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Abstract

Secondary research is a cornerstone of health sciences, with substantial implications for
clinical practice and health policy. Within the systematic review process, a key step is
assessing study quality and risk of bias. Among the tools available for evaluating obser-
vational studies, the Newcastle-Ottawa Scale (NOS) holds a prominent position and is
widely applied in medical research. However, ambiguities and excessive subjectivity have
been noted in its application. In this commentary, we discuss the Newcastle-Ottawa Scale
guidelines, providing illustrative examples and practical recommendations for completing
its items. Improving the accuracy of risk-of-bias assessment is crucial for enhancing the
reliability of data synthesis and interpretation in the health sciences.
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1. Introduction

Scientific research can be broadly classified into two main modalities: primary research
and secondary research. Primary research generates new knowledge through original data
collection. Secondary research, in contrast, reanalyzes existing data, often through sys-
tematic reviews, which can provide more precise answers to specific medical questions by
integrating multiple primary studies and applying robust statistical methods. In particu-
lar, meta-analysis—described as “the analysis of analyses” (Glass, 1976)—aggregates and
quantitatively evaluates data from prior studies.

A prerequisite for ensuring the reliability of secondary research is the rigorous assess-

ment of the study quality and risk of bias of the individual studies included (Burns et al.,
W) Check for updates 2011; Luchini et al., 2021). Even when a meta-analysis is not possible due to heterogeneity in
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of the body of evidence (Viswanathan et al., 2017). Inadequate or inappropriate assessments
may lead to misleading conclusions (NHMRC, 2019), result in wasted resources, and yield
ineffective interventions (Gebrye et al., 2023). Accordingly, methodological tools must be
carefully chosen to match the type of study—whether clinical or preclinical (Gebrye et al.,
2023; Zeng et al., 2015).

Several instruments are available for this purpose. Ma et al. (2020) compared widely
used tools and guided their applicability based on study design (e.g., interventional or
observational). For observational studies, the Cochrane Collaboration recommends the
Newcastle-Ottawa Scale (NOS; Wells et al., 2000, 2003; Lo et al., 2014), which is considered
as a valid and reliable method for assessing study quality and risk of bias (Wells et al., 2003;
Kim et al., 2024; Li et al., 2008; Deeks et al., 2003; Zhang et al., 2021), though it has also been
criticised for its subjectivity and lack of clarity (Luchini et al., 2021; Stang, 2010).

Recognising the importance of high-quality research studies in health sciences, this
commentary will focus on the version of the NOS adapted for cross-sectional studies (Wells
et al.,, 2000; Hillen et al., 2017). Specifically, we aim to examine its quality assessment
criteria, identify sources of subjectivity, and suggest strategies to mitigate them—such as
quantifying parameters where feasible—to make the tool more user-friendly, transparent,
and effective.

2. Quality Assessment by the Newcastle-Ottawa Scale

Following PRISMA recommendations (Page et al., 2021), we advise that at least two
reviewers independently assess each included study using the NOS.

The maximum attainable score in the NOS depends on the version used, ranging
from 9 to 16 points, the latter applying to the extended version for cross-sectional studies
(among others: Hillen et al., 2017; Sanderson et al., 2007; Nayebirad et al., 2023; Kien et al.,
2022). In this adapted version (Wells et al., 2000; Hillen et al., 2017), 16 points denote the
lowest risk of bias and highest methodological quality, while 0 points indicate the highest
risk of bias and lowest quality. Following Hillen et al. (2017), studies scoring >75% of the
maximum (13-16 points) are considered high quality, those scoring >50% (9-12 points)
moderate quality, and those scoring <50% (<8 points) low quality (Gualdi-Russo et al,,
2022a; Gualdi-Russo & Zaccagni, 2024; Zaccagni & Gualdi-Russo, 2025).

The full methodological evaluation form is provided in the Appendix A (Figure Al).
The items contributing to the total score are grouped into four domains: Clearness of the
aim (maximum 2 points); Sample selection (maximum 8 points); Comparability (maximum
2 points); Outcome (maximum 4 points). In addition to the detailed descriptions of each
domain and subdomain below, together with clarifications and proposed adjustments to
the original version, a table of NOS is presented in the Supplementary Materials (Table S1).

2.1. Clearness of the Aim

This domain assesses the relevance and specificity of the research question. Because
this requires personal judgment, we propose reducing subjectivity by setting conven-
tional thresholds for background adequacy, as already applied (Zaccagni & Gualdi-Russo,
2025). Two points are awarded if the Introduction cites >10 relevant references, support-
ing a robust and comprehensive background; 1 point if the background is incomplete
(<10 citations); and 0 if any background does not support the research question. The cited
literature should range from foundational studies directly relevant to the topic to broader
contextual references (Shaheen et al., 2023; Aksnes et al., 2019). By setting a threshold of at
least ten references, we have adopted a practical approach to ensure that there is sufficient
bibliographic substance for meaningful discussion of the research in progress.
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2.2. Sample Selection

This domain includes four subdomains: ‘Representativeness’, ‘Sample size’, ‘Non-
response rate’, and ‘Exposure assessment’.

2.2.1. Representativeness

This subdomain represents how well the study sample reflects the target population,
as specified in the study aims. The “target population” denotes the entire group sharing
a common condition (e.g., eating disorder) or characteristic (e.g., weight loss) of interest.
Representativeness can be achieved both when the study includes all individuals or a
random sample from a general population (e.g., a national survey on obesity prevalence)
and when it includes a targeted sample from a single community, hospital, or department,
provided this is consistent with the study’s stated objectives (e.g., assessing weight status
in an immigrant community). Two points are given for representative samples obtained
through probability sampling methods (Ahmed, 2024).

2.2.2. Sample Size

Sample size adequacy is a critical determinant of study validity. While some authors
have suggested conventional thresholds (e.g., >100 participants according to Nayebirad
et al., 2023), the preferred approach is to justify the sample size through a priori power
analysis, which is considered a methodological gold standard in medical research (Winkler
et al., 2024). Two points are awarded when the sample size is both justified and adequate;
scores of 1 or 0 are assigned if justification is absent or the size is insufficient.

2.2.3. Non-Response Rate

This subdomain assesses the proportion of non-respondents or missing data (e.g., unan-
swered survey questions). Only if these aspects have been evaluated, the lack is contained
to less than 30% of the potential sample according to Hillen et al. (2017) (<10% according
to Nayebirad et al., 2023), the characteristics of the respondents (participants) are similar
to those of the non-respondents (non-participants) (e.g., healthy people belonging to the
same age groups and sex), 2 points are awarded. In summary, to avoid oversimplification
based solely on the non-response threshold, it is necessary to consider the comparability
between respondents and non-respondents (a key indicator of potential bias), as well as
the explicit reporting of non-response analysis (which is necessary for reproducibility and
critical appraisal).

Unlike Hillen et al. (2017), who assign 1 point regardless of how many criteria
are met, we apply a gradual system: 2 points if three conditions are met (<30% non-
response, comparability of respondents and non-respondents, and explicit reporting);
1 point if two conditions are met; 0 otherwise, consistent with prior reviews (Hillen
et al., 2017, Nayebirad et al., 2023; Voelker et al., 2017; Bassett-Gunter et al., 2017;
Zaccagni & Gualdi-Russo, 2023).

2.2.4. Exposure Assessment

This subdomain evaluates the validity and reliability of the measurement instrument
used to assess exposure. Two points are awarded for validated tools (e.g., validated ques-
tionnaires, direct measurements) or official records (e.g., national vaccination registries,
implant registries, routinely collected health-system databases), which are considered
equivalent due to their standardized procedures, documented accuracy, and low risk
of misclassification. One point is assigned when the tool is described in detail but not
validated; 0 points when it is insufficiently described or lacks validity. As exposure mea-
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sures can differ between reviews (e.g., vaccination registries, implant registries, direct
anthropometric measurements), the tool used should always be clearly described.

2.3. Comparability

This domain includes two subdomains: ‘Control of confounding factors” and ‘Compa-
rability of groups’.

2.3.1. Control of Confounding Factors

It assesses whether the study accounted for potential confounding variables that
might bias the results. Appropriate statistical adjustments—such as multiple regression or
ANCOVA—allow examination of one independent variable while controlling for others
(e.g., adjusting for age and sex). A score of 1 is awarded if confounding control is present;
otherwise, 0 points are assigned.

2.3.2. Comparability of Groups

This subdomain evaluates whether the groups being compared are similar in compo-
sition to avoid bias toward overrepresented subgroups. For example, when comparing
pre-COVID and COVID-19 body image perceptions, comparability would not be assured
if one group were predominantly female and the other predominantly male, given estab-
lished sex differences in body dissatisfaction and related concerns (Porras-Garcia et al.,
2020; Gualdi-Russo et al., 2022b). Comparability is ensured—and 1 point awarded—when
the distribution of sex (or age if relevant) is balanced (50% males and 50% females) or
differs by no more than 10% (Zaccagni & Gualdi-Russo, 2025); otherwise, the score is 0.

2.4. Outcome

This domain comprises two subdomains: ‘Assessment of the outcome” and ‘Statistics’.

2.4.1. Assessment of the Outcome

It evaluates the objectivity and reliability of the measurement tools used. A maximum
of 2 points is awarded for independent or blinded assessments (e.g., radiographs, medical
databases); 1 point for self-reported data; 0 if measurement is not described. It should
be emphasised that the review must define the outcome under investigation (e.g., dental
caries) and specify which measurement tools are considered independent or blinded (e.g.,
dental X-rays).

2.4.2. Statistics

This subdomain refers to the appropriateness and transparency of the statistical analy-
ses employed. A score of 2 is awarded if analyses are described in sufficient detail to allow
replication (including the statistical tests used, model specifications, assumptions checked,
and any data transformations performed), the methods are appropriate, and measures of
association (e.g., using odds ratios, correlation coefficients) are reported. One point if two
of these conditions are fulfilled (e.g., the statistical test chosen is inappropriate); 0 if only
one or none are met.

To improve usability, three illustrative case studies have been included in Table 1. For
ease of calculation, we replaced the original ‘star system’ (Wells et al., 2000; Hillen et al.,
2017) with a numerical scoring system, as shown in Table 1 and as used in other recent
studies (Samal et al., 2024; Wydra et al., 2024; Muhamed et al., 2023).
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Table 1. Example of application of the Newcastle-Ottawa Scale (NOS) adapted for cross-sectional studies on three studies (indicated by A, B, C). Total score: 13-16
points (high quality and low risk of bias), 9-12 points (moderate quality and moderate risk of bias); <9 points (low quality and high risk of bias).

Sample Selection Comparability Outcome NOS
Clearness of Control of Comparability Total Score
Stated Aim Sample Repre- Sample Size Non- Exposure Confounding of Assessment of Statistical Tests (Quality
0-2) sentativeness . Respondents Assessment . - the Outcome . Assessment)
(0-2) Factors Participants (0-2)
(0-2) (0-2) (0-2) oD oD (0-2) (0-16)
Response rate The t-test was used
ifi R i to compare 2
The i . zsAarsrtgﬁglged Th 1 ngg/a§s§ssed mi%gf: lx/(\)/gre categoges, while in
e issue is technique he sample (46%); on—' performed, Boys and girls the case of more
relevant, and f th size for each respondents: controlling for ~ were equally than 2 categories
the rom the stratum (layer) 54%; no Validated diff & I¢ ted National ANOVA was 14
description national was in evaluationof  questionnaire lfferent socio-  represente health records lied. Li : :
includes 25 electronic proportionto  respondents’ economicand  (50.3% appled. Linear (High quality)
references health records 4 5 . d non- demographic  females). regression was
£ school e layer size and non , h : ot erformed to
of schoo respondents characteristics, P .
students characteristics including sex. explore potential
predictors
2 2 2 0 2 1 1 2 2
The t-test and
The sample Changes were ~ °1¢"Way C‘lAtNOVA
The i . size was Th assessed using ‘C'\gie 1;15,2 th:
releen;;?tlealzd Systematic calculated cor?freoi/vc?\?er;o Boys and girls  anthropomet- interp rou
the 4 random using a priori  There wasno  Direct anthro- factors that were equally ric data diffefencg; of two
L selection with ~ power response rate  pometric represented reviousl : 11
description - . may have P p y d d
p y independent groups
. proportional analysis. The assessment measurements . (50.6% collected from (Moderate
includes 5 llocation amole o influenced fomal hospital and more than two quality)
references atlo svasp esize other variables ~females). r:cso}i‘lcl: asa groups, respectively.
. . There was no
appropriate. comparison measure of
association
1 2 2 0 2 0 1 2 1
There was a Sex-orou
. . All the The target response rate group
T}l1e 1ss1t1e 15 d schoolchil- population assessment The tool was a Thr'fff i/vafs no TE,T boyi and C(;I;;grzirﬂzgr;snwere
T evant, ah dren of the was all (75%), but no non-validated ~ 900" O BIr's were pet? .
the . . . factors that numericall Self-reported ordinal data usin
elementar d. Th evaluation of uestionnaire y p 8 8
description y surveyed. The A may have balanced data the chi-square test -
; hools of a e si respondents without a . unbalance q : (Low quality)
schools o sample size o 9 y
includes 9 P Ay influenced the  (73.3% There was no
f district were was and non- description iabl
references included appropriate. respondents’ variables females). measure of
characteristics assoclation
1 2 2 1 0 0 0 1 1
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In case of borderline cases, we recommend reducing residual subjectivity as follows:
(a) prioritizing explicit operational criteria over subjective judgment; (b) defaulting to the
more conservative rating when evidence is ambiguous; and (c) pre-specifying decision
rules and consensus procedures in the review protocol. These tips can ensure a more
consistent and transparent approach to borderline cases.

3. Discussion

This commentary focused on refinements and practical recommendations for reducing
ambiguity and improving inter-observer reliability in the NOS, one of the most widely used
tools for evaluating the quality and risk of bias in observational studies (Ma et al., 2020).
By clarifying key domains and offering operational guidance, we aim to support more
consistent and transparent application of this tool in future research. These suggestions are
intended as practical best-practice guidance rather than a formal or prescriptive update of
the NOS, providing minor refinements to enhance usability and reliability while leaving
room for future empirical evaluation.

One of NOS’s strengths is its compilation speed. A comparison of the NOS tool with
ROBINS-I (Sterne et al., 2016) demonstrated that they both appear to offer similar reliability.
However, the NOS tool was found to be less time-consuming and less complex (Zhang
et al., 2021). In particular, the overall interrater reliability of ROBINS-I is lower than that of
NOS. The time taken to assess a single article using ROBINS-I ranges from 7 h initially to
3 h once the researcher is more familiar with the tool, while the assessment time by NOS is
on average 30 min (Zhang et al., 2021). Furthermore, Zhang et al. (2021) highlighted that the
overly complicated features of ROBINS-I may limit its use. Another significant advantage
of the NOS is its adaptability to different research topics. However, this versatility also
means that there is much room for interpretation.

In essence, although there are more than 40 other instruments for appraisal of included
studies (Lunny et al., 2018, 2024), the NOS is valued for striking a balance between speed,
accuracy, and adaptability. Despite its value, its limitations, particularly the subjectivity
in scoring of certain items, necessitate clearer guidance. Consistent with best practice,
evaluations should be conducted independently by at least two reviewers, with a third
resolving disagreements.

Subsequent studies are encouraged to undertake empirical investigation of the opera-
tionalisation of the NOS instrument in applied contexts, whilst concomitantly reporting
inter-rater agreement metrics to further assess its utility. Refining the NOS items, reducing
ambiguity, and providing explicit interpretive guidance are crucial for enhancing the accu-
racy of systematic reviews and meta-analyses, thereby increasing the reliability of evidence
used in clinical decision-making, health promotion, and policy development. Transparent
and standardized assessments not only enhance methodological rigor but also preserve
NOS as the preferred instrument for meta-research in the health sciences.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/ publications14010004/s1, Table S1: Suggestions and ex-
planatory notes for assessing the quality of observational studies in systematic reviews using
the adapted Newcastle-Ottawa Scale for evaluating observational studies (Wells et al., 2000;
Hillen et al., 2017).
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Abbreviations

The following abbreviations are used in this manuscript:

NOS Newcastle-Ottawa scale

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
ANCOVA  Analysis of covariance

X-ray Rontgen radiation

COVID-19 COronaVlIrus Disease of 2019

ROBINS-I  Risk Of Bias In Non-randomised Studies of Interventions

Appendix A
Refer- Clareness Sample selection Comparability Outcome NOS
ences of stated score
aim Sample Sam- Non-re- Exposure Control of | Comparabil- | Assessment of | Statisti-
repre- ple spondents | Assess- confound- | ity of partici- | the outcome cal tests
senta- size ment ing factors | pants
tiveness
0-2 0-2 0-2 0-2 0-1 0-1 0-2 0-2
(0-2) (0-2) (0-2) (0-2) (0-2) (0-1) (0-1) (0-2) (0-2) (0-16)
Figure A1. The Newcastle-Ottawa Scale collection sheet.
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