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Key points

Question: Are exclusion tests necessary to diagnose unilateral primary aldosteronism?
Findings: A meta-analysis of 31 separate datasets comprising 4,242 patients showed
that the exclusion tests furnished no diagnostic gain over the aldosterone-to-renin ratio.
Meaning: The systematic use in clinical practice of exclusion tests for primary

aldosteronism is not supported by available evidences.
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Abstract

Importance: Determining the diagnostic accuracy of “exclusion” tests for primary
aldosteronism (PA) compared to the aldosterone-to-renin ratio (ARR) is fundamental
to avoid invasive subtyping in false-positive patients at screening.

Objective: To assess the accuracy of exclusion tests for PA using the diagnosis of
unilateral PA as reference.

Data Sources: PubMed, EMBASE, Web of Science and Cochrane Library databases.
Study Selection: Studies that met tight quality criteria published from January 1%, 1970
to December 31%, 2021.

Data Extraction and Synthesis: Data were extracted following the PRISMA
methodology. We performed a two-stage meta-analysis that entailed an exploratory and
a validation phase based on a “golden” or “gold” diagnostic standard, respectively.
Pooled specificity, negative likelihood ratio, diagnostic odds ratio, and summary area
under the ROC curve (sAUROC) were calculated.

Main Outcome and Measure: The accuracy of exclusion tests.

Findings: 31 datasets comprising a total of 4,242 patients fulfilling the predefined
inclusion criteria were meta-analyzed. Pooled accuracy estimates (sSAUROC) did not
differ between the ARR (0.95, 95% CI: 0.92-0.98), the captopril challenge test (CCT)
(0.92, 95% CI: 0.88-0.97), and the saline infusion test (SIT) (0.96, 95% CI: 0.94-0.99).
Solid information could not be obtained for the fludrocortisone suppression test and the
furosemide upright test, which were assessed in only one study each.

Conclusions and Relevance: The apparently high diagnostic accuracy of the CCT and
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the SIT was due to the selection of patients with an elevated ARR and thus a high pre-
test probability of unilateral PA; however, neither test furnished a diagnostic gain over
the ARR. Therefore, the systematic use of these exclusion tests in clinical practice is

not justified by available evidence.
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INTRODUCTION

In about half of the hypertensive patients on medications, the control of high blood
pressure (BP) values remains disappointing despite improvements in awareness and
treatment in the last decades (1). A major reason for this poor high BP control is
overlooking secondary hypertension (1,2), of which primary aldosteronism (PA) is the

most common (3,4).

Currently, owing to poor clinical awareness, with ensuing “under suspicion”, unduly
complex diagnostic work-up (5,6), limited availability of invasive investigations for
localizing unilateral PA (uPA), constrained surgical capacity, and uncertainties about

clinical outcomes (5), PA remains markedly underdiagnosed and undertreated.

The strategy for case detection of PA relies on the aldosterone-to-renin ratio (ARR) with
use of low cut-off values to maximize sensitivity (6,7), a strategy that generates many
false positives. These false positives patients must be excluded from invasive subtyping
procedures that are scarcely available and costly and, therefore, should be reserved for

patients with a high prior probability of harboring surgically curable uPA.

For this selection, “confirmatory” tests, including the captopril challenge test (CCT),
the fludrocortisone suppression test (FST), the saline infusion test (SIT), the oral
sodium loading test (OLT), and the furosemide upright test (FUT), have been proposed
(5,8). In reality, they serve as “exclusion” tests, because at the prevalence rate of PA
encountered in ARR-positive patients, their negative predictive value exceeds their

positive (confirmatory) predictive value (9).

The validation of these tests, which increase complexity and costs of the diagnostic
work-up, and involve the risk of overlooking the angiotensin II-responsive PA patients

(10-12), was affected in many studies by a vicious circle type of bias in that it relied on



100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

using another arbitrarily chosen exclusion test, as reference (13). To date, only few
studies followed the Standards for Reporting Diagnostic Accuracy (STARD) statement
(14) and used an unambiguous diagnosis of uPA as reference; furthermore, many
preselected patients based on a positive ARR result, which, by increasing the rate of PA,

led to overestimating the accuracy, i.e. sensitivity and specificity, of these tests.

Given the lack of studies that conclusively proved the accuracy and diagnostic gain of
exclusion tests over the ARR, we conceived this meta-analysis to determine if available

studies justify the systematic use of these tests in the work-up of unilateral PA.

METHODS

This meta-analysis entailed two phases, based on a different level of diagnostic
uncertainty: an exploratory phase that used a golden reference, and a validation phase
based on a gold standard. The “gold” reference standard used in the validation phase
of the exclusion test(s) included the “four corners” criteria (Table S1). If the latter was
not available, in the exploratory phase, we used a “golden” standard (comprising
documentation of excess aldosterone production, positive adrenal imaging and/or

lateralization of aldosterone on AVS), as a suboptimal surrogate (Table S1) (15).

Data Sources

The meta-analysis was registered on PROSPERO (ID:343220) (15) and followed the
preferred reporting items for systematic review and meta-analysis (PRISMA) statement
(16). The details of our search of articles on exclusion tests of human PA published
from January 1%, 1970 to December 31, 2021 are reported in Supplemental Literature

Search (15).
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Study Selection

After removal of duplicates, articles eligibility was assessed by two younger (RZ, and
TS), and three senior investigators (TMS, GR, and GPR). The study inclusion criteria
were: (1) prospective or retrospective design; (2) uPA diagnosis established by the gold
or a golden standard; (3) reported diagnostic accuracy of the tests; (4) sufficient data to

construct a 2x2 diagnostic table.

Exclusion criteria comprised: (1) reviews, case reports, case-control studies; (2)

duplicated data.

Data Extraction

Data extraction was performed using a predefined standardized form. The ARR cutoff
values of the different studies are reported in Table 1, whenever available. When
accuracy of ARR and/or exclusion test(s) was reported for different cut-off values, the

value that provided the best combination of sensitivity and specificity was selected.

Quality Assessment

Given the limitations of the QUADAS-2 method, which only allows a categorical Y/N
classification, to assess the quality of the studies, we developed a novel quantitative
scoring method that comprised 9 items in 4 domains: ‘study design and patient

selection’, ‘index test’, ‘reference standard’, and ‘flow and timing’ (Table S2) (15).

In this scoring method we used a 10-cm digital scale on which the 3 senior investigators
put a mark according to his/her judgement of the article quality regarding each item.
Divergences of scores exceeding 3 cm were resolved by consensus. Each item received
a score from 0 to 10; for items that required a Y/N answer, 10 corresponded to YES and
0 to NO. The different scores were then summed up and generated the overall score,

which ranged from a minimum of 0 to a maximum of 90. We determined beforehand

7
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that for inclusion studies had to fulfill the following quality criteria: enrollment of
consecutive newly-diagnosed hypertensive patients, pre-specified cut-off values for the
index tests, the same gold or golden reference standard for uPA diagnosis in all patients,
and appropriate follow-up (in those with the gold reference), and to reach an overall
score of at least 25. The scores of the individual studies meta—analyzed are given in

Table S3 and Figure S1 (15).

Data Synthesis and Analysis

The threshold effect was assessed by the Spearman correlation coefficient between
Logit(sensitivity) and Logit (1-specificity) with p value > 0.05 indicating a non-
threshold effect. 1? was used to evaluate heterogeneity among studies. The random

effects model was used when I? was > 30% (17).

Summary receiving operation characteristic (SROC) curves and area under the curve
(sAUROC), pooled specificity, negative likelihood ratio (NLR), and diagnostic odds

ratio (DOR) with 95% confidence intervals (CI) were computed (18).
Meta-regression was performed to identify covariates that affected heterogeneity.

A sensitivity analysis was performed to evaluate the quality and consistency of results
by sequentially excluding each single study at a time (19) Potential publication bias

was evaluated by the p value of Deeks’ funnel plot (20).

All analyses were performed with Meta-Disc version 1.4 and STATA version 12.0 (Stata
Corp, College Station, TX); statistical tests were two-sided, with a p value < 0.05

denoting statistical significance.
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RESULTS

Study selection

We identified 3010 relevant articles through database search. After removal of
duplicates (n=1387), and studies that, based on abstract (n=1,563) and on full-text
reading (n=40), were not relevant a total of 1,623 remained, as detailed in Table S4. A
total of 20 articles, entailing 31 separate datasets and 4,242 patients, were eligible for
the meta-analysis: 11 were examined in the exploratory phase, and 20 in the validation

phase (Figure S2) (15).

Study Characteristics and Quality Assessment
Notwithstanding our strict inclusion criteria, the overall scores of study quality showed
a wide range (Table S3 and Figure S1) (15). All selected studies were conducted in

tertiary referral centers located in 3 continents (Europe, Asia, and Oceania).

Their main characteristics are detailed in Table 1 and Table S5 (15): six studies assessed
the diagnostic accuracy of ARR (21-26), 3 of CCT (27-29), 4 of SIT (30-33), and 7 of
multiple tests using a head-to-head comparison (9,34-39): one study compared ARR
and CCT(9); one ARR and SIT (34); one ARR, CCT, SIT, and FUT (36); one SIT and

FST (39), and 3 CCT and SIT (35,37,38).

No studies assessed the diagnostic accuracy of OLT vs the ARR. Thus, on the whole
10 datasets on ARR (9,21-26,34,36), 9 on CCT (9,27-29,35-38), and 10 SIT (30-39)

were analyzed.

Target population
The study population comprised a total of 4,242 patients, 16% of whom (n=677) had
uPA (Table 1). Two studies comprised newly diagnosed hypertensives (9,21); 8 studies

recruited patients with a high prior probability of PA (22-26,28,29,35); 7 studies

9
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patients with a positive ARR (27,30-32,34,36); 2 studies included patients with
positive ARR plus one-third/fourth of patients with negative ARR (37,38); one study

recruited patients with a positive recumbent SIT (33).

Controls comprised mainly patients with primary (essential) hypertension (PH) except
in 3 studies: one that examined patients with PH and bilateral adrenal hyperplasia (BAH)
(36); one that used patients with PH plus UAH plus BAH (23), and one that used
patients with non-PA (39). Interfering medications were withheld for at least two

weeks, and switched to calcium channel antagonists and/or a-blockers in all but one

study (Table S5 (15)) (22).

Reference index
The diagnosis of PA was established by a positive ARR result in 3 studies (21,26,35),
by the ARR and/or exclusion test(s) in 4 studies (9,24,34,37), and by positive exclusion

test(s) result in 13 studies (22,23,25,27-33,36,38,39).

The exploratory phase comprised 6 studies in 133 patients with uPA
(23,24,26,29,32,36). The validation phase entailed in 14 studies in 544 patients with

uPA (9,21,22,25,27,28,30,31,33-35,37-39).

The studies on the ARR were 10, equally split into the exploratory (23,24,26,34,36) and
the validation (9,21,22,25) phase (Table 2). The mean ARR partition value was 48.1
ng/mlU (39.4 ng/dL/ng/mL/h) with a range from 19.1 to 96.4 ng/mIU (corresponding
to 15.7 to 79.0 ng/dL/ng/mL/h) (9,21-26,34,36). ROC curve-based Youden index (Y])
analysis for the diagnosis of uPA was used to determine the optimal cut-off value only

in 5 studies (9,21,23,36).

The studies on the CCT were 9 (9,27-29,35-38): two in the exploratory phase (29,36),

and 7 studies in the validation phase (9,27,28,35,37,38) (Table 2). All used a captopril

10
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dose of 50 mg except one (35) that used 25 mg; patients were kept in a sitting position
for 1-2 hours after drug challenge. The test readout differed: 5 studies used post-
captopril ARR cutoff values (ranging from 15.6 to 81.6 ng/mIU [12.8 to 66.9
ng/dL/ng/mL/h]) (9,28,29,36); 4 used the post-captopril PAC values (with cutoffs
ranging between 13.0 and 19.0 ng/d) (27,35,37,38). Seven studies selected the cutoffs

by ROC curve and YI analysis using the diagnosis of uPA as category (9,28,29,36-38).

The studies on the SIT were 10 (30-39); all were performed in the supine position
except 2 (33,39) that used a seated position. The post-saline PAC cutoff value was
chosen according to ROC curve and YT analysis for uPA diagnosis only in 5 studies; it
ranged from 3.0 to 15.2 ng/dL, with a mean value of 8.1 ng/dL (30,36-39). Three
studies belonged to the exploratory phase (32,34,36) and 7 to the validation phase

(30,31,33,35,37-39) (Table 2).

We could find only one eligible study for the FST (39) and the FUT (36). For FST, uPA
was diagnosed by the gold standard, and the cut-off value of post-fludrocortisone PAC
was 162 pmol/L (5.8 ng/dL); for the FUT, uPA was diagnosed by the golden standard,

and the cut-off value of post-furosemide PRA was 0.55 ng/mL/h (Table 2).

Meta-Analysis

I? values of pooled specificity, NLR, DOR for ARR, CCT, and SIT were all > 30%,
denoting a heterogeneous non-threshold effect for all tests. No evidence for a
diagnostic threshold was detected. Hence, the heterogeneity analysis for ARR, CCT

and SIT was performed by non-threshold effects using the random effects model.

Given the scope of the exclusion tests, the results are herein reported as specificity,
NLR, and sAUROC, as prevalence-dependent indexes, and as DOR, as a prevalence-

independent overall measure of diagnostic accuracy.

11
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For ARR, the pooled specificity, NLR, and DOR were 0.90 (95% CI: 0.85-0.94), 0.12
(95% CI: 0.06-0.24), and 67.61 (95% CI: 27.05-168.99), respectively (Figure 1). The

sAUROC was 0.95 (95% CI: 0.92-0.98) (Figure 2).

For CCT, the pooled specificity, NLR, and DOR were 0.83 (95% CI: 0.79-0.87), 0.19
(95% CI: 0.12-0.31), and 36.89 (95% CI: 16.16-84.17), respectively (Figure 3). The

sAUROC was 0.92 (95% CI: 0.88-0.97) (Figure 2).

For SIT, the pooled specificity, NLR, and DOR were 0.87 (95% CI: 0.81-0.892), 0.11
(95% CI: 0.07-0.17), and 99.3 (95% CI: 40.9-241.79), respectively (Figure 4). The

sAUROC was 0.96 (95% CI: 0.94-0.99) (Figure 2).

Overall, these results would indicate a similarly high accuracy (SAUROC) for ARR,
CCT, and SIT, without significant differences among tests (p = 0.328 for ARR vs CCT;
p = 0.566 for ARR vs SIT; p = 0.125 for CCT vs SIT). Due to the limited available

studies no conclusion was feasible for FST and FUT.

Meta-Regression

A multivariable meta-regression analysis, including continent, populations (patients
with suspected PA or with positive ARR), cut-off value (chosen by ROC curve or not),
and reference standard for uPA diagnosis (gold or golden), was performed. The post-
CCT readout variable (PAC or ARR) and posture (seated or supine) were also
considered when exploring the heterogeneity of CCT and SIT results, respectively. For
ARR, the selection of the populations (patients with suspected PA or with positive ARR)
partly explained the heterogeneity (p= 0.024) (Table S6) (15). For CCT, the readout
variable had an impact on heterogeneity (p= 0.026) (Table S7) (15). For SIT, none of

these factors accounted for the heterogeneity (Table S8) (15).
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Sensitivity analysis and publication bias
A sensitivity analysis performed by omitting each single study, showed no significant

difference in the pooled results for ARR, CCT, and SIT (Figure S3-5) (15).

Neither Deek’s funnel plot nor Deek’s test showed evidence of publication bias (p=

0.73 for ARR, p=0.81 for CCT, p= 0.76 for SIT) (Figure S6) (15).

DISCUSSION

We meta-analyzed the diagnostic accuracy of the most popular tests for the screening
and exclusion of PA following the STARD recommendation (14), by a novel
quantitative approach to select eligible studies. This method was developed, because
we found that by the classical QUADAS-2 scale, the categorical assessment as Y/N was
inadequate to depict the real quality of the studies. We determined beforehand to
examine only studies that met predefined quality criteria in that they used a solid
reference index, and were not tautologically biased by attempting to validate an
exclusion test employing another non infallible test. Moreover, considering that the
unilateral surgically curable forms of PA comprise the only PA subtype that can be
unambiguously diagnosed, we decided to meta-analyze studies that used, as reference,
the “gold” diagnosis of uPA confirmed by biochemical cure after surgery. However, in
an exploratory survey, we also used a less certain (golden) diagnosis of uPA, entailing
results of AVS, and imaging. This methodological approach by no means implies that
it is not important to diagnose also bilateral PA, as these patients can benefit by target
treatment with mineralocorticoid receptor antagonists and/or the upcoming aldosterone

synthase inhibitors (40).

Based on these criteria involving a different level of diagnostic certainty, our meta-

analysis involved two-phases: an exploratory and a validation phase that comprised

13



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

studies that used a golden and a gold reference, respectively.

The first most important findings were that: 1) the ARR, when carefully performed in a
standardized way in referral centers (6), provided a high accuracy for identification of

uPA; ii) neither CCT nor SIT furnished an additional diagnostic gain (Figure 2).

It is worth mentioning that in 2003 Tanabe et al reported that plasma aldosterone
concentration and plasma renin activity oscillates when measured repeatedly in patients
with PA. They concluded that ‘the renin/aldosterone profile in PA is not always
abnormal due in part to conditions for blood sampling’. This important study showed
that most PAC values were higher than 15 ng/dl and exhibited a magnitude-related
variability so that the higher values remained pathological even after ascillation, and
that the ARR oscillation was large part due to the PRA values variability that showed
no magnitude-related (41). However, in a sub-study of the PAPY Study (4), Seccia et
al found that, notwithstanding some oscillation of PAC and PRA, the ARR was quite
reproducible within-patient when performed under carefully standardized conditions

(7), thus indicating its diagnostic usefulness for detecting PA.

The usefulness of the ARR and the lack of diagnostic gain of exclusion tests over it is
in keeping with previous investigations: the largest study that prospectively examined
with a standardized protocol over two thousand newly-diagnosed referred hypertensive
patients, 4% of whom received a diagnosis of uPA by the gold criterion, reported
identical results (9). Likewise, a prospective Japanese study of 102 patients with an
elevated ARR (>20 ng/dL/ng/mL/h), where the accuracy of the ARR for discriminating
uPA from PH and IHA patients was compared to CCT, SIT and FUT (36), came to the
same conclusions. Different conclusions were reached in another study, which
suggested post-SIT PAC as the test with the highest accuracy, i.e. a sensitivity of 97%

and a specificity of 92% in 104 consecutive patients with suspected PA (34). However,
14
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the study design entailed only a golden standard; moreover, the PAC cut-off value,
measured by liquid chromatography tandem mass spectrometry (LC-MS/MS), was 83
pmol/L (3.0 ng/dL), which corresponds to the lowest limit of detection for reliable PAC
measurement of their assay. In the PAPY study that used Youden index analysis to
determine post-SIT cut-off value with radioimmunoassay (RIA), the optimal cutoff was
more than two- fold higher (6.75 ng/dL) (37), closer to that (5 ng/dL) found by others
(22). While LC-MS/MS might give lower PAC values than the immunoassays owing
to the lack of antibody cross-reactivity with other steroids (42), 3 ng/dl value is a far
too low PAC value for an exclusion test. In fact, studies that used uPA as the gold
reference found that the diagnostic performance of such low cutoff was hampered by
the huge overlap of post-SIT PAC values between uPA patients and PH, and/or bilateral
PA patients (37,43). This means that a PAC partition value of 3.ng/dL would likely
identify all uPA patients, thus providing a very high sensitivity, but would also generate
many false positive ARR results, which certainly is an annoying outcome for an
exclusion test. However, according to a US multicenter study of a sizable cohort of
patients with untreated normotension and different stages of hypertension the
sensitivity of the baseline ARR for detecting PA would be poor (44), thus implying the
need of using low partition values. Undoubtedly suppression of PAC, and thus of the
ARR, by means of the exclusion tests would further worsen the current under detection

of curable PA.

It is worth underlining that the studies on exclusion tests showed a prominent
heterogeneity, whose source could not be entirely revealed by a meta-regression, owing
to several reasons. One, likely the most important, regards use of PA or uPA diagnosis,
as reference. Another one was, as alluded above, the biochemical methods for
measuring aldosterone: currently, there are three methods for measuring aldosterone:
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LC-MS/MS, and the immunoassays (RIA, and chemiluminescence (CLIA)). Although
expected to provide identical results, in reality, they exhibit significant inter-assay
variabilities (45). A source of heterogeneity also comprises the patient’s preparation: a
two-week withdrawal of interfering drugs is too short, particularly for B-blockers and

RAS inhibitors that, in our experience, affect renin levels for more than 4 weeks (6).

A further source of variation relates to the calculation of the ARR, that can be performed
with renin measured as PRA (by RIA) or as direct renin concentration by CLIA or by
LC-MS/MS. These assays provide the results in different units of measure and,
although values can be easily converted by the available ARR-APP (46), this was not
systematically exploited in published studies: in fact, we had to exclude one study from

this meta-analysis because of obviously wrong renin data.

The thresholds also differed among studies: 45% of the investigators used arbitrarily
chosen cutoff values and only 55% of them determined their cutoffs by a rigorous ROC
curve and Youden index analysis. Further heterogeneity originated from the choice of
the readout of this test. For example, for the CCT the readout was either PAC or the

ARR, or both.

A preselection bias was also evident, at least in some studies: the ARR was not done in
consecutive hypertensive patients but mostly in patients with suspected PA with few
exceptions (4,9,22,28,29,35). Not unexpectedly, when performed in patients selected
for a higher prior probability of PA, mostly in patients with positive ARR, the exclusion
tests provided high sensitivity and specificity. Accordingly, the uPA/controls ratio
differed by 26.5-fold (from 2.8% to 73.5%, 32.9 +24.2%), and by 5.9-fold (from 11.8%

t0 69.7%, 37.6 + 20.2%) for SIT.

Finally, factors as race, serum K' levels, salt intake at testing, might have also
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contributed to heterogeneity, although they did not emerge at meta-regression.

Another important methodological flaw needs to be mentioned: 48% of the studies
performed an entire work-up only in the cases with a positive result of the ARR and/or
the exclusion test, and not in those with negative results. This verification bias, by
leaving the diagnosis uncertain in the negative cases, might have contributed to

overestimating the test performance.

Of note, the FST, which has been proposed as the most reliable exclusion test for PA
(38), is supported by only a single-center study (39); the same applies to the FUT. Thus,

these tests did not lend themselves to a meta-analysis.

Notwithstanding the ineludible limitations intrinsic to the study heterogeneity discussed
above, this meta-analysis has major strengths that comprise a painstaking selection of
the eligible studies based on a novel quantitative analysis of their quality, the evaluation
of the performance of each test using uPA as reference, and the fact that data were

examined according to the level of diagnostic certainty.

In summary, the present investigation reveals that studies of exclusion tests for PA are
markedly heterogenous. Even when restricted to the studies that met the tightest quality
criteria, our meta-analysis showed no evidence to support the systematic use of
exclusion tests in clinical practice. Importantly, albeit seemingly highly sensitive and
specific, the exclusion tests did not provide any diagnostic gain over a well performed
ARR (Figure 2). As these tests contribute to the under-detection of PA, are time-
consuming, increase the costs and complexity of the diagnostic work-up of PA, and are
not free of risks, because of the need to keep patients on the “switch” antihypertensive
treatment, their usefulness should be proven in a large outcome-based prospective study

comparing head-to-head strategies “with and without exclusion tests” before their
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systematic use can be recommended. Of note, while this manuscript was under
evaluation, another meta-analysis, albeit carried out with a different methodology and

a less stringent selection of the studies, reached similar conclusions (47).

Finally, exclusion tests are based on the premise of excess production of aldosterone
autonomous from angiotensin 11, whilst human aldosterone-producing adenoma (APA)
were consistently found to express the angiotensin type I receptor, which mediates the
secretagogue action of on aldosterone. Moreover, angiotensin II-induced aldosterone
secretion from APA strips and cells ex vivo has been demonstrated (48). Thus, relying
on exclusion tests may preclude the chance of long-term surgical cure to patients with

angiotensin II-responsive uPA.
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LEGENDS

Figure 1. Forest Plots of Specificity, NLR, and DOR for the Aldosterone-to-renin
Ratio in the Exploratory and the Validation Phase.

Figure 2. Summary Area Under the Operating Characteristics Curve (SAUROC) for
the Aldosterone-Renin Ratio (ARR, panel A), the Captopril Challenge Test (CCT,
panel B) and the Saline Infusion Test (SIT, panel C). Please note the similar SAUROC
for the 3 tests, indicating the lack of diagnostic gain with application of the CCT and
SIT over the ARR

Figure 3. Forest Plots of Specificity, NLR, and DOR for the Captopril Challenge Test
in the Exploratory and the Validation Phase.

Figure 4. Forest Plots of Specificity, NLR, and DOR for the Saline Infusion Test in the
Exploratory and the Validation phase.
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652  Table 1. Main characteristics of the studies that were meta-analyzed.
Author, Country Population Dates Index test(s) | Assay uPA | Controls | PA diagnosis uPA diagnosis
year
Bernini Italy New diagnosed | 1998-2003 | ARR PAC by RIA (DiaSorin); | 30 100 Baseline PAC > 35 Gold reference
2008 (21) PT PRA by RIA (DiaSorin) ng/dL and PRA < 0.5 (Biochemical
ng/mL/h cure after
surgery)
Burrello Germany Suspected PA 2014 ARR PACby RIAamd CLIA |5 75 Pos. SIT [PAC > 5 ng/dL | Gold reference
2016 (22) (DiaSorin); PRA by RIA (> 38.7 pmol/L)], or Pos. | (Biochemical
(DiaSorin); DRC by CCT [ARR > 30 cure after
CLIA (DiaSorin) ng/dL/ng/mL/h surgery)
(832.2pmol/L/ng/mL/h)
and ADRR > 3.7
ng/dL/mU/L (102.6
pmol/L/mU/L)]
Ducher France Suspected PA 2006-2007 | ARR N.A. 12 167 An outcome committee Golden
2012 (23) reference
(Pathology
after surgery)
Fries 2020 | Germany Pos. ARR 2016-2019 | ARR, SIT PAC by CL-MS/MS 9 67 Pos. ARR [PAC > 550 Golden
(34) (cutoff N.A.) (Chromsystems); DRC pmol/L (20 ng/dL), s-k* reference
by CLIA (DiaSorin) |, and PRA|) or Pos. SIT | (AVS, L1>4)
[PAC > 140 pmol/L (5
ng/dL)]
Fuss 2021 | Germany Pos. ARR 2009-2018 | SIT PAC by RIA (Siemens) 56 84 Pos. SIT Gold reference
(30) (cutoff > 20 or CLIA (IDS-iSYS) or (Biochemical
ng/dL/ng/mL/h) LC-MS/MS (SCIEX); cure after
DRC by RIA (Cisbio) or surgery)
CLIA (IDS-iSYS)
Giacchetti | Italy Suspected PA 1996-2000 | ARR PAC by RIA (Biodata); 26 96 At least two of the Golden
2006 (24) UA by RIA (DiaSorin); following: (a) PACY, reference
PRA by RIA (Radim) UAT; (b) upright PRA | (Pathology
(< 1.0 ng/mL/h); (c) Pos. | after surgery)
SIT (PAC > 10 ng/dL);
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(d) an adrenal mass by
imaging

Kim 2016 | Korea Pos. ARR 2011-2014 | CCT PAC by RIA (TFB Inc.); | 36 13 Pos. SIT (PAC > 10 Gold reference
27) (cutoff > 20 PRA by RIA (TFB Inc.) ng/dL) (Biochemical
ng/dL/ng/mL/h) cure after
surgery)
Maiolino Italy New diagnosed | 2000-2005 | ARR, CCT PAC by RIA (Mirya); 51 991 Pos. ARR 40 > Gold reference
2017 (9)2 PT PRA by RIA (DiaSorin, ng/dL/ng/mL/h or Pos. (Biochemical
or Radim) CCT (ARR > 30 cure after
ng/dL/ng/mL/h), or a surgery)
logistic discriminant
function > 0.5
Maiolino Italy New diagnosed | 2012-2015 | ARR, CCT PAC by RIA (Mirya); 30 1028 Pos. ARR 40 > Gold reference
2017 (9)° PT PRA by RIA (DiaSorin, ng/dL/ng/mL/h or Pos. (Biochemical
or Radim) CCT (ARR > 30 cure after
ng/dL/ng/mL/h) or a surgery)
logistic discriminant
function > 0.5
Meng 2018 | China Suspected PA 2011-2016 | CCT, SIT PAC by RIA (Jiuding 70 49 Pos. ARR > 30 Gold reference
(35) Bio); PRA by RIA ng/dL/ng/mL/h (Biochemical
(Northern Bio) cure after
surgery)
Mulatero Italy Pos. bARR 2004 SIT PAC by RIA (DiaSorin, 18 31 Pos. FST (PAC >5 Gold reference
2006 (31) (cutoff chosen or DCS California); PRA ng/dL) (Biochemical
by each center) by RIA (DiaSorin) cure after
surgery)
Okamoto Japan Pos. bARR 2012-2018 | ARR, CCT, | N.A. 16 86 At least two of the Golden
2019 (36) (cutoff > 20 SIT, FUT following: Pos. CCT reference
ng/dL/ng/mL/h) (ARR > 20 (AVS,LI>4)

ng/dL/ng/mL/h), or Pos.
SIT (PAC> 6.0 ng/dL),
or Pos. FUT (PRA < 2.0
ng/mL/h)
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Rossi 2007 | Italy Pos. bARR 2000-2005 | CCT, SIT PAC by RIA (Mirya); 46 197 Pos. ARR 40 > Gold reference
(37) (cutoff > 40 PRA by RIA (DiaSorin) ng/dL/ng/mL/h or Pos. (Biochemical
ng/dL/ng/mL/h) CCT (ARR>30 cure after
or pos. CCT ng/dL/ng/mL/h) or a surgery)
(ARR > 30 logistic discriminant
ng/dL/ng/mL/h) function > 0.5
or a logistic
discriminant
function > 0.50
+ 1/4 not fulling
the above
criteria
Song 2018 | China Pos. bARR 2013-2016 | CCT,SIT PAC by CLIA 71 101 Pos. FST (PAC > 8 Gold reference
(38) (cutoff >37 (DiaSorin); DRC by ng/dL) (Biochemical
ng/miU) + 1/3 CLIA (DiaSorin) cure after
neg. bARR surgery)
Stowasser | Australia | Pos. bARR 2012-2017 | SIT, FST PAC by RIA kit or 28 18 Pos. FST [PAC = 133 Gold reference
2018 (39) [cutoff >70 HPLC-MS/MS; DRC by pmol/L (4.8 ng/dL)] (Biochemical
pmol/mIU CLIA (DiaSorin) cure after
(19ng/mlU) by surgery)
RIA or >55
pmol/mlU (15
ng/miU)by
HPLC-MS/MS)
Vivien France Pos. bARR [> 2010-2015 | SIT PAC by RIA 24 76 Pos. SIT (PAC >5 Golden
2019 (32) 64 pmol/mIU( (Immunotech); DRC by ng/dL) or Pos. CCT reference
18 ng/mlU)] IRMA (Cisbio) (PAC suppressed < 30%) | (AVS
/CT/MRI)
Vorselaars | Netherland | Suspected PA 2015-2017 | ARR PAC by RIA (Siemens); | 10 217 Pos. SIT [PAC >280 Gold reference
2018 (25) PRA by RIA (In-house) pmol/L (10.1 ng/dL) and | (Biochemical
PRA > 100 fmol/L/s (0.3 | cure after
ng/mL/h)] surgery)
Weickert Germany Suspected PA 2005-2006 | ARR PAC by RIA 7 22 Pos. ARR (PACT, UAT, | Golden
2009 (26) (Immunotech); PRA by PRA|, s-k*|, and reference

RIA (DiaSorin)

PRA|)
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(Pathology
after surgery)
Wu 2009 | Taipei Suspected PA 2003-2006 | CCT PAC by RIA (Adaltis); 47 64 Pos. SIT (PAC > 10 Gold reference
(28) PRA by RIA (Cishio) ng/dL) or UA > 12 (Biochemical
pg/24h cure after
surgery)
Wu 2010 | Taipei Suspected PA 2008 CCT PAC by RIA (Adaltis); 39 63 Pos. SIT (PAC > 10 Golden
(29) PRA by RIA (Stillwater) ng/dL) reference
(AVS, LI>4
or
scintigraphy)
Zhang China Pos. SIT 2018-2019 | SIT PAC by RIA (Jiuding 46 20 Pos. SIT (PAC > 11.2 Gold reference
2020 (33) (PAC >11.2 Bio); PRA by RIA ng/dL) (Biochemical
ng/dL) (Northern Bio) cure after
surgery)

ARR, aldosterone-to-renin ratio; AVS, adrenal vein sampling; BP, blood

pressure; bARR, baseline aldosterone-to-renin ratio; CCT, captopril challenge test; CLIA,
chemiluminescence immunoassay; CT, computed tomography; FUT, furosemide upright test; LC-MS/MS, liquid chromatography tandem mass spectrometry; L1, lateralization
index; MRI, magnetic resonance tomography; NA, not available; Neg., negative; P, prospective; PA, primary aldosteronism; PAC, plasma aldosterone concentration; PH,
primary hypertension; Pos., positive; PRA, plasma renin activity; R, retrospective; RIA, radioimmunoassay; SIT, saline infusion test; UA, urinary aldosterone; uPA, unilateral

primary aldosteronism. a and b represent the exploratory and the validation cohort in Maiolino’s study, respectively. Biochemical cure was defined following the PASO study.(49)

The ARR cutoff value was reported whenever available and expressed in ng/dl of PAC over ng/ml/h of PRA. To convert into ng of PAC over mIU of active renin (DRC) the

ARR-App can be used.(46)
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Table 2. 2x2 Table reporting true (TP) and false positive (FP) rate, and true (TN) and false negative (FN) rate, using the gold or golden diagnosis
of uPA as reference.

Author, year Procedure, dosage, time Cut-off value (original/converted) Reference Cut-off by TP| FP| FN| TN
interval (golden/gold) | ROC curve

ARR

Bernini 2008 (21) | Morning, after upright for at least | ARR > 96.4 ng/mIU Gold Yes 29| 13 1 87
2 h and seated for 5-15 min

Burrello 2016 (22) | Morning, after upright for at least | ARR >37.0 ng/mIU and PAC > 10.0 ng/dL Gold No 5 1 0 74
2 h and seated for at least 15 min

Ducher 2012 (23) | Morning, after supine for 1 h ARR >32.0 ng/ng /20.2 ng/mIU Golden Yes 11 13 1| 154

Fries 2020 (34) Morning, after seated for 15 min | ARR > 53.0 pmol/mIU / 19.1 ng/mIU Golden No 9| 27 0 40

Giacchetti 2006 | Morning, after upright for 2 hand | ARR > 40.0 ng/dL/ng/mL/h / 48.8 ng/mIU Golden No 26 15 81

(24) seated for 5-15 min

Maiolino 2017 | Morning, after seated for 1 h ARR >33.3 ng/dL/ng/mL/h / 40.6 ng/mIU Gold Yes 40 | 117 11| 874

97

Maiolino 2017 | Morning, after supine for 1 h ARR >30.9 ng/dL/ng/mL/h / 37.3 ng/mIU Gold Yes 29 64 1| 964

9

Okamoto 2019 | Morning, after seated for 15 min | ARR > 52.8 ng/dL/ng/mL/h / 64.4 ng/mIU Golden Yes 12| 22 4 64

(36)

Vorselaars 2018 | Morning, after upright for at least | ARR > 7 pmol/fmol / 65.6 ng/mIU Gold No 10| 23 0| 194

(25) 2 h and seated for 5-15 min

Weickert 2009 | Morning, after upright for 30 min | ARR > 425 pg/ml/ ng/mL/h /51.8 ng/mIU Golden No 7 4 0 18

(26)

CCT

Kim 2016 (27) 50 mg 1.5 h seated PAC > 19.0 ng/dL Gold No 27 0 9 13

Maiolino 2017 | 50 mg 2 h seated ARR > 13.9 ng/dL/ng/mL/h / 17.0 ng/mIU Gold Yes 40 | 120 51| 871

(9)°

Maiolino 2017 | 50 mg 2 h seated ARR > 12.8 ng/dL/ng/mL/h / 15.6 ng/mIU Gold Yes 28 | 227 2| 801

9

Meng 2018 (35) 25 mg 2 h seated PAC > 15.0 ng/dL Gold No 68 9 2 40
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(36)

Okamoto 2019 | 50 mg 1.5 h seated ARR >42.2 ng/dL/ng/mL/h /> 51.5 ng/mIU Golden Yes 12| 16 4 70
(36)

Rossi 2007 (37) 50 mg 2 h seated PAC > 13.9 ng/dL Gold Yes 32 51 14 | 146
Song 2018 (38) 50 mg 2 h seated PAC>13.0 ng/dL Gold Yes 68 5 3 96
Wu 2009 (28) 50 mg 1.5 h seated ARR >23.9 ng/dL/ng/mL/h / 29.2 ng/mIU Gold Yes 39 8 8 56
Wu 2010 (29) 50 mg 1 h seated ARR > 66.9 ng/dL/ng/mL/h / 81.6 ng/mIU Golden Yes 28 6| 11 57
SIT

Fries 2020 (34) 2 L 4 hsupine PAC > 83 pmol/L / 3.0 ng/dL Golden No 9 5 0 62
Fuss 2021 (30) 2 L 4 hsupine PAC > 5.0 ng/dL Gold Yes 47 9 9 75
Meng 2017 (35) 2 L 4 hsupine PAC > 10.0 ng/dL Gold No 69| 10 1 39
Mulatero 2006 | 2 L 4 h supine PAC > 5.0 ng/dL Gold No 18 5 0 26
(31)

Okamoto 2019 | 2 L 4 h supine PAC > 15.2 ng/dL Golden Yes 14 9 2 77
(36)

Rossi 2007 (37) 2 L 4 hsupine PAC> 6.8 ng/dL Gold Yes 38 49 8| 148
Song 2018 (38) 2 L 4 hsupine PAC>10.0 ng/dL Gold Yes 68 4 3 97
Stowasser 2018 | 2 L 4 h seated PAC > 162 pmol/L / 5.8 ng/dL Gold Yes 26 1 2 17
39)

Vivien 2019 (32) | 2 L 4 h supine PAC > 5.7 ng/dL Golden No 22 4 2 72
Zhang 2020 (33) 2 L 4 h seated PAC >12.9 ng/dL Gold No 41 2 5 18
FST

Stowasser 2018 | 0.1 mgevery 6 h PAC > 162 pmol/L /5.8 ng/dL Gold Yes 24 0 4 18
39)

FUT

Okamoto 2019 | 40 mg 2 h upright PRA <0.55 ng/mL/h Golden Yes 13 23 3 63

ARR, aldosterone-to-renin ratio; CCT, captopril challenge test; FN, false negatives; FP, false positives; FST, fludrocortisone suppression test; FUT, furosemide upright test;

PAC, plasma aldosterone concentration; PRA, plasma renin activity; ROC, receiver-operating characteristic curve; SIT, Saline infusion test; TN, true negatives; TP, true
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665 positives. All units were converted to ng/mlU for ARR, ng/dL for PAC, ng/mL/h for PRA. To homogenize studies, all units of ARR, PAC, and PRA were converted with help
666  of ARR smartphone application (ARR-APP). a and b represent the exploratory and the validation cohort in Maiolino’s study, respectively.
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TP FP FN TN Specificity (95% CI) NLR (95% CI) DOR (95%CTI)
Exploratory phase
Ducher 2012 11 13 1 154 4 092(087-0:96) * 0-13 (0-03 - 0-57) ——  87.74(14.65 - 525.57)
Fries 2020 9 27 0 40 0-60 (0-47 - 0-72) . 0-08 (0-01 - 1-26) - 27.98 (1.56 - 500.86)
Giacchetti 2006 26 15 0 81 0-84 (0-76 - 0-91) —— 0-02 (0-00 - 0-34) 278.68 (16.12 - 4,818.05)
Okamoto 2019 12 22 4 64 0-74 (0-64 - 0-83) 0-36 (0-16 - 0-80) 7.96 (2.45 - 25.90)
Weickert 2009 7 4 0 18 * 0-82 (0-60 - 0-95) * 0-08 (0.01 - 1.15) - 61.67 (2.94 - 1,292.31)
Subtotal 65 81 357 4 0.82 (0.70 - 0.93) * 0.13 (0.04 - 0.42) * 40.11 (9.42 - 170.83)
. x*=35.86,p<0.001 Cochran-Q = 8.03, p = 0.090 Cochran-Q = 8.95, p = 0.063
06 08 1 0.01 ! 1 1000
(d.f=4); >=88.8% (d.f=4);’=502% (d.f=4);P=533%

Validation phase
Bernini 2008 29 13 1 87 0.87(0.79 - 0.93) . 0.04 (0.01 - 0.26) * 127.47 (22.42 - 724.58)
Burrello 2016 5 1 0 74 —e 0.99 (0.93 - 1.00) - 0.09 (0.01 - 1.21) 546.33 (19.84 - 15,047.16)
Maiolino 2017* 40 117 11 874 -+ 0.88 (0.86 - 0.90) e 0.24 (0.14 - 0.41) —— 26.21 (13.24 - 51.87)
Maiolino 2017° 29 o4 1 964 4 0.94(0.92-0.95) o 0.04 (0.01 - 0.24) —&— 294.09 (55.93 - 1,546.29)
Vorselaars 2018 10 23 0 194 —- 0.89 (0.85-0.93) . 0.05 (0.00 - 0.76) * 173.81 (9.86 - 3,062.87)
Subtotal 13 218 13 2193 & 0.91 (0.90 - 0.92) . 0.08 (0.02 - 0.28) * 115.63 (29.58 - 452.02)

; i * x*=30.09, p<0.001 Cochran-Q =9.87, p = 0.043 Cochran-Q = 112.05, p=0.017

0.6 0.8 1 1 1000

(d.f=4);>=87.1% 0.01 1 (df=4);’=59.5% (d.f=4);’=59.5%

Total 178 299 18 2550 0.90 (0.85 - 0.94) 0.12 (0.06 - 0.24) 67.61 (27.05 - 168.99)

¥ = 9647, p < 0.001 Cochran-Q = 16.86, p = 0.051 Cochran-Q = 22.05, p = 0.008

(d.f=9); F=90.7 % (d.f=9);>=46.6 % (d.f=4);1’=59.8%

Figure 1. Forest Plots of Specificity, NLR, and DOR for the Aldosterone-to-renin Ratio in the Exploratory and the Validation Phase

DOR, diagnostic odds ratio; FN, false negatives; FP, false positives; NLR, negative likelihood ratio; TN, true negatives; TP, truth positives. Error bars on the plots represent the 95% confidence
intervals. Square size is proportional to the weight of the study. * p <0.05; 1, p <0.01; £, < 0.001 the exploratory vs the validation phase. a and b represent the exploratory and the validation

cohort in Maiolino’s study, respectively.



Figure 2. Summary Area Under the Operating Characteristics Curve (SAUROC) for the Aldosterone-Renin Ratio (ARR, panel A), the Captopril
Challenge Test (CCT, panel B) and the Saline Infusion Test (SIT, panel C).

A B C
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0.7 1 sAUROC = 0.9508 0.7 1 sAUROC = 0.9245 0.7 - sAUROC = 0.9629
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ARR, aldosterone-to-renin ratios; CCT, captopril challenge test; SIT, saline infusion test. ~Solid diamond: study by the gold standard; empty diamond: study by the golden
standard.



TP FP FN TN Specificity (95% CI) NLR (95% CI) DOR (95%CTI)
p ty
Exploratory phase
Okamoto 2019 12 16 4 70 — 0.81 (0.72 - 0.89) . 0.31 (0.13-0.72) — 13.13 (3.74 - 46.05)
Wu 2010 28 6 11 57 — 0.90 (0.80 - 0.96) —— 0.31 (0.19 - 0.52) - 24.18 (8.11 - 72.12)
Subtotal 40 22 15 127 2 3 0.85 (0.76 - 0.94) o 0.31 (0.20 - 0.48) ¢ 18.58 (8.15 - 42.36)
Y¥=249,p<0.114 001 ) Cochran-Q = 0.00, p =0.976 Cochran-Q =0.52, p =0.472,

06 08 L df=1:1P=598% ’ (df=1);P=0.0% 1000.0(d.£=1); 2= 0.0 %
Validation phase
Kim 2016 27 0 9 13 % 1.00(0.75 - 1.00) —— 0.27 (0.15 - 0.46) *> 78.16 (4.23 - 1,445.47)
Maiolino 2017* 40 120 11 871 * 0.88 (0.86 - 0.90) —— 0.25(0.15-0.41) +o— 26.39 (13.19 - 52.83)
Maiolino 2017° 28 227 2 801 + 0.78 (0.75 - 0.80) 0.09 (0.02 - 0.33) * 49.40 (11.68 - 208.94)
Meng 2018 68 9 2 40 * 0.82 (0.68 - 0.91) — 0.04 (0.01 -0.14) ——— 151.11 (31.09 - 734.50)
Rossi 2007 32 51 14 146 - 0.74 (0.67 - 0.80) T 0.41(0.26-0.64) —— 6.54 (3.24 - 13.23)
Song 2018 68 5 3 96 —* 095 (0.89 - 0.98) — 0.04 (0.01 -0.13) -—*— 4352 (100.60 - 1,882.75)
Wu 2009 39 8 8 56 0.88 (0.77 - 0.94) *—- 0.19(0.10-0.37) e 34.13 (11.80 - 98.68)
Subtotal 302 420 49 2023 - 0.83 (0.78 - 0.88) * 0.16 (0.09 - 0.29) * 47.79 (16.45 - 138.84)

2= < Q= < Q= <
0.6 08 X 65.19, p <0.001 0.01 1Cochran Q=29.86,p <0.001 1000.0Cochran Q=35.65,p<0.001
(d.f=6); >=90.8 % (d.f=6);12=79.9% (d.f=6);1°=832%

Total 342 442 64 2150 0.83 (0.79 to 0.87) 0.19 (0.12 - 0.31) 36.89 (16.16 - 84.17)

# = 6828, p < 0.001
(df=8) 2=88.7%

Cochran-Q = 31.05, p < 0.001

(df=8) P=742%

Cochran-Q = 36.69, p < 0.001

(df=8);2=782%

Figure 3. Forest Plots of Specificity, NLR, and DOR for the Captopril Challenge Test in the Exploratory and the Validation Phase

DOR, diagnostic odds ratio; FN, false negatives; FP, false positives; NLR, negative likelihood ratio; TN, true negatives; TP, truth positives.
* p <0.05; 1, p <0.01; £, < 0.001 the exploratory vs the validation phase.

intervals.

cohort in Maiolino’s study, respectively.

Square size is proportional to the weight of the study.

Error bars on the plots represent the 95% confidence

a and b represent the exploratory and the validation



TP FP FN TN Specificity (95% CI) NLR (95% CI) DOR (95%CTI)

Exploratory phase
Fries 2020 9 5 0 62 +- 0.93(0.83-0.98) * 0.05 (0.00 - 0.81) - 215.91 (11.03 - 4,227.18)
Okamoto 2019 14 9 2 77 0.90 (0.81 - 0.95) * 0.14 (0.04 - 0.51) Py 59.89 (11.68 - 307.07)
Vivien 2019 22 4 2 72 -+ 0.95(0.87 -0.99) * 0.09 (0.02 - 0.33) - 198.00 (33.95 - 1,154.62)
Subtotal 45 18 4 211 @ 0.92(0.89 - 0.95) <& 0.10 (0.04 - 0.25) ¢ 115.25 (37.91 - 350.36)

¥ =1.54,p=0.462 Cochran-Q = 8.03, p = 0.090 Cochran-Q = 1.15, p = 0.563

0.6 0.8 1 0.01 1 1000

(d£=2);2=0.0% (d.£=2); =502 % (d£=2);>=0.0%
Validation phase
Fuss 2021 47 9 9 75 —&— 0.89(0.81-0.95) e 0.18 (0.10 - 0.33) —— 43.52 (16.12 - 117.50)
Meng 2018 69 10 1 39 2 0.80 (0.66 - 0.90) o P 0.02 (0.00 - 0.13) 269.10 (33.19 - 2,181.75)
Mulatero 2006 18 5 0 26 - 0.84 (0.66 - 0.95) - 0.03 (0.00 - 0.49) - 178.27 (9.28 - 3,424.30)
Rossi 2007 38 49 8 148 —— 0.75 (0.68 - 0.81) e 0.23 (0.12 - 0.44) —— 14.35 (6.27 - 32.84)
Song 2018 68 4 3 97 o 0.96(0.90 - 0.99) o 0.04 (0.01 -0.13) — L ¢ 549.67 (119.18 - 2,535.19)
Stowasser 2018 26 1 2 17 o— 0.94(0.73 - 1.00) . 0.08 (0.02 - 0.29) Py 221.00 (18.56 - 2,631.33)
Zhang 2020 41 2 5 18 0.90 (0.68 - 0.99) N 0.12 (0.05 - 0.28) . 73.80 (13.07 - 416.67)
Subtotal 307 80 28 420 . 4 0.84 (0.77 - 0.91) * L 0.10 (0.05 to 0.19) L 2 95.36 (30.25 - 300.60)

’ x> =30.08, p <0.001 Cochran-Q =15.12,p = Cochran-Q =23.13, p <0.001
0.6 0.8 1 0.01 1 1000

(d.£=6); 2=80.1% 0.019 (d.f=6); P=60.3 % (d.f=6);2=741%

Total 352 98 32 631 0.87 (0.81 - 0.92) 0.11 (0.07 - 0.17) 99.35 (40.87 - 241.49)

2 = 4135, p < 0.001
(df=9): 2=782%

Cochran-Q = 15.91, p=10.069
df=9);1?=43.4%

Cochran-Q = 26.03, p = 0.002
(d.£=9);,F=654%

Figure 4. Forest Plots of Specificity, NLR, and DOR for the Saline Infusion Test in the Exploratory and the Validation Phase

DOR, diagnostic odds ratio; FN, false negatives; FP, false positives; NLR, negative likelihood ratio; TN, true negatives; TP, truth positives.

confidence intervals.

Square size is proportional to the weight of the study.

Error bars on the plots represent the 95%
* p <0.05; 1, p<0.01; 1, <0.001 the exploratory vs the validation phase.
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