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of research projects in health sciences?

L. ERIK CLAVERIA,!* ELISEO GUALLAR,2* JORDI CaMi,3" Josk CoNDE,**
ROBERTO PASTOR,5* JOSE R. RICOY,5* EDUARDO RODRIGUEZ-FARRE, ™"
FERNANDO Ruiz-PaLomo,8* EmiLio Musioz?*

Neurology Unit, General Hospital, Segovia (Spain)
2Depariment of Epidemiology and Biostatistics,

National School of Public Health Instituto de Salud Carlos IIT, Madrid (Spain}
3Institut Municipal d'Investigacié Médica (IMIM) and Universitat Pompeu Fabra, Barcelona (Spain)
4 dgency for Health Technology Assessment, Instituto de Salud Carlos I, Madrid (Spain)

) Department of Epidemiology and Biostatistics,
National Schoof of Public Health, Instituto de Salud Carlos III, Madrid (Spain)
®Neuropathology Unit, Hospital 12 de Octubre, Madrid (Spain)
TCSIC Department of Pharmacology and Toxicology, Barcelona (Spain)
2Division of Internai Medicine, Hospital Ramén y Cajal, Madrid (Spain)
“Institute for Advanced Socivlogic Research, Madrid (Spain)

Peer review is a basic component of the scientific process, but its performance has seldom
been evaluated systematically, To determine whether pre-approval characteristics of research
projects predicted the performance of projects, we conducted a retrospective cohort study of all
2744 single-centre research projects financed by the Spanish Health Research Fund since 1988
and completed before 1996. Peer review scores of grant applications were significant predictors of
performance of funded projects, and the likelihood of production was also higher for projects with
a basic research component, longer duration, higher budget or a financed research fellow, Funding
agencies should monitor their selection process and assess the performance of funded projects to
degign future strategies in supporting health sciences research.

Introduction

The review and funding of research projects by public agencies has seldom been
subject to the scrutiny and accountability of the scientific method.]® At funding
agencies, peer reviewers evaluate the scientific merit of project proposals based on
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usually accepted criteria, such as relevance, methodological quality, and feasibility.6-8
Although some agencies have made important efforts to improve and standardise project
peer review and priority scoring,% this process is still based largely on tradition, on
common sense, and on the personal opinjons of the staff and peer reviewers of funding
agencies. Very little is known about the ability of specific aspects of grant applications,
including the results of peer review, to predict the performance of research projects.”

Objective

The aim of this study was to evaluate whether the pre-approval characteristics of
research projects, including the priority scores assigned at the initial peer review, were
important predictors of their future performance. To do so, we studied all single-centre
projects financed by the Spanish Health Research Fund (Fondo de Investigacion
Sanitaria) between 1988 and 1994, and completed before 1996, and quantified their
performance in terms of scientific production.

Methods

The Spanish Health Research Fund, a public funding agency reporting to the
Ministry of Health, is the major source of research funding in the biomedical field in
Spain. 1011 Competition for these funds is open to all non-for-profit institutions working
in health related fields, mainly within the National Health Service. The funds awarded
cover disposable materials, equipment (except for large equipment or infrastructure
costs, which are requested on a separate call), travel expenses and others, The salaries of
project leaders and staff investigators are not covered by the Fund, but some projects
can support a research fellow or part-time personnel to perform technical tasks.

Grant review in the Spanish Health Research Fund

In 1988 the Fund established a system of external peers to review research
proposals.1?® Peers were organised in commissions covering specific research areas (i.e.,
cancer, neurosciences, cardiovascular disease, etc.). Since 1988, the number of
commissions has increased from 16 to 21, with each commission including between 8
and 15 peers, Peers serve in the commissions for four years, After each annual call for
proposals, projects received at the Fund were assigned to two of the commissions
according to the topic of the project. The first commission was topic-specific, while the
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second commission included experts from related fields who reviewed the proposal
from a complementary perspective (i.e., methodological review). Both commissions,
however, performed a full review of the proposal and both evaluations were equally
considered for a final decision.

In each commission, a co-ordinator assigned the project to the reviewer with closest
knowledge of the topic, who evaluated the proposal and presented a report to the
commission. For each project, the reviewer had to complete a form with 12 open-ended
questions judging the capacity of the investigators, the objectives, the methodology, the
relevance and the appropriateness of the proposed budget, and a final global report.
After panel discussion in the commission, each project was classified as excellent/good
(exceptional project or project with good reviews in all aspects of the application; high
priority), acceptable (project with some limitations; medium priority), or
questionable/rejected (project which should not be funded; low priority). Inter-
commission discrepancies were resolved in panel discussion by the Scientific Council of
the Fund, composed by the co-ordinators of all the commissions and by external
advisors. Funding has been available for projects considered of high priority by both
commissions, and for some projects considered of medium priority by both commissions
or after review by the Council. Projects were funded for a maximum of three years, with
yearly renewals after submission of interim progress repotts.

Study design

All single-centre projects funded between 1988-1994 and completed prior to 1996
were assessed in a retrospective cohort design, with prospective and standardised
assessment of performance. For each project, the main characteristics of the grant
application (year of start, duration, budget awarded and presence of a financed research
fellow), and the pre-approval priority scores assigned by the peer reviewers were
retrieved from the Fund's registry. Information on financed research fellows and scores
given by the complementary reviewers were missing for projects funded during the
19881990 period due to administrative reasons.

In April 1996, all documents available at the Fund for each project (including the
grant application, the yearly and final reports, and published papers originated by the
project) were reviewed individually by 324 reviewers using a form designed to
determine the performance and the quality of completed projects. These reviewers were
unaware of the objectives of the study. The research level of the project (basic, clinical,
epidemiological, or health services research as non-exclusive categories) was recorded.
Performance was assessed in two different ways. First, projects were classified as
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productive or non-productive (projects which generated no original publications),
Second, reviewers evaluated the scientific production of each project in terms of type,
number, and quality of the original publications and patents, and scored the project from
1 (minimum) to 10 (maximum) in terms of scientific performance. While the
classification of projects as productive vs. non-productive was more objective, the
performance score took also into account the quality and relevance of the publications.

To assess the reproducibility of the evaluations, a random sample of 40 projects
were each reassessed independently by 3 peer reviewers. The inter-reviewer kappa
coefficient for evaluating productivity was 0.68, and the intra-class correlation
coefficient for performance scores was 0,77,

Statistical methods

Logistic and linear regression models were used to assess the predictors of
productive projects and of performance scores, respectively.!2 Non-parametric logistic
regression was used to explore a non-linear relationship of total budget awarded with
the likelihood of production.!? Since the study inctuded only funded projects, and since
the results of the complementary reviewers were available only after 1990, the cross-
classification of priority scores (high, medium, or low) assigned by both reviewers
resulted in some cells with few projects and unstable results. Thus, for predictive
analysis, projects with medium or low priority were classified in a single category. Since
more recent projects may still be publishing a their results, year of start was included in
multivariate models as a stratification factor, but the association of year of start with
petformance endpoints is not presented. The budget of the projects was updated to 1995
currency units using the yearly official discount rate in Spain. Statistical analysis was
performed using the SAS and S-PLUS packages.!4:15

Resulis

Table 1 shows the characteristics of the 2744 single-centre research projects
analysed. Most projects had either a clinical research (53%) or a basic research
component (39%), while epidemiological and health services research components were
limited to & small number of studies (16 and 10%, respectively). The mean budget was
33,340 US 8, with significant differences among one-year (17,110 US §$), two-year
(26,798 US $) and three-year projects (65,684 US $; P < 0.001 ). After adjusting for
duration, the budget of projects with a basic research component was 44% higher (95%
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confidence interval [CI] 37 to 52%). The distributions of the pre-approval priority
scores given by the topic-specific and complementary reviewers are also presented in
Table 1. The percentages of projects considered of high priority by both, one or neither
of the reviewers were 33, 41 and 25%, respectively.

Table 1
Description of single-centre research projects financed by the Spanish Health Research Fund, 1988-1994.
Number Percent
Total number of financed projects 2744
Research level*
Basic 1068 39
Clinical 1458 53
Epidemiology / public health 440 16
Health services 266 10
Year of onset
1988 411 15
1989 376 14
1990 536 20
1991 367 13
1992 452 17
1993 396 14
19594 206 8
Duration
1 year 1045 38
2 years 977 35
3 years 722 26
Total budget awarded**
< 10,0008 551 20
10,0008 - 20,000% 760 28
20,0008 - 40,0008 695 25
40,0005 - 80,000% 497 18
> §0,0008 241 9
Financed research fellow®** 189 18
Priority assigned by topic-specific reviewer
Low 244 10
Medium 878 36
High 1311 54
Priority assigned by complementary reviewer***
Low 201 15
Medium 468 34
High 696 31

* Non-exclusive categories.

** Funds awarded were updated to 1995 US$ using the yearly official discount rate in Spain.

*** [nformation unavailable for projects funded during the 1988-1990 period. Information on the presence
of a financed research fellow and on the priority assigned by the complementary reviewer is available for
1069 and 1365 projects, respectively.
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Fig. 1. Percentage of productive projects by priority assigned at initial peer review

The overall proportion of productive projects was 81%. The priority given by the
topic-specific and the complementary reviewers were significant predictors of
production (Fig. 1 and Table 2). When both, one or neither of the reviewers considered
a project of high priority, the percentages of productive projects were 86, 79 and 76%
{P = 0.002), The odds ratios (OR) of being productive for high-priority vs. medium-low
priority projects were 1.68 (95% CI 1.35 — 2.10) and 1.55 (95% CI 1.16 — 2.08)
according to the topic-specific and the complementary reviewer, respectively. The
predictive ability of peer review results was attenuated, but persisted after adjusting for
other project characteristics (Table 2).

A strong positive association between total budget awarded and production was
evident from the data (Table 3 and Fig, 2). On average, for each 10,000 US $ of budget
increase, the odds of production increased by 24% (95% CI 17 to 30%). Other
significant determinants of production were the presence of a financed research fellow
(OR = 1.76; 95% CI 1.12 — 2.77), the presence of a basic research component, and the
duration of the project (Table 3).
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Table 2
Initial peer review and production for projects financed by the Spanish Health Rescarch Fund, 1988-1994

Unadjusted Adjusted*
OR (@5% Ch) OR (95%CI)

Priority assigned by topic-specific reviewer**

Medium-low 1 (reference) 1 (reference)

High 1.68 (1.35-2.10) 138 (1.09-1.74)
Priority assigned by complementary reviewer**

Medium-low t (reference) 1 (reference}

High 1.55 (1.16-2.08) 133 (0.97-1.82)

* Adjusted for research Ievel, duration, total budget awarded and year of onset,
** Odds ratio of being productive with respect to the reference category.
OR = odds ratio; CI = confidence interval.

Table 3
Predictors of productive projects financed by the Spanish Health Research Fund, 1988-1994
Unadjusted Adjusted*
Predictor OR (95% Cl) OR (95%Cl)
Research level**
Basic 271 (201 - 3.66) 229 (168 - 3.12)
Clinical 1.03 (0.78 - 1.36) 1.06 (0.80 — 1.41)
Epidemiology / public health 093 (069 - 1.26) 096 (0.70 - 1.31)
Health services 1.07 (0.73 - 1.56) 1.23 (0.83 - 1.33)
Duration*#*
1 year 1 (reference} 1 (reference)
2 years 1.04 (0.83 - 1.31) 1.09 (0.83 - 1.42)
3 years 303 (223 - 411 1.88 (1,26 - 2.30)
Total budget awarded (US $)***
<10,000 - i (reference) 1 (reference)
10,000 - 20,000 1.05 (0.79 - L40) 0.92 (0.68 - 1.24)
20,000 — 40,000 1.54 (1.14 - 2.08) 1.14 (0.82 - 1.58)
40,000 — 80,000 254 (1.78 - 3.61) 1.44 (095 - 2.19)
> 80,000 10.05 (480 - 21.03)  4.75 (2.13 — 10.61)

* Adjusted for the remaining covariates in the table and for year of onset.

** Non-exclusive categories. Odds ratios indicate risk of being productive comparing projects with and
without each component.

*++ Odds ratio of being productive with respect to the reference category.

OR = odds ratio, Cl = confidence interval.
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Fig. 2. Percentage of productive projects by total budget awarded. The trend was estimated using non-
parametric logistic regression (LOESS with a 30% bandwidth); vertical bars represent the 95%
confidence interval for the proportion of productive projects within each decile of budget awarded up
1o the 80™ percentile and for each 2.5% of the projects above the 80% percentile

The mean performance score of the 2744 projects was 5.0 (standard deviation 2.7).
The average improvements in performance scores for high-priority vs. medium-low
priority projects were 1,03 (95% CI 0.81 ~ 1.26) and 0.54 (35% CI 0.23 — 0.84) when
high-priority was assigned by the topic specific or the complementary reviewer,
respectively (both P < 0.001 ). After adjusting for research level, duration, total budget
awarded and year of onset, the corresponding average improvements were 0.72 (95% CI
0.50 — 0.94) and 0.26 (95% CI -0.04 — 0,55). Projects with a basic research component,
three-year projects and projects with a higher budget had also significantly higher
performance scores, even after adjusting for other project characteristics (Table 4).
Finally, the funding of a research fellow increased performance significantly (average
improvement 1.08; 95% CI 0.63 — 1.52).

18 Scientomeirics 47 (2000}



L. E. CLAVERIA et al.: Peer review and research projects

Table 4
Predictors of performance score for projects financed by the Spanish Health Research Fund, 1988-1994
Unadjusted Adjusted*
Predictor Improvement (95%Cl)  Improvement (85% C1)
Research level**
Basic 0.89 (0.62 ~ L17) 0.57 029 - 0.84)
Clinical -0.35 (=061 - =0.10) 031 (-0.56 -~ -0.05)
Epidemiology / public health -0.14 (=046 - 0.17) -0.10 (-0.41 - 0.20)
Health services 025  (~0.64 - 0.14 015  {-0.53 - 0.23)
Duration***
1 year ¢ {reference) 0 (reference)
2 years 0.12 (013 - 037 0.15 (-0.12 - 042)
3 years 1,17 (0.91 - 144) 0.51 0.15 - 0.88)
Total budged awarded (US $)***
< 10,000 ‘ 0 (reference) 0 (reference)
10,000 — 20,000 0.21 {=0.10 - 051} 0.05 -0.27 - 03T
20,000 — 40,060 0.65 {034 - 0.96) 0.35 {0.02 - 0.69)
40,000 — 80,000 1.43 (110 - 1.77) 091 0.52 - 131
> 80,000 240 (1.99 - 2.81) 1.69 (1.19 - 2.19)

* Adjusted for the remaining covariates in the table and for year of onset.

** Non-exclusive categories. Improvement in performance comparing projects with and without each
component.

*+* Improvement in performance with respect to the reference category.

CI = confidence interval.

Discussion

Our study shows the ability of peer review to predict the future performance of
research proposals and identifies certain characteristics of successful projects in our
context, These results are strengthened by the inclusion of all single-centre projects
funded throughout the study period, which minimises the risk of selection bias, and by
the prospective and simultaneous evaluation of performance. The consistency of our
findings when using different measures of performance and the lack of other empirical
data on the long-term predictive ability of pre-approval characteristics of funded
projects® also adds to the relevance of our findings.

Although only financed projects were evaluated, there were significant differences in
performance depending on the priority assigned by the initial peer review, thus
providing empirical support for peer review in assessing projects. In the Spanish Health
Research Fund, peer review was based on usually accepted criteria of scientific merit,-8
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evaluating the curriculum vitae of the investigators, the originality and clearness of the
objectives, the methodological appropriateness, the socio-scientific relevance and the
adequacy of the budget, but specific instructions to standardise reviews were not given
to the peers. Similarly, the final decision by the scientific council on projects with
discrepant reviews depended on panel discussion and was not standardised. It is likely
that if the review process had been more uniform, the final scores would predict even
better the outcome of the projects. Research on project peer review has been scarce, and
focused on the reliability and interpretation of scoring systems or on the composition of
peer review commissions,3-3:9.16-20 Qur results highlight the need to link the outcome of
funded projects to the peer review process at funding agencies.

The duration of a project, its total budget, and the presence of a financed research
fellow were related to one another and to the performance of the project. Higher budget
projects were usually granted to established investigators, with a record of successful
completion of previous projects and a high quality scientific production (a manifestation
of the Matthew effect in science?122). It is also likely that peer reviewers were more
critical when reviewing high budget projects. In the Spanish Health Research Fund,
fellows were financed as part of the study grant only if the project offered training
capability, mainly in three-year projects. The funding of full-time research personnel,
however, was a strong predictor of the performance of a project.

Some limitations of our study have to be considered. The validity of our results
depends on the stability of the evaluation process throughout the study period. During
this period, the fund has maintained the same criteria, key staff personnel, and review
forms. The main changes were the increase in the number of expert commissions, and
the call for l-year ‘seeding’ projecis during 1988-1950 intended to promote new
research groups, but these changes did not modify the evaluation process. Also, this
study was restricted to funded projects, which timited the power to study the
discriminative ability of peer review. Had the full range of projects been included, it is
likely that peer review would appear as an even more imporiant predictor of
performance.

The peneralisation of these resuits to the review process of other national or
international agencies also deserves comment, These results are based on single-centre
projects of up to three years duration. The predictors of the quality and outcomes of
larger, multicenter or multinational projects, may be different.”23 In addition, our
results can only be generalised to selection processes based on an approximate balance
of the review of the project's objectives, methodology, relevance, and feasibility.
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Review processes including or based on other criteria, such as Community added value
and subsidiarity for European Union’s BIOMED Program,’ may result in different
predictors of performance.

These results have important implications for research policy in health sciences.
Firstly, peer review has been criticised as unreliable, arbitrary, and biased towards
mainstream science,2%25 but so far it is the only selection system that has shown any
predictive value.2:5:1826 Secondly, these results indicate that it may be better to promote
projects of longer duration, presented by established groups, and to fund them
appropriately. Short-term projects or projects with low budgets may underestimate the
effort needed to complete the research, and may indicate some inexperience by the
research tearmn. Under current budgetary constraints, these results favour the funding of
established units,2? but specific policies will be needed to allow for the creation of
independent groups, to promote multidisciplinary groups, and to correct current
inequalities in the geographical distribution of research funds. Thirdly, our results show
the importance of full-time research personnel to complete research projects. This may
be particularly important in systems such as the Spanish National Health Service, which
lacks an established professional research career, and where professionals are dedicated
mainly to clinical practice.

Conclusions

This analysis of the Spanish Health Research Fund data support the use of peer
review in proposal selection, but more research is needed to further improve the
selection process. Funding agencies should apply the scientific method to their own
practice, including the evaluation and monitoring of the reproducibility of reviews, the
determination of the characteristics of successful projects, the cost-effectiveness of
masking the review process, and the organisational characteristics of the agency that
influence the selection and funding of projects.

*
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