74 | CaxapHbli guabet / Diabetes Mellitus OPUTMHANBHOE MCCNEQOBAHUE

ANOOEPEHUNANIbHO-ANATHOCTUYECKAA LEHHOCTb KOMBUHALUNA
MMMYHO®JIIOOPECLEHTHOIO TECTA HA AHTUTENA K OCTPOBKOBbIM KNIETKAM,

PAANONUMMYHHOIO TECTA HA AHTUTEJNIA KTNYTAMATOEKAPBOKCUJIA3E
N UMMYHO®EPMEHTHOIO TECTA HA AHTUTEJIA K TUPO3UHOOCDATASE

© A.B. Tumodees'?, U.E. KontyHos?, E.E. MeTpankuna®, W.I. PoibknHa?, J1.H. CamcoHoBa?, A.H. Tionbnakos®, H.A. 3ybkoBa®,
W.T. KonomuHa®, E.A. EBciokoBa®, C.C. byknH®, A.K. XpyLies'

'®OrbOY BO Poccminckmid HauMOHanbHbIN NCCnefoBaTeNbCKUA MEAULIMHCKIIA YHUBepcuTeT um. H.W. NMuporosa MuH3gpasa
Poccun, MockBa

2I'bY3 Mopo30oBcKas fieTcKas FopoAcKas KNMHUYecKas 6onbHuLa [lenapTameHTa 3gpaBooxpaHeHs r. Mocksbl, MockBa
3OrbOyYy ANO Poccuiickaa MeanLMHCKasa akageMusi HEMPepPbIBHOMO NpodeccmoHanbHoro obpasosarHna MrH3apasa
Poccun, MockBa

“OrbY HaumoHanbHbIN MegUUMHCKUN CCNeR0BATENbCKIN LEHTP SHAOKpMHOoNorun MmnHgpasa Poccum, MockBa

STbY3 [eTcKan ropoackas KnvHuyeckas 6onbHuua nm. 3.A. balunaeson [lenaptameHTa 3gpaBooxpaHeHna Mocksbl, MockBa

OBOCHOBAHME. TecTbl Ha aHTWTeNa K aHTMreHam [3-knetok (AT) — BaXXHENWWIA NHCTPYMeHT guddepeHumnanbHom anarHo-
CTVIKM caxapHoro Anabeta (C), no3sonstowmii otinumtb CI 1 tvna (CA1) oT HeayTouMMyHHbIX popm CA. [na npaBusibHOro
Bbl6Opa TECTOB HAaA0 3HATb, HACKONbKO Y6eanTeNbHO OHY [OKa3biBaloT Hanuune nnn otcytcteme CA1. MaBHbIM MHAMKATO-
POM OKa3aTeSIbHOCTY TECTOB CY»KaT Ko3pduLmeHTbl npaBaonogobusa (KM) ux pesynbratos. Yem 6onblue KIM nonoxmTens-
Horo pe3synbraTta (KIM*), Tem ybepntenbHee TecT nogreepxkaaet CA1, uem meHblue Kl oTpuuatenbHoro pesynbrata (KMo,
Tem ybeputenbHee TecT nckntovaet CA1.

LEJIb. CpaBHWTb fOKa3aTeNbHOCTb OANHOYHbIX 1 KOMOVHMPOBAHHbIX TECTOB Ha aHTUTENa K OCTPOBKOBbLIM KneTkam (ICA),
rnyTamatgekapbokcmnase (GADA) n TuposnHdocdatase (IA-2A) n oueHUTb NocTTecToBble BeposaTHocT CL1 npwu ero pas-
HbIX MPETEeCTOBbIX BEPOSATHOCTSX.

METO[bI. OgHoBpemeHHble TecTbl Ha ICA, GADA n IA-2A npoBenun y 169 geTen 1 NOJPOCTKOB C BNepBble BbiABAeHHbIM C1 1
ny 169 niogeii 6e3 storo 3abonesaHus. ICA onpegensany ummyHodnoopecleHTHbIM meTogoMm, GADA n 1A-2A - pagroummyH-
HbIM 11 UMMYHObEPMEHTHBIM MeTofamu CooTBeTCTBEHHO. KIT paccumTbiBany ¢ nomotybio nporpammsl MedCalc, noctrecTo-
Bble BepoaTHocTn CL11 — no dopmyrne, ocHoBaHHOW Ha TeopeMe baiieca.

PE3YJIbTATbI. Cpeaiy oAMHOYHbIX TECTOB Hanbosee foKa3aTebHbIM KaK Npu NOATBEPXKAEHUN, TaK U Npu nckntoyeHum CA1
AsnAeTcA TecT Ha ICA, NockonbKy OH umeeT Hanbonbwmnin KM* n HaumeHbwmn KM-. Cpegn KoMGUHALMIA TeCTOB NpU Nog-
TBepxaeHun CL1 Hanbonee gokasatenbHa KombrHauwma ICA 1 GADA, nockonbKy ee KM+ 6onblue, Yem y BCex fpyrnx Komou-
Hauwui. Mpw ncknovenun CLl1 Hanbonee gokasaTtenibHa KOMOMHaALMA 13 TPEX TECTOB, MOCKONbKY ee KIN~ MeHbLue, ueM y Bcex
OpYrvx TecTos.

3AKJTKOYEHUE. Mpu anddepeHumanbHom guarHoctuke CLl ansa nogreepxaeHmsa CA1 pekomeHzyeTca NpUMeEHATb KOMOU-
Hauwuto ICA 1 GADA. Mpur 060uX NONOXMTENbHBIX pe3y/ibTaTax 3Ta KOMOMHaLKMA obecrneumBaeT HanbosbLIVe NOCTTECTOBbIE
BepoaTHocTn CA1. Ana ucknoueHna CA1 nyywe Bcero nogxogmt kombuHauuma ICA, GADA n 1A-2A. Mpwy Bcex oTpuLaTeNibHbIX
pe3ynbraTax 3Ta KoMOMHaL A obecneurBaeT HauMeHbLUIe NOCTTecToBble BepoAaTHocTn CA 1.
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GoKCunase; aHTUTeNa K Tpo3uHdocdaTase; onepauroHHble MapameTpbl ANArHOCTUYECKUX TECTOB; KOSGGMUMEHT NpaBgonogotms
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BACKGROUND. Beta-cell antibody tests are used for the differential diagnosis of diabetes mellitus. They permit to discrimi-
nate between the type 1 diabetes (T1D) and non-autoimmune diabetes types. To choose an appropriate test for ruling in or
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ruling out the T1D a physician needs to know how conclusive test results are. The most powerful estimate of test conclusive-
ness is its likelihood ratio (LHR). The higher LHR of a positive result (LHR*), the more posttest probability of T1D; the lower LHR
of a negative result (LHR"), the less posttest probability of T1D.

AIMS. To compare conclusiveness of single and combined tests for antibodies to islet cells (ICA), glutamate decarboxylase
(GADA), and tyrosine phosphatase IA-2 (IA-2A), and to evaluate posttest probabilities of T1D at various pretest probabilities.

METHODS. All antibodies were tested in parallel in 169 children and adolescents with a new-onset T1D, and in 169 persons
without this disease. ICA, GADA, and IA-2A were determined by indirect immunofluorescence, radioimmune assay, and ELI-
SA, respectively. LHR* and LHR~ were calculated with the MedCalc Statistical Software. Posttest T1D probabilities were calcu-
lated from Bayes theorem-based equation.

RESULTS. Among single tests, an ICA test had the greatest LHR™ and the smallest LHR-, and consequently was the most reli-
able either for ruling in or ruling out the T1D. Among test combinations, an ICA&GADA combination had the greatest LHR*
and was the most suitable for T1D confirmation. The triple combination ICA&GADA&IA-2A had the smallest LHR- and was
the most suitable for T1D exclusion.

CONCLUSIONS. In the differential diagnosis of diabetes, the most appropriate test for ruling in the T1D is the double com-
bination ICA&GADA. With both antibodies positive, this combination provides the highest posttest T1D probabilities at any
pretest probability. The most appropriate test for ruling out the T1D is the triple combination ICA&GADA&IA-2A. With all
three antibodies negative, this combination provides the lowest posttest T1D probabilities.

KEYWORDS: diabetes mellitus; differential diagnosis; islet cell antibody; ICA512 antibody; glutamate decarboxylase antibody; operational

characteristics; likelihood ratio

Differential diagnosis between type 1 diabetes
mellitus (DM1) and other types and variants of DM is
essential for patients with DM. In patients with clear
clinical and laboratory signs of DM1, this is not a problem.
For example, ketosis, high levels of glucose and glycated
haemoglobin (HbA1c), and a low C-peptide level are
diagnostic in a patient with classic DM1 symptoms, and
no additional examination is required.

However, in a patient without classical DM1 symptoms
and ketosis, with moderate hyperglycaemia and a
borderline C-peptide level, not only DM1 but also type 2
DM (DM2) or some variant of monogenic DM are likely to
occur. In such cases, the differential diagnosis becomes
more complicated, and antibodies to B-cell antigens
must be determined to confirm or rule out DM1.

Russian endocrinologists have long used tests
to detect islet cell antibodies (ICAs), glutamic acid
decarboxylase antibodies (GADAs), tyrosinephosphatase
(cytoplasmic islet cell antibody 512, IA-2A) and insulin
antibodies (lAs) in their clinical practice and scientific
medical studies [1-4]. The test for antibodies to the zinc
transporter 8 (ZnT8A) has also been used for scientific
purposes [5]. However, no one test has been proven to
be the most effective for DM1 diagnosis.

The validity of laboratory tests is typically assessed by
its diagnostic sensitivity (DSens), diagnostic specificity
(DSpec) and diagnostic accuracy (DA). However, the
likelihood coefficients (LCs) of test results are crucial
indicators [6, 7], because they clearly indicate how
convincingly a positive test result confirms and a
negative result rules out the disease. In addition, LCs are
useful when comparing different tests with close DSens
and DSpec. Finally, LCs enable quick assessments of post-
test (a posteriori) and pre-test (a priori) probabilities.

We determined DSens, DSpec, DA and other
operational parameters for the immunofluorescence test
for ICA, the radioimmune test for GADAs and the enzyme
immunoassay for IA-2A [8]. However, we did not calculate
LCs (and neither have others); therefore, the evaluation

of such tests and their combinations, on the basis of LCs,
has not been carried out.

AIM

The scientific aims of this study were assessment of
validity of single tests for ICA, GADA and IA-2A as well as
their combinations on the basis of calculations of DSens,
DSpec, DA and LC as well as evaluation of post-test
probabilities of DM1 at different pre-test probabilities and
different results of single tests and their combinations.

We also set out practical tasks, such as providing
doctors with recommendations on the use of tests for
antibodies in differential diagnostics of DM and helping
them to correctly interpret results of the tests.

METHODS

Design of the study

We tested ICA, GADA and IA-2A one time using serum
samples of 169 children and adolescents with newly
diagnosed DM1 (DM1 group) and 169 samples of control
subjects without this disease (control group, C).

Acceptance criteria

The DM1 group included patients with the maximum
probability of having DM1, while the C group included
subjects with a maximum probability of not having DM1.
We applied the strict criteria listed in online application 1
to classify the subjects into the DM1 or C group.

Conditions of performing
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Clinical Hospital (Moscow, Russia) and other treatment
and prevention institutions of Moscow and the Moscow
region participated in the study.

Duration of the study
The study was conducted over a period of 6.5 years
(from 2011 to 2017).

Description of medical intervention

The study did not include any medical interventions.
Serum samples for antibody testing were obtained
from blood samples taken during planned clinical and
laboratory examinations of subjects, conducted in
inpatient or outpatient settings.

Primary study outcomes

The primary study outcomes included the result
values of tests for antibodies and their combinations,
including DSens, DSpec, DA, values of LC tests and values
of post-test probabilities of DM1 with positive and
negative results of antibody tests.

Outcome registration methods

Methods for antibody testing

ICA, method of indirect immunofluorescence: The
results were considered positive for ICA titers > 10 units
of the Juvenile Diabetes Foundation International (JDF)
[8].

GADA, radioimmune method, Immunotech IRMA Anti-
GAD test system: The results were considered positive for
GADA titers > 1 IU/ml [9].

IA-2A, immunoassay method, Medizym Anti-lA2 test
system: The results were considered positive for IA-2A
titers = 10 [lU/ml [10].

Methods for calculating operational parameters and
diagnostic accuracy (DA)

We calculated DSens, DSpec and the predictive value
of the positive and negative results from the contingency
tables, and the DA by obtaining area under receiver-
operating curves (AUC). We used the MedCalc medical-
statistical program [11] for these calculations.

Theoretical foundations of LC calculations

In general, LC represents the ratio the

(probability of obtaining a definite test result in a
subject with a disease)/(probability of obtaining the
same result in a subject without a disease).

The more the LC deviates from the unity, the more
convincingly this test proves the presence or absence of
the disease.

LC can be calculated for both positive and negative
test results. In our case, the LC of the positive result (LCY)
is calculated as the ratio of the probability of a truly
positive test result for antibodies (i.e. positive result in a
DM1 patient) to the probability of a false positive result
(i.e. a positive result in a subject without DM1):

. DSens
LC= 100 - DSpec M

The larger the LC* value, the better this test

confirms DM1. For example, a test with an LC* = 30

confirms DM1 10 times more convincingly than a test
with an LC* = 3.

An LC of a negative result (LC) is calculated as the
ratio of the probability of a false negative result of the
test for antibodies (i.e. negative result in a DM1 patient)
to the probability of a truly negative result (i.e. a negative
result in a subject without DM1):

100 — DSens

LC= DSpec @

The more the LC- deviates from the unity towards zero,
the better this test rules out DM1. For example, the test
with LC" = 0.1 rules out DM1 5 times more convincingly
than the test with LC- = 0.5.

It is obvious from formulas (1) and (2) that the LCs
depend on both the DSens and the DSpec. The higher
the numerical values of these parameters are, the more
LC* and LC" deviate from unity.

Theoretical ~ foundations
calculations

Knowing LC, one can calculate the post-test
probability (PtP) of the disease by considering its pre-
test probability (PrP). This calculation is based on the
Bayes theorem and is rather complicated; its detailed
explanation is not included in our tasks, and we consider
only its final stages.

PtP is expressed by the following formula:

Ratio of post-test chances
PP (%)= (Ratio of pre-test chances - LC)+ 1

The ratio of chances in this case is taken as the ratio of
PrP of presence and PrP of absence of DM1 in the patient.

In turn, the ratio of post-test chances is calculated by
the formula:

Ratio of post-test chances = Ratio of pre-test chances -
LC (4)

of DMipost-test  probability

-100 (3)

Thus,
_ Ratio of pre-test chances - LC
PP (%)= Ratio of post-test chances + 1

Through formula (5), it is possible to calculate PtP for
both positive and negative test results.

We give some examples of calculations of PtP. Suppose
that a doctor examines a patient with an unspecified DM
and estimates the probability of DM1 in this patient (PrP)
to be 30%. Hence, the PrP of the absence of DM1 is 70%.
Thus, the ratio of pre-test chances is 30:70 = 0.43.

To clarify the diagnosis, the doctor decides to perform
the test for antibodies, in which LC* = 10, and LC- = 0.5. In
this case, with a positive test result,

043-10
PtPofDM1—(o’43 1041 -100=81,1%
and with a negative test result,

-100 (5)

043-0,5

(0,43-0,5)+ 1

In other words, with a positive test result, the
probability of DM1 in a patient increases dramatically
(from 30% to 81.1%), and if the result is negative, the
probability decreases dramatically (from 70% to 17.7%).

In our study, we calculated PtP of DM1 for PrPs equal
to 80%, 50%, 20% and 0.25%. Such PrPs correspond
approximately to the following frequent diagnostic
situations:

PtPof DM1= 100 =17,7%.
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« The normal weight of a child or adolescent with
DM symptoms, glucose and HbA, levels are greatly
increased, and the level of C-peptide is significantly
lower than normal, but there is no ketosis. Due to the
latter circumstance, the physician evaluates PrP of DM1
not as 100% but as 80%.

« For a slightly overweight child or adolescent with
borderline fasting glucose level, the glucose levels after
meals are slightly higher than 11 mmol/l, HbA, _slightly
exceeds 6.5%, the C-peptide is slightly lower than normal,
there are no DM symptoms, and there is no ketosis. The
doctor believes the patient may have DM1 or another
type of DM (DM2 or some variant of a monogenic DM)
with equal probability (50%/50%).

The normal weight of an adult with DM symptoms,

glucose and HbA, levels are greatly increased, the

C-peptide level is normal but close to the lower limit,

and there is no ketosis. Considering that this is an adult

patient, the doctor is inclined to the diagnosis of DM2
and estimates that its probability as 80%, and PrP of DM1

as 20%.

A child or adolescent with a one-time fasting

hyperglycemia at 12 mmol/l, without DM symptoms

and ketosis, the levels of glucose, HbA, and C-peptide
are normal. The doctor assumes the hyperglycemia
was accidental, or the laboratory made a mistake when
measuring glucose. Nevertheless, the doctor wants
to rule out concealed DM1. In this case, the doctor
believes that the PrP of DM1 is equal to its prevalence
in the population, which, according to the literature, is
approximately 0.25% [12].
We used formula (5) for the calculation of the PtP of DM1.

Ethical review

The Ethics Committee of the I.M. Sechenov First
Moscow State Medical University (119991, Moscow,
Trubetskaya Street, 8) approved the publication of the
results of the study without disclosing the personal data
of the subjects (Protocol No. 08-15 of the meeting of
15.09.2015).

Statistical analysis

We followed these principles to calculate the sample
size; the sizes of DM1 and C groups were not preliminary
decided. After the end of the enrolment period, 234
subjects were included in the DM1 group, and only 169
subjects were included in the C group. To ensure the
legitimacy of our statistical analysis, we equalised the
number of subjects in each group. For this purpose, we
randomly excluded 65 subjects from the DM1 group.
Thus, in the end, we had 169 subjects in each group,
and the total sample size was 338. We used the MedCalc
program to determine that such a sample size was
sufficient to provide a statistical power of 90% (with an
a-error value < 0.05).

Methods of statistical data analysis: The frequencies of
the results of antibody tests in the groups were compared
using the criterion N-1 x2 for four-field tables. We used the
MedCalc program to compare the characteristic curves
of the tests and their DAs. In all cases, the significance
level of the differences was chosen to be 5% (the
differences were considered reliable with probabilities of

null hypotheses validity in the absence of differences (P)
<0.05).

RESULTS

Subjects of the study
The characteristics of subjects of groups DM1 and C
are presented in Appendix 1 online.

Primary results of the study

First of all, we calculated the frequencies of the results
of single tests and their combinations in the groups DM1
and C and evaluated the DA of all tests for areas under
receiver-operating curves (Table 1).

We excluded tests that did not have DA (AUC does
not differ significantly from 0.5) from further analysis.
For the rest of the tests, we calculated the operational
parameters and LCs. To avoid overwhelming the reader
with digital data, the values of all parameters with
confidence intervals are given in Appendix 2 online,
and only the values of the most important parameters
(DSens, DSpec and LC) without confidence intervals are
presented in Table 2.

Before one analyses the data in Table 2, it is necessary
to explain that the calculated DSpec of the result “ICA+,
GADA-, 1A-2A+" amounted to 100%, since none of 169
subjects in the group C received such a result (see Table
1). However, the real DSpec of this result is most likely not
100%. First, the DSpec of all the components of this result
(i.e. DSpec of single tests for ICA, GADA and IA-2A) is less
than 100%. Second, it is likely that with increases in the
size of group C, at least one result of “ICA+, GADA-, |A-
2A+" will be found, i.e. DSpec will be less than 100%. For
example, if one such result is found in group Cincreased
twofold (338 people), the DSpec will be 99.7%, and with
a triple increase in the C group, it will be 99.8%. Based
on this reasoning, we took DSpec of the result of “ICA+,
GADA-, IA-2A+" to be equal to 99.8%.

Based on the data in Table 2, we ranked the tests for
their substantiation in the confirmation and ruling out
the presence of DM1.

When confirming DM1,

ICA and GADA > ICA, 1A-2A > GADA, IA-2A > ICA,
GADA and IA-2A > ICA.

When ruling out DM1:

ICA, GADA and IA-2A > ICA, GADA > ICA, 1A-2A > ICA
> GADA and |A-2A.

Our results made us wonder why all combinations of
the two tests had greater validity for confirming DM1 than
a combination of three tests. After all, it seems intuitive
that three tests should be more accurate than two. The
reason for this is that LC* is directly proportional to
DSens and DSpec (see formula (1)). In all combinations of
two tests, the maximum DSpec is the same (99.4%), while
in the combination of three tests, the maximum DSpec is
99.4% for the result of “ICA+, GADA+, IA-2A+" and 99.8%
for the result of “ICA+, GADA-, 1A-2A+". However, the
DSens of the combinations of the two tests (68.1, 64.5 and
53.3%) is greater than the DSens of the results of “ICA+,
GADA+, IA-2A+" (52.1%) and the result of “ICA+, GADA-
, 1A-2A+" (12.4%). Therefore, LC* for all combinations of
two tests is higher. Similarly, when applying formula
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Table 1. Comparison of frequency of test results for antibodies in the groups DM1 and C and evaluation of the DA of the tests

Comparison of frequency of the results in the groups

DM1 and C Assessment of DA
Test Thetestresult Groups
DM1 C X2 P, AUC 95% Cl P.c
ll+ll Il_ll F ll+ll ll_ll F
Single tests
ICA 155 14 917 3 166 1.8 273.7 <0.0001 0950 0.920-0.970 <0.0001
GADA 124 45 734 17 152 10.1 1389 <0.0001 0.817 0.771-0.856 <0.0001
IA-2A 112 57 663 6 163 3.6 1459 <0.0001 0814 0.768-0.854 <0.0001
Combination of two tests
ICA+.GADA— 40 129 237 2 167 1.2 39.1 <0.0001 0612 0.558-0.665 0.0002
ICAand | ICA—.GADA+ 9 160 53 16 153 95 2.1 0.1416 0521 0.466-0.575 0.51
GADA ICA+. GADA+ 115 54 680 1 168 06 170.1 <0.0001 0.837 0.794-0.875 <0.0001
> 1 AT+ 164 5 970 19 150 112 250.0 <0.0001 0.929 0.896-0.954 <0.0001
ICA+. IA-2A— 46 123 272 2 167 1.2 469 <0.0001 0630 0.576-0.682 <0.0001
ICA and ICA—. IA-2A+ 3 166 18 5 164 30 05 04749 0506 0451-0.56 0.85
IA-2A ICA+. IA-2A+ 109 60 645 1 168 0.6 1567 <0.0001 0.820 0.774-0.859 <0.0001
>1AT+a 158 1M 935 8 161 47 2656 <0.0001 0.944 0.914-0.966 <0.0001
GADA+.1A-2A— 34 135 201 16 153 95 7.6 0.0059  0.553 0.499-0.667 0.0054
GADA GADA-.IA-2A+ 22 147 130 5 164 3.0 116 0.0007 0550 0.496-0.604 0.0005
and IA-2A GADA+.1A-2A+ 90 79 533 1 168 0.6 1187 <0.0001 0.763 0.714-0.808 <0.0001
>1AT+a 146 23 864 22 147 130 1814 <0.0001 0.867 0.826-0.901 <0.0001
Combination of three tests

'CAREQ?A_' 19 150 112 2 167 12 146 0.0001 0.550 0.496-0.604 0.0001
'CA;&gﬁ?A* 7 162 41 15 154 95 38 0.0523 0527 0.472-0581 0.397
(6= @i, 1 168 06 5 164 3.0 27 0.0999 0512 0457-0.566 0.707

IA-2A+
ICA. ICA+. GADA+. ., 142 160 1 168 06 263 <0.0001 0577 0.522-0.630 0.013

GADA |IA-2A—

and [A-2A _

'CATXEQEA‘ 21 148 124 0 169 00 223 <0.0001 0562 0.507-0.616 0.0465
16— @b, 2 167 12 0 169 00 20 0.1567 0506 0.451-0.560 0.851

IA-2A+
'CAREQBAJ" 88 81 521 1 168 0.6 1151 <0.0001 0.757 0.708-0.802 <0.0001
> 1 AT+ 165 4 976 24 145 142 2379 <0.0001 0917 0.882-0.944 <0.0001

Notes: DA. diagnostic accuracy; “+". number of subjects with this test result; “-". number of subjects without this test result; F. frequency of this test result
(%); x*. value of x? calculated with the “N-1"method; P_. probability of validity of the null hypothesis about the absence of differences between the

frequencies of the results; AUC (area under curve). area under the receiver-operating curve of the test; 95% Cl. 95% confidence interval for AUC; P

AUC”

probability of the null hypothesis validity about the absence of differences between AUC and 0.5. Variants of tests with PAUC > 0.05 are highlighted in

grey.

Positive result of at least one of several tests.

(2), the fact that a single ICA test has greater validity
for ruling out DM1 than the combination of GADA and
IA-2A is also explained. It should also be noted that the
differences in validity of different tests are reliable. This
was confirmed by the results of a comparative analysis of
the characteristic curves (see Appendix 3 online).

Using formula (5), we calculated the PtP of DM1 for
all possible results of single tests and their combinations.
The results of these calculations without indication of
confidence intervals are presented in Table 3, while those
with the indication of confidence intervals are provided
in the Appendix 4 online.
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Table 2. Diagnostic sensitivity. diagnostic specificity and likelihood coefficients of tests for antibodies

Test Result DSens. % DSpec. % LC* LC
Single tests
ICA + 91.7 98.2 51.7 0.084
GADA + 734 89.9 7.3 0.296
IA-2A + 66.3 96.5 18.7 0.350
Combination of two tests
ICA+. GADA- 23.7 98.8 20.0 0.772
ICA and GADA ICA+. GADA+ 68.1 99.4 115.0 0.321
>1 AT+a 97.0 88.8 8.6 0.033
ICA+. 1A-2A— 27.2 98.8 23.0 0.737
ICA and IA-2A ICA+. 1A-2A+ 64.5 99.4 109.0 0.357
>1 AT+a 93.5 95.3 19.8 0.068
GADA+. IA-2A—- 20.1 90.5 2.1 0.892
GADA and IA-2A GADA-. IA-2A+ 13.0 97.0 4.4 0.896
GADA+. IA-2A+ 533 99.4 90.0 0.470
>1 AT+a 86.4 87.0 6.6 0.156
Combination of three tests
ICA+. GADA-. IA-2A— 11.2 98.8 9.5 0.898
ICA+. GADA+. |IA-2A— 16.0 99.4 27.0 0.845
ICA. GADA and IA-2A ICA+. GADA-. IA-2A+ 124 100.0° i 0.877
99.88 63.0°
ICA+. GADA+. IA-2A+ 52.1 99.4 88.0 0.482
>1AT+ 97.6 85.8 6.9 0.028

Notes: DSens. diagnostic sensitivity; DSpec. diagnostic specificity; LC*. the likelihood coefficient of the positive result; LC". the likelihood coefficient of the

negative result

At least one of several tests is positive

bFormal calculated values (explanation in the text)
‘Modified values (explanation in the text)

The analysis of the data in Table 3 indicates that
among the single tests, the best for both confirmation
and discarding of DM1 is the ICA test, since for all PrP,
it provides the greatest FtP for a positive result and the
lowest PtP for a negative result.

Among the combinations of tests, the combination
of ICA and GADA tests is the best in the confirmation of
DM1. When both results in this combination are positive,
this combination provides the greatest PtP for all PrPs.
When DMT1 is ruled out, the combination of the three
tests is most effective (in cases when all three results are
negative).

Adverse events
We did not observe any adverse events during the
study.

DISCUSSION

Summary of the primary results of the study

For the differential diagnosis of DM, the best
proven serological method for confirming DM1 is the
simultaneous examination with ICA and GADA tests. The
best proven method of ruling out DM1 is the simultaneous
testing of ICA, GADA and |A-2A.

Discussion of the primary results of the study

Physicians face the following questions when
choosing a test for antibodies from several possible tests:
- Which test to choose for confirmation, and in which one

to rule out DM1?

- How to evaluate the PtP of DM1 having obtained a test
result?

The answers to these questions can be given by
calculating the LC and PtP.

We found that the combination of ICA and GADA
is best for confirming DM1, because it has the largest
LC* and provides the highest PtP of DM1 for any PrPs.
If the GADA test is unavailable, the combination of ICA
and IA-2A can be used, which is almost identical to the
combination of ICA and GADA based on the LC".

To rule out DM1, the combination of ICA, GADA and
IA-2A is the best approach, since it has the smallest LC
and provides the lowest PtPs of DM1 for any PrP.

For quick assessment of PtP of DM1 for a specific test
result, Table 3 can be used. In this case, one must chose
the column with PrP of DM1, which is closest to the PrP
in a patient examined. It is possible to determine the PtP
of DM1 approximately for any PrP according to Fagan’s
nomograph [13]. This nomograph is illustrated in Figure
5 of online Appendix 4. Additionally, one can determine
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Table 3. Post-test probabilities of DM1 with different results of antibody tests and for different pre-test probabilities of DM1

With pre-test probability of DM1

Test Result 80% 50% 20% 0.25%
Post-test probability of DM1 (%)
Single tests
+ 99.5 98.1 92.8 11.5
ICA
- 25.2 7.7 2.1 0.02
+ 96.7 87.9 64.6 1.8
GADA
- 54.2 22.8 6.9 0.07
+ 98.7 94.9 824 45
1A-2A
- 58.3 25.9 8.0 0.09
Combinations of two tests
ICA+. GADA- 98.8 95.3 834 48
ICA—. GADA+ The result is non-informative?
ICA n GADA
ICA+. GADA+ 99.8 99.1 96.7 22.4
ICA—. GADA- 11.8 3.2 0.8 0.008
ICA+. IA-2A—- 98.9 95.9 85.2 5.5
ICA—. 1A-2A+ The result is non-informative?
ICAnlA-2A
ICA+. IA-2A+ 99.8 99.1 96.5 215
ICA-. |A-2A- 21.5 6.4 1.7 0.017
GADA+. IA-2A— 89.5 68.0 34.7 0.5
GADA-.IA-2A+ 94.6 81.5 52.4 1.1
GADA n 1A-2A
GADA+. IA-2A+ 99.7 98.9 95.8 18.5
GADA-. |A-2A- 38.5 13.6 3.8 0.04
Combination of three tests
ICA+. GADA-. IA-2A— 97.4 90.5 704 2.3
ICA—. GADA+. IA-2A— The result is non-informative?
ICA—. GADA-. |1A-2A+ The result is non-informative?
ICA+. GADA+. IA-2A— 99.1 96.4 87.1 6.3
ICA n GADA n 1A-2A
ICA+. GADA-. IA-2A+ 99.6° 98.4° 94.,0° 13.6°
ICA—. GADA+. |1A-2A+ The result is non-informative?
ICA+. GADA+. IA-2A+ 99.7 98.9 95.7 18.1
ICA—. GADA-. IA-2A—- 10.0 2.7 0.7 0.007

Notes:

“These results are non-informative. as they do not have DA (AUC does not differ significantly from 0.5).
bCalculations are performed for a DSpec equal to 99.8% (see explanation in the text).

accurately the PtP by calculating values according
to formula (5). The PrP of DM1 has to be estimated
objectively in the patient, and LC values from Table
1 must be used to determine PtP according to Fagan’s
nomograph and according to the formula (5).

When planning antibody tests, not only analytical but
also economic aspects need to be considered. The fact is
that in some regions of Russia, the system of compulsory
medical insurance does not fully cover the cost of such
tests, and patients have to pay for them independently.
Since the cost of the tests is quite high, it is difficult for a
patient with a small income to determine simultaneously
several types of antibodies. At the same time, some

doctors, aiming to get as much information as possible,
prescribe the maximum number of tests for antibodies to
all patients (for example, a combination of ICA, GADA and
IA-2A). Our study indicates that in many cases, testing for
antibodies can be minimised without compromising its
differential diagnostic value. We found, in particular, that
a combination of two tests (ICA and GADA or ICA and IA-
2A) is sufficient to confirm the DM1 diagnosis. Moreover,
to confirm DM1 in a low-income patient, a single test for
ICA is sufficient, since it provides a sufficiently high PtP
of DM1 for any PrP.

It often happens that the doctor is absolutely sure of
the DM1 diagnosis, but the patient or his relatives cannot
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accept this. This is especially true for parents of children
with newly diagnosed DM1. In the hope of disproving
the diagnosis of DM1, parents ask the doctor to conduct
antibody tests. In this situation, a combination of two
tests is also sufficient. For example, a combination of
ICA and GADA can be prescribed, explaining to parents
that with the result of “ICA+ GADA-", DM1 is confirmed
with a probability of 98.8%, and with the result of “ICA+,
GADA+", it is confirmed with almost 100% probability.

Our data are applicable for the differential diagnosis
of newly diagnosed DM in children and adolescents. In
addition, ICA is most often used in this setting, while
GADA and IA-2A are used less often. For other categories
of patients with autoimmune DM, for example, in patients
with latent autoimmune diabetes of adults (LADA), the
GADA is of greater diagnostic value [14, 15].

In the leading diabetes laboratories in Russia, other
types of antibodies have been investigated, including
the antibodies against the zinc transporter 8 (ZnT8A).
These antibodies are detected in 4-8% of DM1 patients
in the absence of all other antibodies [16], particularly in
5% of patients with LADA [5]. The addition of the ZnT8A
test to the tests for ICA, GADA and IA-2A should increase
the informative value of the serological differential
diagnostics of DM.

Our data on the differential diagnostic value of single
and combined antibody tests coincide well with those of
other investigators [17-19].

Limitations of the study
Advantages

- We applied strict criteria for the inclusion of patients in
the DM1 group, thus minimising the “contamination”
of the DM1 group by patients with other types and

MNPUNOMEHUA [SUPPLEMENTS]

variants of DM. This raises the reliability of estimates
of operational parameters of tests for antibodies.- We
calculated LCs and PtPs to be able to assess, for the first
time, the information and validity of the results for these
antibody tests.
Disadvantages

- Because the study was conducted over a long stretch of
time, it is possible that the variability of the operational
parameters of the antibody tests may have affected our
results slightly (due to the heterogeneity of the reagents
used in different years).

CONCLUSION

The results of this study can be directly used by
practitioners for the differential diagnosis of DM.
Physicians should keep in mind that all the data and
practical recommendations given in the article refer only
to the specific methods used to detect the antibodies
and should not be generalised to other testing methods
used in Russia and abroad.
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