0.81 to 0.92). The reduced cancer-related mortality among statin users 
as compared with those who had never used statins was observed for each of 13 can-
cer types.

CONCLUSIONS
Statin use in patients with cancer is associated with reduced cancer-related mortality. 
This suggests a need for trials of statins in patients with cancer.
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SENSITIVITY ANALYSES

The results for cancer-related mortality remained 
similar when we accounted for the competing 
risk of death from other causes with the use of 

Fine and Gray subhazard regression (Fig. S6 in 
the Supplementary Appendix). An analysis that 
was limited to patients who had small cancers 
without metastases and an analysis that included 

0.75 1.00 1.751.25

Any cause
0.00
0.01–0.75
0.76–1.50
>1.50

Cancer
0.00
0.01–0.75
0.76–1.50
>1.50

Cardiovascular cause
0.00
0.01–0.75
0.76–1.50
>1.50

Other cause
0.00
0.01–0.75
0.76–1.50
>1.50

No. of
Patients Hazard Ratio (95% CI)

No. of
DeathsCause of Death and Statin Dose

1.00

1.00

1.00

1.00

0.77 (0.66–0.92)
0.76 (0.68–0.86)
0.70 (0.64–0.77)

1.24 (1.03–1.48)
1.25 (1.21–1.41)
1.08 (0.99–1.19)

0.87 (0.81–0.92)
0.87 (0.83–0.91)
0.83 (0.81–0.86)

0.87 (0.81–0.91)
0.87 (0.83–0.89)

0.50

0.82 (0.81–0.85)

P Value

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

184,895
5,730
3,438
1,531

153,327
4,680
2,810
1,250

13,512
529
314
134

18,056
521
314
147

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.08  
<0.001

0.01  

<0.001
<0.001

0.003
 

0.75 1.00 1.751.25

Any cause
0.00 
0.01–0.75
0.76–1.50
>1.50

Cancer
0.00
0.01–0.75
0.76–1.50
>1.50

Cardiovascular cause
0.00
0.01–0.75
0.76–1.50
>1.50

Other cause
0.00
0.01–0.75
0.76–1.50
>1.50

No. of
Patients Hazard Ratio (95% CI)

No. of
DeathsCause of Death and Statin Dose

1.00

1.00

1.00

1.00

0.82 (0.68–1.00)
0.81 (0.70–0.93)
0.73 (0.66–0.81)

1.23 (1.00–1.50)
1.24 (1.08–1.42)
1.08 (0.95–1.21)

0.85 (0.80–0.91)
0.87 (0.82–0.91)
0.82 (0.80–0.86)

0.87 (0.81–0.93)
0.88 (0.85–0.93)

0.50

0.83 (0.81–0.87)

P Value

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

26,271
4,741
2,721
1,176

22,584
3,844
2,203

946

1,373
468
258
108

2,314
429
260
122

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.19  
0.002
0.05  

<0.001
0.002
0.06  

Nationwide StudyA

B Matched Study

Statin Use WorseStatin Use Better

Statin Use WorseStatin Use Better

The New England Journal of Medicine 
Downloaded from nejm.org on November 2, 2020. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 

Less cancer death 
in statin user

More CV death 
in statin user



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 367;19 nejm.org november 8, 20121798

SENSITIVITY ANALYSES

The results for cancer-related mortality remained 
similar when we accounted for the competing 
risk of death from other causes with the use of 

Fine and Gray subhazard regression (Fig. S6 in 
the Supplementary Appendix). An analysis that 
was limited to patients who had small cancers 
without metastases and an analysis that included 

0.75 1.00 1.751.25

Any cause
0.00
0.01–0.75
0.76–1.50
>1.50

Cancer
0.00
0.01–0.75
0.76–1.50
>1.50

Cardiovascular cause
0.00
0.01–0.75
0.76–1.50
>1.50

Other cause
0.00
0.01–0.75
0.76–1.50
>1.50

No. of
Patients Hazard Ratio (95% CI)

No. of
DeathsCause of Death and Statin Dose

1.00

1.00

1.00

1.00

0.77 (0.66–0.92)
0.76 (0.68–0.86)
0.70 (0.64–0.77)

1.24 (1.03–1.48)
1.25 (1.21–1.41)
1.08 (0.99–1.19)

0.87 (0.81–0.92)
0.87 (0.83–0.91)
0.83 (0.81–0.86)

0.87 (0.81–0.91)
0.87 (0.83–0.89)

0.50

0.82 (0.81–0.85)

P Value

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

277,204
9,780
6,181
2,760

184,895
5,730
3,438
1,531

153,327
4,680
2,810
1,250

13,512
529
314
134

18,056
521
314
147

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.08  
<0.001

0.01  

<0.001
<0.001

0.003
 

0.75 1.00 1.751.25

Any cause
0.00 
0.01–0.75
0.76–1.50
>1.50

Cancer
0.00
0.01–0.75
0.76–1.50
>1.50

Cardiovascular cause
0.00
0.01–0.75
0.76–1.50
>1.50

Other cause
0.00
0.01–0.75
0.76–1.50
>1.50

No. of
Patients Hazard Ratio (95% CI)

No. of
DeathsCause of Death and Statin Dose

1.00

1.00

1.00

1.00

0.82 (0.68–1.00)
0.81 (0.70–0.93)
0.73 (0.66–0.81)

1.23 (1.00–1.50)
1.24 (1.08–1.42)
1.08 (0.95–1.21)

0.85 (0.80–0.91)
0.87 (0.82–0.91)
0.82 (0.80–0.86)

0.87 (0.81–0.93)
0.88 (0.85–0.93)

0.50

0.83 (0.81–0.87)

P Value

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

45,741
8,162
4,927
2,158

26,271
4,741
2,721
1,176

22,584
3,844
2,203

946

1,373
468
258
108

2,314
429
260
122

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001

0.19  
0.002
0.05  

<0.001
0.002
0.06  

Nationwide StudyA

B Matched Study

Statin Use WorseStatin Use Better

Statin Use WorseStatin Use Better

The New England Journal of Medicine 
Downloaded from nejm.org on November 2, 2020. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 

Less cancer death 
in statin user

More CV death 
in statin user



Review

2544 www.thelancet.com   Vol 388   November 19, 2016

intended to be continued for life once it has been started, 
the meta-analyses show that statin therapy reduces the 
risk of major vascular events during each year that it is 
continued (fi gure 4). Consequently, even larger absolute 
benefi ts would be expected with statin therapy that is 
continued for longer than the average of about 5 years in 
these randomised trials.

Reductions in coronary mortality
Overall in the CTT meta-analyses, there was a statistically 
robust 12% proportional reduction in vascular mortality 
per mmol/L LDL cholesterol reduction (fi gure 6), 
attributable chiefl y to a 20% proportional reduction in 
coronary deaths (with, as was seen for major vascular 
events, a greater proportional eff ect after the fi rst year of 
treatment), along with an 8% reduction in other cardiac 
deaths (some of which, such as those due to arrhythmias 
or heart failure, may not be due to atherosclerotic causes 
and so not amenable to LDL cholesterol-lowering 
therapy) and little eff ect on death due to all types of 
stroke combined.31,32 Both for the aggregate of all vascular 
deaths and for coronary and non-coronary causes 
considered separately, the proportional reductions in 
risk per mmol/L LDL cholesterol reduction appear to be 
similar in patients with and without pre-existing vascular 
disease, and in those who present at diff erent levels of 
baseline vascular risk, as well as in other subgroups that 
have been considered.29–34

As discussed above, when there is compelling evidence 
of an eff ect of a treatment on a particular outcome (ie, 
vascular mortality) and this is supported by the eff ects on 
related outcomes (ie, the even more statistically robust 
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there is good evidence that the treatment does not reduce 
that outcome in diff erent circumstances (rather than 

whether there is direct evidence of benefi t in every 
circumstance).3,13,71 Even in the aggregate of all of the 
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individuals considered in isolation (as has been proposed 
by some commentators11,12,190). However, the proportional 
risk reduction was statistically compatible with the 
reduction observed in higher-risk patients (trend p=0·7) 
and it was supported by the clear reduction in major 
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has been the basis of assertions that statin therapy is not 
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therapy produces proportional reductions of at least 20% 
in coronary mortality per mmol/L LDL cholesterol 
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the proportions of vascular deaths due to coronary and 
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from large trials (such as the HOPE-3 trial in primary 
prevention196 and the ongoing STAREE trial in people 
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Lack of eff ects on non-vascular mortality and cancer
The CTT meta-analyses involved over 6000 non-vascular 
deaths, and there was no suggestion that lowering LDL 
cholesterol concentration with statin therapy had an 
eff ect on any non-vascular cause of death, including 
cancer (fi gure 6).31,52 In a large database analysis, a few 
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proportionally lower rate of cancer-related mortality after 
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incidence and prostate cancer mortality.139,140 By contrast, 
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CARE trial50 and of incident cancer at all sites in the 
PROSPER trial51 among patients who were randomised 
to receive statin therapy. However, based on more than 
10 000 cases of incident cancer in the CTT meta-analyses 
(including CARE and PROSPER), there were no apparent 
eff ects—either overall or at any particular site—during 
an average of 5 years of statin therapy (fi gure 7). Nor were 
there any eff ects on incident cancer among any particular 
type of patient,52 including older individuals (by contrast 
with claims of hazards198). Some of these trials have 
extended follow-up beyond the scheduled study treatment 
period (after which the use of statin treatment in the 

Figure 6: Eff ects of lowering LDL cholesterol with statin therapy on cause-specifi c mortality in meta-analyses 
of randomised trials of statin therapy
Adapted from CTT Collaboration website. Combined comparisons in randomised trials of routine statin therapy 
versus no routine statin therapy and of more versus less intensive statin therapy. RR=rate ratio.
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Summary
This Review is intended to help clinicians, patients, and the public make informed decisions about statin therapy for 
the prevention of heart attacks and strokes. It explains how the evidence that is available from randomised controlled 
trials yields reliable information about both the effi  cacy and safety of statin therapy. In addition, it discusses how 
claims that statins commonly cause adverse eff ects refl ect a failure to recognise the limitations of other sources of 
evidence about the eff ects of treatment. Large-scale evidence from randomised trials shows that statin therapy reduces 
the risk of major vascular events (ie, coronary deaths or myocardial infarctions, strokes, and coronary revascularisation 
procedures) by about one-quarter for each mmol/L reduction in LDL cholesterol during each year (after the fi rst) that 
it continues to be taken. The absolute benefi ts of statin therapy depend on an individual’s absolute risk of occlusive 
vascular events and the absolute reduction in LDL cholesterol that is achieved. For example, lowering LDL cholesterol 
by 2 mmol/L (77 mg/dL) with an eff ective low-cost statin regimen (eg, atorvastatin 40 mg daily, costing about £2 per 
month) for 5 years in 10 000 patients would typically prevent major vascular events from occurring in about 
1000 patients (ie, 10% absolute benefi t) with pre-existing occlusive vascular disease (secondary prevention) and in 
500 patients (ie, 5% absolute benefi t) who are at increased risk but have not yet had a vascular event (primary 
prevention). Statin therapy has been shown to reduce vascular disease risk during each year it continues to be taken, 
so larger absolute benefi ts would accrue with more prolonged therapy, and these benefi ts persist long term. The only 
serious adverse events that have been shown to be caused by long-term statin therapy—ie, adverse eff ects of the 
statin—are myopathy (defi ned as muscle pain or weakness combined with large increases in blood concentrations 
of creatine kinase), new-onset diabetes mellitus, and, probably, haemorrhagic stroke. Typically, treatment 
of 10 000 patients for 5 years with an eff ective regimen (eg, atorvastatin 40 mg daily) would cause about 5 cases of 
myopathy (one of which might progress, if the statin therapy is not stopped, to the more severe condition of 
rhabdomyolysis), 50–100 new cases of diabetes, and 5–10 haemorrhagic strokes. However, any adverse impact 
of these side-eff ects on major vascular events has already been taken into account in the estimates of the absolute 
benefi ts. Statin therapy may cause symptomatic adverse events (eg, muscle pain or weakness) in up to about 
50–100 patients (ie, 0·5–1·0% absolute harm) per 10 000 treated for 5 years. However, placebo-controlled randomised 
trials have shown defi nitively that almost all of the symptomatic adverse events that are attributed to statin therapy in 
routine practice are not actually caused by it (ie, they represent misattribution). The large-scale evidence available 
from randomised trials also indicates that it is unlikely that large absolute excesses in other serious adverse events 
still await discovery. Consequently, any further fi ndings that emerge about the eff ects of statin therapy would not be 
expected to alter materially the balance of benefi ts and harms. It is, therefore, of concern that exaggerated claims 
about side-eff ect rates with statin therapy may be responsible for its under-use among individuals at increased risk of 
cardiovascular events. For, whereas the rare cases of myopathy and any muscle-related symptoms that are attributed 
to statin therapy generally resolve rapidly when treatment is stopped, the heart attacks or strokes that may occur if 
statin therapy is stopped unnecessarily can be devastating.

Introduction
Used appropriately, modern medical therapies have the 
potential to prevent a large proportion of the burden of 
cardiovascular disease. However, their appropriate use 
relies on the availability of robust data on safety and 
effi  cacy, as well as on a sound understanding of the 
interpretation and application of such evidence.

Randomised controlled trials of adequate size are 
needed to be confi dent that any moderate benefi ts and 
any moderate harms of a treatment have been assessed 
suffi  ciently reliably.1–4 In certain circumstances, available 
evidence from randomised trials about the eff ects of a 
treatment may be limited (perhaps because it is deemed 
not possible or too diffi  cult to do adequate trials).2 

However, the particular context that this Review 
addresses is the appropriate interpretation of evidence 
about the safety and effi  cacy of a treatment when 
randomised trials of it have been conducted in large 
numbers of many diff erent types of patient (as is the case 
for statin therapy), as well as the additional value of 
information from observational studies based on cohorts, 
health-care databases, or other sources.3–5 Not only have 
the limitations of observational studies4,6–9 often been 
underestimated when attributing adverse eff ects to 
treatment (such as misleading claims that statins cause 
side-eff ects in one-fi fth of patients10–12), but also the 
strengths of randomised trials with masked treatment 
allocation and systematic ascertainment of many 

Lancet 2016; 388: 2532–61

Published Online
September 8, 2016

http://dx.doi.org/10.1016/
S0140-6736(16)31357-5

Clinical Trial Service Unit & 
Epidemiological Studies Unit 

and MRC Population Health 
Research Unit, Nuffield 

Department of Population 
Health, University of Oxford, 
Oxford, UK (Prof R Collins FRS, 

C Reith FRCP (Glasg.), 
J Emberson PhD, 

Prof J Armitage FRCP, 
Prof C Baigent FRCP, 

L Blackwell BSc, D Preiss PhD, 
Prof R Peto FRS); Ciccarone 

Center for the Prevention of 
Heart Disease, Division of 

Cardiology, Johns Hopkins 
University School of Medicine, 

Baltimore, MD, USA 
(Prof R Blumenthal MD, 

S Martin MD); MRC/BHF 
Cardiovascular Epidemiology 

Unit, Department of Public 
Health and Primary Care, 
University of Cambridge, 

Cambridge, UK 
(Prof J Danesh FMedSci); MRC 

Integrative Epidemiology Unit, 
University of Bristol, Bristol, 
UK (Prof G Davey Smith DSc); 
Department of Biostatistics 

and Medical Informatics, 
University of Wisconsin, 

Madison, WI, USA 
(Prof D DeMets PhD); 

Department of Medical 
Statistics (Prof S Evans MSc), 

Clinical Trials Unit 
(Prof I Roberts PhD), and 

Department of Non-
Communicable Disease 

Epidemiology 
(Prof L Smeeth FRCGP), London 

School of Hygiene & Tropical 
Medicine, University of 

London, London, UK; Wolfson 
Institute of Preventive 

Medicine, Barts and The 
London School of Medicine and 

Dentistry, Queen Mary 
University of London, London, 

UK (Prof M Law FRCP, 
Prof N Wald FRS); The George 

Institute for Global Health 
(Prof S MacMahon FMedSci,

Review

2532 www.thelancet.com   Vol 388   November 19, 2016

Interpretation of the evidence for the effi  cacy and safety of 
statin therapy
Rory Collins, Christina Reith, Jonathan Emberson, Jane Armitage, Colin Baigent, Lisa Blackwell, Roger Blumenthal, John Danesh, George Davey Smith, 
David DeMets, Stephen Evans, Malcolm Law, Stephen MacMahon, Seth Martin, Bruce Neal, Neil Poulter, David Preiss, Paul Ridker, Ian Roberts, 
Anthony Rodgers, Peter Sandercock, Kenneth Schulz, Peter Sever, John Simes, Liam Smeeth, Nicholas Wald, Salim Yusuf, Richard Peto

Summary
This Review is intended to help clinicians, patients, and the public make informed decisions about statin therapy for 
the prevention of heart attacks and strokes. It explains how the evidence that is available from randomised controlled 
trials yields reliable information about both the effi  cacy and safety of statin therapy. In addition, it discusses how 
claims that statins commonly cause adverse eff ects refl ect a failure to recognise the limitations of other sources of 
evidence about the eff ects of treatment. Large-scale evidence from randomised trials shows that statin therapy reduces 
the risk of major vascular events (ie, coronary deaths or myocardial infarctions, strokes, and coronary revascularisation 
procedures) by about one-quarter for each mmol/L reduction in LDL cholesterol during each year (after the fi rst) that 
it continues to be taken. The absolute benefi ts of statin therapy depend on an individual’s absolute risk of occlusive 
vascular events and the absolute reduction in LDL cholesterol that is achieved. For example, lowering LDL cholesterol 
by 2 mmol/L (77 mg/dL) with an eff ective low-cost statin regimen (eg, atorvastatin 40 mg daily, costing about £2 per 
month) for 5 years in 10 000 patients would typically prevent major vascular events from occurring in about 
1000 patients (ie, 10% absolute benefi t) with pre-existing occlusive vascular disease (secondary prevention) and in 
500 patients (ie, 5% absolute benefi t) who are at increased risk but have not yet had a vascular event (primary 
prevention). Statin therapy has been shown to reduce vascular disease risk during each year it continues to be taken, 
so larger absolute benefi ts would accrue with more prolonged therapy, and these benefi ts persist long term. The only 
serious adverse events that have been shown to be caused by long-term statin therapy—ie, adverse eff ects of the 
statin—are myopathy (defi ned as muscle pain or weakness combined with large increases in blood concentrations 
of creatine kinase), new-onset diabetes mellitus, and, probably, haemorrhagic stroke. Typically, treatment 
of 10 000 patients for 5 years with an eff ective regimen (eg, atorvastatin 40 mg daily) would cause about 5 cases of 
myopathy (one of which might progress, if the statin therapy is not stopped, to the more severe condition of 
rhabdomyolysis), 50–100 new cases of diabetes, and 5–10 haemorrhagic strokes. However, any adverse impact 
of these side-eff ects on major vascular events has already been taken into account in the estimates of the absolute 
benefi ts. Statin therapy may cause symptomatic adverse events (eg, muscle pain or weakness) in up to about 
50–100 patients (ie, 0·5–1·0% absolute harm) per 10 000 treated for 5 years. However, placebo-controlled randomised 
trials have shown defi nitively that almost all of the symptomatic adverse events that are attributed to statin therapy in 
routine practice are not actually caused by it (ie, they represent misattribution). The large-scale evidence available 
from randomised trials also indicates that it is unlikely that large absolute excesses in other serious adverse events 
still await discovery. Consequently, any further fi ndings that emerge about the eff ects of statin therapy would not be 
expected to alter materially the balance of benefi ts and harms. It is, therefore, of concern that exaggerated claims 
about side-eff ect rates with statin therapy may be responsible for its under-use among individuals at increased risk of 
cardiovascular events. For, whereas the rare cases of myopathy and any muscle-related symptoms that are attributed 
to statin therapy generally resolve rapidly when treatment is stopped, the heart attacks or strokes that may occur if 
statin therapy is stopped unnecessarily can be devastating.

Introduction
Used appropriately, modern medical therapies have the 
potential to prevent a large proportion of the burden of 
cardiovascular disease. However, their appropriate use 
relies on the availability of robust data on safety and 
effi  cacy, as well as on a sound understanding of the 
interpretation and application of such evidence.

Randomised controlled trials of adequate size are 
needed to be confi dent that any moderate benefi ts and 
any moderate harms of a treatment have been assessed 
suffi  ciently reliably.1–4 In certain circumstances, available 
evidence from randomised trials about the eff ects of a 
treatment may be limited (perhaps because it is deemed 
not possible or too diffi  cult to do adequate trials).2 

However, the particular context that this Review 
addresses is the appropriate interpretation of evidence 
about the safety and effi  cacy of a treatment when 
randomised trials of it have been conducted in large 
numbers of many diff erent types of patient (as is the case 
for statin therapy), as well as the additional value of 
information from observational studies based on cohorts, 
health-care databases, or other sources.3–5 Not only have 
the limitations of observational studies4,6–9 often been 
underestimated when attributing adverse eff ects to 
treatment (such as misleading claims that statins cause 
side-eff ects in one-fi fth of patients10–12), but also the 
strengths of randomised trials with masked treatment 
allocation and systematic ascertainment of many 

Lancet 2016; 388: 2532–61

Published Online
September 8, 2016

http://dx.doi.org/10.1016/
S0140-6736(16)31357-5

Clinical Trial Service Unit & 
Epidemiological Studies Unit 

and MRC Population Health 
Research Unit, Nuffield 

Department of Population 
Health, University of Oxford, 

Oxford, UK (Prof R Collins FRS, 
C Reith FRCP (Glasg.), 

J Emberson PhD, 
Prof J Armitage FRCP, 
Prof C Baigent FRCP, 

L Blackwell BSc, D Preiss PhD, 
Prof R Peto FRS); Ciccarone 

Center for the Prevention of 
Heart Disease, Division of 

Cardiology, Johns Hopkins 
University School of Medicine, 

Baltimore, MD, USA 
(Prof R Blumenthal MD, 

S Martin MD); MRC/BHF 
Cardiovascular Epidemiology 

Unit, Department of Public 
Health and Primary Care, 
University of Cambridge, 

Cambridge, UK 
(Prof J Danesh FMedSci); MRC 

Integrative Epidemiology Unit, 
University of Bristol, Bristol, 
UK (Prof G Davey Smith DSc); 
Department of Biostatistics 

and Medical Informatics, 
University of Wisconsin, 

Madison, WI, USA 
(Prof D DeMets PhD); 

Department of Medical 
Statistics (Prof S Evans MSc), 

Clinical Trials Unit 
(Prof I Roberts PhD), and 

Department of Non-
Communicable Disease 

Epidemiology 
(Prof L Smeeth FRCGP), London 

School of Hygiene & Tropical 
Medicine, University of 

London, London, UK; Wolfson 
Institute of Preventive 

Medicine, Barts and The 
London School of Medicine and 

Dentistry, Queen Mary 
University of London, London, 

UK (Prof M Law FRCP, 
Prof N Wald FRS); The George 

Institute for Global Health 
(Prof S MacMahon FMedSci,

No difference in 
cancer death

Meta-analysis of RCTs

Less CV death 
in statin use 



Sounding Board

n engl j med 382;7 nejm.org February 13, 2020 675

known about potential confounding factors.13 
Likewise, in some other nonrandomized studies, 
statin therapy has been associated with a reduced 
incidence of cancer (e.g., in one such study, the 
incidence of colon cancer was about half as high 
as the incidence among patients not taking a 
statin).5 In contrast, in a meta-analysis of indi-
vidual patient data from randomized trials in-
volving more than 10,000 cases of incident can-
cer, there were no apparent effects of statins on 
the incidence of cancer or death from cancer 
— either overall or at any particular trial site — 
during an average of 5 years of statin therapy 
(longer exposure than in the observational stud-
ies) or during prolonged follow-up thereafter.5 
Conversely, in contrast to the compelling evi-
dence for the beneficial effects of statins on 
cardiovascular mortality observed in randomized 
trials, the incidence of death from cardiovascu-
lar causes in the Danish study was approximately 
one quarter higher among the patients who had 
taken a statin than among those who had not 
(presumably because increased risk had led to 
statin therapy being prescribed). Although this 
increased incidence of death was reduced after 
various statistical adjustments were made, the 
study was still not able to detect the reduction in 
cardiovascular risk that is known to be produced 
by statin use.5

The “magic” of randomization is that it is 
guaranteed to result in groups of patients that 
are balanced (give or take the play of chance) 
with respect to both known and unknown risk 
factors (regardless of whether those risk factors 
have been assessed) and, hence, with respect to 
their risks of any type of health outcome.5 Un-
biased assessment of the effects of the trial 
treatment can then be obtained by ensuring that 
health outcomes are ascertained similarly among 

the patients randomly assigned to the treatment 
under investigation and among those who are 
not. For subjective health outcomes (such as 
symptoms or mood), this process often needs to 
be enhanced by masking the treatment assign-
ment (which is not possible in observational 
studies that make use of clinical databases). 
Continued follow-up of all the patients included 
in a randomized trial (even if some of them stop 
their assigned treatment) maintains the like-with-
like comparison produced by randomization (even 
if the characteristics of the patients who do not 
adhere to their assigned treatment differ between 
the randomized groups). Consequently, differences 
in the incidence of health outcomes between the 
treatment groups in a randomized trial based on 
intention-to-treat comparisons can be attributed 
as causal to the treatment being evaluated (sub-
ject to statistical tests that indicate the differ-
ences are not likely to be due to chance and the 
avoidance of unduly data-dependent emphasis 
on results in selected trials or subgroups within 
trials14).

In generalizing the results of a randomized 
trial, the assumption is not that the patient popu-
lation studied is representative of all patients but 
rather that the proportional effects of the treat-
ment studied on each specific health outcome 
should be similar in different circumstances, 
unless there is good reason to expect other-
wise.15 Consequently, valid estimates of the ab-
solute benefits and harms of a treatment can be 
obtained by applying reliable randomized evi-
dence for its separate proportional effects on 
each outcome of interest to the absolute inci-
dence of these outcomes in observational studies 
conducted within a particular population. For 
example, information from randomized trials of 
secondary prevention strategies involving patients 

Randomization Provides Evidence about Treatment Effects That Can Be Trusted
Randomization results in groups of patients that are balanced (give or take the play of chance) with respect to their risks of all types of health 

outcomes. Consequently, in sufficiently large randomized trials, the effects of a treatment can be reliably assessed.
Nonrandomized observational studies may be able to detect large treatment effects. However, the potential biases can be appreciable, so 

such studies cannot be trusted when the benefits or harms of a treatment are actually null or only moderate.

Obstacles to Randomized Trials Should be Removed to Protect Patients
Increased focus on adherence to rules rather than on the scientific principles that underlie randomized trials has substantially increased the 

complexity and cost of trials.
Promotion of nonrandomized analyses of databases as a rapid source of “real-world evidence” about the effects of treatments is a false solu-

tion to the problems caused by the bureaucratic burdens imposed on randomized trials.
Instead, obstacles to randomized trials should be removed to allow more new treatments to become available and to facilitate the reliable 

 assessment of existing treatments.

Box 1. Facilitation of Randomization to Enhance Patient Care and Protect Public Health.
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>> Box 2

Treatment effect can be trusted 
in RCTs > Observational study

Obstacles to RCTs should be removed
to reduce cost and complexities of RCTs
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at high risk for occlusive vascular events can use-
fully inform estimates of the effects of primary 
prevention in a lower-risk general population.5

Part of the drive toward using nonrandom-
ized observational studies to assess the effects 
of treatment comes from the current costs and 
complexity of conducting randomized trials.16,17 
During the past 25 years, there has been an enor-
mous increase in the rules and related bureau-
cracy governing clinical trials, with the intention 
of improving the safety of the participants in 
trials and the reliability of the results. However, 
undue focus on adherence to rules (exacerbated 
by overinterpretation of those rules) rather than 
on the scientific principles that underlie random-
ized trials does not necessarily improve either a 
trial’s quality or the patients’ safety, but it does 
increase complexity.18 As a consequence, pharma-
ceutical companies have become far more de-
pendent for the conduct of their clinical trials 
on the contract research organization industry, 
which has grown exponentially from an annual 
revenue of approximately $2 billion in the early 
1990s to $40 billion in 2019.19 In parallel, the 
scientific contribution of academic researchers 
to industry-funded trials has been reduced, with 
the previous model of creative partnerships 
largely replaced by service contracts involving 
a burgeoning academic research organization 
industry.

Moreover, the direction of drug development 
has changed in ways that may adversely affect 

public health. For example, in the past decade, 
the revenue from the 10 top-selling drugs in the 
United States increased by a factor of 2.5, but the 
patient population that those medications target 
decreased by a factor of 7.5 (Meanwell C: per-
sonal communication). This trend may reflect 
the current high costs of conducting large ran-
domized trials to detect important incremental 
effects in common conditions,7,16,17 leading to a 
shift toward seeking treatments with larger ef-
fects in less common conditions that could be 
detected in smaller trials. There is also evidence 
that eligibility criteria are being made more re-
strictive and the durations of trials are being 
abbreviated in order to contain costs; both these 
factors reduce the generalizability and reliability 
of the evidence about efficacy and safety.20 How-
ever, the solution to the problems caused by the 
bureaucratic burdens that have been increasingly 
imposed on randomized trials during the past 
25 years is not to replace randomization with 
unreliable nonrandomized database analyses. In-
stead, unnecessary obstacles to the reliable as-
sessment of the efficacy and safety of treatments 
in randomized trials of appropriate size should 
be removed (Box 2).

One consequence of this bureaucratic burden 
has been increasing difficulty in recruiting pa-
tients into trials, which has resulted in a trend 
toward small numbers of patients being enrolled 
at each of hundreds of sites in many countries.20,21 
As a better alternative, rapid recruitment can be 

Appropriate trial guidelines
Based on scientific principles: Focus on issues that can materially affect the reliability of the results (including randomization with concealed 

assignment, adherence to trial intervention, completeness of follow-up, and intention-to-treat analyses).
Developed in partnership: Create new guidelines that can be adapted for many different types of trials through a collaboration of regulators, 

 investigators, patients, and funders.

Enhanced recruitment
Faster and more predictable: Access electronic health care record systems and specialized registries to identify large numbers of potentially 

 eligible patients.
Broader and more generalizable: Avoid unduly restrictive inclusion and exclusion criteria so that the results are relevant to a wide range of 

 patients.

Improved quality
Better adherence: Implement interactive electronic case-report forms to help ensure complete and consistent data collection and to enhance 

adherence to the protocol and safety procedures.
Centralized monitoring: Improve patient safety and trial performance through real-time monitoring and analysis of electronic data from local 

trial sites.

Effective follow-up
Complete and comprehensive: Minimize loss to follow-up and facilitate prolonged follow-up of health outcomes by linkage to electronic health 

record systems.
Extended range of outcomes: Enhance the assessment of the safety and efficacy of treatment by incorporating technological advances (e.g., 

smartphones and digital sensors).

Box 2. Opportunities to Improve the Quality and Efficiency of Randomized Trials of New and Existing Interventions.
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'Magic' of Randomization

✤ Balance known and unknown risk factors

✤ Outcome ascertainment

✤ Continue follow-up

✤ Reliable subjective outcome by masking intervention

✤ Ensure that causal effect come from intervention



Limitaions

✤ Generalization

✤ Proportional effects should be similar in difference circumstances

✤ Absolute benefits and harms ??

✤ Costs and complexities

✤ Leading to a shift toward seeking treatments with

✤ Larger effects in less common conditions

✤ More restrict eligible criteria

✤ Short duration of trials

✤ Reduce generalizability and reliability of efficacy and safety

My opinion 
cannot apply to all scenario esp. personalized medicine 
with known prognostic/predictive biomarkers



Summary

✤ Replacement of RCTs with non-RCTs is a false solution to 
the serious problems of ensuring both safety and efficacy 
of treatments

✤ Developing comprehensive guideline based on scientific 
principles is urgent needed

✤ Generating reliable findings and ensuring patient safety

✤ Take advantage of technological advances



My opinions

✤ Make use of nonrandomized observational study 

✤ First choice for some specific research questions eg. harm 
study, behavioral/social science research

✤ Confirm result of RCTs

✤ Post-marketing surveillance of effectiveness and adverse 
events/safety

✤ Evaluate health system performance of each centers 
(comparable outcome to result from RCTs?)



Your opinions ?


