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Eff ect of a US National Institutes of Health programme of 
clinical trials on public health and costs
S Claiborne Johnston, John D Rootenberg, Shereen Katrak, Wade S Smith, Jacob S Elkins

Summary
Background Few attempts have been made to estimate the public return on investment in medical research. The total 
costs and benefi ts to society of a clinical trial, the fi nal step in testing an intervention, can be estimated by evaluating 
the eff ect of trial results on medical care and health.

Methods All phase III randomised trials funded by the US National Institute of Neurological Disorders and Stroke 
before Jan 1, 2000, were included. Pertinent publications on use, cost to society, and health eff ects for each studied 
intervention were identifi ed by systematic review, supplemented with data from other public and proprietary sources. 
Regardless of whether a trial was positive or negative, information on use of tested therapies was integrated with 
published per-use data on costs and health eff ect (converted to 2004 US$) to generate 10-year projections for the US 
population. 

Findings 28 trials with a total cost of $335 million were included. Six trials (21%) resulted in measurable improvements 
in health, and four (14%) resulted in cost savings to society. At 10 years, the programme of trials resulted in an 
estimated additional 470 000 quality-adjusted life years at a total cost of $3·6 billion (including costs of all trials and 
additional health-care and other expenditures). Valuing a quality-adjusted life year at per-head gross domestic 
product, the projected net benefi t to society at 10-years was $15·2 billion. 95% CIs did not include a net loss at 
10 years. 

Implications For this institute, the public return on investment in clinical trials has been substantial. Although results 
led to increases in health-care expenditures, health gains were large and valuable. 

Introduction
The mission of the National Institutes of Health (NIH) in 
the USA is “ … to uncover new knowledge that will lead to 
better health for everyone”.1 The fi nal step in developing 
interventions that improve health is testing in clinical 
trials. The NIH has been a major sponsor of clinical 
trials, with an investment of US$2·9 billion in 2004, over 
10% of the NIH budget.2,3 

Examples of exciting basic discoveries and reductions 
in disease burden are often cited as evidence that 
government investment in medical research is 
worthwhile.4,5 However, funding levels are vigorously 
debated and vary from year to year.4,6 Some critics have 
pointed to the perceived failure of a recent doubling in 
the NIH budget to result in an increase in the rate of 
development of novel therapies.7 Few attempts have 
been made to systematically evaluate the eff ect of 
medical research on the public, and no methodological 
standards have been agreed on.8–11 One review concluded 
that fi ve selected proven interventions alone justifi ed 
the entire US health-care expenditure12 and, thus, would 
justify the research needed to produce them. Most 
proven interventions that gain wide use in medicine 
have a greater return to society than their costs, on the 
basis of accepted valuations of health improvements, as 
shown in systematic cost-utility and economic analyses.13 
However, analyses have not generally included the costs 
of the underlying research. The eff ect of a public 
programme of research on medical care, public health, 

and health-care costs has not been systematically 
studied. 

Clinical trials that aff ect health care alter rates of use 
of the studied treatment. The eff ect of clinical trials on 
health and costs can be estimated by combining 
information on changes in rates of use with eff ect on 
health and costs for each use, derived from specifi c cost-
utility or economic analyses. We analysed the eff ect of 
trials for one of the NIH institutes, the National Institute 
of Neurological Disorders and Stroke (NINDS), on the 
basis of a systematic review of publications and by 
creating a model for the eff ect of its entire programme 
of trials in which funding was completed before the end 
of 1999. 

Methods
Data sources
NINDS provided a complete listing of its funded phase III 
clinical trials and their costs. We included all randomised 
trials with funding for the primary trial completed before 
Jan 1, 2000; more recent trials were excluded because 
information on implementation of the fi ndings would be 
limited in time and accurate projections of use would not 
be possible. 

To estimate the eff ect of a trial, we gathered data on use 
of each tested intervention and estimates of the eff ect of 
the intervention on health and costs with standard 
methods of systematic review.14 Cost-utility analyses 
generally provide an estimate of the net cost and net 
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health benefi ts (measured as quality-adjusted life years, a 
unit equivalent to an additional year of healthy life) to 
society for each use of an intervention, so these 
publications were preferred over other published analyses 
of per-use eff ect. 

Systematic keyword and author searches of PubMed 
and Biosis were done to identify the primary publication 
of the trial results (keywords derived from the grant title 
with principal investigator as an author; grant number 
was also searched). We used previously validated, highly 
sensitive search strategies to identify publications of 
pertinent cost and cost-utility analyses and usage of the 
tested medication or procedure before and after trial 
publication.15 For cost analyses, we searched the tested 
intervention as a keyword combined with other keywords 
(cost, utility, or QALY) or Medical Subject Heading terms 
(cost-benefi t analysis, costs and cost analysis, economics, 
or quality-adjusted life years). For usage data, we searched 
the intervention as a keyword combined with additional 
keywords (use, usage, rate, or trend) or with the Medical 
Subject Heading term utilization. We contacted the 
principal investigator when the primary publication 
could not be readily identifi ed, and reviewed all references 
that cited the primary publication, which were identifi ed 
from a search of the Web of Science. We also asked 
principal investigators to identify information on cost, 
health eff ects, or usage, when this was not identifi ed in 
the primary searches.

When several publications on either cost or health 
implications of an intervention were identifi ed, articles 
were reviewed independently by three physician clinical 
researchers, who were asked to select the most pertinent 
reference on the basis of three criteria: the analysis 
refl ected the US economy and health-care system; 
standard measures and methods were used to assess 
eff ect on health (such as, willingness to pay or quality-
adjusted life years); and the analysis took the perspective 
of society (that is, it included all costs of treatment and its 
consequences, including costs of side-eff ects, patients’ 
lost wages, and health-system implementation, 
irrespective of the payer). Reviewers were also asked to 
abstract from each selected publication the best estimate 
of cost and health implications, which was considered to 
most accurately represent the target population of the 
trial, discounted (preferably by 3%) to take into account 
the lower value generally placed on costs and benefi ts 
that occur later in time.13 Publications about use were 
reviewed similarly, using the criteria: the estimate of use 
was reported specifi cally for the intervention tested in the 
trial; and the publication refl ected use in the USA. Since 
information on use before and after the trial was required, 
more than one publication could be identifi ed. When no 
one study met all criteria, the reviewers were asked to 
identify the one closest to meeting these criteria. If at 
least two of the three primary reviewers did not agree on 
a publication or an abstracted value, a fourth physician 
reviewer chose between those previously identifi ed. 

When cost or use data were not identifi ed from 
publications, we contacted organisations that pooled 
sales data (such as IMS Health), manufacturers (such as 
the makers of rectal diazepam), or disease-based 
nonprofi t organisations (such as the National Multiple 
Sclerosis Society). When no report of the eff ect of trial 
results on costs of health care or on quality of life was 
available, the intervention was judged not to have aff ected 
health or costs. We made similar judgments for 
interventions for which data on use were unavailable. 
Costs of these trials were included in the model but no 
other eff ect was modelled. We assumed that trial fi ndings 
were correct and that results were applied appropriately; 
thus, inclusion of the costs, but no estimate of benefi t, of 
these trials would tend to underestimate the eff ect of the 
programme, although a negative net benefi t of some of 
these trials cannot be ruled out.

Analytical model
We estimated that trials have an eff ect on society solely 
through its direct consequences for clinical practice, 
measurable as a change in use of the tested medical or 
surgical intervention. With this assumption, eff ect on 
society is measurable as the cost and health benefi ts 
associated with each use of an intervention (derived from 
published cost-utility and other economic models) 
multiplied by the additional uses prompted by trial 
results. This is a conservative assumption, since a trial 
could also aff ect use of similar interventions, could alter 
understanding of disease processes, or might have laid 
groundwork for development of other interventions.

We developed a health economic model designed to 
estimate US aggregate treatment costs/savings and eff ect 
on public health, measured in quality-adjusted life years 
or costs to society (defi ned as total related net 
expenditures, including health-care and productivity 

72 trials funded 1977–2004

28 funded trials meeting
       inclusion criteria

14 active intervention
      better than control
      6 with data on use,
          societal cost, and
          health effects
      1 with data on use
         and societal cost

3 control intervention
    better than active  
   1 with data on use
     and societal cost

10 no significant 
      difference between 
      active and control
      0 with data on
         societal cost

   2 not randomised trials
42 funding continued
       after Dec 31, 1999

1 result unpublished

Figure 1: Selection of randomised trials included in analysis 

For Web of Science see 
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costs, irrespective of the payer). We assumed that the 
true costs of a trial were shown by NINDS expenditures 
assigned to the trial. 

Yearly use of proven treatments was projected to the 
US population for 10 years and 30 years, beginning in 
the fi rst year after completion of funding (or after 
publication of primary trial results, whichever was fi rst). 
Estimates were based on adjudicated publications or 
other sources. Rates of use were interpolated linearly 
between these estimates and were assumed not to 
change after the most recent estimate (since rates of use 

could have gone up or down after the last known rate). 
Population size and distribution was assumed to be 
constant after 2004. Total use at 10 years and 30 years 
was calculated by summing yearly rates. Yearly net costs 
and benefi ts were calculated by multiplying discounted 
per-use estimates from published work by net changes 
in use of the studied treatment before and after trial 
publication. For example, if an intervention was 
associated with a net cost of $1000 and a net gain of one 
quality-adjusted life year per use based on a published 
cost-utility analysis, and use data indicated that an 

Reference Active intervention Control 
intervention

Target population Superior 
intervention

Cost of trial

Randomized Indomethacin Germinal Matrix/Intraventricular 
hemorrhage Prevention Trial

20 Indomethacin Placebo Very low birthweight 
neonates

Active $8 875 272

Diazepam for acute repetitive seizures 21 Diazepam rectal gel Placebo Acute repetitive seizure Active $1 563 303

Recombinant Beta Interferon as treatment for multiple 
sclerosis

22 Interferon beta-1a Placebo Relapsing-remitting 
multiple sclerosis

Active $7 771 364

Asymptomatic Carotid Artery Stenosis Collaborative Study 23 Carotid endarterectomy Medical therapy Asymptomatic internal 
carotid artery stenosis

Active $43 320 428

Stroke Prevention In Atrial Fibrillation I 24 Warfarin or aspirin Placebo Atrial fi brillation Active $16 093 548

Remacemide Inpatient Seizure Evaluation Trial 25 Remacemide Placebo Refractory epilepsy Active $1 115 095

North American Symptomatic Carotid Endarterectomy Trial 26 Carotid endarterectomy Medical therapy Symptomatic internal 
carotid artery stenosis

Active $64 033 234

Tissue plasminogen activator in ischemic stroke 27 Tissue plasminogen activator Placebo Acute ischaemic stroke Active $18 774 365

Dilantin for seizure prophylaxis after brain trauma 28 Phenytoin Placebo Post-traumatic seizures Active $2 278 078

National Acute Spinal Cord Injury Study II 29 Methylprednisolone Placebo Acute spinal cord injury Active $6 330 642

National Acute Spinal Cord Injury Study III 30 Long-duration 
methylprednisolone 

Short-duration 
methylprednisolone 

Acute spinal cord injury Active $12 639 013

Deprenyl/Tocopherol in Parkinson Disease (DATATOP) 31 Tocopherol/deprenyl Placebo Early Parkinson’s disease Active $34 015 598

Pallidotomy in Parkinson’s disease 32 Unilateral pallidotomy Medical therapy Parkinson’s disease Active $3 007 431

Nicotine/haloperidol therapy in Tourette syndrome 33 Transdermal nicotine Placebo Tourette’s disorder Active $722 105

Aspirin and carotid endarterectomy 34 High-dose aspirin Low-dose aspirin Patients undergoing 
carotid endarterectomy

Control $3 920 504

Stroke prevention In atrial fi brillation III 35 Low-dose warfarin+aspirin Standard warfarin Atrial fi brillation Control $18 695 305

Extracranial/Intracranial Arterial Anastomosis Study 36 Superfi cial temporal-middle 
cerebral artery bypass

Medical therapy Ischaemic stroke or 
transient ischaemic attack

Control $29 198 826

Valproate for seizure prophylaxis after brain trauma 37 Valproate Phenytoin Post-traumatic seizures No diff erence $5 475 726

Brain Resuscitation Clinical Trial I 38 Thiopental Placebo Cardiac arrest survivors No diff erence $3 783 150

Brain Resuscitation Clinical Trial II 39 Lidofl azine Placebo Comatose survivors of 
cardiac arrest

No diff erence $5 296 353

Brain Resuscitation Clinical Trial III 40 High-dose epinephrine Low-dose 
epinephrine

Cardiopulmonary 
resuscitation

No diff erence $5 753 116

Randomised study of nicardipine SAH 41 High-dose nicardipine Low-dose nicardpine Aneurysmal subarachnoid 
haemorrhage

No diff erence $9 793 659

Randomised trial Of Org-10172 in acute ischemic stroke 42 Danaparoid Placebo Acute ischaemic stroke No diff erence $15 023 629

Randomised trial of Tirilazad in acute stroke patients 43 Tirilazadmesylate Placebo Acute ischaemic stroke No diff erence $1 674 068

Stroke prevention in atrial fi brillation II 44 Warfarin Aspirin Atrial fi brillation No diff erence $7 941 150

National Acute Spinal Cord Injury Study I 45 High-dose 
methylprednisolone 

Low-dose 
methylprednisolone 

Acute spinal cord injury No diff erence $3 105 611

Conventional vs percutaneous discectomy—a clinical trial 46 Percutaneous discectomy Conventional 
discectomy

Lumbar disc herniation No diff erence $3 559 807

Felbamate Concentration Response Trial Not 
published

.. .. .. .. $1 363 384

Total .. .. .. .. .. $335 123 767

Trial costs infl ated to 2004 US$ on basis of medical services component of Consumer Price Index.19

Table 1: Characteristics of clinical trials meeting inclusion criteria
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additional 1000 procedures were done in the 10 years 
after the trial, the 10-year eff ect for this intervention 
would have been estimated as a $1 000 000 cost and a 
gain of 1000 quality-adjusted life years. 

In some instances, use of an intervention could have 
been aff ected by results from more than one clinical trial. 
When other trials of similar interventions and populations 
were published within 2 years of the trial sponsored by the 
NINDS, the eff ect of the NINDS-sponsored trial was 
reduced: health costs and benefi ts were multiplied by the 
proportion of patients in all the trials enrolled in the 
NINDS-sponsored trial (that is, the number in the NINDS-
sponsored trial divided by the total number studied in 
trials).

Total incremental net benefi ts of the programme were 
calculated at yearly time points after funding completion 
by combining trial costs and treatment costs with a 

monetary value for a quality-adjusted life year, derived by 
valuing a quality-adjusted life year at per-head US gross 
domestic product ($40 310),16 which estimates the average 
yearly economic productivity of a US resident, regardless 
of employment or age; such a standard has been 
recommended by the World Bank.17 Although debated, 
this calculation probably gives a low estimate of the value 
of a quality-adjusted life year, judging by economic 
studies and taking into account the willingness of society 
to pay more for interventions that produce an additional 
year of healthy life.13 However, expenditures on 
interventions that cost more than the gross domestic 
project per quality-adjusted life year would generally be 
expected to produce a net economic burden.18 

All costs and benefi ts were converted to 2004 US$ with 
the Medical-U portion of the Consumer Price Index.19 
Overall societal eff ect for the programme of trials was 
estimated as the incremental net benefi t: total net health 
benefi t in quality-adjusted life years multiplied by gross 
domestic project, minus the increase in total costs related 
to the tested interventions minus the total cost of the 
programme of trials. 

Bootstrap 95% CIs were calculated at the 10-year event 
horizon. 10 000 samples of 28 trials were sampled with 
replacement from the listing of included trials, and 
estimates of costs, health benefi ts, incremental cost-
eff ectiveness ratios, and net incremental benefi ts were 
calculated with the R Software Package (version 2.2.0, 
Comprehensive R Archive Network, Vienna), and the 5th 
and 95th percentile outputs were identifi ed with Stata 
(version 7.0, College Station, TX, USA).

Role of the funding source
The study was prompted by a request from the National 
Advisory Council for NINDS. Study design, data analysis, 
and preparation of the fi nal version of the manuscript 
were independent of the sponsor. Staff  of NINDS 
provided information on trial names, principal 
investigators, and costs, reviewed the initial study plan, 
and reviewed a draft of the manuscript. A panel of three 
health-policy experts independently reviewed the analysis 
plan, actual model, and fi nal manuscript. 

Results
Between the years 1977 and 2007, NINDS committed 
funding to 72 clinical trials at a combined cost of 
$959 million (fi gure 1). Of these, 28 were randomised 
phase III trials with funding completed before Jan 1, 
2000 (table 1).20–46 The costs of all 28 trials meeting 
inclusion criteria ($335 million) were included in the 
analysis. Trial costs ranged from $722 000 for a small trial 
of the eff ects of nicotine on Tourette’s syndrome33 to 
$64 million for the North American Symptomatic Carotid 
Endarterectomy Trial.26

The eff ects of a trial could be assessed if information 
on use and the intervention’s eff ect on total costs and 
savings or quality of life were available; such information 

Reference

Use Quality of life Societal cost

Randomized Indomethacin Germinal Matrix/Intraventricular 
Hemorrhage Prevention Trial

47*  48 48

Diazepam for acute repetitive seizures 49† NA 50

Recombinant beta interferon as treatment for multiple sclerosis 51 52,53‡ 52

Asymptomatic Carotid Artery Stenosis Collaborative Study 54–56* 57 57

Stroke prevention in atrial fi brillation I 58–61 62 62

North American Symptomatic Carotid Endarterectomy Trial 55,56,63 64 64

Tissue plasminogen activator in Ischaemic stroke  65,66 67 67

Extracranial/Intracranial Arterial Anastomosis Study § NA 68

NA=not available. *And US Centers for Disease Control and Prevention. CDC wonder web site. http://wonder.cdc.gov 
(accessed Oct 14, 2005). † And Martella D, Xcel-Pharmaceuticals, personal communication (April, 2005).  ‡And Prosser LA, 
Harvard Medical School, personal communication (August, 2005). §And Barnett H, Robarts Research Institute, personal 
communication (March, 2005).

Table 2: Model input data sources for clinical trials with available information on societal costs and 
benefi ts
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Figure 2: Use of tested interventions in the USA for the eight trials with 
adequate data
Year 0 corresponds to fi nal year of trial funding. Interventions: diazepam for 
acute repetitive seizures (pink), endarterectomy for asymptomatic (orange) and 
symptomatic (grey) carotid stenosis, beta interferon-1a for multiple sclerosis 
(yellow), tissue plasminogen activator for ischaemic stroke (green), 
anticoagulation for atrial fi brillation (purple), prophylactic indomethacin for 
premature neonates (blue), and extracranial-intracranial bypass surgery for 
carotid occlusion (red). See table 2 for references.
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was available for eight trials (table 2).47–68 For the others, 
no information was available about cost to society or 
quality of life. Data for use of interventions were derived 
from publications for seven of the eight included trials 
and solely from an aggregator of US sales data for one 
(table 2). For four of the interventions, at least one other 
similar trial was published with 2 years of the NINDS-
sponsored trial, and rates of use were reduced to refl ect 
the proportion of patients in the NINDS-sponsored trial 
among all studied individuals (weighting for rectal 
diazepam for seizures, 44%; warfarin for atrial fi brillation, 
48%; endarterectomy for symptomatic carotid artery 
stenosis, 46%; endarterectomy for asymptomatic carotid 
stenosis, 79%).69–73

All the included economic and health analyses took the 
perspective of society and discounted future eff ects on 
costs and health benefi ts, generally by 3–5%. All 
estimated the eff ect of an intervention, as evaluated in 
the clinical trial, applied to a typical patient or population 
and, thus, estimated the eff ect on society of each 
appropriate use of the intervention.

Use of tested treatments increased in seven of eight 
trials (fi gure 2), with rates reaching plateau an average of 
7·1 years (range 3–11 years) after completion of trial 
funding. Rates of external-to-internal carotid artery 
bypass surgery for carotid artery occlusion decreased 
after publication of the negative trial results. 

Data for intervention use were integrated with per-use 
estimates of eff ect on costs and health derived from 
published health economic analyses (table 3). Six trials 
had demonstrable benefi ts on health, with projected 
gains in quality-adjusted life years ranging from 4038 to 
146 837 in the 10 years after funding was completed 
(table 3). Four trials were associated with a reduction in 
costs to society, whereas four increased costs. With 
quality-adjusted life years valued at per-head gross 
domestic product16 and including the costs of the trial, six 
of the eight trials resulted in a net increase in value to 

society at 10 years, ranging from $0·3 billion to 
$6·5 billion (fi gure 3). The net costs of recombinant 
interferon beta for multiple sclerosis22 and of carotid 
endarterectomy for asymptomatic carotid stenosis23 
exceeded the economic benefi t to health.

Overall, the entire programme of trials cost 
$335 million. Assuming conservatively that trials in 
which data on eff ect were unavailable had no direct 
implications for health, the eff ect on society would be 
shown by projections from the eight trials with adequate 
data (table 3). Thus, the programme of trials had a 
10-year projected benefi t of 470 339 quality-adjusted life 
years (95% bootstrap CI 96 875–916 968) at an additional 
cost of $3·3 billion (95% CI savings of $3·8 billion to 
cost of $13·5 billion). Including the cost of all the trials, 
this programme resulted in a net cost per quality-
adjusted life year (incremental cost-eff ectiveness ratio) 
of $7713 (95% CI savings with health benefi t to cost of 
$36 585), a cost for an additional healthy year of life that 
would widely be considered cost-eff ective, well below 
per-head gross domestic product. The overall incremental 
net benefi t of the programme at 10 years was a projected 
gain of $15·5 billion ($0·67 billion to $34·49 billion). 
The 10-year return on investment was 4600% 
(200–11 300%). 

Investment in the programme of trials was returned 
through health benefi ts within 1·2 years of completion of 
trial funding (fi gure 3). In sensitivity analysis, the 
programme of trials produced a net gain ($3·00 billion) 
at 10 years even when the two most benefi cial trials were 
removed from the analysis. In the primary analysis, we 
assumed that rates of use before trial publication would 
have continued unchanged if the trial had not been done. 
In a sensitivity analysis, we altered this assumption to 
project rates of use based on their change before trial 
publication and used this to estimate the eff ect of trial 
results on use; overall model results were essentially 
unchanged ($15·7 billion net benefi t). 

Quality-adjusted 
life years per use

Societal cost 
per use ($)

10-year projections

Total net uses Quality-adjusted 
life years

Treatment costs ($) Incremental net 
benefi ts ($)

Randomized Indomethacin Germinal Matrix/Intraventricular Hemorrhage 
Prevention Trial

1·00  –632 146 837 146 837 –92 857 340 6 003 009 978 

Diazepam for acute repetitive seizures NA 849 1 050 776 –891 839458 890 276 155 

Recombinant beta Interferon as treatment for multiple sclerosis 0·014 3213 297 256 4038 955 140 007 –800 131 189

Asymptomatic Carotid Artery Stenosis Collaborative Study 0·25 11 552 371 282 92 820 4 288 862 203 –590 564 802

Stroke prevention in atrial fi brillation I 0·24 984 147 736 35 457 145 402 116 1 267 774 453 

North American Symptomatic Carotid Endarterectomy Trial 0·35 1 819 163 669 57 120 297 716 385 1 940 786 211 

Tissue plasminogen activator in ischaemic stroke 0·75 –6074 178 517 134 066 –1 084 314 904 6 469 781 905 

Extracranial/Intracranial Arterial Anastomosis Study NA 30 998 –10 500 .. –325 476 690 296 277 864 

Total .. .. .. 470 339 3 292 632 319 15 477 210 576 

NA=not available. Incremental net benefi ts include cost of trial, treatment costs, and quality-adjusted life years valued at 2004 per capita gross domestic product ($40 310). Products of per-use and net-use data vary slighted 
from 10-year projections because of rounding. See table 2 for references.

Table 3: Per-use estimates and 10-year projections of eff ect of clinical trials with available information on societal costs and benefi ts
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Discussion
The NINDS programme of randomised trials has 
generated major health benefi ts. Although the trials have 
led to increased expenditures on health, the resultant 
health benefi ts have a much greater value than these 
costs, even when valued conservatively, with an overall 
net benefi t of the programme of $15·2 billion at 10 years. 
The yearly return on investment was 46%, which outpaces 
by nearly fourfold the expected return if these same 
resources were invested in the stock market, as indicated 
by average returns on the S&P 500 during the period of 
study. Thus, the investment in clinical trials seems to be 
well justifi ed.

Our estimate of benefi t probably underestimates the 
true benefi t for several reasons. First, information on 
eff ect was available for only eight of 17 trials that showed 
one intervention was better than another. Some trials 
without complete information probably have had major 
public health eff ects; for example, the trial that showed 
neurological benefi ts of methylprednisolone in spinal 
cord trauma29 led to great changes in practice, but the 
eff ect of this intervention on society has not been valued 
systematically. Second, our estimate of the value of a 
quality-adjusted life year is low. We valued a quality-
adjusted life year at $40 310, to indicate the average yearly 
economic productivity of a person in the USA. However, 
for health interventions, costs exceeding $50 000 per 
quality-adjusted life year are well accepted, and even 
those exceeding $100 000 are common.13 Furthermore, 
some economic evaluations have estimated the value of a 
quality-adjusted life year even higher.74 Third, the 
estimates for the cost of drugs are high. We relied on 
estimates from published work, but none of these reports 
recognised that profi t, taxes, and underwriting 

development of future drugs are not true costs from 
society’s perspective because they simply involve transfer 
of resources from one group to another; the true cost of a 
drug is shown by the materials and labour necessary to 
develop, make, and distribute it.75 Finally, our defi nition 
of eff ect on society was narrow: benefi ts were measured 
only as the result of changes in use of the tested 
treatments. We made no attempt to evaluate the eff ect of 
trial results on interventions similar to those tested in the 
trials; for example, a negative trial of a heparinoid42 
probably resulted in reduced use of acute anticoagulation 
for acute ischaemic stroke, but this eff ect was not 
captured in our analysis. Also, we made no attempt to 
value the scientifi c discoveries and methodological 
advances gained from clinical trials; as some very highly 
cited publications were included in our analysis, this 
eff ect was probably substantial. 

We cannot comment on the relative expenditures for 
basic research relative to clinical research. All the 
interventions from these clinical trials required 
understanding brought about through basic science 
research. Thus, the overall investment in basic and 
clinical research was important to achieving these health 
gains. Interestingly, however, the total budget of the 
NINDS during the 27-year period covered by this study 
was $29·5 billion2 and the expected return over a similar 
time for the clinical trials in the programme was projected 
to be more than $50 billion. Thus, benefi ts from the 
clinical trials alone have been large enough to justify the 
entire programme of research, basic and clinical. 

The eff ect of these trials could have been greater. 
Implementation of proven treatments was often delayed 
and incomplete. Rates of use were estimated to plateau 
more than 7 years after completion of funding. 
Furthermore, several interventions continue to be 
underused.58,66 Although implementation is not part of 
the stated mission of the NINDS, additional focus on 
implementation of proven treatments is needed if the 
full promise of the research investment is to be 
realised.76 

Our study has several limitations. We relied heavily on 
published work for our model inputs and, although we 
selected model inputs systematically, the choice of 
available studies was limited. Cost-utility analyses fi gured 
prominently in our analysis, and they are prone to bias 
and error.77 Included cost-utility analyses used a range of 
methods for assessing eff ect of health and for measuring 
costs, so estimates are imprecise. Studies of the eff ect of 
several proven interventions could not be identifi ed. 
Estimates of the dollar value of a quality-adjusted life year 
vary widely depending on the methods used for 
assessment,74 producing uncertainty in the overall 
economic value of the programme; however, the overall 
cost-eff ectiveness ratio of the programme is well within 
current accepted standards of value. We assumed that trial 
results would be applied to a population similar to the 
target population of the trial; in fact, proven interventions 

Figure 3: Societal eff ect of trials
Data shown by year after funding completion of clinical trial programme (black 
line) and by individual trials with adequate data: tissue plasminogen activator 
for ischaemic stroke (green), prophylactic indomethacin for premature neonates 
(blue), endarterectomy for symptomatic carotid stenosis (grey), anticoagulation 
for atrial fi brillation (purple), diazepam for acute repetitive seizures (pink), 
extracranial-intracranial bypass surgery for carotid occlusion (red), 
endarterectomy for asymptomatic carotid stenosis (orange), and beta 
interferon-1a for multiple sclerosis (yellow). See table 2 for references.
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can be applied more broadly, with uncertain benefi ts in 
unstudied populations. Results of two trials produced very 
striking benefi ts that overwhelmed the benefi ts of the 
other trials; however, the eff ect of the programme was still 
very positive even when these trials were excluded. Our 
analysis focused on the USA, since the initial trial 
investment was made there; fi ndings might not be 
generalisable elsewhere, since costs of implementation 
and the values of health states vary widely. Finally, our 
method applies to previous research and not to the specifi c 
value of future research projects; other methods have been 
proposed to weigh the potential benefi ts of competing 
funding proposals and may be more relevant in 
determining whether public funding could be more wisely 
used elsewhere.10,78 Nonetheless, the conclusion that the 
investment in clinical trials was worthwhile seems diffi  cult 
to contradict because of the size of the modelled benefi t 
and conservative assumptions of the model. 

Few studies have studied the eff ects of research and 
methodological standards have not been established.8,10,79 
The methods of health services and economic research, 
including cost-utility analysis, are attractive because they 
incorporate standard measures of health and economic 
benefi t.8,9 Further refi nements will be necessary to create 
the best methodological standards to evaluate the eff ects 
of research. However, the potential reward is great, with 
more rigorous justifi cation for funding and for setting 
research priorities.80
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