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Abstract

Objectives: Diagnostic test accuracy (DTA) may vary among health-care settings, which among other reasons may be due to referral
from primary to secondary care. The true magnitude and direction of any difference is not certain. We analyzed the results of meta-analyses
of DTA to compare sensitivity and specificity between patients in nonreferred and referred care settings.

Study Design and Setting: We systematically searched EBSCOhost MEDLINE for systematic reviews that included at least ten orig-
inal studies of the same diagnostic test, with at least three studies each performed in nonreferred and referred care. Random-effects models,
with setting as a binary covariate, were used to calculate pooled sensitivity and specificity estimates per test. Sensitivity analyses were con-
ducted limiting the analyses to studies from countries with gatekeeping systems only.

Results: In total, nine systematic reviews evaluating thirteen diagnostic tests were included. For signs and symptoms (seven tests), the
differences in sensitivity and specificity ranged from +0.03 to +0.30 and from —0.12 to 40.03, respectively; for biomarkers (four tests)
differences in sensitivity ranged from —0.11 to +-0.21 and specificity from —0.01 to —0.19. Differences in sensitivity and specificity for one
questionnaire test were +0.1 and —0.07 respectively and for one imaging test were —0.22 and —0.07. Sensitivity analyses limited to coun-
tries with gatekeeping health care systems produced similar results.

Conclusion: Sensitivity and specificity vary in both direction and magnitude between nonreferred and referred settings, depending on
the test and target condition, with no universal patterns governing performance differences. © 2025 The Author(s). Published by Elsevier
Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Keywords: Sensitivity and specificity; Primary health care; Secondary care centers; Diagnostic tests (eg, ultrasound; ); Systematic review; Rapid diagnostic
tests; Ultrasonography; Patient health questionnaire; Signs and symptoms
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Plain Language Summary

Doctors use diagnostic tests to help assess the likelihood if a patient has a certain condition. However, the accuracy
of these tests may vary depending on where they are used—such as in primary care (where patients first seek help) or in
specialist care (after being referred by a doctor). We wanted to find out how much test accuracy changes between these
settings. To do this, we analyzed previous studies that reviewed the accuracy of different diagnostic tests. We compared
how well these tests worked in patients who had not yet been referred to a specialist vs those who had. Our analysis
included results from thirteen different diagnostic tests, covering symptoms, biomarkers (such as blood tests), a ques-
tionnaire, and an imaging test. We found that test accuracy varied depending on the type of test and the condition being
diagnosed. Some tests had higher sensitivity (correctly identifying patients with the disease) or specificity (correctly
identifying healthy individuals) in primary care, while in specialist care, the same test could perform better, worse,
or similarly. There was no clear pattern that applied to all tests. This suggests that researchers should consider how
test accuracy may differ across health-care settings when conducting and interpreting diagnostic test accuracy studies.

1. Introduction

Diagnostic testing in symptomatic patients is central to
the identification of numerous health conditions. An
essential characteristic of a diagnostic test’s clinical utility
is its accuracy, for which sensitivity and specificity serve
as vital measures during early evaluation [1,2]. Sensitivity
gauges a test’s ability to identify true positives, while
specificity measures its capacity to identify true negatives.
However, both measures are known to vary across popula-
tions and health-care settings [3—7]. Setting is considered
a proxy for patient selection, clinician expertise, and test
and reference standard characteristics, which differ by
specialism, country, and health-care system. Health-care
settings range from primary care, where nonreferred pa-
tients seek initial assessment, to specialized care, where
a selected group of referred patients suspected of having
a particular disease undergo further evaluation. Tests eval-
uated after referral have in general been reported to have a
higher sensitivity and lower specificity when compared
with the same test evaluated before referral [1]. In a
referred population, the development of symptoms of the
target condition is expected to be more pronounced with
a higher sensitivity as a result. In addition, the distribution
of disease changes after referral, with more similarities be-
tween those with and without the disease increasing the
likelihood of false positives and therefore lowering speci-
ficity. Yet, sensitivity and specificity may also vary due to
other factors, for example, differences in operator exper-
tise in each health-care setting. Although researchers have
explored variations between settings for specific tests and
target conditions, mainly based on theoretical reasoning
and simulation studies, our understanding of variability
across different tests and conditions remains limited
[4,6,8]. Greater insight into the direction and magnitude
of differences and into the observed patterns of variation
could help when translating sensitivity and specificity re-
sults across different settings and aids in research conduct
and interpretation.

We aimed to study the variation in sensitivity and spec-
ificity between settings by reanalyzing data from earlier
meta-analyses. This included studies of different types
of diagnostic tests performed in nonreferred and referred
care.

2. Material and methods
2.1. Study design

This metaepidemiological study included systematic re-
views of diagnostic test accuracy (DTA) to meta-analyze
estimates of the sensitivity and specificity of tests in nonre-
ferred and referred care settings as reported in the primary
studies (International Prospective Register of Systematic
Reviews: CCRD42021212302) [9]. The following defini-
tions were used.

- Nonreferred: patients presenting with symptoms for the
first time without prior diagnostic testing, categorized
as those presenting to 1) clinicians in community care
facilities (community care), 2) general practitioners
(GPs) or family doctors (primary care), or 3) general
specialists (eg, general internist), including self-
referral to emergency departments in nongatekeeping
countries (outpatient care).

- Referred: patients referred to specialist care based on
clinical suspicion by, for example, a GP, family doctor,
or general internist (specialist care).

Gatekeeping systems provide a clearer distinction be-
tween nonreferred and referred care, therefore we catego-
rized health care into systems with and without
gatekeeping (Supplementary File A).

2.2. Search strategy

A literature search was performed in EBSCOhost MED-
LINE to identify systematic reviews of DTA published
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What is new?

Key findings
e Sensitivity and specificity vary in both direction
and magnitude between settings.

What this adds to what is known?
e Differences do not follow a specific pattern; it
varies across tests and conditions.

e Differences in sensitivity were larger than those in
specificity.

What is the implication and what should change

now?

e Consider setting in diagnostic accuracy interpreta-
tion and research design.

between 2010 and September 2020 (Supplementary File B).
The Cochrane library was checked for reviews and we
checked references of Horizon Scan Reports on new point
of care diagnostic tests relevant to primary care settings
[10].

2.3. Systematic review and primary study selection

We included systematic reviews with >10 primary
studies of diagnostic index tests suitable for use in nonre-
ferred care (eg, noninvasive, cheap, easily accessible), >3
primary studies in both nonreferred and referred care, and
written in English [11]. Two reviewers (N.D.V. with H.B.,
M.d.B., or G.A.H.) independently screened the titles and
abstracts for eligibility and reviewed the full texts of
selected systematic reviews. Disagreements were
resolved through discussion, and if needed, with a third
reviewer. Primary studies incorporated in the systematic
reviews were included only if we could classify the
setting and calculate sensitivity and specificity. We
excluded primary studies performed in screening settings
or with case-control designs (except for nested studies in
which both cases and controls were sampled from the
target population) [12].

2.4. Systematic review and primary study data
extraction

Two reviewers (G.A.H., N.D.V.) extracted the data,
checked whether the search strategy of the systematic re-
views was sufficiently broad, using ROBIS tool item 2.1,
and whether the systematic reviews evaluated factors influ-
encing sensitivity or specificity [13]. For each primary
study, two reviewers independently selected and extracted
data (N.D.V. with G.A.H., M.d.B., HB., M.B., Av.B,,
M.L., or TR.E), with disagreements resolved by a third

reviewer. Data were extracted using a standardized form
(Supplementary File C). Risk of bias was assessed with
the Quality Assessment of Diagnostic Accuracy Studies-
2, using either outcomes from the systematic review or rat-
ings by ourselves (N.D.V., T.R.F.).

2.5. Data analysis

We aimed to determine variation in sensitivity and
specificity for each index test between studies performed
in nonreferred and referred care settings. First, to assess
heterogeneity visually, we presented the sensitivity and
specificity for each test in forest plots. Second, to calcu-
late pooled estimates of setting-specific sensitivity and
specificity, we used bivariate random-effects models
with setting as a binary covariate [14]. Third, the pooled
estimate of prevalence for each target condition per
index test in each setting was calculated using
Clopper—Pearson confidence limits for binomial propor-
tions [15]. The pooled prevalence, sensitivity, and spec-
ificity of each test in each setting, together with the
risk of bias outcomes, were presented graphically. We
decided a priori not to pool setting effects across system-
atic reviews, as the direction of biases could be different
in each meta-analysis [16]. In cases with >3 studies per
setting, we performed sensitivity analyses for each index
test in gatekeeping countries only; sensitivity analyses
were also performed to evaluate the influence of
outbreak settings (eg, community care, schools, and fes-
tivals) by excluding these settings. The statistical soft-
ware Stata/SE (version 18.0; Stata Corp, College
station, TX) was used with the MetaDTA package for
calculations of pooled sensitivity and specificity, and
the Metaprop package was used to calculate the pooled
prevalence [14,15,17]. RStudio Team (2020; RStudio,
Integrated Development for R, RStudio, PBC, Boston,
MA) was used for data visualization [18].

3. Results

Figure | shows the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses flowchart of included
systematic reviews, and Supplementary File D provides
an overview of the included and excluded primary studies
extracted from the reviews [19]. We included nine system-
atic reviews including 156 original studies investigating
thirteen different types of index tests categorized into: sign
or symptom (seven tests), biomarker (four tests), question-
naire (one test), and imaging (one test) (Fig 1,
Supplementary File D). Table 1 provides an overview of
the included reviews and 1is expanded upon in
Supplementary File E. Authors from the included system-
atic reviews performed appropriate literature searches. Of
the nine reviews, four evaluated the influence of setting
on DTA, six evaluated risk of bias items, and all evaluated
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[ Identification of systematic reviews via databases and registers ]
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= Questionnaire (n=1)
Imaging (n=1)
—

Test/disease notsuitable for primary care (n=20)
Protocol study (n=1)

No systematic review (n=14)

Only hospital studies (n=115)

Only primary care studies (n=11)

Too few studies in both settings (n=27)

Setting in doubt* (n=26)

Other (n=13)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flowchart of included systematic reviews. *Setting of interest not
reported or focused explicitly on nonreferred settings, but did not include primary care studies (eg, studies conducted only in the general population

or municipalities).

characteristics (eg, age, disease severity or prevalence). We
agreed with the setting categories in most instances, but did
categorize some studies differently (Supplementary File F).

Overall, the pooled prevalence of target conditions
was higher for tests in referred settings (median 32%,
range 4%—49%) compared to nonreferred settings (me-
dian 19%, range 4%—44%), although there were excep-
tions (Fig 2). These included the following tests:
abdominal pain, weight loss, and change in bowel habit
for colorectal cancer; enzyme immune assay (EIA) and
optical immune assay (OIA) for Group A B-hemolytic
streptococcus; and rapid influenza diagnostic test
(RIDT) for influenza A infection. Forest plots for each
index test showed different patterns of heterogeneity in
sensitivity and specificity (Supplementary File G).
Sensitivity was typically more heterogeneous with
lower prevalence and smaller samples of patients with

the disease (eg, all signs and symptoms, OIA/EIA,
RIDT, mini-mental state examination [MMSE], ultra-
sound), whereas specificity was typically high, more
homogenous, and more precisely estimated (eg,
anosmia, visual inspection, weight loss, all biomarkers,
and MMSE). Most tests had similar risks of bias in
nonreferred and referred settings. The main differences
were in the QUADAS domains ‘“‘reference standard”
and/or “flow and timing” for visual inspection, and
fecal calprotectin 50 pg/g and 100 pg/g; here, more
studies performed in the nonreferred setting had a
higher risk of bias (Fig 2).

3.1. Index test by type

3.1.1. Signs and symptoms
Seven index tests (60 studies; n = 53,111) were included
for four target conditions: paroxysmal cough (10 studies;
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Table 1. Descriptive characteristics of included systematic reviews

Settings
Author, year Population Index test(s) Reference standard(s) Target condition (number of studies)
Signs and symptoms
Moore A, Patients of any age Paroxysmal cough Laboratory investigation Bordetella pertussis Nonreferred primary
2017 attending any health-  Posttussive vomiting (culture, serology, RT- infection care (n = 2)
[19] care setting with PCR, and/or DFA test) Nonreferred

clinical characteristics
that might be
associated with

pertussis

Jellema P,  Adults with nonacute Abdominal pain Colonoscopy, barium, Colorectal cancer
2010 (>2 wks) lower Change in bowel habit enema, or clinical
[20] abdominal symptoms  Weight loss follow-up

Struyf T, Patients with clinically ~ Anosmia RT-PCR, clinical COVID-19
2021 suspected COVID-19 expertise, and imaging
[21]

Dinnes J, Adults with lesions Visual inspection, in- Histopathological Any form of invasive
2018 suspicious for person diagnosis or clinical cutaneous melanoma
[22] melanoma follow-up (to confirm or atypical

benignity) intraepidermal
melanocytic variants
Biomarkers

Merckx J, Children and adults with Rapid influenza RT-PCR Influenza A infection
2019 clinically suspected diagnostic tests
[23] influenza during

periods of influenza
activity

An YK, Patients (adults or FCal cutoff 50 ng/g Colonoscopy or cross- Organic gastrointestinal
2019 children) presenting FCal cutoff 100 pg/g sectional imaging disorder
[24] with lower

gastrointestinal
symptoms

Cohen JF, Children with acute Enzyme immunoassay Throat culture on a blood Group A B-hemolytic
2016 pharyngitis and optical agar plate streptococcus
[25] immunoassay

Questionnaire

Tsoi KKF, Participants studied for MMSE Standard diagnostic Dementia
2015 the detection of criteria for defining
[26] dementia associated dementia

with Alzheimer
disease, vascular
dementia, or
Parkinson disease in
any clinical or
community setting

outpatient care
(n=2)
Referred specialist
care (n = 9)
Nonreferred primary
care (n=7)
Referred specialist
care (n = 9)
Nonreferred
community (n = 4)
Nonreferred primary
care (n = 3)
Nonreferred
outpatient care
(n=1)
Referred specialist
care (n = 3)

Nonreferred primary
care (n = 3)

Referred specialist
care (n = 19)

Nonreferred
community (n = 5)

Nonreferred
outpatient care
(n=29)

Referred specialist
care (n = 3)

Nonreferred primary
care (n = b)

Referred specialist
care (n = 9)

Nonreferred primary
care (n = 9)

Nonreferred
outpatient care
(n=17)

Referred specialist
care (n = 6)

Nonreferred
community (n = 1)

Nonreferred primary
care (n = 3)

Nonreferred
outpatient care
(n=2)

Referred specialist
care (n = 11)

(Continued)
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Settings

Reference standard(s) Target condition (number of studies)

Author, year Population Index test(s)
Imaging
Ebell MH,  Adults and children with Ultrasound (A or B
2016 clinically suspected mode)
[271 sinusitis or acute

respiratory tract
infection

Nonreferred
community (n = 1)
Nonreferred primary

Radiography, Acute rhinosinusitis
ultrasound, computed

tomography, or MRI

for acute care (n = 2)
rhinosinusitis, and Nonreferred

antral puncture outpatient care
revealing purulent (n=3)

fluid or fluid yielding a Referred specialist
positive culture for care (n = 5)

acute bacterial
rhinosinusitis

COVID-19, coronavirus disease 2019; DFA, direct fluorescent antibody; FCAL, fecal calprotectin; MMSE, mini-mental state examination; MRI,
magnetic resonance imaging; RT-PCR, Reverse transcription polymerase chain reaction.

n = 4013 nonreferred, n 601 referred) and posttussive
vomiting (seven studies; n = 827 nonreferred, n = 419
referred) for Bordetella pertussis; abdominal pain (fifteen
studies; n 1737 nonreferred, n 16,297 referred),
change in bowel habit (fourteen studies; n = 1405 nonre-
ferred, n = 14,304 referred), and weight loss (nine studies;
n = 1734 nonreferred, n = 6280 referred) for colorectal
cancer; anosmia (eleven studies; n 8310 nonreferred,
n = 1310 referred) for coronavirus disease 2019 (COV-
ID-19); and [4] visual inspection (22 studies; n = 1373
nonreferred, n = 18,664 referred) for malignant melanoma.
All pooled sensitivities were higher in nonreferred care,
with a median difference of 0.15 percentage points, ranging
from 0.03 (weight loss for colorectal cancer) to 0.30
(paroxysmal cough for B. pertussis) (Fig 2,
Supplementary File H). Pooled specificity was lower in

Index test Target condition Pooled Sensitivity (95%CI)

nonreferred care for five of seven index tests, differing from
0.01 (abdominal pain for colorectal cancer) to 0.31 (parox-
ysmal cough for B. pertussis). All confidence intervals
overlapped, except for the pooled sensitivity and specificity
of anosmia in COVID-19.

3.1.2. Biomarkers

In nonreferred care, fecal calprotectin testing for organic
gastrointestinal disease at cutoffs of 50 pg/g (12 studies;
n = 2125 nonreferred, n 1324 referred) and 100 pg/g
(nine studies; n = 2124 nonreferred, n = 965 referred)
had lower pooled sensitivities at 0.07 and 0.11, respectively.
Pooled specificity with the 50 pg/g cutoff was 0.19 percent-
age points lower in nonreferred care, but it was the same for
the 100 pg/g cutoff (Fig 2, Supplementary File H).

Specificity (95%Cl) A2 Patient Index test Reference Flow and

studies prevalence selection standard Timing
Signs and Symptoms
Paroxysmal cough Bordetella pertussis 3 021(012;0.31) 030 0,31
7 0.22(013;0.30) P — i
Post-tussive vomiting Bordetella pertussis 3 019 (0.06; 0.32) ——i 015 —o—i 012 —-— =
4 032 (015;0.49) o o
Abdominal pain Colorectal cancer 5 009 (0.05 ;013) ——i 0,05 ——e—i -0,01 — —— — —
10 0.06 (0.04;0.07) . . -
Change in bowel habit Colorectal cancer 6 009 (0.05;013) ———i 019 o 001 —— — — —
8 0.06 (0.04 ;0.07)
e | i — — — — -
Weight loss Colorectal cancer 5 009 (0.05 ;013) —e—i 003 . 003 -
4
004 (0.03;0.06) ' — —
Anosmia covip-19 8 027 (013; 0.41) —e— 024 o4 008 -— - m -
3 -
037 (-0.03;077) ‘o .
Visual inspection Malignant melanoma 3 004 (0.01;0.07) —_——ei 05 e -012 — — —— E——
19 1 ;
011(0.09;012) - — —
Biomarkers tests
Rapid influenza test Influenza A infection 14 0.35 (024 ; 0.45) —o—i 021 » 001 - =
3 032(019;0.45) e
Fecal calprotectin (50g/g) Organic gastro-intestinal 4 012 (0.06; 018) —e—i -0,07 —e—i -019
disorder 8 0.41(028;0.54) - -
Fecal calprotectin (100ug/g) Organic gastro-intestinal 3 010 (0.07 ; 013) —e—i -0 o 001
disorder 6 038 (016 ; 0.59) o [EE—— — — — = — — —
Optical and enzyme immunoassay ~ Streptoccocus A 26 030(0.26;0.34) 1ol 002 o 003 — — - _— —
6 025 (0.21;0.30) -
Questionnaire
Mini-Mental State Examination Dementia 6 0.30 (018 ; 0.42) i 0,0 e -0,07 — — — — —
16 0.49 (0:37; 0.61) —— el — — - — —
Imaging
Ultrasound Rhinosinusitis 6 0.44(014;0.75) e 0,22 —e— 007
5 032(0.21;0.43)

' ' '
000 025 050 075 100

' ' ' ' ' T T S S T N A T T AN S NI
000 025 050 075 100 0 25 S0 75 100 25 S0 75 1000 25 S0 75 000 25 S0 75 10C

Figure 2. Variation in pooled sensitivity and specificity for all tests across both settings, together with the risk of bias assessment. The blue line
represents the nonreferred population, while the orange line represents the referred population. Al difference in sensitivity between nonreferred
and referred settings. A2 difference in specificity between nonreferred and referred settings.
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EIA and OIA (32 studies; n = 16,440 nonreferred,
n = 2761 referred) had similar pooled sensitivities and
specificities in both settings. By contrast, RIDT (17 studies;
n = 7065 nonreferred, n = 2467 referred) showed a pooled
sensitivity 0.21 percentage points higher, and a pooled
specificity 0.01 percentage points lower, in nonreferred care
(Fig 2, Supplementary File H).

3.1.3. Questionnaire

The MMSE for dementia (22 studies; n = 1215 nonre-
ferred, n = 3395 referred) had a pooled sensitivity 0.10 per-
centage points higher, and a pooled specificity 0.07
percentage points lower, in nonreferred care (Fig 2,
Supplementary File A).

3.1.4. Imaging

Ultrasound for rhinosinusitis (11 studies; n = 982 non-
referred, n = 554 referred) had pooled sensitivity and spec-
ificity values 0.22 and 0.07 percentage points lower,
respectively, in nonreferred care (Fig 2, Supplementary
File H).

3.2. Sensitivity analysis

In sensitivity analyses for RIDT and EIA/OIA, results
were unchanged after excluding studies performed during
outbreaks (Fig 2, Supplementary File H and I).

For studies done in gatekeeping countries, the sensitivity
analyses were performed for abdominal pain, change in
bowel habit, visual inspection, OIA/EIA, and fecal calpro-
tectin 50 png/g. They generally showed similar directions
and magnitudes of sensitivity and specificity by setting
(Supplementary File J). However, magnitude differed for
change in bowel habit for colorectal cancer (smaller differ-
ence of 0.09 percentage points in sensitivity) and fecal cal-
protectin 50 pg/g (smaller difference of 0.07 percentage
points in specificity).

4. Discussion
4.1. Summary

Comparing nonreferred and referred settings, the
magnitude and direction of sensitivity and specificity for
different tests and conditions varied. Of note, no test
showed the frequently described pattern of lower sensi-
tivity and higher specificity in nonreferred care, while
sensitivity varied more than specificity. Compared to the
referred population, in the nonreferred population, 54%
of the tests had higher sensitivity with lower specificity,
15% had higher sensitivity with higher specificity, and
31% had lower sensitivity with lower specificity. Sensi-
tivity analysis produced similar results for gatekeeping
systems that better differentiate nonreferred and referred
settings.

4.2. Explanation of findings

Absence of the frequently described pattern of lower
sensitivity and higher specificity in nonreferred care con-
tradicts the results of previous metaepidemiological
studies [3,28]. When combining meta-analyses of diag-
nostic tests, an overall higher prevalence has been associ-
ated with higher sensitivity and lower specificity [28],
albeit with effects in the opposite direction for several in-
dex tests [3,28]. Most of these studies included in previous
metaepidemiological studies were performed in referred
care (hospital) settings.

The differences with our results could be explained by
several mechanisms described in literature. First, the
higher sensitivity and lower specificity in nonreferred care
for all signs and symptoms, in some instances, could
reflect ““over reading” (overdiagnosis from overinterpre-
tation) by clinicians when compared with referred care
[4]. This might particularly be the case for meta-
analyses of conditions such as colorectal cancer and ma-
lignant melanoma, which if incorrectly ruled out in pri-
mary care may have serious consequences for the
patient. The GP may therefore implement a low threshold
for test positivity. Also, in situations that require subjec-
tive interpretation of index test results, there could be an
effect of prevalence on implicit thresholds of how clini-
cians interpret test results [29]. Second, referred care
may have a higher proportion of equivocal cases that are
more difficult to diagnose (eg, malignant melanoma) re-
sulting in lower specificity [3,22]. Third, the lower sensi-
tivities of fecal calprotectin for organic gastrointestinal
disease and of ultrasound for acute rhinosinusitis in non-
referred care could reflect the lower severity of disease
and thereby less developed symptoms, and the relative
inexperience of examiners. Finally, the similar sensitivity
and specificity of EIA and OIA for Group A B-hemolytic
streptococcus in each setting could reflect similarities in
prevalence and test execution. Unfortunately, we could
not quantify these explanatory factors due to poor report-
ing, the limited number of studies, and the relationships
between factors.

In contrast to our results, earlier studies showed more
variation in specificity than in sensitivity. A meta-analysis
evaluating several rules for pulmonary embolism showed
that all strategies had a sensitivity exceeding 90% in all set-
tings, but that specificity varied considerably [30]. Further-
more, a metaepidemiological study of DTA more often
showed associations between prevalence and specificity
when compared to sensitivity [5]. There are several
possible explanations for the discrepancy between our re-
sults and those of others. First, the goal of the test is key
when deciding on whether a high sensitivity (eg, triage tests
to avoid missing severe disease) or a high specificity (eg,
tests to decrease invasive follow-up or treatment) is most
important. A high sensitivity or specificity provides less
room for variation (ie, the ceiling effect). In our study, eight
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of thirteen tests had a specificity >80% in both settings,
but no test had a sensitivity >80% in both settings. In
contrast, the metaepidemiological study that showed an as-
sociation between prevalence and specificity found that
eight of 23 tests had a sensitivity >80% [5]. A more
recently published metaepidemiological study of 553
meta-analyses found associations between prevalence and
both sensitivity and specificity, explaining that earlier
studies were too small and underpowered to find an associ-
ation with sensitivity [28].

Remarkably, although we expected prevalence to be
higher in referred care, this was not the case for some target
conditions, where prevalence was actually higher in nonre-
ferred care. For example, this occurred for target conditions
that are almost exclusively managed in primary care such
as Group A B-hemolytic streptococcus and influenza A
infection. Therefore, the relationship between prevalence
and setting is complex and is likely to differ for different
target conditions.

4.3. Future directions

The differences in direction and magnitude of sensitivity
and specificity between settings should be considered by
clinicians using tests and by researchers designing DTA
studies or performing DTA reviews. Clinicians who wish
to apply the Bayesian properties of diagnostic tests and
translate pretest probabilities to posttest probabilities need
accurate estimates of pretest probability, sensitivity, and
specificity in their target population. An important finding
of our study is that the setting is not always clearly
described or defined in systematic reviews or in primary
studies. Researchers performing DTA studies should clearly
state the setting, as stipulated in the Standards for the Re-
porting of Diagnostic Accuracy Studies checklist [31],
while those performing DTA reviews should conduct sub-
group analysis by setting. Using individual patient data
(IPD) instead of aggregate data improves the interpretation
of DTA results across different settings and enhances infor-
mation quality by facilitating comparison of participant and
test characteristics across studies. Standardizing datasets
improves statistical analyses, and incorporating setting-
specific or patient-level factors reduces inconsistency and
heterogeneity.

4.4. Study limitations

Our study has several limitations. First, we identified
only nine eligible systematic reviews of thirteen different
tests because only these systematic reviews included at
least three studies in both settings. It was deemed not effi-
cient to search for primary studies and we therefore
decided to confine ourselves to systematic reviews. As a
result, we may have missed important studies. Second,
we lacked studies with data about patients initially tested
in nonreferred care and who underwent repeat testing in

referred care. This approach would offer more direct in-
sights into setting specific DTA for different tests and
target conditions. Third, it appeared difficult to define
setting, which differs by specialism, health-care system,
and country. Therefore, our extensive assessment of these
criteria for each included study, including the sensitivity
analysis in countries with gatekeeping systems, could
inform future metaepidemiological studies. Fourth, due
to the small number of studies in some metaregressions
and the presence of small sample sizes in certain cases,
these results may be susceptible to small sample bias. This
could give rise to publication bias, outcome reporting bias,
or clinical heterogeneity across studies, all of which may
distort pooled estimates when based on limited data. Last,
metaepidemiological studies cannot typically provide
insight into the causes of variability due to the poor de-
scriptions of other contributing factors in meta-analyses.
Specifically, inadequate information about, for example,
presenting symptoms, index test or reference standard on
IPD hindered comprehensive examination of variation in
test characteristics, which is a limitation inherent to utiliz-
ing aggregated data.

5. Conclusion

Sensitivity and specificity vary considerably in direction
and magnitude between nonreferred and referred settings.
Notably, performance is not always in the same direction
and varies with the test and target condition. It can there-
fore be concluded that there are no definitive or universally
applicable patterns regarding the performance differences
between nonreferred and referred care.
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