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SAŽeTAK: Kronična bubrežna bolest (KBB) obilježena je postupnim i progresivnim gubitkom svih 
bubrežnih funkcija. Petina muškaraca i četvrtina žena u dobi nakon 65 godina boluje od KBB-
a. Uzimajući u obzir rastuću incidenciju dijabetesa i arterijske hipertenzije koji su glavni uzroci 
kroničnog gubitka bubrežne funkcije, može se zaključiti da KBB postaje globalni javnozdravsteni prob-
lem. Vodeći uzrok smrti u oboljelih od KBB-a jesu kardiovaskularne bolesti (KVB), i to ponajviše bolesti 
vezane uz srce poput ishemijske bolesti srca i srčanog zatajivanja. Visokoosjetljivi troponini (hs-cTnT, 
hs-cTnI) zlatni su standard u dijagnostici kardijalne patologije. Najčešće se rabe u detekciji akutnoga 
koronarnog sindroma, ali se povišene vrijednosti mogu zabilježiti u nizu drugih stanja. Poznato je da 
se povišene serumske vrijednosti troponina mogu zabilježiti u više od dvije trećine bolesnika s KBB-
om na dijalizi, čak i u odsutnosti KVB-a. Svrha je ovoga prikaza bila  ustanoviti potencijalne uzroke 
porasta troponina u kroničnih bubrežnih bolesnika te zaključiti postoji li veza između njihova porasta 
i mortalitetnih i morbiditetnih pokazatelja. Pretraživanjem literature ustanovljeno je da su bolesnici 
u terminalnim stadijima bubrežnog zatajenja u znatno povišenom riziku za razvoj KVB-a i smrtno-
ga ishoda. Istraživanja su također upozorila na snažnu povezanost između koncentracije visokoos-
jetljivih troponina i kardiovaskularnog, odnosno ukupnog mortaliteta u oboljelih. S druge strane, 
malo se zna o načinu metaboliziranja i ekskrecije troponina. Teorija prema kojoj se troponini izlučuju 
bubrezima postaje sve prihvaćenija unutar znanstvenih krugova. Pojedina su istraživanja, od kojih i 
neka  hrvatska, dokazala  prisutnost troponina u urinu, no potrebna su i daljnja istraživanja  kako bi se 
ustanovilo je li moguće iskoristiti troponine u urinu kao potencijalne nove biomarkere u pravodobnom 
prepoznavanju KBB-a i KVB-a.

SUMMARY: Chronic kidney disease (CKD) is characterized by gradual progressive loss of all kidney 
functions over a period of time. One-fifth of men and one-quarter of women over the age of 65 suffer 
from CKD. Given the growing incidence of diabetes and hypertension, which are the main causes of 
this disease, CKD is becoming one of the major global public health issues. Cardiovascular diseases 
are the leading cause of death in people with CKD, primarily heart-related conditions such as ischemic 
heart disease and heart failure. High-sensitivity troponins (hs-cTnT, hs-cTnI) are crucial biomarkers 
used in the detection of cardiac pathology. They are mostly used in the detection of acute coronary 
syndrome, but elevated values can be also observed in several other conditions. Studies have shown 
that serum troponin levels are elevated in more than two-thirds of patients with CKD on dialysis, 
even in those without any cardiovascular pathology. The aim of this review was to examine the litera-
ture and to determine the reason for troponin increase in patients with CKD, and to establish whether 
there is a connection between their increase and the mortality rate. A literature search revealed that 
patients with end-stage renal disease (ESRD) are at especially high risk of cardiovascular morbidity 
and mortality. Studies have also found a strong association of high-sensitivity troponins with cardio-
vascular and all-cause mortality in those patients. On the other hand, even though the function of 
troponins is very well-known, little is known about their production and excretion from the body. The 
theory that troponins are excreted by the kidneys is becoming widely accepted in scientific circles. 
New studies, some of which are Croatian, have demonstrated the presence of troponins in urine, but 
further research is needed to determine whether it is possible to use troponins in urine as potential 
biomarkers for cardiovascular and kidney disease.
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Srčane izoforme troponina I i T (cTnI, cTnT)  zbog svoje su 
kardioselektivnosti najpouzdaniji biomarkeri za detekciju pa-
toloških zbivanja kardijalnog podrijetla. Njihov se porast bi-
lježi u različitim patološkim stanjima poput ishemijske bole-
sti srca, plućne embolije, miokarditisa i niza drugih stanja, što 
potvrđuje da su specifično povezani s oštećenjem kardiomio-
cita različite etiologije. U praksi se najčešće određuju u svrhu 
dijagnostike akutnoga koronarnog sindroma. Također, zbog 
dnevnog „obrtaja“ staničnih proteina kojim se stari zamjenju-
ju novosintetiziranima, i u krvi zdravih pojedinaca može se 
odrediti određena koncentracija troponina koja je vrlo niska i 
kreće se u rasponu od 0,1 do 0,2 ng/L.1

Poznato je da su serumske vrijednosti troponina povišene 
u bolesnika s kroničnom bubrežnom bolesti (KBB) u usporedbi 
s općom populacijom. Navedeno je posebice izraženo u termi-
nalnih bubrežnih bolesnika na dijalizi (ESRD).2 Prema istraži-
vanjima koja su se koristila prvom generacijom troponinskih 
testova, utvrđeno je da su vrijednosti cTnT-a bile povišene u 
do 71 % bolesnika bez kliničkih znakova akutne ishemije, dok 
su vrijednosti cTnI-a bile povišene u 7 % oboljelih. Prvotno je 
visoka koncentracija troponina opravdana snažnom križnom 
reaktivnošću testova prve generacije sa skeletnim izoforma-
ma troponina T i I. Razvojem troponinskih testova druge ge-
neracije u kojima je križna reaktivnost sa skeletnim izofor-
mama smanjena na manje od 0,01 %, opovrgnute su izrazito 
visoke vrijednosti dobivene u prvotnim istraživanjima. U dalj-
njim studijama provedenima primjenom testova druge gene-
racije, ponovno su zabilježene povišene vrijednosti troponina 
u bolesnika s KBB-om.3 S vremenom su testovi postali mnogo 
osjetljiviji pa se danas, ovisno o njihovoj osjetljivosti, govori 
o pet generacija troponinskih testova koji se mogu okvirno 
grupirati u 3 kategorije: konvencionalne, osjetljive i visooko-
sjetljive. Osjetljivi troponinski testovi, prema definiciji, mogu 
detektirati i kvantificirati troponine u 20 do 50 % zdravih poje-
dinaca. Visokoosjetljivi troponinski testovi (određuju hs-cTnT 
i hs-cTnI) mogu detektirati troponine u više od 50 % naizgled 
zdravih ispitanika zadržavajući koeficijent varijacije manjim 
od 10 % pri određivanju 99. percentile gornje granice norma-
le (URL).4 Upravo je određivanje visokoosjetljivih troponina 
današnji dijagnostički standard. Koristeći se spomenutim 
testovima, istraživanja su zabilježila povišene vrijednosti hs-
cTnT-a u 50 do 90 % bolesnika s ESRD-om u odnosu prema hs-
cTnI koji je bio povišen u manje od 25 % oboljelih.5

Smatra se da bi koncentracija troponina u krvi mogla imati 
veliku prognostičku vrijednost u predikciji razvoja kardiova-
skularnih bolesti (KVB) i smrti u oboljelih od KBB-a. Pozna-
to je da KBB znatno povećava rizik od razvoja KVB-a te se, 
prema preporukama Nacionalne zaklade za bubrežne bolesti 
i Američkog udruženja za srce, svi bolesnici s KBB-om sma-
traju visokorizičnima za razvoj KVB-a.6 Godišnja učestalost 
srčanog zatajivanja u bolesnika s ESRD-om procjenjuje se 
između 25 i 75 %, odnosno mnogo češće nego u općoj popu-
laciji.7 Tomu pridonosi i ubrzani razvoj ateroskleroze koji je 
potaknut općim upalnim odgovorom organizma uz dodatno 
volumno i tlačno preopterećenje tipično za bolesnike s KBB-
om. Procjenjuje se da ESRD skraćuje očekivani životni vijek 
za 50 % u usporedbi s očekivanim životnim vijekom osobe iste 
dobi koja nema KBB.2,7

Due to their cardioselectivity, cardiac troponin isoforms I 
and T (cTnI, cTnT) are the most reliable biomarkers for detect-
ing pathological events of cardiac origin. They are elevated in 
various pathological states, such as ischemic heart disease, 
pulmonary embolism, myocarditis, and a number of others, 
which demonstrates that they are specifically associated 
with cardiomyocyte damage of different etiologies. In clini-
cal practice, they are most often measured in order to diag-
nose acute coronary syndrome. Additionally, due to the daily 
turnover of cell proteins in which old proteins are replaced by 
those that have been newly-synthesized, a low concentration 
of troponin can also be observed in the blood of healthy indi-
viduals, ranging from 0.1 to 0.2 ng/L.1

It is well-known that serum troponin levels are elevated in 
patients with chronic kidney disease (CKD) in comparison 
with the general population. This is especially pronounced 
in patients with end-stage renal disease (ESRD) on dialysis.2 
Based on studies that used the first generation of troponin 
tests, it was determined that cTnT levels were elevated up to 
71% in patients without clinical signs of acute ischemia, while 
cTnI levels were elevated in 7% of patients. High troponin con-
centrations where initially justified by strong cross-reactivity 
of the first-generation troponin tests with skeletal isoforms of 
T and I troponins. The development of second-generation tro-
ponin tests in which cross-reactivity with skeletal isoforms 
was reduced to less 0.01% disproved the extremely high val-
ues observed in the initial studies. Further studies performed 
with second-generation tests once again found elevated tro-
ponin levels in patients with CKD.3 Over time, the tests have 
become significantly more sensitive, and today there are five 
generations of troponin tests that can be broadly classified 
into 3 categories: conventional, sensitive, and highly-sensi-
tive tests. Sensitive troponin tests can, by definition, detect 
and quantify troponins in 20% to 50% of healthy individuals. 
High-sensitivity troponin tests (determining hs-cTnT i hs-
cTnI) can detect troponins in more than 50% of seemingly 
healthy subjects, while keeping the coefficient of variation 
at less than 10% when determining the 99th percentile upper 
reference limit.4 It is this high-sensitivity troponin measure-
ment that represents the current diagnostic standard. Using 
the tests mentioned above, studies have found elevated hs-
cTnT levels in 50% to 90% of patients with ESRD in compari-
son with hs-cTnI, which was elevated in less than 25% of such 
patients.5

It is believed that troponin concentrations in the blood can 
have significant prognostic value in predicting the develop-
ment of cardiovascular diseases (CVD) and deaths in patients 
with CKD. We know that CKD significantly increases the risk 
for CVD development, and, according to the recommendations 
of the National Kidney Foundation and the American Heart 
Association, all patients with CKD are considered at high risk 
for developing CVD.6 Annual incidence of heart failure in pa-
tients with ESRD is estimated at between 25% and 75%, which 
is significantly higher than in the general population.7 This is 
also exacerbated by the accelerated development of athero-
sclerosis caused by the general inflamatory response along 
with the additional volume and pressure overload typical for 
patients with CKD. It is estimated that the life expectancy of 
persons with ESRD is reduced by 50% in comparison with per-
sons of the same age without CKD.2,7
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Povezanost troponina s ukupnim i 
kardiovaskularnim rizikom

TROPONIN T
S obzirom na pandemijske razmjere problema, posljednjih 20-
ak godina istražuje se povezanost serumske koncentracije 
troponina i KV morbiditeta i mortaliteta u oboljelih od KBB-a. 
U jednom od prvotnih istraživanja autorâ Dierkes i sur., pro-
vedenom u 102 ispitanika na dijalizi praćenih tijekom dvije 
godine, pokazano je da je u skupini od 12 bolesnika u kojih 
su zabilježene povišene koncentracije cTnT-a više od 100 ng/L 
bila utvrđena mnogo veća smrtnost (>80 %).8 U 40 bolesnika 
zabilježene su koncentracije cTnT-a više od 40 ng/L te je do 
kraja praćenja u toj skupini preminulo 18 osoba. Svi bolesnici 
s nedetektibilnim cTnT-om preživjeli su razdoblje praćenja od 
dvije godine. Zaključno, osjetljivost povišenog cTnT-a u pre-
dikciji ukupnog mortaliteta iznosila je 83 % pri koncentraci-
jama višima od 100 ng/L, a pri koncentracijama višima od 40 
ng/L iznosila je 45 %. Specifičnost testa bila je 100 %. Ukupno 
su 33 bolesnika oboljela od neke KVB tijekom razdoblja pra-
ćenja. Nisu zabilježene značajnije razlike u koncentracijama 
cTnT-a u onih koji su oboljeli od KVB-a u usporedbi s onima 
koji nisu. 

Deegan i sur. tijekom petnaestomjesečnog praćenja utvrdili 
su smrt u 13 od 20 dijaliziranih bolesnika s koncentracijama 
cTnT-a >100 ng/L te u 8 od 53 bolesnika s koncentracijama 
<100 ng/L.9 Mallamaci i sur. navode kako su inicijalne kon-
centracije cTnT-a tijekom trogodišnjega praćenja bile više u 
preminulih s obzirom na preživjele te također među premi-
nulima od KVB-a s obzirom na preminule od ostalih bolesti.10 
U jednogodišnjeme praćenju 94 bolesnika na dijalizi Stolear i 
sur. zabilježili su signifikantne razlike u preživljenju, pri čemu 
su oni s koncentracijama cTnT-a >100 ng/L imali mnogo lošije 
ishode.11

Novija su istraživanja temeljena  na određivanju hs-cTnT-
a s pomoću testova četvrte i pete generacije. Hassan i sur. 
pratili su kohortu od 393 ispitanika na dijalizi tijekom jedne 
godine.12 Medijan hs-cTnT-a iznosio je 57 ng/L bez značajnije 
razlike između bolesnika na peritonealnoj dijalizi i hemodi-
jalizi. Porast ukupnog mortaliteta i učestalosti infarkta mio-
karda pratio je porast vrijednosti hs-cTnT-a. Dokazano je da 
je hs-cTnT neovisni prediktor ishoda (smrti odnosno fatalnog 
KVB-a), pri čemu je povišenje rizika bilo posebice značajno pri 
vrijednostima hs-cTnT-a višima od 49 ng/L.13

TROPONIN I
Rezultati istraživanja vezanih za cTnI mnogo su varijabilniji u 
usporedbi s istraživanjima s cTnT-om. Naime, pojedina istra-
živanja nisu zabilježila povezanost između vrijednosti cTnI-
a i KV rizika u šestomjesečnom razdoblju praćenja.14 Druga 
istraživanja navode da su novi hs-cTnI testovi podjednako 
precizni u predikciji KV rizika kao i oni koji mjere hs-cTnT.15 
Prema jednoj metaanalizi, lošija prediktivnost cTnI-a mogla 
bi biti posljedica neadekvatne standardiziranosti testova.16 

Pojedini izvori navode kako bi proces hemodijalize mo-
gao pospješivati eliminaciju cTnI-a te posljedično utjecati 
na njegovu postdijaliznu koncentraciju i time na prediktivni 
potencijal.2 Da bi se istražio utjecaj hemodijalize na koncen-
traciju troponina, provedeno je pilot-istraživanje temeljeno na 
mjerenju konentracije cTnT-a i cTnI-a u dijalizatu anuričnih 

The association between troponin and 
total and cardiovascular risk

TROPONIN T
Given the pandemic scale of the issue, the association be-
tween serum concentrations of troponin and CV morbidity 
and mortality in patients with CKD has been vigorously in-
vestigated over the last 20 years. In one of the initial studies 
conducted by Dierkes et al., 102 patients on dialysis were fol-
lowed over the course of two years, and it was demonstrated 
that the group of 12 patients who had increased concentra-
tions of cTnT, above 100 ng/L, had significantly higher mor-
tality (>80%).8 A group of 40 patients had cTnT concentrations 
above 40 ng/L, and 18 persons died in this group during the 
study period. All patients with undetectable cTnT survived 
the study period of two years. In conclusion, the sensitivity 
of elevated cTnT for the prediction of total mortality was 83% 
for concentrations above 100 ng/L and 45% for concentra-
tions above 40 ng/L. The test specificity was 100%. A total of 
33 patients developed some form of CVD during the follow-up 
period. No significant differences in cTnT concentration were 
observed in those patients who developed CVD in comparison 
with those who did not.

Over the course of 15-month study, Deegan et al. reported 
deaths in 13 of 20 patients on dialysis with cTnT concentra-
tions >100 ng/L and in 8 out of 53 patients with cTnT concen-
trations <100 ng/L.9 Mallamaci et al. reported that initial cTnT 
concentrations during three-year follow-up were higher in 
patients who died in comparison with those who survived, 
and were also higher in patients who died of CVD in com-
parison with those who died of other diseases.10 In a one-year 
follow-up of 94 patients on dialysis, Stolear et al. observed 
significant differences in survival rates, with those patients 
who had cTnT concentrations >100 ng/L having significantly 
poorer outcomes.11

Newer studies are based on measuring hs-cTnT using 
fourth- and fifth-generation tests. Hassan et al. followed a 
cohort of 393 patients on dialysis for a period of one year.12 
Median hs-cTnT was 57 ng/L, with no significant difference 
between patients on peritoneal dialysis and those on hemodi-
alysis. Total mortality and incidence of myocardial infarction 
increased along with increased hs-cTnT levels. It has been 
demonstrated that hs-cTnT is an independent outcome pre-
dictor (of death or fatal CVD), with an especially significant 
risk increase for hs-cTnT values above 49 ng/L.13

TROPONIN I
The results of studies conducted on cTnI are much more vari-
able in comparison with studies on cTnT. Namely, some stud-
ies did not find an association between cTnI values and CV 
risk in a six-month follow-up period.14 Other studies reported 
that new hs-cTnI had a similar level of precision in predict-
ing CV risk as those that measure hs-cTnT.15 According to 
one metanalysis, poorer predictivity of cTnI could be a conse-
quence of inadequate test standardization.16

Some sources state that hemodialysis could improve cTnI 
elimination and consequently influence its post-dialysis con-
centration and thus also its predictive potential.2 In order to 
study the influence of hemodialysis on troponin concentra-
tions, a pilot study was conducted based on measuring cTnT 
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bolesnika na programu kronične hemodijalize.2 Medijan dobi 
iznosio je 70 godina. Nitko od ispitanika nije bolovao od srča-
nog zatajivanja. U svih se ispitanika koncentracija troponina 
određivala  prema unaprijed određenom vremenskom obras-
cu. Prvi uzorak dijalizata uzimao se pola sata nakon početka 
dijalize, drugi nakon 120 minuta, a treći nakon 180 minuta od 
početka. cTnT je dokazan u svim uzorcima dijalizata, za razli-
ku od cTnI-a koji je dokazan u 53,3%, pri čemu su koncentraci-
je cTnT-a bile više s obzirom na cTnI. Razlike u koncentraciji 
troponina na kraju dijalize u odnosu prema prosječnoj kon-
centraciji troponina u dijalizatu nisu bile statistički značajne. 
Sukladno rezultatima, prvi put je dokazana prisutnost tropo-
nina T i I u dijalizatu anuričnih bolesnika na hemodijalizi.2 
Također je dokazano da je koncentracija troponina u dijali-
zatu stabilna tijekom izvođenja procesa hemodijalize. Veća 
koncentracija cTnT-a s obzirom na cTnI mogla bi se objasniti 
vezanjem cTnI-a za membranu dijalizatora.17 

Metabolizam i ekskrecija troponina
Građa i sinteza troponina i troponinskog kompleksa, kao i 
njihova cirkulacija u krvi, dobro su poznate. No nedovoljno se 
zna o procesu metaboliziranja i samoj ekskreciji troponina iz 
organizma. Upravo bi se u načinu metaboliziranja troponina 
mogao potencijalno kriti razlog zbog kojega se u oboljelih od 
KBB-a bilježe njihove povišene vrijednosti. U istraživanju 
E. Michielsena utvrđena je i opisana degradacija troponina 
nakon ireverzibilnog oštećenja kardiomiocita.18 Lancel i sur. 
govore o degradaciji troponina unutar kardiomiocita kao po-
sljedici djelovanja proteaza osjetljivih na stanično oštećenje.19  

Druga istraživanja navode da porast unutarstaničnog kalci-
ja za vrijeme ishemije i rane reperfuzije miokarda dovodi 
do aktivacije o kalciju ovisnih proteaza poput kalpaina I i II 
koje potom degradiraju troponine.20 Communal i sur. upućuju 
na enzimatsku razgradnju putem kaspaza u in vitro ekspe-
rimentima.21 S druge strane, pojedini izvori navode kako re-
tikuloendotelni sustav ima ključnu ulogu u metaboliziranju 
troponina.22

Bubrezi i ekskrecija troponina
Istraživanja su sve sklonija teoriji prema kojoj su bubrezi 
ključni organi putem kojih se troponini eliminiraju iz krvi. S 
obzirom na veliku molekularnu masu intaktnih troponina  te 
kompleksa u čijem se sastavu  oslobađaju u krv, malo je vjero-
jatno da bi se tako velike molekule izlučivale bubrezima.3 Uzi-
majući u obzir rezultate prethodno spomenuta istraživanja u 
kojemu je dokazana degradacija troponina u manje fragmen-
te, može se pretpostaviti da bi takvi mnogo manji degradacij-
ski produkti mogli biti podložni izlučivanju putem bubrega.18 
Pervan i sur. odredili su preliminarni referentni interval za 
visokoosjetljivi troponin I (hs-cTnI) u urinu zdravih ispitani-
ka.1 Uzorak je činilo 60 zdravih ispitanika (30 muškaraca i 30 
žena) koji su odabrani prema sljedećim kriterijima: nepušači 
u dobi od 25 do 65 godina, indeks tjelesne mase <30 kg/m2, od-
sutnost akutnih i kroničnih bolesti te izostanak teške tjelesne 
aktivnosti unatrag 7 dana i noćnog rada unatrag 30 noći od 
trenutka uzorkovanja. Istraživanjem je dokazana prisutnost 
troponina I u urinu te je određena preliminarna 99. percen-
tila URL-a uzorkovane skupine koja se smatra referentnom. 
Ta je vrijednost za muškarce iznosila 39,3 ng/L, a za žene 35,2 
ng/L. Time je potvrđena pretpostavka da se troponini u zdra-

and cTnI concentrations in the dialysate of patients with 
anuria participating in a chronic hemodialysis program.2 The 
median age in the study was 70 years. None of the partici-
pants suffered from heart failure. Troponin concentrations in 
all participants were measured according to a previously de-
termined schedule. The first dialysate sample was taken half 
an hour after the start of the dialysis procedure, the second 
after 120 minutes, and the third after 180 minutes from the 
beginning of the procedure. cTnT was found in all dialysate 
samples, as opposed to cTnI, which was found in 53.3%, with 
higher cTnT concentrations in comparison with cTnI. The dif-
ferences in troponin concentrations at the end of dialysis in 
comparison with average troponin T and I concentrations in 
the dialysate were not statistically significant. These results 
represent the first demonstration of the presence of troponins 
T and I in the dialysate of patients with anuria on hemodi-
alysis.2 Additionally, it was demonstrated that the concentra-
tion of troponin in the dialysate was stable during hemodi-
alysis. The higher concentration of cTnT in comparison with 
cTnI might be explained by the binding of cTnI to the dialysis 
membrane.17

Metabolism and excretion of troponin
The structure and synthesis of troponins and the troponin 
complex as well as their circulation in the blood is well-estab-
lished. However, not enough is known on the metabolism and 
excretion of troponin from the body. Troponin metabolism 
could potentially be the reason for higher troponin values in 
patients with CKD. A study by E. Michielsen found and de-
scribed the degradation of troponins after irreversible cardio-
myocyte damage.18 Lancel et al. described the degradation of 
troponins within cardiomyocytes as a consequence of the ac-
tion of proteases sensitive to cellular damage.19 Other studies 
have claimed that the increase in intracellular calcium dur-
ing ischemia and early myocardial reperfusion leads to the 
activation of calcium-dependent proteases such as calpain I 
and II, which subsequently degrade troponins.20 Communal 
et al. pointed to enzymatic troponin degradation by caspase 
in vitro.21 On the other hand, some sources have claimed that 
the reticuloendothelial system plays a key role in troponin 
metabolism.22

The kidneys and troponin excretion
Studies have been increasingly leaning towards the theory 
that the kidneys are the crucial organ for the elimination 
of troponin from the blood. Given the large molecular mass 
of intact troponins and the complexes in which they are re-
leased into the blood, it is unlikely that such large molecules 
would be excreted via the kidneys.3 Based on the results of 
the abovementioned studies that demonstrated degradation 
of troponin into smaller fragments, it can be assumed that 
such significantly smaller products of degradation could be 
susceptible to excretion via the kidneys.18 Pervan et al. deter-
mined the preliminary reference intervals for high-sensitiv-
ity troponin I (hs-cTnI) in the urine of healthy subjects.1 The 
sample comprised 60 healthy subjects (30 men and 30 wom-
en) who were selected according to the following criteria: non-
smokers between the ages of 25 and 65, body-mass index <30 
kg/m2, absence of acute and chronic diseases, and absence of 
strenuous physical activity in the previous 7 days and night 
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vih ljudi, barem jednim dijelom, izlučuju  bubrezima.1 U prilog 
teoriji da se troponini izlučuju putem bubrega ide i činjenica 
da bolesnici s ESRD-om imaju povišene koncentracije tropo-
nina čak i bez suspektne KV patologije, kao i djeca na dijali-
zi.2,23 Stoga je u dijagnostici ishemijske bolesti srca u takvih 
bolesnika važno obratiti pažnju na kliničku sliku i dinamiku 
troponina tijekom vremena kako se ne bi pribjegavalo pogreš-
nom dijagnosticiranju akutnoga koronarnog sindroma (AKS). 
Fridén i sur. utvrdili su na životinjskom modelu (štakor) da se 
cTnT pri niskim i stabilnim koncentracijama u krvi pojačano 
izlučuje  bubrezima, dok pri izrazitom povišenju koncentra-
cije (npr. nakon infarkta miokarda) dominiraju ekstrarenalni 
putevi metaboliziranja.24 Time bi se moglo objasniti zašto se 
koncentracija troponina povećava u krvi bolesnika s oslablje-
nom bubrežnom funkcijom u fazi kada se u njih još nije ra-
zvila AKS ili neka druga KV patologija. U istraživanju Ziebiga 
i sur. dobiveni su podatci o eliminaciji troponina urinom, u 
kojima se može uočiti podudarnost s teorijom V. Fridéna, pre-
ma kojoj se način metaboliziranja troponina razlikuje ovisno 
o njihovoj koncentraciji u krvi.25 

Marute i sur. dokazali su prisutnost hs-cTnI-a u urinu is-
pitanika s oštećenjem miokarda.26 Za ispitanike su izabrani 
bolesnici s akutnim infarktom miokarda bez elevacije ST-se-
gmenta (NSTEMI) te bolesnici podvrgnuti invazivnim kardi-
ološkim zahvatima. Rezultati su pokazali da su plazmatske 
vrijednosti hs-cTnI bile znatno povišene u bolesnika s NSTE-
MI-jem, kao i u onih podvrgnutih invazivnim postupcima, u 
usporedbi sa zdravim kontrolama. Također u usporedbi sa 
zdravim kontrolama, ispitanici su imali i znatno povišene 
vrijednosti hs-cTnI-a u urinu, uz napomenu da su dobivene 
koncentracije bile 1000 do 10 000 puta od plazmatskih. 

Poseban je osvrt potreban u populaciji s dijabetesom koja 
također poprima pandemijske razmjere, a koji čine većinu 
bolesnika u ESRD-om, pa je potrebno sustavno razumjeti slo-
ženu situaciju povezanosti više organskih sustava, a posebno 
utjecaja HbA1c i troponina na konačan ishod.

Zaključak
Uzimajući u obzir globalno starenje populacije i kontinui-
rani porast incidencije kroničnih nezaraznih bolesti, poput 
arterijske hipertenzije i dijabetesa, očekivan je pandemijski 
problem povećanja udjela oboljelih od KBB-a u svakodnev-
noj kliničkoj praksi. Iako je uvriježeno mišljenje da bolesnici 
u terminalnim stadijima bubrežne bolesti na dijalizi umiru 
zbog bubrežne bolesti, stvarnost je drukčija. Istraživanja ja-
sno upućuju na to da su KVB vodeći uzrok smrti u oboljelih od 
KBB-a, a posebice ESRD-a. U većini slučajeva riječ je iznenad-
noj srčanoj smrti u podlozi ishemijske bolesti srca te o srča-
nom zatajivanju. Nerijetko se viđaju moždani udar i perifer-
na arterijska bolest. Nepobitna je činjenica da su vrijednosti 
visokoosjetljivh troponina povišene u bolesnika s KBB-om i 
ESRD-om te da su u izravnoj korelaciji s kardiovaskularnim i 
ukupnim mortalitetom, odnosno povišenim rizikom od smrt-
nog ishoda. 

shit work in the past 30 days from the time the sample was 
collected. The study demonstrated the presence of troponin 
I in urine, and a preliminary 99th percentile upper reference 
limit of the sampled group was determined. This value was 
39.3 ng/L for men and 35.2 ng/L for women. This confirms the 
hypothesis that troponins are, at least in part, excreted via the 
kidneys in healthy individuals.1 The theory that troponin is 
excreted via the kidneys is also supported by the fact that pa-
tients with ESRD have elevated troponin concentrations even 
without suspected CV pathology, as do children on dialysis.2,23 

It is thus important that diagnosis of ischemic heart disease 
in such patients include considering the clinical picture and 
dynamics of troponin over time, to avoid misdiagnosis of 
acute coronary syndrome (ACS). Fridén et al. used an animal 
model (rats) to determine that cTnT secretion via the kidneys 
is increased at low and stable concentrations in the blood, but 
when the concertation of cTnT is extremely elevated (for in-
stance after myocardial infarction), extrarenal metabolism 
pathways become dominant.24 This could explain why tro-
ponin concentration is elevated in the blood of patients with 
weakened renal function in the phase when they have not yet 
developed ACS or some other CV disease. The study by Ziebig 
et al. provided data on the elimination of troponin through 
urine that seem to corroborate the theory of V. Fridén, accord-
ing to which troponin metabolism changes depending on the 
concentration in the blood.25

Marute et al. demonstrated the presence of hs-cTnI in the 
urine of patients with myocardial damage.26 Study partici-
pants were selected among patients with non-ST-elevation 
myocardial infarction (NSTEMI) and patients subjected to 
invasive cardiological procedures. The results showed that 
plasma hs-cTnI levels were significantly elevated in patients 
with NSTEMI and in those who underwent invasive proce-
dures in comparison with healthy controls. In comparison 
with healthy controls, study subjects also had significantly 
elevated urine hs-cTnI values, with these values being 1000 to 
10 000 times lower in comparison with plasma levels.

The population of patients with diabetes, which is also 
reaching a pandemic scale, deserves special attention, as 
these patients comprise the majority of patients with ESRD, 
and it is thus necessary to systematically examine this com-
plex interconnectedness of multiple organ systems, especial-
ly the influence of HbA1c and troponin on final outcomes.

Conclusion
Given the global aging of the population and the continuous-
ly increasing incidence of chronic non-infectious diseases 
such as arterial hypertension and diabetes, we can expect 
a pandemic-level issue of increasing prevalence of CKD in 
everyday clinical practice. Although it is widely believed that 
patients in the end stages of kidney disease who are on di-
alysis die of kidney disease, the reality is different. Studies 
have clearly shown that CVDs are the leading cause of death 
in patients with CKD, especially those with ESRD. In most 
cases, these are sudden cardiac deaths with underlying is-
chemic heart disease and heart failure. Stroke and peripheral 
arterial disease are also common. It is indubitable that high-
sensitivity troponin levels are elevated in patients with CKD 
and ESRD and that they are directly correlated with cardio-
vascular and total mortality, and thus with increased risk of 
a fatal outcome.

 Lozić B, Delalić Đ, Marković D, Svaguša T, Prkačin I.
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