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Diagnostic performance of osteocalcin
measurements in patients with endogenous
Cushing’s syndrome
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The aim of this study was to evaluate the diagnostic performance of osteocalcin (OC), as measured by automated
electrochemiluminescence immunoassay (ECLIA), in identifying Cushing’s syndrome (CS) in two separate populations:
among obese and overweight subjects and among women of postmenopausal age with osteoporosis. Among the 106
referral patients with obesity, CS was confirmed in 42 cases. The patients of the referred population provided late-night
salivary cortisol (LNSC), underwent low-dose dexamethasone suppression testing (DST) and were further evaluated
until CS was pathologically confirmed. A threshold of O0C—8.3ngml ~ ' differentiated CS among obese and overweight
subjects with a sensitivity of 73.8% (95% confidence interval (Cl) 58.9-84.7) and a specificity of 96.9% (95% CI 89.3-99.1).
The total area under the receiver operating characteristic curve (AUC) was 0.859 (95% CI 0.773-0.945), which was lower
than LNSC or DST (P =0.01). In the retrospective portion of the study, the OC levels were evaluated in 67 subjects with
newly diagnosed postmenopausal osteoporosis and in 23 patients (older than 45) with newly diagnosed CS and
osteoporosis (presence of low traumatic fractures or T-score P-2.5). The diagnostic performance of OC for osteoporosis
due to CS was within an AUC of 0.959 (95% CI 0.887-1.00). A threshold for OC of 8.3 ng ml-1 yielded a sensitivity of 95.4%
(95% CI78.2-99.2%) and a specificity of 98.5% (95% Cl 92.0-99.7%). Thus, osteocalcin could be used in the diagnostic
testing for endogenous hypercortisolism in patients referred to exclude CS and to identify CS among patients of
postmenopausal age with osteoporosis.
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Introduction absorptiometry (DXA) in postmenopausal women.>® However,

Osteocalcin (OC) is a major non-collagen bone Gla protein
and is a well-established bone formation marker produced
by osteoblasts during bone formation; OC is bound to
hydroxyapatite,’ reflecting a late stage of osteoblast activity,
and is released into the circulation during formation and
resorption. According to the IOF position statement, bone
turnover markers (BTMs) predict fracture risk, and treatment-
induced changes in specific markers account for a substantial
proportion of fracture risk reduction.? High levels of BTMs
(mainly resorption) are an independent risk factor for fracture in
postmenopausal women.®>* Prospective studies have shown a
direct relationship between the level of BTMs and the loss of
bone mineral density (BMD) measured by dual-energy X-ray

BTMs are not recommended as a diagnostic test for patients
with osteoporosis and are therefore not included in the fracture
risk assessment tool.2 BTMs do not control skeletal metabolism
and are not disease specific; these markers simply reflect the
entire skeleton remodeling regardless of the underlining cause.”
In clinical practice onindividual patients, BTMs could be used to
evaluate the effectiveness of treatment with antiresorptive or
anabolic compounds and patient adherence to therapy.®™""
Nevertheless, many researchers have demonstrated a
statistically significant reduction in OC levels in patients
receiving glucocorticoid therapy'®'® and in patients with
endogenous hypercortisolism.'*'® The resulting suppression
of bone formation is so profound that OC levels were tested and
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shown to be effective in differentiating endogenous Cushing’s
syndrome (CS) from healthy control subjects with an area under
the curve (AUC) of 0.922, which is similar to the late-night
salivary cortisol (LNSC) of 0.994 obtained from a receiver
operating characteristic (ROC) analysis in the same cohort of
people.’ However, the most challenging cases involve dif-
ferentiating patients with endogenous CS from obese subjects
due to similar clinical features and complications such as the
presence of functional hypercortisolism with relatively higher
cortisol levels in obese subjects compared with healthy con-
trols.'®2° Furthermore, elderly patients with CS usually do not
show typical changes in their appearance, and many of these
patients remain undiagnosed, receiving treatment for hyper-
tension, diabetes and osteoporosis. An active screening for CS
among 219 consecutive patients (200 women and 19 men)
referred for treatment of osteoporosis revealed the prevalence
of subclinical CS in 4.8% of subjects.?’

Taking advantage of our position as the leading referral clinic
for patients with suspected CS in Russia, we enrolled a sizeable
population with a high percentage of CS to estimate the
diagnostic performance of OC as measured by automated
electrochemiluminescence immunoassay (ECLIA) in two
separate populations; we differentiated endogenous CS among
obese and overweight subjects and among women of
postmenopausal age with osteoporosis.

Results

Diagnostic performance of OC measurements to identify
CS among obese and overweight patients

One hundred and six obese and overweight patients referred by
physicians to exclude CS were enrolled in the study. The median
age (Q25-Q75) was 39 (26-49) years, and the median body
mass index (BMI) was 35 (31-41) kgm?). Endogenous
hypercortisolism was confirmed in 42 of these patients. Adrenal
CS was diagnosed in two cases, and Cushing’s disease was
established in 39 subjects, all of whom underwent trans-
sphenoidal adenomectomy; a bronchial carcinoid tumor was
successfully removed in one case. The artificially high pre-
valence of patients with CS among obese and overweight
subjects could be explained by the invitation of a prescreened
referral population of highly suspected, and in some cases
confirmed, CS by the local laboratory of referring physicians.

The general characteristics of obese and overweight
patients with CS and constitutional obesity are summarized in
Table 1.

Patients with CS and constitutional obesity did not differ in age
or sex. However, patients with CS had lower BMI, statistically
significantly lower levels of serum OC and higher levels of LNSC.

A threshold for OC of 8.3ngml~ ', generated based on the
maximum sum of sensitivity and specificity, yielded a sensitivity
of 73.8% (95% confidence interval (Cl) 58.9-84.7%) and a
specificity of 96.9% (95% CI 89.3-99.1%) to identify CS among
obese and overweight subjects. A predefined threshold of
12.9ngml~" "7 in our cohort of patients demonstrated only a
slightly better sensitivity (81.1%), but a considerable decline in
specificity (78.1%). The individual values of OC in subjects with
obesity and CS are presented in Figure 1.

ROC curves were generated for the OC levels and LNSC to
characterize and compare their diagnostic performance in
identifying CS in obese subjects (Figure 2). The diagnostic

performances of the OC measurement AUC of 0.859 (95% ClI
0.773-0.945) proved to be significantly lower compared with
the LNSC AUC of 0.961 (95% CI10.928-0.994; P =0.015) or the
low-dose dexamethasone suppression test (DST) AUC of 0.977
(95% CI 0.954-1.0; P=0.003). There were no differences
between the AUCs of LNSC and DST (P=0.316).

It appears that combining OC measurements with LNSC does
not add to LNSC evaluation in obese subjects. There were 4
discordant results of OC and LNSC in obese subjects and 12
discordant results of OC and LNSC in CS subjects. In three cases,
the OC was true negative, and the LNSC was false positive for CS;
therefore, the OC could help to identify these three obese
subjects. However, in one case, the OC was below 8.3ngml ™~ 1
and the LNSC and DSTwere true negatives. In one case, both the
OC and LNSC were false negative, but the subject was confirmed
of having CS with a DST and 24-h urinary free cortisol (24hUFC).
Among subjects with CS confirmed based on further histological
evaluation after surgery, there were 11 false-negative cases of OC
measurements, and all of these cases were correctly identified
with LNSC. The OC was true positive in one case, whereas the
LNSC was false negative. The overall AUC of the combined
results for OC and LNSC was 0.853 (95% CI 0.768-0.968), which
was not superior to OC or LNSC separately analyzed.

All patients with elevated LNSC underwent DST. All subjects
with CS had results above the currently recommended
threshold of 50 nmol|~ ", proving that these subjects had CS.
Four subjects with obesity had elevated LNSC (19.6 nmol |~ 7;
9.8nmoll1~"; 10.1nmoll~"; 15.5nmoll~"), and three of them
had positive DST results (16.4; 10.10; 50.3 nmol |~ ). Patients
provided 24hUFC, which were within the reference range in
these three subjects. In one case (LNSC 15.5 nmol | ~ '), the DST
result was 616nmoll~"'. This subject was hospitalized and
underwent further testing (24hUFC, late-night serum cortisol),
and CS was ruled out. His OC level was 14.4nmol |~ ".

Among the subjects with CS confirmed by the histological
evaluation after neurosurgery, the results of LNSC were false
negative in six cases (3.95; 5.8; 5.6; 6.9; 3.9; 7.7 nmol | ’1); the
DSTwas true positive for CS in all of these cases (200; 573; 73;
292; 642; 446 nmol |~ 1), and the 24hUFC levels were elevated.
The consequent individual values for the OC levels were as
follows: 10.2;6.3;23.5;11.6;46.3;6.4ngml "~ T We analyzedthe
two unusually high values of OC. An OC level of 23.5ngm| "
was registered in a woman 64 years old with a BMI of 38 kg m ~2
who was suffering from mild Cushing’s disease. Contrary to the
cohort of subjects referred due to osteoporosis, this woman did
not have any fractures or BMD decline. An OC level of
46.3ngml~ ' was found in a woman 19 years old with a BMI of
37 kgm ~ 2 who was suffering from mild Cushing’s disease. It is
likely that in these cases of mild CS, the elevation of bone
markers that is typical for age remained undisturbed.

Because there were inconsistent results in two excluded
cases, their data were not analyzed and are not provided.

Diagnostic performance of serum OC levels to differentiate
patients older than 45 with osteoporosis and CS from
postmenopausal osteoporosis

The serum OC levels were investigated in 23 subjects older than
45 years with osteoporosis and established active CS (adrenal
CSin 3 cases, ACTH-ectopic CS in 3 and Cushing’s disease in
17), and in 67 women with newly diagnosed postmenopausal
osteoporosis (PMO).

JUNE 2016 | www.nature.com/bonekey


http://www.nature.com/bonekey

Osteocalcin is a diagnostic test for CS
ZE Belaya et al

Table 1 General characteristics of enrolled patients with Cushing’s syndrome and constitutional obesity

Cushing’s syndrome Me (Q25-Q75) Constitutional obesity Me (Q25-Q75) P-value
N, (number) 42 64
Sex, female:male (%) 31:11 (26.2%) 44:20 (31.2%) 0.4
Age (years) 37.5 (24.0-51.0) 39.5 (29.0-48.5) 0.6
Body mass index (kgm ~?) 31.5 (28.0-37.0) 37.5 (34.0-42.0) <0.001
Late-night salivary cortisol (nmol|~") 23.3 (16.1-43.8) 3.2 (2.1-4.4) <0.001
Osteocalcin (ngml~") 6.5 (4.1-10.2) 16.5 (13.2-23.3) <0.001
Abbreviations: Me, median, Q25-Q75, interquartile range.
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Figure1 The individual serum osteocalcin values in obese and overweight patients i
diagnosed with Cushing’s syndrome and in subjects with constitutional obesity. The : ) —— Osteocalcin
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for CS yielded a sensitivity of 73.8% (95% CI 58.9-84.7%) and a specificity of 96.9% P P P IS Er——

(95% Cl 89.3-99.1%) to differentiate CS among obese and overweight subjects.

The general characteristics of the participants with
osteoporosis are presented in Table 2.

Patients with CS differed from consecutive newly diagnosed
subjects with PMO in regard to many parameters. The patients
with CS were younger and the BMD loss was mild compared
with subjects with PMO; however, the prevalence of fracture
was very high (87 %) compared with women with ordinary PMO
(54%). All subjects with CS had amenorrhea, the cause of which
was not identified and could be due to CS or menopause. The
most specific difference between these groups of patients
concerned the OC levels, and this difference was recognizable
even in the individual patient data (Figure 3). The optimal
threshold for the OC levels of 8.3ngml ~ ' showed a sensitivity
0f95.6% (95% CI1 79.0-99.2%) and a specificity of 98.5% (95%
Cl 92.0-99.7%). The ROC curve analysis for the OC levels
showed an AUC =0.960 (95% CI 0.892-1.00; Figure 4).

The diagnostic indices for the OC thresholds in both cohorts of
patients with obesity and osteoporosis are summarized in Table 3.

Discussion

This is the first study evaluating the diagnostic performance of
OC in the most challenging conditions by identifying CS in
consecutive obese and overweight patients and elderly patients
with osteoporosis. OC was slightly less effective in differ-
entiating CS among patients with obesity compared with usual
testing methods (LNSC, DST); nevertheless, OC appears
promising in differentiating CS among patients with
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Figure2 Directcomparison of areas under the curve (AUC) of osteocalcin (OC) and
late-night salivary cortisol (LNSC) to evaluate Cushing’s syndrome (CS) in referred
population of obese and overweight patients. The diagnostic performance of the OC
measurement AUC of 0.859 (95% CI 0.773-0.945) was statistically significantly lower
compared with the LNSC AUC of 0.961 (95% Cl 0.928-0.994); P = 0.015) among the
referral population of obese and overweight subjects with suspected CS.

osteoporosis who were older than 45. This study cohort
comprised patients whose BTMs might be assessed by various
specialists before treating osteoporosis. In a previous study,
Seregetal."” proved that serum OC is effective in differentiating
overt CS among healthy subjects and inactive adrenal ade-
nomas with an AUC of 0.922 (95% CI 0.860-0.984), which was
statistically significantly better compared with morning cortisol
in serum or in saliva and did not differ from LNSC or late-night
serum cortisol or DST and 24hUFC. Contrary to the result of
Sereg et al.,"” the diagnostic performance of OC measurement
was lower compared with LNSC or DST in our study. These
findings might be explained by the functional hypercortisolism
reported in patients with obesity, which makes differential
diagnosis from CS more challenging compared with healthy
control subjects or subjects suffering inactive benign adrenal
adenomas. The difference in the studied populations also
explains the variation in suggested threshold values; the values
were 8.3ngml " in our study compared with 12.9ngml~"
determined in the study of Sereg et al.'” The lower threshold
value yielded slightly worse sensitivity but better specificity
compared with that previously reported. Numerous studies
evaluating bone complications in patients with CS reported low
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Table 2 General characteristic of enrolled patients with postmenopausal osteoporosis and Cushing’s syndrome older than 45 suffering from osteoporosis (low traumatic

fracture or/and BMD T-score < —2.5)

Cushing’s syndrome Me (Q25-Q75) Postmenopausal osteoporosis Me (Q25-Q75) P-value

N (number) 23 67

Age (years) 52 (51-56) 69 (61-73) <0.001
BMI (kgm 2 28 (26-33) 24 (20-27) <0.001
Number of patients with low traumatic fractures (%) 20 (87%) 36 (54%) <0.001
Vertebral 17 14

Non-vertebral 7 (1 hip fracture) 20 (4 hip fracture)

L1-L4 T-score —1.4(-21to —0.4) 29 (—38.7to —2.5) <0.001
Neck T-score —-1.5(-1.7to0 —0.9) 2.4 (—-2.8t0 —1.8) <0.001
Osteocalcin (ngml ") 4.0 2.6-7.2) 23.2 (15.8-23.4) <0.001

Abbreviations: BMD, bone mineral density; Me, median, Q25-Q75, interquartile range.
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Figure 3 Individual serum osteocalcin (OC) values in patients with Cushing’s
syndrome (CS) older than 45 suffering from osteoporosis and in women with newly
diagnosed postmenopausal osteoporosis (PMO). The optimal threshold for OC levels of
8.3ngml~ " with 1 false-positive and 1 false-negative result showed a sensitivity of
95.6% (95% Cl 79.0-99.2%) and a specificity of 98.5% (95% Cl 92.0-99.7%) to
differentiate women older than 45 with CS and osteoporosis from subjects with
postmenopausal osteoporosis.

bone formation markers compared with healthy control sub-
jects. Although the clinical presentation of overt CS is usually
typical in a younger population, the presentation could be rather
masked in elderly individuals manifesting with severe osteo-
porosis or other complications of CS. BTMs are elevated in
postmenopausal women compared with women of pre-
menopausal age. However, in the present study, the OC
remained low in subjects with CS of postmenopausal age,
indicating that the difference in OC levels was even more
prominent in the elderly population. Consequently, retro-
spective analyses of OC measurements in patients of post-
menopausal age suffering from osteoporosis demonstrated an
excellent diagnostic performance for
this marker to allow for the identification of patients with
endogenous CS and osteoporosis.

OC measurements have certain limitations. Given that OC is
rapidly degraded in vivo and in vitro, it is present as an intact
molecule (1-49) or N-mid 1-43 fragment or can be under-
carcarboxylated;?? consequently, the developed threshold is
valid for the used assay only. The thresholds suggested for
automated ECLIA by Sereg et al.'” and in our study were very
close, supporting the reliability of the automated assay. In
addition, the concentration of OC in the serum depends on the
time of blood sample collection, reaching a maximum at 0400

hours, and is not dependent on food consumption during the
previous day.®> The serum OC concentration decreases if
samples are frozen or in the event of blood hemolysis,?42°
giving advantages to automated assays that do not require
sampling storage for optimal kit usage. Moreover, OC most
likely loses its diagnostic accuracy in patients who have already
received anabolic or antiresorptive treatment for osteoporosis.

Genetic and pharmacological experiments in mice have
shown OC to be a hormone that increases insulin production
and sensitivity, enhancing glucose utilization and energy
expenditure,?® making OC different from other bone formation
markers such as procollagen type | N-propeptide (PINP).
However, PINP is usually also suppressed in patients with CS,
and its diagnostic accuracy in this rare disorder might be the
subject of future research.?’

The decrease in OC levels is highly specific for patients
with endogenous hypercortisolism. Although the diagnostic
performance of OC measurement proves less accurate
compared with LNSC and DST, this method could be used as a
diagnostic test in patients with CS among obese individuals
referred to exclude CS and should be explored as even
more promising in differentiating CS among patients with
osteoporosis of postmenopausal age.

Materials and Methods

The Institutional Review Board of the National Research Centre for
Endocrinology (NRCE) approved the study protocol.

Patients with clinical findings suggestive of CS were unrestrictedly
referred to the NRCE by clinicians from Moscow and other regions of
Russia between January 2010 and January 2012.

The study consisted of two parts, and two separate populations of
patients were enrolled.

1. Inthe prospective portion of our research, consecutive patients who
were suspected by their physician of having CS and who complained
of obesity (BMI >30kgm ~?) or sudden weight gain to a BMI of
26-29kgm 2 were invited to participate. Patients who gave
informed consent were enrolled in the study (n = 106).

2. In the retrospective portion of the study, OC levels were analyzed in
23 consecutive patients older than 45 years with biochemically
proven CS and osteoporosis defined by either low traumatic fracture
or BMD T-score <-2.5 by DXA and in 64 newly diagnosed women
with PMO (low traumatic fracture or BMD T-score <-2.5 DXA) who
were under observation and receiving treatment in the NRCE.

There were completely different cohorts of patients. None of the
subjects with obesity and highly suspected CS were included in the
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evaluation of subjects with osteoporosis either of PMO or women older
than 45 having CS.

The exclusion criteria for both parts of the study were as follows:
pregnancy, glucocorticoid use, alcohol abuse, gingival bleeding, acute
infection, exacerbation of chronic disease, severe conditions (that is,
renal and liver insufficiency, heart attack, stroke, terminal conditions),
mental insanity, prolonged immobilization (>1 week), any other cause
of secondary osteoporosis?®2° presently or within a 2-year medical
history or any prolonged treatment with drugs documented to influence
bone metabolism in humans during the previous 12 months,?%:2°
including treatment for osteoporosis with antiresorptive or anabolic
compounds, or treatment to resolve hypercortisolism.

Diagnostic evaluations followed recent clinical practice guidelines.'®
The initial use of LNSC measured by ECLIA (reference range
0.5-9.4nmol 1~ ")?° was independently followed by DST (cutoff value
forsuppression: 50nmoll~")."® Any patients with discordant results
from the initial evaluations underwent an additional third or fourth test:
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40

20
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Figure 4 Receiver-operator characteristic curves of osteocalcin measurements to
differentiate Cushing’s syndrome among subjects with osteoporosis who were older
than 45. The receiver-operator characteristic curve (ROC) analysis for OC levels
showed an area under the curve (AUC) = 0.960 (95% CI 0.892-1.00) among subjects
with osteoporosis who were older than 45.
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24hUFC (reference range 60-413 nmol per 24 h) and/or awake serum
cortisol at 2300 hours (reference range 46-270nmol |~ 7).

All subjects provided fasting (0800-0900 hours) blood samples to
establish OC levels. The serum OC was measured by ECLIA on an
automatic analyzer Roche Cobas e 601 (Hoffmann-La Roche diagnostic
kit N-Mid OC catalog number 12212149133).

Serum and saliva samples were measured for cortisol levels using the
Cobas €601 ECLIA kit.

The final diagnosis of CS was confirmed by histological evaluation,
with the histological material obtained after surgery being sufficient to
confirm CS in all patients.

Patients in whom CS was excluded were under observation for an
average of 6 months (minimum: 3 months; maximum: 12 months) in our
center or in the practice of the referring physicians and received
appropriate treatment for constitutional obesity or osteoporosis; during
this time, we could observe the absence of, or progression towards,
overt CS.

Intwo cases, we could not positively verify the diagnosis, and the data
were excluded and are not presented.

BMD and fracture assessment

At the time of enrollment, all participants were questioned regarding any
recent low traumatic fractures, back pain and height changes. The
height was measured by stadiometre, and the BMI was calculated as
kilograms per meter squared.

Patients with CS and PMO underwent standard spinal radiographs in
anterior—posterior and lateral positions of the vertebrae Th4-L4 (Axiom
Icons R200 ‘Siemens’). A deformity was considered a fracture if the
visual inspection perceived a reduction in vertebral height (anterior,
posterior or middle) of 20% or more.*°

The BMD was measured by DXA Prodigy Lunar in patients with CS
and PMO at the anteroposterior lumbar spine (L1-L4) and femoral
neck positions according to the standard protocol. Quality control
procedures were carried out in accordance with the manufacturers’
recommendations.

Statistical analysis

Descriptive statistics: quantitative parameters are presented as median
values and ranges (Q25-Q75), and qualitative parameters are presented
as percentages and binomial 95% Cls. Because normality tests
(skewness and kurtosis) rejected normality for the majority of
quantitative parameters, non-parametric tests were utilized. The
Mann-Whitney U-test was utilized to compare quantitative parameters
in two independent samples. A two-tailed approach for the calculation
of P-value was utilized. A P-value <0.05 was considered statistically
significant. Spearman’s rank test was used for correlations. The
threshold for OC was selected to achieve maximum diagnostic

Table 3 Diagnostic performance of serum osteocalcin measurements by ECLIA (Roche Cobas e601)

Prospective evaluation of Cushing’s syndrome

Retrospective evaluation of patients with CS older than 45 with

patients among obese and overweight subjects osteoporosis versus newly diagnosed postmenopausal osteoporosis

Threshold for serum 8.3
osteocalcin value

(hgml 1)

Sensitivity (95% CI)
Specificity (95% Cl)
Positive predictive value
(95% Cl)

Negative predictive value
(95% ClI)

Likelihood ratio for
positive result (95% ClI)
Area under the curve
AUC (95% ClI)

87.2% (73.3-94.4)

98.5% (92.1-99.7)
59.2 (8.4-416.3)
0.13 (0.057-0.295)
0.13 (0.057-0.295)

0.859 (0.773-0.945)

8.3

95.6% (79.0-99.2)
98.5% (92.0-99.7)
64.1 (9.1-449.2)
0.044 (0.006-0.3)
1452 (87.1-24201.9)

0.960 (0.892-1.00)

Abbreviations: AUC, area under the curve; Cl, confident interval; ECLIA, electrochemiluminescence immunoassay.
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accuracy (maximum sum of sensitivity (proportion of true positives
correctly identified by testing) and specificity (proportion of true
negatives correctly identified by testing) values)) obtained from the ROC
analysis.31 The positive predictive value (the chance of disease given a
positive result; number of cases true positive by testing/(number of
cases true positive by testing+number of cases false positive by
testing)), the negative predictive value (the chance of no disease
given a negative result; number of cases true negative by testing/
(number of cases true negative by testing + number of cases false
negative by testing)), the likelihood ratio for a positive result (the
likelihood of having the disease, as opposed to not having the disease,
having tested positive for it; sensitivity/(1 — specificity)) and sensitivity
and specificity for earlier predefined threshold'” were calculated as
generally recommended.® The total areas under the ROC curve (AUC)
were measured to represent the probability of the tests correctly
identifying true positives and negatives. The AUC values of the different
tests (239 LNSC (ECLIA) and DST) were directly compared with the ROC
curve.

SPSS 16.0 (IBM, Armonk, NY, USA) and Med Calc MedCalc(C)
Version 10.4.6.0 (MedCalc Software bvba, Ostend, Belgium) software
were used for the analyses.
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