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ABSTRACT

Background: N-terminal fragment B-type natriuretic peptide (NT-proBNP) prognostic utility is commonly determined post
hoc by identifying a single optimal discrimination threshold tailored to the individual study population. The authors aimed to
determine how using these study-specific posz hoc thresholds impacts meta-analysis results.

Methods: The authors conducted a systematic review of studies reporting the ability of preoperative NT-proBNP measure-
ments to predict the composite outcome of all-cause mortality and nonfatal myocardial infarction at 30 days after noncardiac
surgery. Individual patient-level data NT-proBNP thresholds were determined using two different methodologies. First, a
single combined NT-proBNP threshold was determined for the entire cohort of patients, and a meta-analysis conducted using
this single threshold. Second, study-specific thresholds were determined for each individual study, with meta-analysis being
conducted using these study-specific thresholds.

Results: The authors obtained individual patient data from 14 studies (n = 2,196). Using a single NT-proBNP cohort thresh-
old, the odds ratio (OR) associated with an increased NT-proBNP measurement was 3.43 (95% CI, 2.08 to 5.64). Using
individual study-specific thresholds, the OR associated with an increased NT-proBNP measurement was 6.45 (95% CI, 3.98
to 10.46). In smaller studies (<100 patients) a single cohort threshold was associated with an OR of 5.4 (95% CI, 2.27 to
12.84) as compared with an OR of 14.38 (95% CI, 6.08 to 34.01) for study-specific thresholds.

Conclusions: Post hoc identification of study-specific prognostic biomarker thresholds artificially maximizes biomarker pre-
dictive power, resulting in an amplification or overestimation during meta-analysis of these results. This effect is accentuated

in small studies. (ANESTHESIOLOGY 2015; 123:264-71)

ETA-ANALYSES pool results from multiple small

studies to determine, as accurately as possible, a true pihataeiAeadviioniabostiinSAORIC

treatment, diagnostic, or prognostic effect. Pooling increases ¢ Biomarker prognostic utility is commonly evaluated by identifying a single

the number of study participants, increases study power,
and improves the precision around the estimate of the true
effect. Although meta-analytic techniques for pooling data
from treatment trials are fairly advanced, applying these to
diagnostic and prognostic studies present unique challenge.

In recent times, there has been a surge of interest in the
use of biomarkers for disease diagnosis and prognosis. Bio-
markers are commonly measured as continuous variables,
and in many fields, it has become common practice for
authors to dichotomize these continuous biomarker values
into high- and low-risk categories. Dichotomization tech-
niques include the use of an optimal discriminatory point
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optimal discrimination threshold for a specific study, often determined
post hoc and specifically tailored to the individual study population.

This study hypothesized that conducting meta-analysis of prognostic
studies, where each individual study reported an adjusted odds ratio
derived from an optimal study-specific cut-point, would significantly
overestimate the prognostic effect of the biomarker—particularly in small
studies—as compared with using a single optimal cut-point across all
studies. This hypothesis was tested using individual patient data from
studies examining the ability of the hormone N-terminal fragment B-type
natriuretic peptide to predict the composite outcome of postoperative
mortality and nonfatal myocardial infarction at 30 days after noncardiac
surgery.

What This Article Tells Us That Is New

* Meta-analysis of studies that made use of a study-specific optimal
N-terminal fragment B-type natriuretic peptide threshold resulted in a
larger risk point estimate for the prediction of the composite outcome
of postoperative mortality and nonfatal myocardial infarction at 30 days
after noncardiac surgery compared with using a single threshold across
all studies. These data suggest that future biomarker studies should be
evaluated as continuous variables rather than making use of post hoc
study-specific optimal thresholds, and care should be taken when con-
ducting meta-analysis on studies that have used study-specific optimal
thresholds to evaluate biomarker prognostic ability, as it is likely that
this methodology will overestimate biomarker predictive performance.
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derived from receiver operating characteristic (ROC) curves'
as well as the minimum P value method.? This single cut-
point is then entered into a logistic regression model to
determine whether it is an independent predictor of the out-
come of interest, and results are then reported as an adjusted
odds ratio (OR).

We hypothesized that conducting meta-analysis of prog-
nostic studies, where each individual study reported an OR
derived from an optimal study-specific cut-point, would signif-
icantly overestimate the prognostic effect of the biomarker—
particularly in small studies—as compared with using a single
optimal cut-point across all studies. We tested this hypothesis
using individual patient data from studies examining the abi-
lity of the hormone /NV-terminal fragment B-type natriuretic
peptide (NT-proBNP) to predict the composite outcome
of postoperative mortality and nonfatal myocardial infarc-
tion (MI) at 30 days after noncardiac surgery. NT-proBNP
is released from the myocardium predominantly in response
to myocardial stretch and ischemia, and increases have been

associated with adverse postoperative complications.?

Materials and Methods

Systematic Review Methodology

We considered studies eligible if they measured NT-proBNTP
in adult patients 30 days before noncardiac surgery. The pri-
mary study outcome was the composite of all-cause mor-
tality and nonfatal MI within 30 days of surgery. Studies
were included regardless of language, design, sample size,
publication status, or date of publication. We excluded stud-
ies examining pediatric surgery, cardiac surgery, nonsurgical
studies, animal studies, and studies where NT-proBNTP was

Pietermaritzburg, South Africa (L.R.); Department of Anaesthetics, Inkosi
Albert Luthuli Central Hospital, Nelson R. Mandela School of Medi-
cine, University of KwaZulu-Natal, Durban, South Africa (B.M.B.);
Department of Anaesthesia and Intensive Care Medicine, University
Hospital Basel, Basel, Switzerland (G.A.L.-B.); Cardioncology Unit,
European Institute of Oncology, Milan, Ttaly (D.M.C.); Departments of
Aged Care, Northern Clinical Research Centre, The Northern Hospi-
tal, Epping, Victoria, Australia, and Department of Medicine, Austin
and Northern Health, The University of Melbourne, Victoria, Austra-
lia (CPW.C., K.W.L); Department of Vascular and General Surgery
and Angiology, Pomeranian Medical University, Szczecin, Poland (M.C));
Department of Anaesthesiology and Intensive Care Medicine, Medical
University of Graz, Graz, Austria (S.LE, E.M.); Department for Anesthesia
and Intensive Care, Clinic for Cardiovascular and Thoracic Surgery, Clinical
Center Nis, School of Medicine, University of Nis, Nis, Serbia (R.].J.); Depart-
ments of Urology, Stepping Hill Hospital, Stockport and Wrightington,
Wigan, and Leigh NHS Foundation Trust, Wigan, United Kingdom
(RM.); Department of Medicine and Health, Linkoéping University and
Department of Anaesthesiology and Intensive Care, Link&ping Univer-
sity Hospital, Linkoping, Sweden (A.O.); Department of General Inter-
nal Medicine, Texas Tech University Health Sciences Center, Lubbock,
Texas (M.PP); Department of Vascular Surgery, University of Aberdeen
and Aberdeen Royal Infirmary, NHS Grampian, Foresterhill, Aberdeen,
United Kingdom (S.R.); Department of Cardiology, University of Mel-
bourne, Northern Health, Epping, Victoria, Australia (W.J.V.G.); Cardiac
Diagnostics Unit, M. Pirogow Provincial Specialist Hospital, Lodz, Poland
(M.W.); and Department of Anaesthesia, University of Kwa-Zulu Natal,
Greys Hospital, Pietermaritzburg, South Africa , and the Department of
Outcomes Research, Cleveland Clinic, Cleveland, Ohio (R.N.R.).

Anesthesiology 2015; 123:264-71 265

only measured postoperatively or where B-type natriuretic
peptide (BNP) was measured. Studies that collected relevant
data but did not report the outcome of interest were included
if the primary outcome could be obtained from the authors.

In July 2013, we searched EMBASE, OVID Health Star,
MEDLINE(R) In-Process & Other Non-Indexed Cita-
tions and OVID MEDLINE(R), Cochrane Central Regis-
ter of Controlled Trials, Cochrane Database of Systematic
Reviews and ProQuest Dissertations, and Theses A&I using
the OvidSP search engine (Ovid Technologies, Inc., USA,
2009). We also looked for abstracts from meetings of the
American Heart Association and the American Society of
Anesthesiologists, our own files, consulted with experts,
reviewed reference lists from identified articles, and searched
for cited references of key publications in Web of Science. To
avoid inclusion of duplicate study data from reports publish-
ing partial results, the study with the most complete follow-
up or largest sample size was included. The search terms,
including validated prognostic search terms and databases
used, are listed in appendix 1.

Two investigators independently screened the titles
and abstracts of each citation identified in our search and
excluded articles not meeting the study criteria. Citations
that the screeners felt had any possibility of meeting eli-
gibility criteria then underwent further full-text review. If
either of the two reviewers identified a citation to undergo
full review, we obtained the full-text article. Full-text articles
were independently evaluated to determine their eligibility
for inclusion. Disagreements were solved by consensus, and
if this could not be reached, a third adjudicator resolved the
matter. Chance-corrected interobserver agreement for study
eligibility was tested using kappa statistics.

The authors of eligible studies were then contacted and
asked to supply individual patient data for further analysis,
that is, preoperative NT-proBNP and primary study out-
come at 30 days after surgery. If requested data could not
be provided, the study was excluded from the meta-analysis,
and similarly, patients from whom these data were missing
were also excluded from further analysis.

Statistical Analysis

First, we simulated previously used NT-proBNP biomarker
threshold determination and meta-analysis methodology.*”
Using the unadjusted individual patient data, we used ROC
curve statistics to determine an optimal NT-proBNP cut-
point for each individual study. For each individual study, we
then used the study-specific optimal cut-point to dichotomize
patients into high and low risk for the primary outcome. We
then conducted meta-analysis of the ORs for all the studies,
dichotomized according to each study-specific threshold, and
derived a pooled OR for the primary outcome.

Second, we combined all patient data, from all studies,
creating one single population. Using ROC curve statistics,
a single optimal NT-proBNP cut-point for the entire patient
population was determined, and the OR associated with
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the single optimal cut-point was determined for the entire
pooled population.

Third, for each individual study, we used the single popu-
lation cut-point derived in step 2 to dichotomize patients
into high and low risk for the primary outcome. We then
calculated an OR for each study and meta-analyzed these
results to derive a pooled OR for the primary outcome.

As a subanalysis, we selected those studies with a sample
size 100 or less patients, determined study-specific optimal
cut-points for each study, and meta-analyzed the dichoto-
mized results. For comparison, we determined a single com-
bined population optimal cut-point, dichotomized each
study, and meta-analyzed the dichotomized results.

We used a random-effects model to pool the study results
and reported it as a summary OR with its 95% CI. Hetero-
geneity of included studies was tested with the 72 test as well
as the chi-square test.

Results

Our database search yielded 1,008 citations. After inital
title and abstract screening, 911 citations were excluded.
The remaining 97 studies underwent full-text review, and a
further 62 studies were excluded for the following reasons:
BNP assay used (n = 31), publication retracted or found to be
fraudulent (n = 9), cardiac surgery (n = 2), no study endpoints
collected (n = 6), editorial/letter to the editor not presenting
original data (n = 3), meta-analysis (n = 1), and nonsurgi-
cal (n = 4). We identified 35 eligible studies, representing 22
unique patient cohorts, of which 8 were excluded, as we were
unable to obtain individual patient data on them. Fourteen
studies (n = 2,196) were used in our analysis**! (fig. 1).

In the first meta-analysis, using study-specific thresholds
for each individual study—shown in appendix 2—the OR
associated with the primary outcome was 6.45 (95% CI,
3.98 to 10.46; I* = 45%; fig. 2).

In the second meta-analysis, using a single cohort NT-
proBNP threshold of 367.15 pg/ml, the OR associated with the
primary outcome was 4.38 (95% CI, 3.31 to 5.81; appendix
3). In the final meta-analysis, where the single cohort threshold
of 367.15 pg/ml was used to determine an OR for each of the
individual studies, the OR associated with the primary outcome
was 3.43 (95% CI, 2.08 to 5.64; I* = 39%; fig. 3).

The subanalysis of studies with 100 or less patients
included seven studies.!"!21417-192! Using individual study-
specific thresholds resulted in an OR of 14.38 (95% CI,
6.08 to 43.01; I* = 0%), whereas using the single cohort
threshold of 367.15 pg/ml yielded an OR of 5.4 (95% CI,
2.27 to 12.84; I* = 0%; figs. 4 and 5, respectively).

Discussion

Statement of Principle Findings

Meta-analysis of studies that made use of a study-specific
optimal NT-proBNP threshold resulted in a larger risk
point estimate for the prediction of the composite outcome
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of postoperative mortality and nonfatal MI at 30 days after
noncardiac surgery (OR, 6.45; 95% CI, 3.98 to 10.46) com-
pared with using a single threshold across all studies (OR,
3.43; 95% CI, 2.08 to 5.64). This effect was more pro-
nounced in studies with 100 or less patients, where meta-
analysis of study-specific thresholds resulted in an OR of
14.38 (95% CI, 6.08 to 34.01) as compared with an OR
of 5.4 (95% CI, 2.27 to 12.84) when a single threshold was
used for all studies.

Interpretation

This overestimation or amplification effect that we have dem-
onstrated can be attributed to the methodology by which
study-specific optimal prognostic thresholds were deter-
mined in a post hoc manner. This methodology artificially
maximizes the predictive power of the biomarker within the
individual study. This effect can be appreciated in the cur-
rent literature by reviewing ORs reported in meta-analysis
that have examined the risk of postoperative mortality and
cardiovascular complications associated with preoperative
natriuretic peptide increases. Early meta-analyses published
between 2008 and 2009 reported ORs of 17.37 (95% CI,
3.31 to 91.15),% 44.2 (95% CI, 7.6 to0 257.0),® and 19.77
(95% CI, 13.18 to 29.65).” The majority of the individual
studies included in these meta-analyses made use of a study-
specific optimal threshold. In contrast, a recent individual
patient-level data meta-analysis that made use of a single
cohort threshold for all studies reported increased preopera-
tive natriuretic peptide measurements to be associated with
an OR 3.40 (95% CI, 2.57 to 4.47) for the outcome of mor-
tality and nonfatal MI.?> We hypothesize that this substan-
tially lower OR ratio may in part be due to the amplification
effect described in this article.

Natriuretic peptide measurements are a continuous data
variable. Continuous variables are seen to have limited
clinical utility and so ROC curves are often used to deter-
mine a single optimal cut-point to dichotomize patients
into high and low preoperative risk groups. The ROC
optimal cut-point is determined by optimizing the rate of
true positives while minimizing the rate of false positives
to determine the single value reflecting the highest accu-
racy for the outcome of interest.! The thresholds identified
using this methodology provide a study-specific threshold
that optimally discriminates high-risk patients from low-
risk patients within that specific patient population. In
preoperative natriuretic peptide prognostic studies, these
thresholds vary dramatically (e.g., BNP: 35, 50, 108.5, and
165 pg/ml).??

The risks inherent in the dichotomization of continuous
variables have been extensively highlighted.?*?> Although
dichotomization simplifies statistical analysis and interpreta-
tion, and improves clinical applicability of the results, this
comes at the cost of information loss. This is even more of
a problem when the study is small in size. Furthermore,
dichotomization may also increase the risk of a positive
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Records identified through
database searching
(n =1006)
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Additional records identified through
other sources
(n=2)

Records excluded during screening

(n =1008)

Y

Full-text articles assessed

> process
(n=0911)

Full-text articles excluded
(n=62)
31 - BNP assay used
9 - Publications retracted / fraudulent
2 — Cardiac surgery

for eligibility
(n=97)

Y

NT-proBNP studies eligible for further
individual patient data analysis:

6 — No study endpoints collected
6 — No preoperative BNP measurement
3 — Editorial / letter to the editor not
presenting original data
1 - Meta-analysis
4 — No surgery conducted

v

Cohorts excluded from analysis as individual

35 studies representing 22 unique patient
cohorts

NT-proBNP cohort used in
final analysis
(14)

patient data could not be obtained
(n=8)

L 4

Fig. 1. The study selection process used for the systematic review. BNP = B-type natriuretic peptide; NT-proBNP = N-terminal

B-type natriuretic peptide.

result being a false positive as individuals close to, but on
opposite sides of the determined threshold, are character-
ized as being very different rather than very similar.?#?> Only
when a threshold effect value truly exists, is dichotomization
of data appropriate. That is, if we can assume some binary
split of the continuous variable, will create two relatively dis-
tinct but homogeneous groups with respect to a particular

outcome.?°

Implication for Future Research
Consideration of statistical power in studies examining diag-
nostic performance is often overlooked. We have demon-
strated that the overestimation effect is considerably more
pronounced when small studies are analyzed. To minimize
this, a sample size calculation should be undertaken to
ensure that prognostic studies are large enough to provide
robust results.

'The prognostic ability of biomarkers such as NT-proBNP
should be evaluated as a continuous variable (log-transformed

Anesthesiology 2015; 123:264-71

if appropriate) within regression models. Where the function
form of the continuous variable is not known, spline or mul-
tivariable fractional polynomial modeling should be used.?”
Finally, investigators should define exploratory thresholds #
priori, rather than making use of post hoc determined study-
specific optimal thresholds.

An alternative method to providing a single threshold
that dichotomizes the population is to provide two thresh-
olds, separated by a “gray zone.” The first cutoff is chosen to
include the diagnosis with near-certainty, whereas the second
is chosen to exclude the diagnosis with near-certainty. The
two cutoffs and gray zone comprise three biomarker intervals
that can be associated with their respective likelihood ratios.
The positive likelihood ratio of the highest value of the bio-
marker in the gray zone is considered to include the diagnosis
and the negative likelihood ratio (LHR) of the lowest value to
exclude the diagnosis. This is often called the “interval LHR”
and results in less loss of information and less distortion than
choosing a single cutoff.?** This methodology may however
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Fig. 2. Forest plot demonstrating the odds ratio for postoperative mortality or nonfatal myocardial infarction associated with
a preoperative N-terminal fragment of pro-B-type natriuretic peptide (NT-proBNP) measurement above the individual study-

specific threshold. M-H = Mantel-Haenszel.
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Fig. 3. Forest plot demonstrating the odds ratio for postoperative mortality or nonfatal myocardial infarction associated with a
preoperative N-terminal fragment of pro-B-type natriuretic peptide (NT-proBNP) measurement above a single cohort threshold.

M-H = Mantel-Haenszel.

still prove problematic and lead to possible overestimation, as
the cutoff values are determined post hoc.

Care should be taken when conducting meta-analysis on
studies that have used study-specific optimal thresholds to
evaluate biomarker prognostic ability, as it is likely that this
methodology will overestimate the biomarker predictive per-
formance. Individual patient data meta-analysis may address
some of these limitations.

Anesthesiology 2015; 123:264-71
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Limitations

This analysis was limited by our inability to obtain data from
all eligible studies. However, we believe that the large number
of patients who were included in our analysis suggests that
our findings can be widely generalized. We have described
this phenomenon using data from NT-proBNP studies, and
it is possible that a similar effect may not be seen with other
biomarkers, where more natural thresholds may exist.
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Fig. 4. Forest plot demonstrating the odds ratio for postoperative mortality or nonfatal myocardial infarction associated with
a preoperative N-terminal fragment of pro-B-type natriuretic peptide (NT-proBNP) measurement above the individual study-
specific threshold in studies with less than 100 patients. M-H = Mantel-Haenszel.

Below NT-proBNP threshold ~ Above NT-proBNP threshold

Odds Ratio (Non-event) Odds Ratio (Non-event)

Study or Subgroup Events Total Events Total Weight  M-H, Random, 95% CI M-H, Random, 95% CI
Bogicevic 0 55 7 32 89% 32.65(1.79,593.84] ——
Cardinale ) 380 0 20 00% 0.38[0.02,7.61]

Chong 2 7 " 90 0.0% 0.21 [0.04,0.97)

Chong (81) 1 32 8 49 166% 6.05[0.72,50.93) T —
Chong (33) 0 B 4 22 80% 3.16[0.15,67.13] —
Cnotlivey 2 70 5 30 259% 6.80(1.24,37.32) —
Farzi 2 130 35 166 0.0% 0.06 [0.01, 0.25]

Lurati-Buse 35 192 60 166  00% 0.39[0.24, 0.64]

Mahla 8 146 1" 72 00% 0.32[0.12,0.84]

Manikandan 2 52 0 1 6.3% 6.73(0.22, 210.69) ——————p
Oscarsson 6 25 29 168  0.0% 1.51[0.56,4.12)

Rajagopalan 1 76 15 40 00% 0.28[0.11,0.70]

Schutt 2 38 6 30 266% 4.50(0.84, 24.18) Tt
Waliszek 2 29 0 8 77% 0.65(0.03,14.83)

Total (95% CI) 282 172 100.0% 540 [2.27, 12.84] <

Total events 9 30

Heterogeneity: Tau®= 0.00; Chi*= 3.53, df= 6 (P=0.74); F= 0% ?0 o 0?1 1?0 " [ID=

Test for overall effect. Z=3.81 (P =0.0001)

Low risk High risk

Fig. 5. Forest plot demonstrating the odds ratio for postoperative mortality or nonfatal myocardial infarction associated with a
preoperative N-terminal fragment of pro-B-type natriuretic peptide (NT-proBNP) measurement above a single cohort threshold

in studies with less than 100 patients. M-H = Mantel-Haenszel.

Conclusion

Meta-analysis of studies that made use of a study-specific
optimal NT-proBNP threshold resulted in a larger risk point
estimate for the prediction of the composite outcome of post-
operative mortality and nonfatal MI at 30 days after noncar-
diac surgery (OR, 6.45; 95% CI, 3.98 to 10.46) compared
with using a single threshold across all studies (OR, 3.43;
95% CI, 2.08 to 5.64). This effect was more pronounced in
studies with 100 or less patients. Future biomarker studies
should be evaluated as continuous variables rather than mak-
ing use of post hoc study-specific optimal thresholds, and care
should be taken when conducting meta-analysis on studies
that have used study-specific optimal thresholds to evaluate
biomarker prognostic ability, as it is likely that this method-
ology will overestimate biomarker predictive performance.
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Appendix 1. Example of Search Conducted on MEDLINE

Search Terms Number
1 (Natriuretic peptide OR natriureti*).mp. 90,064
2 (BNP OR B type natriureti* OR B-type natriureti* OR Brain natriureti*).mp. 42,364
3 (NT-pro BNP OR NT-proBNP OR NT-pro-BNP OR N terminal proBNP OR N terminal pro-BNP OR 13,484
N-terminal proBNP N terminal pro-BNP OR N-terminal pro-brain natriureti* OR N-terminal pro-B-type
natriureti* OR N-terminal pro-B type natriureti*).mp
4 (Surgery OR operative OR noncardiac).mp. 3,308,271
5 1or2or3 94,975
6 4 and 5 4,456
7 Prognosis.sh. or diagnosed.tw. or cohort:.mp. or predictor:.tw. or death.tw. or exp models, statistical/ 4,837,473
8 6and7 1,433
9 Remove duplicates from 8 876

No additional search filters were used
BNP = B-type natriuretic peptide; NT-proBNP = N-terminal B-type natriuretic peptide.

Appendix 2. Study-specific NT-proBNP Cut-points Determined Using ROC Statistics

Study Threshold AROC Low ClI Upper CI
Cardinale et al.® 130 0.647 0.518 0.775
Chong et al.™® 1,908 0.73 0.546 0.915
Chong et al.™® 824 0.708 0.54 0.875
Chong et al.™® 1,306.5 0.842 0.71 0.974
Manikandan et al.? 27.5 0.843 0.681 1
Waliszek et al.’” 243.2 0.686 0.499 0.873
Lurati Buse et al.?° 368.5 0.652 0.59 0.714
Schutt et al.™ 798.5 0.744 0.581 0.907
Mahla et al.® 277.5 0.71 0.591 0.829
Cnotliwy et al.™ 1,098 0.813 0.62 1
Rajagopalan et al.'® 311 0.7 0.582 0.818
Oscarsson et al.™® 2,076.5 0.61 0.5 0.72
Farzi et al.® 1,556.5 0.803 0.733 0.873
Bogicevic et al.’? 409.7 0.863 0.772 0.953

AROC = area under receiver operator curve; NT-proBNP = N-terminal B-type natriuretic peptide; ROC = receiver operator curve.

Appendix 3: Meta-analysis Using a Single Cohort NT-proBNP Threshold of 367.15 pg/ml to
Determine the OR Associated with the Primary Outcome

%20z Iidy 0z uo 3s8nb Aq Jpd€1.000-0 00805 102/966.92/792/2/€T | /Ppd-8oie/ABojoIsaY)SaUER/WOD IBYDIBA|IS ZESE//:dJY WOIj papeojumoq

Below NT-proBNP tlveshold  Above NT-proBNP threshold Odds Ratio (Non-event) ‘Odds Ratio (Non-event)
Study or Subgroup Events Total Events Total _Weight M-H, Fixed, 95% CI M-H, Fixed, 95% C1
Single threshold 76 1302 191 834 100.0% 4.38[3.31,581)
Total (95% CI) 1302 894  100.0% 4.38[3.31,5.81] L
Total events 76 191
Heterogeneity. Not applicable ID.CH 1 Dﬂl

Test for overall effect Z=10.29 (P < 0.00001) ud.gh risk Low ||51i-0

M-H = Mantel-Haenszel; NT-proBNP = N-terminal fragment of pro-B-type natriuretic peptide; OR = odds ratio.
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