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Abstract

Objectives: To assess inter-rater reliability and validity of the Newcastle Ottawa Scale (NOS) used for methodological quality assess-
ment of cohort studies included in systematic reviews.

Study Design and Setting: Two reviewers independently applied the NOS to 131 cohort studies included in eight meta-analyses. Inter-
rater reliability was calculated using kappa (k) statistics. To assess validity, within each meta-analysis, we generated a ratio of pooled es-
timates for each quality domain. Using a random-effects model, the ratios of odds ratios for each meta-analysis were combined to give an
overall estimate of differences in effect estimates.

Results: Inter-rater reliability varied from substantial for length of follow-up (k 5 0.68, 95% confidence interval [CI] 5 0.47, 0.89) to
poor for selection of the nonexposed cohort and demonstration that the outcome was not present at the outset of the study (k 5 �0.03, 95%
CI 5 �0.06, 0.00; k 5 �0.06, 95% CI 5 �0.20, 0.07). Reliability for overall score was fair (k 5 0.29, 95% CI 5 0.10, 0.47). In general,
reviewers found the tool difficult to use and the decision rules vague even with additional information provided as part of this study. We
found no association between individual items or overall score and effect estimates.

Conclusion: Variable agreement and lack of evidence that the NOS can identify studies with biased results underscore the need for
revisions and more detailed guidance for systematic reviewers using the NOS. � 2013 Elsevier Inc. All rights reserved.
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1. Introduction

The internal validity of a study reflects the extent to
which the design and conduct of the study have minimized
the impact of bias [1]. One of the key steps in a systematic
review is the assessment of internal validity (or risk of bias,
RoB) of all studies included for evidence synthesis. This

assessment serves to identify the strengths and limitations
of the included studies; investigate and explain heterogene-
ity of findings across a priori defined subgroups of studies
based on RoB; and grade the quality or strength of evidence
for a given outcome.

With the increase in the number of published systematic
reviews [2] and development of systematic review method-
ology over the past 15 years [1], close attention has been
paid to methods of assessing internal validity of individual
primary studies. Until recently, this has been referred to as
‘‘quality assessment’’ or ‘‘assessment of methodological
quality’’ [1]. In this context, ‘‘quality’’ refers to ‘‘the confi-
dence that the trial design, conduct, and analysis has
minimized biases in its treatment comparisons’’ [3]. To fa-
cilitate the assessment of methodological quality, a plethora
of tools has emerged [3e6]. Some of these tools are appli-
cable to specific study designs, whereas other more generic
tools may be applied to more than one design. The tools
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What is new?

� Inter-rater reliability between reviewers on the
Newcastle Ottawa Scale (NOS) ranged from poor
to substantial but was poor or fair for most domains.

� No association was found between individual qual-
ity domains or overall quality score and effect
estimates.

� These findings underscore the need for revisions
and more detailed guidance to apply the NOS in
systematic reviews.

usually incorporate items associated with bias (e.g., blind-
ing, baseline comparability of study groups) and items
related to reporting (e.g., was the study population de-
scribed, was a sample size calculation performed) [1].

There is a need for inter-rater reliability testing of qual-
ity assessment tools to enhance consistency in their applica-
tion and interpretation across different systematic reviews.
Furthermore, validity testing is essential to ensure that the
tools being used can identify studies with biased results. Fi-
nally, there is a need to determine inter-rater reliability and
validity to support the use of individual tools that are rec-
ommended by those developing methods for systematic
reviews.

We undertook this project to assess the reliability and
validity of the Newcastle Ottawa Scale (NOS). The NOS
is a quality assessment tool for use on nonrandomized stud-
ies included in systematic reviews, specifically cohort and
caseecontrol studies. The tool was produced by the com-
bined efforts of the Universities of Newcastle, Australia,
and Ottawa, Canada [7], and was first reported at the Third
Symposium for Systematic Reviews in Oxford, United
Kingdom, in 2000 [8]. It has been endorsed for use in sys-
tematic reviews of nonrandomized studies by The Cochrane
Collaboration [1].

The NOS includes separate assessment criteria for
caseecontrol and cohort studies covering the following do-
mains: the selection of participants, comparability of study
groups, and the ascertainment of exposure (for casee
control studies) or outcome of interest (for cohort studies).
A star rating system is used to indicate the quality of
a study, with a maximum of nine stars [8]. Each criterion
receives a single star if appropriate methods have been re-
ported. The selection domain is subdivided to evaluate the
selection of the exposed and nonexposed cohorts, the ascer-
tainment of exposure, and whether the study demonstrated
that the outcome of interest was not present at the start of
the study. Comparability is the only category that may re-
ceive two stars: one if the most important confounders have
been adjusted for in the analysis and a second star if any
other adjustments were made. Outcome of interest is made

up of three questions: the appropriateness of the methods
used to evaluate the outcome, the length of follow-up,
and the degree of the loss to follow-up [7].

The developers of the NOS have examined face and cri-
terion validity, inter-rater reliability, and evaluator burden
for the NOS. Face validity has been evaluated as strong
by comparing each individual assessment item to their stem
question. Criterion validity has shown a strong agreement
with the Downs and Black assessment tool [9] on a series
of 10 cohort studies evaluating hormone replacement ther-
apy in breast cancer, with an intraclass correlation coeffi-
cient (ICC) of 0.88. Inter-rater reliability for the NOS on
cohort studies was high with an ICC of 0.94. Evaluator bur-
den, as assessed by the time required to complete the NOS
evaluation, was shown to be significantly less than the
Downs and Black tool (P ! 0.001) [10]. The authors state
that further assessment of the construct validity and the re-
lationship between the external criterion of the NOS and its
internal structures are under consideration [7]. These stud-
ies have been presented as abstracts.

The objectives of this study were to further assess the re-
liability of the NOS for cohort studies between individual
raters and assess the validity of the NOS by examining
whether effect estimates vary according to quality.

2. Methods

This article is part of a larger technical report conducted
for the Agency for Healthcare Research and Quality
(AHRQ). We followed a protocol that was developed a pri-
ori with input from experts in the field. Further details on
methodology and results are available in the technical re-
port (http://effectivehealthcare.ahrq.gov/index.cfm/search-
for-guides-reviews-and-reports/).

2.1. Study selection

We used an iterative approach to identify a sample of co-
hort studies based on meta-analyses of cohort studies. Our
operational definition of a cohort study was one in which
individuals are grouped according to exposure status at
baseline (exposed or unexposed) and are followed over
time to determine if the development of the outcome of in-
terest is different in the exposed and unexposed groups.
Data may be collected prospectively or retrospectively.
Initially, we searched reports completed through the
Evidence-based Practice Center (EPC) Program of AHRQ
to identify meta-analyses of cohort studies. We found three
EPC reports [11e13] including 36 cohort studies that met
the inclusion criteria. We subsequently conducted searches
in MEDLINE using search terms to capture systematic re-
views (meta-analys?s.mp, review.pt, and search.tw), cohort
studies (exp Cohort Studies/, cohort$.tw, (observation$ adj
stud$).tw) and meta-analyses (exp meta-analysis/, (analysis
adj3 (group$ or pool$)).tw, (forest adj plot$).mp). Results
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