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45 Adult Fopsiation e HS Women 2 Sovr 45 Women 2Seve This new approach to a routine blood test has detected all the cases of electrolytes imbalance-related diseases —hypercalcemia, hypocalcemia,
hyperchloremia, hypochloremia, hypermagnesemia, hypomagnesemia, hyperphosphatemia, hypophosphatemia, hyperkalemia, hypokalemia,
hypernatremia, or hyponatremia—, in the randomized controlled trial (RCT) validation set, as can be seen in Tables 6 and 7.
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Introduction

- According to the National Center for Health Statistics (NCHS)*, there are many diseases whose prevalence is highly concerning. Some of these are
related to the hydroelectrolytic metabolism, and the number of cases of these diseases is high and it is predicted to continue increasing in the next years.
For this reason, they are frequently listed among the most morbid diseases worldwide? Although they are not life-threatening, they can predispose
patients to develop more severe conditions if they are not detected nor treated at an early stage?

- Overweight and obesity, along with metabolic syndrome (MetS) are the main risk factors for these diseases®.

- Thereare2billion people worldwide with overweight or obesity —including 124 million children—,and these figures are expected to continue toincrease*.
As a consequence, the global prevalence of electrolytes imbalance-related diseases —hypercalcemia, hypocalcemia, hyperchloremia, hypochloremia, I
hypermagnesemia, hypomagnesemia, hyperphosphatemia, hypophosphatemia, hyperkalemia, hypokalemia, hypernatremia, and hyponatremia—, has
become a serious global concern?®. )

Figure 2. Prevalences of the main causes of electrolytes imbalance-related diseases —malnutrition, type 2 diabetes mellitus (DM2), and chronic kidney disease (CKD)—,
in the U.S,, as well as their main consequences —osteoporosis, cardiovascular disease (CVD), and migraine—. Given that the prevalence of Helicobacter pyloriinfection in the raw laboratory data is very low (Table 3), it could be an indicative that the study population
was biased. This is because the overall prevalence in Spain is much higher versus the one achieved in this study?2. Since H. pylori infection is more frequent in
people with lower income?®® this low prevalence in the validation group suggests that the study population is principally composed by middle-to-high class

patients, with moderate-to-high income.

nclusion Criteria

Men and women with not known currently clinically diagnosed

pathologies, without symptoms or signs, white/caucasian ethnicity,

aged 40, onwards; and

Patients whose high anthropometric indicators and/or lifestyle habits

may predispose them to non-malignant, highly prevalent, morbid,

cancer-precursor, and deadly diseases (Figure 2).

- Body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height
ratio (WtHR), hypertriglyceridemic waist (HW), visceral adiposity
index (VAI) —which are indicative of overweight and obesity—; and/

Eligible randomized control
trial (RCT) participants
n= 314

InTable 6,the results are displayed for the following groups: the training set was tested for all 8 laboratory determinations, but with different providers with
their own reference limits and the validation set was tested for the same 8 laboratory determinations, but all of them were performed by the same providers.
The sample size (n) of the training set was 2,626 patients, but this unification of the providers resulted in a reduction of the sample size, because only those
patients tested in Laboratorio Echevarne were used in the validation set, and for this reason, the sample size dropped to 152 patients.

Didn’t meet the inclusion
criteria or meet any of the
exclusion criteria
n= 50

Healthcare Reactive Model

- Yet, current healthcare system is based on being reactive to treat a
patient when gets sick®’, that is, when first symptons or signs appear.
However, many diseases are asymptomatic —clinically silent, subclinical
or paucisymptomatic—, or have absence or lack of symptoms and signs

Clinical Phase
From symptoms
to therapy

Preclinical Phase
The individual has the disease
but does not know it

In training set, the sensitivity (Se) and specificity (Sp) obtained were 98.76% and 99.38%, respectively. The estimated area under the receiver operating
characteristic (AUROC) curve was 96.08%, and the positive predictive value (PPV) and the negative predictive value (NPV) were 99.38% and 98.78%,
respectively (Table 6).

Remaining RCT
participants
n =264

Early Detection Late Detection

until the disease is more advanced. >
. i i i or idn® . . . . . . .
According to some estimates, reactive heaslth accounts for more —‘ —‘ —‘ —‘ . High red/orocessed meat consumotion. low fruits and veaetables Didn’t show up for any Finally, in validation set it can be seen that false positives (FP) and false negatives (FN) were totally eliminated, because the Se and the Sp, as well as the PPV
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be for the patient®°. Nonetheless, many of these diseases have few Lead Time : : : parameters and/or Sample Size (n) 2,626 152 value (PPV) and negative predictive value (NPV) results obtained in both the
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diseases actually increases with age as nearly 95% of adults 60 and older have at least one —while nearly 80% have two or more*— With an ageing s i — — — to enharce flavur o imprae preseation, Procesed meat can include fiaryllon agd some sausages such s ©
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n the United States, one "standard drink" unit® (also’known as an‘aleeheliedrink equivalent) is defined as any beverage containing 0.6 0z or grams of pure alcohol, which is
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underlying cause —malnutrition, type 2 diabetes mellitus (DM2), chronic kidney disease (CKD)—, as well as other diseases that can be induced by them e e e — ——— 3 i / concer e B g 5 B : : a : : B
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and new technologies —mainly machine learning (ML) algorithms (also known as AI-powered diagnostic tools), based in large and quality datasets—, Date Sample Taken | Time Sample Taken | Account Name Account Address Account Phane Number : C c
can help healthcare professionals to improve diagnosis accuracy, reduce medical errors and misdiagnoses, as well as avoiding invasive —and/or C C . C g : : ; : : f: ;
unnecessary_, procedures_ * Refer to back page K-TRF-308002090-20240715 K-TRF-308002090-20240715 A C o C B A A A A A A A
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individually and by different types of groupings in serial and in parallel*®, to optimize overall specificity (Sp) and sensitivity (Se), respectively—, as tools : c z C 2 a 2 2 : a a 2
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decisions with targeted clinical knowledge, patient information, and other health information°: Age (y.0.) 53,34 (40 - 82) 54,64 (40 - 82) 52,03 (41- 77) Calcium (mg/L) 96,45 (85,6 - 114,3) 96,76 (86,3 - 106,8) 96,14 (85,6 - 114,3) = 5 A A ) ? 5 A
- Anthropometric indices, ratios and/or products: body mass index (BMI), waist-to-hip ratio (WHR), Deurenberg body fat (%), Palafolls body fat (%), V”ve‘g':]‘((ckm)) 171062“(;;521129;’)) ;;63727(;;5:11:;’ 123:;8201;7’ C““’"“e‘mf(“""”) 105’535 ‘98'11"; 105’(7 ‘98‘110)) 106'2(1(1"3'“‘;) : : : : A - : : A A
. . . . . eight (kg 71, ,6 - . ,6 - , -11 Magnesium (mg/dL 1,99 (1,64 -2,97 2,02 (1,75-2,97 1,95 (1,64 -2,52 C C A A A A A A A

Hodgdon Beckett body fat (Z), body fat mass, lean body mass, ideal body fat Jackson Pollard, body fat to lose to ideal, body density, waist-to-height Neck Circumference (cm) 36,5 (28 50) 40.2 (30 47) 32,79 (28 50) Phosphorus (mg/dL) 3,49 (1.9-6,7) 3.36(2.2-4,7) 3.61(19-6,7) S = = A o A A A A A A A

ratio (WHtR), lipid accumulation product (LAP), body adiposity index (BAI), visceral adiposity index (VAI), body shape index (BSI), and conicity index Waist Circumference (cm) 86,57 (62,5- 131) 96,71 (68,5- 131) 76,43 (62,5 - 115) Potassium (mmoU/L) 4,24(3,42-5,21) 4,3(3,42-5,.21) 4,18 (3,51-4,98) I 3 3 z c A A A A A . A

(CI). Allthese indices, ratios and products were calculated from a few simple clinical variables, such as age, height, weight, neck circumference, waist Hip Circumference (cm) 97,79(70-127) 100,66 (70 - 119) 94,91 (75 - 127) Sodium (mmol/L) 140,09 (131,8 - 147) 140,23 (131,8 - 147) 139,96 (136,5 - 147) € 3 B A € ) A A A ) A A

- - - Menarche (y.o.) NA NA 12,87 (9-17) Albumin (g/L) 45,44 (39 - 52) 45,54 (39 - 52) 45,34 (40 - 50) B © A C C A A A A A A A

circumference, ?nd hip circumference. . . . . . . . Systolic Pressure (mmHg) 116,93 (77 - 170) 122,45 (95 - 170) 111,42 (77 - 148) Glucose (mg/dL) 95,05 (74 - 142) 96,78 (75 - 142) 93,33 (74 - 125) © C C C B A A p A A A A
- Hydroelectrolytic scores: corrected calcium, corrected chloride, corrected magnesium, corrected sodium, calcium-to-magnesium (Ca-to-Mg) ratio, Diastolc Pressure (mmHg) 73,56 (43-109) 77,03 (53- 109) 70,09 (43-92) 5 C ? . A z A z A

calcium-to-phosphate (Ca-to-Ph) ratio, and sodium-to-potassium (Na-to-K) ratio. These corrections and ratios were calculated from a few clinical Resting Heart Rate (BPM) 69,11 (42-110) 68,23 (42-110) 69,99 (55 - 99) . C c = c c = a . : : a :

ariables a Il as laboratory determination ha nder a thnicit iaht. albumin. calcium. chloride. maanesium. oh hat tassium Table 4. Selected laboratory data, displayed as the mean value of each parameter A C A C C A A A A A A A

v '_ es as well as oratory determ Ions, such as genaer, age, e ICity, weight, umin, calcium, chioride, gnesium, phosp €, potassium, with the corresponding minimal (Min) and maximal (Max) value, for all patients A C A [ C A A A A A A A

sodium, and glucose. Table 1. Clinical data, displayed as the mean value of each parameter with the and by gender: male and female. z C A c z A A z z A A

- To validate the performance and accuracy of the algorithm when used with vendors other than those with which the original algorithms corresponding minimal (Min) and maximal (Max) value, for all patients and by € p [ p p A A A ; A
were developed —Sysmex (Kobe, Japan) for hematology and Roche Diagnostics (Rotkreuz, Switzerland) for biochemistry and immunoassay—, since gender: male and female. - ot "~ p— < < -
several previous correlation studies alerted about potentially moderate differences in the performance between different reagent vendors —mainly in Corrected Calcium 92,1(82,4-111,9) 92,33 (83,1-99,6) 91,87 (82,4-111,9) z 5 5 C C z A A z z A A
the normality limits—2+22. — otz ale —— Corrected Chloride 106,28 (99,34-114,06) | 105,92(99,34-114,06) | 106,63 (103,38 - 110,84) C A A A C ) A A ; ? A A
- - - - C i 5 ,62-2, ,71-2; , ,62-2, A A A A A A A A A
. Tocollect data for future mid and/or long-term studies related to health economics outcome research (HEOR)® to analyze the cost effectiveness Body Mass Index (BMI 24,49 (15,94 -36,6) 1594(1671-36,6) | 22,41(-9,62-36,29) T 196 (1,60 2,95) 2071 299) 198 (1,60 2,5 C < c
_ _ ) Neck Circumference (cm) 36,56 (28- 50) 30 (30 - 47) 32,02 (28- 35,5) orrected Sodium 139,98 (131,9 - 146,95) 140,15 (131,9 - 146,69) 139,8 (136,08 - 146,95) A A A A C A A A A A A A
of machine learning (ML) algorithms as a CDSS. Waist Circumferance (cm) 86,64 (62,5 131) 68,5 (68,5 131) 76,58 (62.5 . 116) Calcium/Magnesium Ratio 4,89 (2,98-6,02) 4,82 (2,98-5,86) 4,96 (3,99-6,02) : 2 : ) A A A p A A
Hip Circumference (cm) 97,61(70-127) 70(70- 119) 94,56 (75 - 127) Cal(.:]um/Phosp.horus Rfatio 2,83 (1,71-4,95) 2,93 (2,07 - 3,98) 2,73 (1,71-4,95) A B A A A A A A A
Waist-to- Hip Ratio (WHR) 0,88(0,7-1,17) 0,8(0,8-1,12) 0,81(0,7-1,17) Sodium/Potassium Ratio 33,23 (26,87 -41,4) 32,81 (26,87 -41,4) 33,64 (28,51 -40,74) A A A A : A A A A A A A
Deurenberg Body Fat (%) 30,79 (13,51 - 54,06) 13,51 (13,51 - 39,69) 33,31 (25 - 54,06) 2 C a C c-: 5 a a a 2 a a
:"Zfzus ‘;0“3'/;3“ é%d) — 8226(1915-4971) | 19,15(19,15-39,53) | 35,19(28,47-49,71) Table 5. Hydroelectrolytic scores, displayed as the mean value of each parameter g - R g c - g g - g g ;
M E I HODS odgdon Beckett Bady Fat (%) 25,14(8,49-54,01) 9.1(6.1-38,7) 27,34(8,49-54,01) with the corresponding minimal (Min) and maximal (Max) value, for all patients A A . . A . A A A . A
Body Fat Mass 18,68 (4,58 - 56,71) 5,34 (5,34 - 45,67) 17,53 (4,58 - 56,71) db der: I df I - - - - - - - - - - -
Lean Body Mass 52,98 (33,26 - 82,5) 33,26 (33,26 - 82,5) 42,46 (34,59 - 64,28) an y gender. male an emaie. C A 0 A A A A A A A
Ideal Body Fat Jackson Pollard 21,23 (15,3 - 26,3) 15,3 (15,3-20,9) 24,01 (20,9-26,3) = ; = o = = = = = - = =
This study was developed as a part of a previous one that has been presented at the European Society for Medical Oncology (ESMO) Congress 2024 Body Fat To Lose To Ideal 3,76 (-9,62 - 30,25) -8,58 (-8,58 - 24,51) 3,06 (-9,62- 30,25) 9 5 z A A z A A z z A A
for Multi-Cancer Early Detection (MCED)?%. From this previous study —with 90 routine laboratory determinations included (Table 3)—, new studies were mocyDensly SULEDELE) S =2 L) LU0 0 A A A A c A . . A A . .
' Waist-to-Height Ratio (WHR) 0,51(0,37-0,73) 0,41(0,41-0,73) 0,47 (0,37 - 0,68) 8 A A A A A A A A A A A
conducted, such as the one described here. Lipid Accumulation Product (LAP) 28,82 (2,75 - 202,98) 3,92 (3,92 - 202,98) 15,29 (2,75 - 77,48) R A A A C A A A A A A A
Body Adiposity Index (BAI) 26,09 (15,54 - 43,27) 18,27 (18,27 - 34,82) 27,3 (15,54 - 43,27) A A A A C A A A A A A A
In this way, on the one hand, to develop the original algorithm for an innovative evidence-based laboratory medicine (EBLM) test to assist doctors ‘éfg;;a;:;’;’:g::‘x’:g‘;;x () o8 Egj;fj; 00;)27‘("(;20'77_’281’) 00’078‘(062056‘_269056)) 7 A A A A c C A A A C A A
in the assessment of the hydroelectrolytic metabolism several approximations were performed until find the best cost-effectiveness ratio (CER) — Conicity Index (CI) 1.23(0,04-1.53) 1,06 (1,06-1.53) 1.16 (0,94 1.48) 3 6 . : = g g g
correlation of the net difference in the costs of two interventions to the net difference in their effectiveness—: S 5 A A A B A A A z A A A
Table 2. Anthropometric indices and ratios, displayed as the mean value of each £ 5 ' =
- First, the statistical evaluation of the algorithm was performed following the next steps: parameter with the corresponding minimal (Min) and maximal (Max) value, for all E ’ A = ; A A z z A A
o o _ o _ o o _ o patients and by gender: male and female. a 4 : : A A e - = = - - - -
1. Theinitial sample —training set of 2,626 patients— was divided in the training and validation sets (80% of the total patients for the training set 5 c . - : . . g . . .
and the remaining 20% for the validation set), to determine an initial accuracy. Parameter Total Male Female s 3 , z A A = z A A z z A A
2. All the data was preprocessed by converting those numeric variables that are categoric. Red Blood Cell Count (*10712/L) 4,53(3,18-5,64) 4,76 (4,07 -5,64) 4,3(3,18-5,49) O A A B A A A A A A A
. . . s . . . . . . e . - . Hemoglobin (g/dL) 13,82 (7,1-17,3) 14,6 (7,1-17,3) 13,04 (9,3 - 15,8) 2 C A A A C A A A A A A A
3. The next step consisted in visualizing the categoric dependent variables and all the different qualitative variables, to verify if the distribution i i TRTYCER] TR Y TC TR
was balanced or not, and if necessary, a corrective method was applied to adjust the unbalance of the classes, by modifying the original size HCT/HD 2,9’9(2,79’.4,59) 2,9’8(2,79’-4,69) 2:99(2,52-3,9:) 1 : c A & A : : A A p A A
of the whole training data. ESR (mm) 5,63 (2- 38) 4,96 (2- 18) 6,3(2-38) A ’ ; A 5 z A ; ’ ; A ;
4. The absent cases were detected, and an imputation treatment was implemented, either with the median or not, or with the frequent values. MEV(f) 91,13(53,69-107,37) | ©91,34(53,69-107,37) | 90,92(70,77-106,6) 0 C . s : _ s s : A s s :
L. . . . . . . L . L. MCH (pg) 30,71 (16,36 - 35,63) 30,9 (16,36 - 35,63) 30,52 (22,46 - 34,52) A A A A C A A A A A A A
5. All the training and validation sets were analyzed, to detect variables with a variance of zero or close, because their variability will be similar MCHC (/dL) 33,68 (30.47 - 36.22) 33,8 (30,47 - 36,22) 33,57 (31,74 35,44) 70 80 90 100 110 120 130 140 A 5 B A z z z A . A
or very low and they will bring noise. RDW (%) 14,25 (11,7 - 21,9) 14,37 (11,9- 21,9) 14,12 (11,7-19,8) Corrected Calcium (mg/L) C A © A A A A A A A
6. The atypical values (outliers) that can affect the distribution of the variables were detected in the quantitative variables of the training set, to Leukocytes Absolute (x10"9/L) 551(2,93-9,33) 5,73(2,96-9,28) 529(2,93-9,33) 9 ° & . © c 8 : : ° 8 : :
I rrective measures and, if very atypical values were found, the imputation of atypical values was studied, determining firstly the cut- NeutrophilsAbselutel(CORS/E) 3,22(1,11-7,13) 3,33 (1,11-7,13) 3,12 (1,31-6,67) A 5 : A & p A A A p A A
apply co u ’ yatyp u und, pu yp u u ’ 9 y u Lymphocytes Absolute (x10*9/L) 1,67(0,76 - 2,89) 1,73(0,76 - 2,72) 1,61(0,91-2,89) Fi 5.S l hic for th lcium-to- i Ca-to-M tio shared : : 2 : B : : : : : : :
- . . . . igure 5. Sample graphic for the calcium-to-magnesium (Ca-to-Mg) ratio share
off value that indicates the abnormality of the variable, and the median was used as a replacement value for those observations that were Monocytes Absolute (x10"9/L) 0,42 (0,15-0,79) 0,46 (0,23-0,79) 0,39(0,15-0,76) with healthcare professionals to validate the usefulness of this new approach to A € A C C ; A A ; p A A
above the cut-off. Eosinophils Absolute (x1029/L) 0,17(0,02-1,01) 0,19 (0,02 - 0,59) 0,15(0,03-1,01) . i ) i . . . - a a a B a a a - a a a
it o ) ) ) ) ) ) ] ) ) e s A VERERT) 080003 R0 a routine blood test —diagnostic accuracy, non-invasiveness, time savings, cost z C C A z z A A z z A A
7. The initial binary logistic regression (logit) was estimated by the general linear model (GLM) algorithm, with the argument family = binomial Neutrophils Ratio (%) 57,58(32,6—,78,3) 57&7(32’6_'78’3) 578 (40’6_'76,7) savings, turnaround time for results, ease of interpretation of results, or savings z o) c A z z A A A ? A A
(link = “logit”), because the dependent variable is binary categoric, and the threshold to classify the attribute depended on what we wanted Lymphocytes Ratio (%) 31,21 (12,5- 58) 30,78 (12,5 - 58) 31,65 (15,3 - 48,2) on additional complementary tests, among others—. : C C A c : 2 A : : 2 A
to predict (a priori the cut-off point was 0.5, because it is the standard cut-off to classify as healthy and sick). Monocytes Ratio (%) 7.79(4-12,8) 8.1(44-119) 7.48(4-128) A A - e - -
8. The logit model achieved was evaluated through the following methods: assessment of the influential values and possibly atypical from the §°S‘“°§:‘“; Fi?’”:’/“;”’) 3;)’0575((0641_ 112’:)’ 363579((0641_ 110;) 267562((0641_ 112;13)) The graphic shows a black dot corresponding the corrected calcium —plotted on C A c A A A A A A A
. . . . . . . . . . asophils Ratio (% y ,1-1, X ,1-1, 5 ,1-1, = = =
residues of the logit model; multicollinearity analysis —to evaluate the presence and the magnitude of strong linear relationships between e c— x10°970) 232,98 (136-372) 230,3 (136 - 332) 235,67 (143-372) the X-axis— and the corrected magnesium —plotted on the Y-axis—, over a colored A A A A A A A A A A A
redictive variables (independent variables) in the model—; goodness of fit —to determine if the model is valid and adequate for its use in MPV (fL) 9,56 (6,8 - 14) 9,55 (8- 14) 9,57(6,8-12,8) - - E 2 E : : g g : : g
dict bl d dent bl th del d f fit —to det fth del lid and ad te for it backlgrourr:d gf any valutla is %rt_aaterdor s(;nalller t:an X ar):ls or Y-axis r:nges oi;the - : 2 ‘ : : : : : : : :
decision making or in making predictions—; calculation of the importance of the predictive variables in the model, considering their weight ) 16/65(8:2550,4) 16,68(8,2-26,4) 15,62(9,2550d) graphic, the dot was colored in red and placed over the corresponding bor er). A C A C A A A A A A A
through the decreasing of the mean average precision and the Gini decreasing average; as well as the final validation for the model with the PT(%) 92,01 24_100) 50,96 (24-190) 94,20 (67_100) The background was colored according what these levels mean once putted C B A A A A A A A
) 9_ g ) gep IS e 9 9_ ] ) - - aPTT (s) 31,11 (24,6 - 52,4) 31,2(25,2-52,4) 31,03 (24,6-38,1) together in order healthcare professionals could figure in an easy way how was R C = c A A A A A A A
valld_at|_on set of the 20%, to detgrmlne the §ensmwty, specificity, area under the receiver operating characteristic (AUROC) curve, positive Catcium (mg/L) 96,45 (85,6 - 114,3) 96,76 (86,3 - 106,8) 96,14 (85,6 - 114,3) patients according current worldwide guidelines, that is, by using a colored scale : ! A A ; A A ) ; A A
predictive value (PPV), and negative predictive value (NPV). ﬁhlondg(mmou:)L 1%5;95; (;18 -21;3) 2132,71(35-;157) 1:213211(;23-215120) based on a risk stratification from green (Risk 0) to dark red (Risk 4). = A A A C A A A A A A A
9. The cut-off point was optimized, to finally adjust the binary logistic regression model. P;f::;;‘:z‘(:fg’/dg) '345(3(’19:5'7)) '336‘; (’22:4'7)) '3,51( (’19:6'7)) A 5 A A A A A A p
10. The final evaluation of the binary logistic regression model was performed with the optimal cut-off point. Potassium (mmoUL) 4.24(3.425.21) 43(342-5.21) 218 (351-4,98) 9 c c: C c -
Sodiun'1 (mmol/L) 140,09 (131,8 - 147) 140,23 (131,8 - 147) 139,96 (136,5 - 147) A B ) A A A A A A A
- Second, several combinations —up to 1 x 10°°—, were performed to find most significant groupings of laboratory determinations —mainly for the Alburnin (g/L) 45,44 (39 - 52) 45,54(39-52) 45,34 (40- 50) 8 C C c A A A A A A A
. . . . . .. Apolipoprotein A1 (mg/dL) 147,34 (93 - 230) 136,38 (93 - 230) 158,29 (109 - 220) A C C A C A A A A A A A
hydroelectrolytic metabolism, but also for all other body functions and systems involved and/or related with them, this is, both causes and/or Apolipoprotein B (mg/dL) 89,03 (50 179) 96,22 (56 -179) 81,83 (50 133) e - - - - - - - -
consequences—. CRP-hs (mg/L) 1,66 (0,15 - 17,47) 1,7 (0,15 - 12,54) 1,61 (0,15 - 17,47) 7 C A A A A
Ferritin (ng/mL) 83,91 (3,3-457,1) 117,98 (3,6 - 457,1) 49,85 (3,3 - 330,7) —_ A B C A A A A A A A
. . . . . . Globulin (g/L) 25,79 (18 - 39) 25,51 (18 - 33,6) 26,08 (19 - 39) ,—:,' 6 A A A A B A A A A A A A

Third, sgveral calculations were perfo_rmed, mainly thos_e related Wl'_ch r_enal and hydroelectrolytic scores (Table 5). We selecteq the ones that Lipoproteln (a) (mg/dL) 32,6(9,99 - 158,58) 29,61 (9,99 - 158,58) 25,59 (9,99 - 112,04) 2 - = o = - - - - - =

were Evidence-Based Laboratory Medicine (EBLM). In this way, renal indices performed were: corrected calcium?®, corrected chloride?, corrected Total Protein (g/L) 71,23 (59- 83) 71,05 (59-78,3) 71,42 (64-83) E 5 A A ; ; C A A A A A A ;

magnesium?, corrected sodium?é, calcium-to-magnesium (Ca-to-Mg) ratio?®, calcium-to-phosphate (Ca-to-Ph) ratio®°, and sodium-to-potassium ALP (IU/L) 65,3(30-311) 65,53 (39 - 311) 65,08 (30 -311) 0 : B B : c : : : : : : :

(Na—to—K) ratiod! AST (IU/L) 23,03 (13 - 70) 25,32 (15 - 70) 20,75 (13 - 55) 2 A C A A A A A A A

’ ALT (IU/L) 22,39 (7 - 88) 26,24 (8 - 88) 18,54 (7-62) _E 4 B B B A A A A A B
GGT (IU/L) 23,2 (6,99 - 167) 26,5 (10 - 167) 19,89 (6,99 - 105) a B B A A A A A A p
On the other hand, all patient data was computed with two machine learning (ML) algorithms, such as Evidence-Based Laboratory Medicine Algorithm LDH (IU/L) 162,63 (114 - 250) 168,54 (114 - 250) 156,72 (116 - 204) g 3
(EBLMA)?432 and Artificial Intelligence Recursive Algorithm (AIRA)?*3 —both developed by Blueberry Diagnostics (Barcelona, Spain) in 2020 to help L"htsllecs?:rffl:e;‘:l((r;"gg/’d%) 19;;0021((13210._;50)2) 19:0’242((1;15_':50)2’ 19619;52((142;_'92;3)
in COVID-19 diagnosis®3"—, to improve both sensitivity and specificity. EBLMA includes several functions —sub-algorithms— to detect the following Cholesterol non-HDL (mg/dL) 134201(53-255) 145172(53-255) 1223 (53-185) 2 CONCLUSIONS
conditions: and renal function diseases —chronic kidney disease (CKD)— and electrolytes imbalance-related diseases —hypercalcemia, hypocalcemia, Cholesterol LDL (mg/dL) 115,86 (35,4-223,49) | 123,82 (35,4-223,49) 107,89 (35,4 - 173)
hyperchloremia,hypochloremia,hypermagnesemia,hypomagnesemia,hyperphosphatemia,hypophosphatemia,hyperkalemia,hypokalemia,hypernatremia, ??;‘QS‘?;°“’(LD;(‘1"L‘;3’“” lggiéjfg‘ 7646‘3‘;” f;fé‘;’fsj‘g‘;:; 1‘7"2“3??3' 32202? 1
. . . . . . - . . rigtycerides (m B - B = ! - . - - - - - - - - - g - - -
and hyponatremia—. Besides, AIRA is an algorithm that computes in a recursive way all the values from O to 1007 for both sensitivity and specificity Vitamin B 12 (pg/mL) 415.97 (221-1092) 392,37 (221- 1084) 439,58 (262- 1092) 0 - This innovative non-invasive blood-based biomarker algorithm holds promise in providing timely and accurate assistance to doctors in the
to find the optimal cutoff values for low, moderate (moderate-low and moderate-high), and high-risk results. Then, parallel approximations to optimize Vitamin D 25-OH (ng/mL) 28,71(12,03-104,18) | 26,93(12,03-104,18) | 30,49 (12,77-88,29) 70 80 90 100 110 120 130 140 assessment —as well as screening—, of electrolytes imbalance-related diseases —even in early stages—, before symptoms and signs appear
sensitivity (Se) were conducted. Afterwards, serial approximations to enhance specificity (Sp) were also performed. Finally, Cost Effectiveness Ratio ’:'”t"?c.ﬂagil;’m&) : 2;2(2‘3‘2;"0?) gzz(g:‘s‘z':’(ﬁ) 10’7628 (00’3‘;9';611) and when treatment is most likely to be successful*®*4. It is particularly targeted to individuals aged 40 years and above. In this way, the test
Effect Boosting Recursive Optimizer (CEREBRO) —developed by Kience (Wilmington, DE, U.S.)—, adjusts resulting predictive values —the p-value— with the Rr'lzxnc:';tﬁid Fa'cior;f“;mu 8'86((3’99'_2'10)) ey 44((é 99'_510)) ézg((é 99_-iz)) Corrected Calcium (mg/L) enables the detection of electrolytes imbalance-related diseases, as well as their possible causes and associated diseases, which are linked
cost-effectiveness ratio (CER) —correlation of the net difference in the costs of two interventions to the net difference in their effectiveness—. FSH (mIU/mL) NA (0,29 - NA) (-) 42,88 (0,29 - 175,54) to the parathyroid function, bone metabolism, and renal function. It is specially relevant for those diseases related to overweight, obesity, and
Insulin (U/mL) 7,76 (1,37 - 37,05) 8.04(1,37-26,73) 7.5(3,01.-37,05) Figure 6. Sample graphic for the calcium-to-phosphate (Ca-to-Ph) ratio shared metabolic syndrome (MetS), as they are closely linked to electrolytes imbalance-related diseases and/or are considered risk factors for them?.
.. - . . . . . PTHi (pg/mL, 41,71 (10 - 140,6 42,99 (14,4 - 85 40,43 (10 - 140,6 H . : H H
The training set was very heterogenous, as it included results analyzed by different suppliers for the same laboratory determinations —Sysmex, Horiba, TSH'((r:fUr,nL)) 2 59(0(22.40 22)) 2,29 (0(27-40 2;) 2,88 (0(22-40 22)) ;v:‘:l:r:iael':ol:gzzetzzfes&onalS to validate the usefulness of this new approach to Even though the Se and Sp achieved were of 100.00%, it must be considered that the laboratory where the test was performed was not equipped with
Roche Diagnostics, Siemens Healthineers, or Beckmann Coulter, among others—, with their own systems and reference values. So, the variability and the T4 Free (ng/dL) 1,05(0,63-17) 1,06 (0,63 1,56) 1,03(0,63-1,7) ' Roche Diagnostics analyzers. Thus, the obtention of these high results may be due to a possible ease from our side in assessing the hydroelectrolytic
potential biases of the results obtained by this way may be too high, thus affecting the quality of the results. In this way, to avoid these potential biases AFP (ng/mL) 2,89(1,09-16,4) 3,1(1,09-164) 2,68 (1,09-15,3) The graphic shows a white dot corresponding the corrected calcium —plotted metabolism with a small sample size (152 patients).
that can alter the results — and consequently, the accuracy of the algorithm—, the present study was designed with one single laboratory —Laboratorio z‘;‘ig‘gfu(;;‘i;m” 11287;12;(‘11’1999_':;;‘;3’2’ > 76(1“12 =% 112;7;6((11’1999_‘485522;"'2’ on the X-axis— and the phosphate —plotted on the Y-axis—, over a colored - This RCT shows the achievement of a routine, affordable —accessible to low-income and underserved populations—, and high accurate blood
Echevarne (Sant Cugat del Vallés, Barcelona, Spain)—, and consisted in a randomized controlled trial (RCT) with a target sample size (n) of 300. CA125 (U/mL) 13,96 (2,6- 50,5) T 13,96 (2,6- 50,5) background (if any value is greater or smaller than X-axis or Y-axis ranges of the tt?st. The pal_flel maX|m|z_e_s dlagnost!c ylek_:l whﬂ_e minimizing costs._The seleoted_analyte§ can detect earl_y signs of electro_lytes imbalance-related
CEA (ng/mL) 1,49(0,39- 4,3) 1,59 (0,49-4,3) 1,39 (0,39 - 3,15) graphic, the dot was colored in red and placed over the corresponding border). diseases, without requiring expensive or invasive procedures. Besides, by focusing on high-prevalence diseases and selecting analytes that are both
All patients included in the RCT were recruited through three medical centers in Barcelona (Spain). Patients had to accept and sign the informed consent, e e T = low-cost and widely available, this panel is economically feasible on a large scale. Automated laboratory systems for blood tests help reduce labor
the ethics committee approval, and the test requisition form (TRF) —an example of the new TRF designed for the upcoming RCT that will be performed in Creatinine (mg/dL) 0,88 (0,56~ 1.78) 0,99 (0,62- 1,78) 0.7 (0,56- 1) 9 costs and increase throughput, further driving down overall costs. _ _ _ _ _ _
the U.S.with Empire City Laboratories (Brooklyn,NY, US) is shown (Figure 4)—. This TRF corresponds to the MCED trial2* —with 90 laboratory determinations Glucose (mg/dL) 96,05 (74- 142) 96,78 (75- 142) 93,33 (74- 125) » Given the concerning problem about the healthcare costs in the U.S. —but also worldwide—, and its access for a considerable portion of its population,
included—, from which this other study was developed —by using only 22 routine laboratory determinations (urinalysis included) of the total analyzed—. In T —— e e SR 8 this algorithmic test can also be a solution for this, costing only EUR 0.76 (USD 0.83) for Roche Diagnostics systems for biochemistry.
. B . . B erum Iron , - g - b - . HR H H H H H H 7 H
the case of the present study, although target sample size was 300 patients, we decided to enroll 314 patients to allow some backup. However, according TotalBirubin (me/a] 0.72(0.22- 1.98) 0.76(0.26-1.72) 0,68(0,22 - 1.98) The affordability of this panel could enable wider access to routine screening. This ensures earlier detection and management of diseases before
to the inclusion and exclusion criteria (Figure 3), 50 patients were initially excluded from the study, because they had ongoing clinically diagnosed Direct Biirubin (mg/dL) 0,23(0,09-0,65) 0,24(0,09-0,58) 0,22(0,09-0,65) 7 they progress into more severe, costly conditions, ultimately reducing the economic burden on both patients and healthcare systems. _
pathologies, symptoms or signs, so the sample size dropped to 264 patients. From this new study population, 110 patients were excluded because they Indirect Bilirubin (mg/dL) 0,49 (-0,43 - 1,36) 0,53 (0,17 - 1,36) 0,46 (-0,43 - 1,35) = 6 - Implementing this minimum diagnostic panel as part of routine care has demonstrated significant economic benefits, both at the individual and societal
. N . - .. .. s . . . . . . U dL 35,31 (17 -62 36,96 (19-62 33,66 (17 - 51 = i - i i i i
didn’t show up at the clinical facility for any of the follow-up visits —this is a critical point to improve for the upcoming RCT, since the cost of each patient is BLe,j((nngL)) G — ;3) T e ;3) = 71(7(93_23)8) s levels, because early detection leads to more cost e_ffec::5|ve treatment strategies and prevents progression to more severe disease states,
very high and for this RCT almost a third of the patients already tested were lost—, so the new n consisted of 154 patients. From this new n, 2 patients were Uric Acid (mg/dL) 5,05(2,1-10,3) 5,89 (2,7-10,3) 4,22(2,1-7,7) E 5 reducing hospital adml_ss!ons and complex interventions - Also, by focusing on prevzntlve care, this pam_al redu_ces the overall cost burden on
excluded, because some of their laboratory parameters and/or clinical information were wrong or incorrect. Thus, a final n of 152 patients was achieved. Urine Albumin (g/1) 0,11(0,04-0,82) 0,11(0,04-0,32) 0,11(0,04-0,82) P 0O healthcare systems, shifting resources away from expensive, late-stage treatments™. In this way, early diagnosis and management of chronic
In this final n, both genders (male and female) were equally represented and the mean age of the participants was 53.34 years, being 54.64 (40 - 82) in the 3::23;2‘:;(";5’” 10;)322“;;50'7 ?’jﬁ’m 102652 ;‘:foig 3.’??32) 1013255;33(;3;412334) 2 4 diseases improve p_ajﬂel;l: outcomes, leading to fewer sick days and enhancing workforce productivity, contributing to the overall economic
male population and 52.03 (41 - 77) in the female population (Tables 1-5). Urine pH TR o ST o growth of communities™. _ _ _ _ _ _ _ _ _
Urine Leukocytes 031(0-3) 0.04(0-2) 0.58(0-3) é 3 - The establishment of a universally accessible, affordable diagnostic panel contributes to closing the healthcare gap in low and middle-income countries.
Patient’s blood samples were obtained from October 2021 to June 2023. Blood samples were obtained by peripheral venipuncture in all participants. All 3::22‘:2’;:: ggz 523 0’2(30((_)(;)1) 23; Eg;; B()J/aalgcire(;sﬁ .23 trr:_e r;zsa'? ﬁzg;trgocgare]?apree\(ﬁggﬂeaﬂgiiseeg a; faf:;%ﬁsg:f glf Cﬁiﬁig?jﬁ'&ﬁgﬁaItgfge.?rfdﬂi’stg'f;g'tfgiihfgz V\gt: gloiarlnhaetal':z
analytics were performed in Laboratorio Echevarne. After centrifugation of the blood samples, all the analytes were quantified. All the serum electrolytes, Ulilic @ueass 0:01(0_2) 0,03(0-2) '0(0_0, < 9 " I'L:: p u IIV trolvtes i bVI 9 lated di fé ! velop » particutarly u ucing p u
proteins, as well as the remaining serum analytes were mainly measured by Atellica analyzers (Siemens, Munich, Germany) —some of these analytes Urine Ketones 0,07(0-3) 0,07(0-3) 0,08(0-3) mortality Trom electrolytes Imbalance-refated diseases ™. . _ L
were tested with different analyzers from other providers during the study, because the laboratory changed them during these years, but that's not a Urine Urobilinogen 0,04(0-2) 0,05(0-2) 0,03(0-2) 1 - On the other hand, this study also underlines the need to encourage healthcare professionals to explore how Evidence-Based Laboratory Medicine
. L . - L ’ - . . . . X . Urine Urobilin 0(0-0) 0(0-0) 0(0-0) (EBLM)*9%0 and new technologies —mainly machine learning (ML) algorithms—, can help them to improve diagnosis accuracy, reduce medical errors
big problem for us becuase is in accordance with one of our main objectives (to test the algorithm efficiency with different providers to see how it works o o Cels 0.09(0-2) 0.03(0-2) 0.14(0-2) 0 d misdi I idi . d hile reducina health lated "
with all of them)—. TT—— 0010 2 B03(0 2] YT 100 110 120 130 140 1% 160 170 and mis |ag_n_oses, as well as av_0| ] invasive procedures, while reducing healthcare-related costs. N o _
- The most critical aspect of achieving the goals of the RCT was the management of the follow-up visits. This is because the no assistance to any
The majority of the tests were performed within two days after samples were obtained. Therefore, it is important to note that the laboratory Table 3. Raw laboratory data, displayed as the mean value of each parameter Corrected Sodium (mmol/L) of these visits implies Ios_lng a patient, as weII_as the cost of the p_erformeo_l analytics. There_fore, this is specially relevant in the upcoming RQT, v_vhere the
Where the ROT was performod doos not have Roohe Disgnostics. analysers —as oo of the main, obiectives of the ROT - so falee DosTtives with the corresponding minimal (Min) and maximal (Max) value, for all patients total cost of the study will be of USD 18 M, being USD 3 M exclusively dedicated for analytics and USD 7 M for the contract research organization (CRO)
(FP) and fal n ti (FN) Id in most m g udi y nducted in h ital Jn th ioment ’ T h nt and by gender: male and female. Urine leukocytes, urine nitrites, urine protein, Figure 7. Sample graphic for the sodium-to-potassium (Na-to-K) ratio shared —the two largest budget items related to patients.

a alse negatives (FIN) could occur since most major studies were conducted In hospitals using these equipments. 1hus, the prese urine glucose, urine ketones, urine urobilinogen, urine urobilin, urine red blood with healthcare professionals to validate the usefulness of this new approach to . Moreover, the HEOR data collection framework is poised to deliver critical insights into the long-term cost benefits of ML-based Clinical Decision Support
ituiy could lklave ahn addm:)nal bias due tlot_the (;hf;_erenclze tbgtvxéeerl thf a?_alﬁlzersdusesl |g_f_’;he mod»:—_:llrj;}g1 procfess of thi ilgonth(rpffand ;che RC'I:C. cells and urine hemoglobin are expressed as O for “no/none” 1 for “positive +7, aroutine blood test. Systems (CDSS). Initial findings show that ML in CDSS improves diagnostic accuracy, optimizes treatment, and enhances resource allocation,
vendors — s mentioned above-. the reason why the validation of the slgorithm was done in a lab with no Roche Diagnostics analyzers wes o validate | ihe resuts obtaied from a few of these laboratory determinations (see selected  The graphic shows a white dot ding the correoted sodium —plotted leading to cost savings by reducing misdiagnoses, unnecessary invasive and costly diagnostio tests, and hospitalizations.

: ’ y the gorith _ g o y : e results obtained from a few of these laboratory determinations (see selecte € graphic shows a white dot corresponding the corrected sodium —plotie - Data will support future research on the cost savings and improved health outcomes from ML/CDSS, focusing on patient health, healthcare cost
also its robustness and overall performance against different analyzers from different vendors. Therefore, in the upcoming clinical trial of 26,000 patients, laboratory determinations in Table 4), since the main approach is to generate the on the X-axis— and the potassium —plotted on the Y-axis—, over a colored reductions, and reduced health disparities

i i i i i i i i i i cheapest and universally useful panel possible for as many of these diseases as background (if any value is greater or smaller than X-axis or Y-axis ranges of the ’ S . . . . - s . .
several para_llel studies of 120 patients will k_ae performed by analysing blood and/or urine samples with different vendors to achieve correlation coefficients 'Fl)ol v P P v r? " ( 1 | ar : \ rang . Beyond the use of large-scale, sophisticated ML algorithms, simple calculations were also incorporated, providing valuable insights into patient health
and curves. in order to further evaluate their overall robustness. possible. graphic, the dot was colored in red and placed over the corresponding border). i : o . g ) g J9 e
’ without adding significant costs. By automating these calculations in the laboratory side, the burden on clinicians to manually compute these
) . ) ) . : . . — —— : metrics is removed®>%. As a result, diagnostic efficiency improves without incurring additional costs for patients, insurers, or healthcare
Once all results were obtained, all those that exhibited abnormal values —outside their reference ranges— were reprocessed, to make sure that they were Red Meat Fruits & Veg. Smoking Habits Physical Activity Drinking Habits providers®'54. In this way, all the calculations results for 80,000 patients were performed in just 6 seconds.
not obtained due to technical errors and were real and potentially pathological. When all laboratory determinations were finished per each patient, they B . These conclusions highlight the transformative role of ML algorithms, both large and small, in improving healthcare delivery and outcomes. By reducing
were process_ed by the last version of the above-mentioned algorithm giving their final result as well as determining the final accuracy with a validation - the cost burden through automation and improving decision-making at every stage of patient care®5*%, these tools not only benefit healthcare
set of 152 patients (Table 6). : - I I I l . I : I I systems and patients economically but also ensure that personalized, data-driven care becomes the standard.
B ) . i ) O - B [ | b | — — . - Finally, despite promising results have been achieved, there is still a lot of information to be obtained from blood —and urine—, and a lot of work to be
In turn, all patients with suspicious findings were referred to the corresponding medical centers for confirmation and subsequent classification in each of ) done to understand it. In this way, a multicenter, international clinical trial of 26,000 patients will be conducted from March 2025 until December
the groups —case and control—, designed for the biostatistics upcoming phase. Patients attended follow-up visits in one year. 2026 to continue enhancing the algorithm’s accuracy in the aeneral population
9 b 9 b gp b y Figure 8. Lifestyle —red and processed meat consumption (displayed as frequency), fruits and vegetables consumption (displayed as serving), physical activity (displayed 026 9 9 y 9 pop )
as level), smoking habit, and drinking habits (displayed as standard drink units)—, for all patients.
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