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POPULARVETENSKAPLIG SAMMANFATTNING

Manga patienter soker akutmottagningen med symptom som kan tyda pa hjartinfarkt, vilket
ofta bestar av akut brostsmarta. For att utreda om en patient har en akut hjartinfarkt tar man
EKG och blodprover for att analysera hjartskademarkorer, som kallas troponiner. Sedan
nagra ar tillbaka anvands en ny metod for att analysera troponiner som ar mycket kansligare
an tidigare metoder(1). Aven en minimal skada pa hjartmuskeln kommer att synas i
blodprover med den nya hogkansliga metoden. Detta har medfort att det gar att upptacka
hjartinfarkter tidigare an forut.

Den nya metodens 6kade kanslighet for hjartskada har dock lett till att en stor andel av
patienter som inte har hjartinfarkt kommer att ha férhojda troponin-nivaer i blodet(2,3). Det
finns manga akuta hjartsjukdomar utdver hjartinfarkt som kan orsaka forhojda troponiner i
blodet som tecken till hjartskada, till exempel akut hjartsvikt, men &ven andra akuta
sjukdomstillstand sa som svara infektioner och blodpropp i lungorna(4). Vid de akuta
sjukdomstillstanden inriktas utredning och behandling i regel mot den akuta sjukdomen i
fraga. Akut forhojda troponin-nivaer har dock visat sig vara relaterade till en 6kad risk for
dod, bade hos patienter med och utan tidigare hjartsjukdom(5-7).

En stor andel patienter som séker vard pa grund av brostsmarta, men som inte diagnosticeras
med hjartinfarkt eller har nagon annan uppenbar akut sjukdom, har visat sig ha stabilt
forhojda troponin-vérden i blodet méatt med den hdgkénsliga metoden. Dessa patienter har
mest sannolikt en kronisk hjartskada, eftersom troponin som mats i blodet bara kan komma
fran hjartmuskelceller. Aven om faktorer sésom kon, alder och njurfunktion paverkar nivéer
av troponin i blodet, har befolkningsbaserade studier indikerat att troponin-vardet ar en
oberoende riskmarkor for tidig dod och hjartsjukdom(8). I sadana studier har troponin-vérden
bland annat kopplats till strukturella hjartforandringar som kan utgéra forstadium till
hjartsviktssjukdom(9). Det finns idag inga riktlinjer for hur man ska utreda, behandla och

félja upp patienter med forhdjda troponiner utan hjértinfarkt.

Denna avhandling baseras pa fyra delstudier som syftar till att undersoka betydelsen av
troponin-nivaer i blodet, matt med en hogkanslig metod, hos patienter med brostsmarta utan

hjartinfarktsdiagnos.



| studie | undersoktes langtidsprognosen hos patienter med brostsmarta utan hjartinfarkt, men
med stabila troponin-nivaer i blodet. Totalt inkluderades 19,460 patienter, och resultatet
visade ett starkt samband mellan 6kande nivaer av troponin i blodet och risken for att do i
fortid, men aven risken for att insjukna i hjartinfarkt eller hjartsvikt i framtiden. Aven laga
troponin-nivaer, som idag inte betraktas som férhojda, visade sig vara forenade med en ékad

risk jamfort med ométbara troponin-nivaer.

I studie 11 undersoktes hur patienter med bréstsmarta och forhdjda troponin-nivéer utan
hjartinfarkt utreds, behandlas och foljs upp efter vistelse pa sjukhus, med avseende pa
hjartsjukdom. Resultaten visade att 5% genomgick eller var planerade for undersokning med
nagon form av sa kallat stresstest (exempelvis arbetsprov), och motsvarande siffra for
ultraljudsunderstkning av hjartat var 33%. En betydande andel av de patienter som utreddes
visade sig ha tidigare okand hjartsjukdom. Patienterna hade en planerad uppféljande

vardkontakt halften sa ofta som patienter som drabbats av hjartinfarkt.

| studie 111 jamfordes resultaten fran studie | med prognosen hos patienter med brostsmarta
och som fatt hjartinfarkt under samma studieperiod. Resultaten visade att risken for dod hos
patienter med stabila troponin-nivaer mellan 10 och 29 ng/l (6vre normalgrans: 14 ng/l)

motsvarade den hos patienter med en akut hjartinfarkt.

I studie 1V undersoktes om troponin-vérden paverkas av tid pa dygnet for provtagningen, hos
de patienter som inkluderades i studie I. Resultaten visade endast minimala skillnader mellan
troponin-nivaer under olika perioder pa dygnet, och dessa skillnader forsvann nér resultaten

aldersjusterades.

Sammanfattningsvis har studieresultaten bidragit till 6kad kunskap om troponin-nivaer i
blodet hos patienter utan hjartinfarkt. Denna kunskap kan i framtiden anvandas till att

utforma studier som syftar till att forbattra prognosen hos dessa patienter.



ABSTRACT

Background: Many patients who seek medical attention because of chest pain in the
emergency department (ED), without myocardial infarction (M) as a final diagnosis, will
have cardiac troponin (cTn) levels above the upper normal limit when measured with the
high-sensitivity cardiac troponin T (hs-cTnT) assay. In patients with acute medical diseases
other than MI which may affect hs-cTn levels, treatment strategies focus on underlying
conditions. However, stable elevation of hs-cTnT levels not related to any acute medical
condition indicates chronic myocardial injury, which is a rather newly recognized entity.
Knowledge about the prognosis in chronic myocardial injury is limited. The aim of this thesis
was to investigate the implications of detectable and elevated hs-cTnT levels in patients
without MI.

Methods: The study population were patients with chest pain in the ED at Karolinska
University Hospital from 2011 to 2014. The cohorts were identified in the local
administrative database of all patients seeking medical attention in the ED, while additional
data were retrieved from national patient registers. Study | was performed to investigate long-
term outcomes in patients with stable hs-cTnT levels but no MI (n=19,460). Study Il was
performed to investigate how patients with chest pain and elevated hs-cTnT levels but no Ml
(n=1848) are investigated, treated, and followed-up, compared with patients with Ml
(n=927). Study Il was performed to compare long-term prognosis in patients with stable hs-
cTnT levels in study I (n=19,460) with patients with Non-ST-Segment Elevation Myocardial
Infarction (NSTEMI) from the same original cohort of patients with chest pain in the ED
(n=1269). Study 1V was performed to investigate diurnal variation in admission hs-cTnT
levels in patients with stable hs-cTnT levels in study | (n=19,460), i.e. if the time of the day
needs to be considered when assessing hs-cTnT levels.

Results: In patients with stable hs-cTnT levels, a graded association was found between the
hs-cTnT level and risk of death, M1 and heart failure. Findings were consistent across all sub
groups, e.g. in patients with and without established heart disease and chronic kidney disease.
Only minimal diurnal variation in admission hs-cTnT levels, which disappeared after age-
adjustment, was observed in these patients. Patients with chronic myocardial injury and hs-
cTnT levels 10-29 g/l were found to have a similar long-term risk of death as patients with
NSTEMI, while the risk was higher at hs-cTnT levels >30 ng/l. Patients with elevated hs-
cTnT levels but no MI were found to infrequently undergo cardiac investigations, were rarely
prescribed new cardiovascular medications, and were less likely to have a planned follow-up
after discharge compared to patients with M.

Conclusions: Patients with stable hs-cTnT levels have a high risk of premature death and
cardiovascular disease, yet infrequently undergo cardiac investigations. This should merit
further attention, as today there are no clinical guidelines for clinical management of these
patients.
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LIST OF ABBREVIATIONS

ACEI/ARB Angiotensin-converting enzyme inhibitor/Angiotensin

receptor blocker

ACS Acute coronary syndrome

Cl Confidence interval

CAD Coronary artery disease

CKD Chronic kidney disease

COPD Chronic obstructive pulmonary disease
CK-MB Creatine kinase-muscle/brain

CVv Coefficient of variance

ECG Electrocardiogram

ED Emergency department

eGFR Estimated glomerular filtration rate
ESRD End-stage renal disease

ESC European Society of Cardiology

HF Heart failure

Hs-cTnl High-sensitivity cardiac troponin |
Hs-cTnT High-sensitivity cardiac troponin T

HR Hazard ratio

ICD International version of the disease classification
MI Myocardial Infarction

LoD Limit of detection

LVEF Left-ventricular ejection fraction

NPR National Patient Register

NSTEMI Non-ST-Segment Elevation Myocardial Infarction
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PIN Personal identity number
RR Risk ratio

STEMI ST-Segment Elevation Myocardial Infarction
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INTRODUCTION

High-sensitivity cardiac troponin (hs-cTn) assays have been established as the key cardiac
biomarkers for myocardial infarction (MI) diagnosis, with improved early diagnostic
accuracy including significantly shorter time to diagnosis and identification of a higher
number of patients with MI on presentation to hospital, compared to older generations of
cardiac troponin (cTn) assays(1, 10-12). The characteristics of the assays have also
contributed to an improved ability to rule-out MI in patients with chest pain in the
emergency department (ED)(13,14). However, the high sensitivity has been accompanied
by a low specificity, since the upper normal limit in the high-sensitivity assays is defined by
the 99™" percentile value derived from healthy reference populations(1,15). Therefore, a
substantial proportion of patients with chest pain in the ED, but without M1 or any other
acute medical condition that may affect the cTn level, will have elevated hs-cTn levels.
Persistently elevated hs-cTn levels indicate chronic myocardial injury(16). In these patients,
there is a paucity of data regarding long-term outcomes, proper investigations and treatment

strategies to prevent potential adverse outcomes.

The aim of this thesis was to investigate the implications of detectable and elevated hs-cTnT

levels in patients without M.
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BACKGROUND

CHEST PAIN IN THE EMERGENCY DEPARTMENT

Chest pain in the ED may be suggestive for an evolving MI, however the prevalence of Ml
reported in prospective cohorts of consecutive patients with chest pain is usually low, ranging
from 7% to 23%(10, 17-20). Nonetheless, an MI needs to be identified in an early phase,
since time delay from symptom onset to treatment is associated with increased mortality,
complications and long-term risk of recurrence(21). Thus, when a patient presents with chest
pain in the ED, sensitive and accurate diagnostic procedures needs to be applied. The
diagnostic work-up for M1 is based on patient symptoms, assessment of an electrocardiogram

(ECG) and analysis of cardiac biomarkers in the blood(22).

CARDIAC BIOMARKERS

Cardiac biomarkers are macromolecules that diffuse into the cardiac interstitium and
surrounding tissue when the integrity of the cardiac myocyte membrane is damaged, and may
eventually be detected in a peripheral blood sample(23). Preferable characteristics of a

biochemical cardiac marker are summarized in TABLE 1.

TABLE 1. Ideal characteristics of a cardiac biomarker.

Considerable concentration of the marker in the myocardium
Absence in non-myocardial tissue and normal serum
Rapid release into the blood at the time of ischemia
A relationship between its concentration and the extent of myocardial injury
Persistence in the blood for a sufficient length of time after myocardial injury
Rapid testing
Testing easy to perform
Inexpensive

HISTORICAL OVERVIEW OF CARDIAC BIOMARKERS

Different proteins, e.g. creatinine kinase, lactate dehydrogenase and myoglobin, have
historically been used as standard cardiac biomarkers. The main disadvantage with these
biomarkers has been their limited power in aspects of sensitivity and specificity for

myocardial injury.

Aspartate aminotransferase
Aspartate aminotransferase was the first biomarker used in clinical practice for the detection

of myocardial damage, and was introduced in 1954. The first method was based on paper
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chromatography, and therefore extremely time-consuming, though the technique was later
developed and improved to a more rapid and practical spectrophotometric method. Despite a
high sensitivity for MI, Aspartate aminotransferase was not a cardiac-specific biomarker as it

was released in several non-cardiac conditions(24).

Lactate dehydrogenase

In 1955, lactate dehydrogenase was found to be elevated in blood samples from patients with
acute MI(25). The enzyme is present in almost all human tissue and subsequently not a
cardiac-specific biomarker, even though lactate dehydrogenase isoenzymes was found to

provide higher specificity for cardiac tissue.

Creatine kinase total enzyme activity

Creatine kinase measurement was first developed as a spectrophotometric method in 1955,
and creatine kinase was later described as a potential cardiac biomarker for diagnosing MI. A
high sensitivity was reported for MI in patients with blood samples taken <72 hours from
symptom onset, however measurements of total creatine kinase activity lack specificity for

myocyte injury(26).

Creatine kinase-muscle/brain isoenzyme activity

The isoenzyme creatine kinase-muscle/brain (CK-MB) activity increases in the blood in both
cardiac and skeletal muscle diseases, and was introduced as a cardiac biomarker in the 1970s.
In contrast to previous biomarker assays available, the assays for measuring the enzymatic
activity of CK-MB isoenzyme provided improved cardiac specificity(27). However, several
analytical factors may influence the measured enzyme activity, and as the activity may be
increased in several skeletal muscle diseases, it was not optimal to use as a cardiac-specific

biomarker.

Myoglobin

Myoglobin is a cytoplasmatic protein found in both cardiomyocytes and striated muscle cells,
and is detectable in the blood already 1-3 hours after an acute MI. However, due to its rapid
clearance, with normalized levels in the blood after 1-2 days, patients presenting late after an
MI may test negative. In addition, myoglobin lack cardiac specificity, as concentrations

become high in several other medical conditions, and also after strenuous exercise(24).

14



Creatine kinase-muscle/brain mass

In 1985, an immunoassay for the measurement of CK-MB mass was introduced(28). This
was the first assay to use an immunologic method to quantify protein concentration, as
compared to previous enzymatic assays. However, as for the previous assays, CK-MB mass

may also increase in the blood in several other medical conditions.

CARDIAC TROPONIN

Troponins were first described in the 1960’s, as the molecular mechanisms and structures for
calcium-regulation of muscle contraction was established(29). It was found that the
contractile unit, besides from actin and myosin, consists of a co-existing compound of
tropomyosin and a complex of proteins called troponins. The complex constitutes the
receptive site for calcium and thus regulates the contraction mechanism, as binding of
calcium to the complex releases the tropomyosin-troponin complex from actin and myosin
and activates contraction, whilst contraction is inhibited by the complex in the absence of
calcium.

The troponin complex was later found to consist of three subunits, with different functions in
the contraction mechanism: troponin C, I and T (FIGURE 1). Troponin T is the binding site
for tropomyosin, while troponin | inhibits the interaction between actin and myosin in the
absence of sufficient calcium ions. In cardiac myocytes, troponins are mainly bound to
myofilaments as a part of the structural pool, while a smaller proportion (3-8 %) is considered
to be cytosolic, or alternatively more loosely bound to the myofibrils(30-32). In myocardial
injury, the latter proportion is thought to be released before the degradation of myofibrils and
subsequent release of the troponin complex, and thereby being responsible for the early rapid
rise of troponin in the blood(33). In contrast to the previously described biomarkers,
troponins have isoforms that are unique to cardiac myocytes and may therefore be measured

by immunoassays employing monoclonal antibodies specific to epitopes of the cardiac form.
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Troponin T
Actin Troponin |

Troponin C

Actin-Myosin Complex t -

FIGURE 1. Principal structure of the actin-myosin complex and the troponin protein complex. Image
reproduced with permission from the publisher.

Nomenclature

Cardiac troponin (cTn) assays have been developed from the 1% to the 5™ generation, with
regards to increasing sensitivity due to analytical refinements. The assays are recommended
to be differentiated in conventional, sensitive and high-sensitivity assays, according to their
analytical performance. Conventional assays are often referred to the 1%, 2" and 3"
generation cTn. Sensitive assays are often referred to the 4™ generation ¢Tn, which allow
detection and quantification of cTn levels in 20-50% of healthy individuals. Characteristics
and definition of the high-sensitivity assays, referred to the 5™ generation of cTn assays, are
described below. In addition, so-called ultra-sensitive assays, with even higher analytical

sensitivity, are being developed and could potentially be available in the future.
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HIGH-SENSITIVITY CARDIAC TROPONIN T

Development of a high-sensitivity assay

The first generation of cTn immunoassay was introduced in 1989, and evaluated as a
biomarker for cardiac damage in a clinical context in the 1990s (34, 35).

However, due to nonspecific binding to skeletal-muscle troponin, the detection antibody used
had only a cardiac specificity of less than 80%. Thus, the first-generation cTnT assay
required further refinements of the detection antibodies, which led to development of a 2™
and a 3" generation assay, respectively(36, 37). In 2000, American Heart Association and
European Society of Cardiology (ESC) acknowledged cTn as the preferred cardiac
biomarker, as these assays provided higher sensitivity, and thereby superiority to
conventional methods for low-end accuracy of myocardial damage detection(38).

In the era of the older generations of cTn assays, patients with chest pain were admitted to
hospital for further investigations including serial testing of cTn. Due to delay from
myocardial damage to detection of biomarkers in peripheral blood, for most patients testing
was recommended up to 12 to 24 hours from hospital admission, to be able to safely rule-out
MI(38). Thus, patients were increasingly admitted to chest pain units for observation.
However, only 15-20% of patients with chest pain who were admitted were finally diagnosed
with M1 during their hospital stay, of whom 40-60 % were found to have an undetectable cTn
level at admission(39).

In 2007, the fourth-generation cTnT assay was introduced, in which fragment antigen-
binding of two cTnT-specific antibodies that recognize epitopes located centrally in the
troponin molecule was used(40). In the same year, the cTn standard was adopted in clinical
guidelines, and the use of CK-MB in diagnosing MI was no longer recommended(41).
Further modifications of this assay finally led to the development of a high-sensitivity assay,
which was first evaluated in 2010(1). The modifications resulted in a significantly improved

analytical performance compared to previous assays(1, 15).

Characteristics of a high-sensitivity assay

The high-sensitivity cardiac troponin T (hs-cTnT) assay is only manufactured by one
company (the Elecsys hs-cTnT assay (Roche Diagnostics, Mannheim, Germany)), and until
recently one commercial high-sensitivity cardiac troponin I (hs-cTnl) assay has been
available on the market (ARCHITECT STAT high-sensitivity cardiac troponin | (hs-cTnl)
assay (Abbott Laboratories, Chicago, IL, USA)). The hs-cTnT assay has a limit of detection
(LoD) of 5 ng/l, a 99" percentile value of 14 ng/l and a coefficient of variance (CV) of 10 %

at 13 ng/l, which is both a lower LoD and a higher precision than its precursor’s, as the
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fourth-generation cTnT assay has a LoD of 10 ng/l and a CV of 10% at 30 ng/I(1). The CV
tends to be higher at lower cTn concentrations(42). In the initial validation study, the qualities
of the assay were found to satisfy the criteria for the universal definition of the analytical
performances of a high-sensitivity assay, namely that the CV should be <10% at the
diagnostic cut-off value representing the 99" percentile value of the reference population for
each assay, and second, the ability to measure cTn concentrations below the 99" percentile

value and above the LoD in >50 % of the reference population(1, 42).

The 99" percentile

Since 2007, use of the 99" percentile value as the diagnostic cut-off level has been
recommended in clinical guidelines for the management of M1(43). The 99™ percentile values
for hs-cTn assays are population based reference values derived from populations of healthy
individuals(44). As hs-cTn assays enable detection of cTn in a larger proportion than with
previously used assays, they allow for a more accurate calculation of the 99™ percentile. The
99t™ percentile value for the hs-cTnT assay was determined from two cohorts of healthy
individuals(1, 15), and studies have found that the value is dependent on population
characteristics, e.g. age, sex and glomerular filtration rate (GFR)(44-46). The need of a
clinical validation of age- and sex-specific cut-off values for hs-cTn assays has been
proposed, since a uniform cut-off level may not necessarily reflect the 99t percentile value

derived from a reference population with different demographic characteristics(47).

Biological variability, diurnal variation and analytical aspects

Biological variation, i.e. a pre-analytical variation over time in normal individuals, is
considered when testing threshold values and change values in diagnostic and prognostic
clinical evaluations. In laboratory medicine, three types of biological variation can be
distinguished - variation over a life span, cyclical non-random variation (e.g. diurnal
variation) and random variation(48). Random variation is known as intraindividual variation,
and is referring to a random fluctuation around an individual’s homeostatic set point. It was
not possible to assess biological variability in cTn levels with less sensitive cTn assays,
because of the lack of reliable measurements in healthy individuals(49). With hs-cTn assays,
conjoint biological (i.e. intraindividual) and analytical variation can be calculated and
expressed as reference change values, which are values that must be exceeded before a
change in consecutive test results is considered statistically significant. Such calculations are
assay- and analyte-specific, and based on short- and intermediate-term variation in hs-cTn

levels, measured by serial sampling at regular time intervals in healthy subjects. Studies
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investigating variability in hs-cTn levels have reported conjoint biological and analytical
variation in the 50-60% range(49, 50).

In patients with non-cardiac chest pain in the ED, only small short-term variation has been
observed(51). Long-term biological variability is poorly evaluated, especially in other
populations than small healthy cohorts. In clinically stable patients with chronic cardiac
diseases, e.g. coronary artery disease (CAD) and heart failure (HF), data on both short- and
long-term variation of hs-cTn concentrations are limited.

A few studies have challenged the concept that biological variation in cTnT levels fluctuates
randomly, and have proposed a potential diurnal cTnT rhythm. In these studies, conducted on
healthy individuals, peak hs-cTnT levels in the morning, with subsequent decreasing
concentrations throughout the day has been reported(52, 53). Findings are in line with
physiological diurnal variation in cardiovascular physiology, e.g. daily variation in heart rate
and blood pressure, but also in factors like vascular resistance and platelet aggregability(54).
However, diurnal variation has not been thoroughly evaluated in large populations of patients
with chest pain, in whom hs-cTn measurements mainly are assessed.

Analytical interference of hs-cTn assays is a rare phenomenon but can occur, e.g. due to
circulating heterophilic endogenous antibodies or troponin autoantibodies(55). In addition, in
chronic skeletal muscle disorders associated with muscle damage, re-expression of foetal
proteins such as cTnT isoforms may occur, which may lead to chronically elevated hs-cTnT

levels. In such cases, hs-cTnl can be measured to exclude a cardiac origin of cTn release(55).

HIGH-SENSITIVITY CARDIAC TROPONIN IN CLINICAL PRACTICE

Myocardial injury

Myocardial injury is defined biochemically as an elevated cTn level above the 99™ percentile
value for the specific assay in use, regardless of its pathophysiological underlying
mechanism. Myocardial injury is considered acute if there is evidence of a rise and/or fall of
cTn levels in serial measurements. Chronic myocardial injury is considered if levels are
persistently elevated without a typical dynamic change over time(16).

Several aspects may be considered when interpreting serial measurements of cTn levels. The
washout of cTn is dependent on local plasma flow, which partly may explain the variability
in sustained increase in detectable cTn levels after an acute MI between individuals(56).
Blood flow also affect the time to the peak of cTn levels, and the time until a pathological
changing pattern could be observed. The time from symptom onset to blood sampling will
also affect the ability to observe a dynamic change in cTn levels(16). The fall of cTn levels is

generally slower than the rise in patients with acute myocardial injury. Thus, patients who
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present late after symptom onset may have cTn levels that have plateaued at the time of blood
sampling(16).

For initial baseline hs-cTn levels below or close to the 99t percentile value, relative increases
of at least 50% has been recommended for use to suggest a rising pattern, and to optimize the
overall accuracy of MI diagnosis(16, 57). In patients with baseline hs-cTn levels above the
99™ percentile value, a smaller relative change is required to achieve improved sensitivity. In
these patients, a minimum of 20% relative change in serial testing is recommended(16). The
use of absolute change criteria, as compared to relative change criteria, may be preferable for
the diagnostic accuracy for Ml diagnosis(58). Fixed change values correspond to smaller

relative changes with higher hs-cTn levels (FIGURE 3), which result in higher sensitivity.
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FIGURE 3. lllustration of different absolute hs-cTnT change values with corresponding relative hs-cTnT
changes at different baseline hs-cTnT levels. The red line denotes a 20% change in baseline hs-cTnT level.

Acute myocardial injury and myocardial infarction

An Ml is defined pathologically as myocyte death due to prolonged ischemia. Clinically, it
relies on the presence of acute myocardial injury in the setting of evidence of acute
myocardial ischemia, which is typically represented by either symptoms of acute myocardial
ischemia and/or typical ischemic signs on ECG(22). An MI caused by coronary
atherosclerotic plague disruption (erosion or rupture) is classified as a type 1 Ml. In contrast,
an MI that occurs in conditions in which there is evidence of an imbalance between
myocardial oxygen supply and demand unrelated to a coronary thrombosis, is defined as a
type 2 MI. Conditions that may contribute to such oxygen imbalance include
tachyarrhythmias, hypotension and anaemia(16). Studies have shown variable proportions of

patients classified as type 2 Ml of the total numbers of MI, depending on the criteria used for
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diagnosis(59). Regardless, patients with type 2 MI have been found to exhibit both higher
short- and long-term mortality compared with patients with type 1 MI, with a worse
prognosis among patients with underlying CAD(59-61).

The high-sensitivity assays enable the detection of cTn levels approximately ten times lower
than with older generations of cTn assays, which has improved the low-end accuracy for the
diagnostics of MI(11, 12). The assays may detect minimal cTn levels in the blood several
hours before what was previously possible, allowing for an earlier diagnosis, and rule-out of
MI(1, 11, 18, 62, 63).

The hs-cTnT assay has allowed for Ml to be ruled out already at presentation if admission hs-
cTnT level is <5 ng/l, due to a high negative predictive value(13, 14). Several strategies to
identify low-risk patients suitable for early discharge already at 1 and 2 hours have been
evaluated(64-66). In the current ESC guidelines, it is recommended to use an algorithm in
which blood sampling for hs-cTn analysis is performed at admission and 3 hours thereafter.
However, for the hs-cTnT assay, a validated 0 h/1 h may be used as an alternative (FIGURE
4)(22).

Suspected
NSTEMI
N
Symptoms >3hrs
hs-cTnT <5 ng/L )
(]

0 h <12 ng/l [ Other ] 0 h>52ng/l
AND OR
AO-1h <3 ng/L AO-1h >5 ng/L

Observe I

FIGURE 4. Diagnostic strategy for M1 using a validated 0 h/1 h algorithm for hs-cTnT levels. In patients

with very early presentation <3 hours from symptom onset, rapid rule-out cannot be applied. Adopted from

the 2015 ESC Guidelines for the management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation(22). NSTEMI = Non-ST-Segment Elevation Myocardial Infarction.

Even though older generations of cTn assays offered useful prognostic information in patients

with cardiac disease, evidence is consistent in that the new hs-cTn assays provide improved
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predictive value. Several studies have indicated that hs-cTn levels can predict cardiovascular
death and recurrent Ml in patients with cTn levels below the normal upper limit when
measured with older, less sensitive assays(67-69). However, in a recent study evaluating the
implementation of a hs-cTnl assay in patients with suspected acute coronary syndrome
(ACS), no improvement of clinical outcomes in patients who were reclassified as having

myocardial injury with a high-sensitivity assay was found(70).

Acute myocardial injury without myocardial infarction

In studies on consecutive patients with chest pain in the ED, the reported prevalence of hs-
cTn levels above the 991 percentile value is usually around 20 to 35%(70-73). In patients
with chest pain but without M1, the proportion of patients with elevated hs-cTn levels varies
depending on the study setting, but has typically been reported to be 6% to 13%(3, 12, 71,
72). Over two-thirds (69%) of patients admitted to a chest pain unit with hs-cTnT levels
above the 99™ percentile were previously found to have conditions unrelated to ACS(74). In a
recent study on consecutive patients with suspected ACS in the ED, implementation of a hs-
cTnl assay prompted reclassification of 17% of patients as having myocardial injury, in
whom only one-third had an type 1 MI diagnosis(70).

Acute non-ischemic myocardial injury is commonly observed in patients with both cardiac
and non-cardiac acute medical conditions (FIGURE 5)(4). In patients with acute
decompensated HF, almost all patients will have an c¢Tn level above the 99™ percentile value
when analysed with an hs-cTn assay(75). Type 2 MI and non-ischemic myocardial injury
may co-exist, and a similar long-term mortality has been observed in patients with non-
ischemic myocardial injury and in type 2 MI1(59). In different medical conditions, cTn levels
elevated above the 99™ percentile value may be associated with various causes other than
coronary artery atherothrombosis, and are often likely multifactorial. As in patients with Ml,
cTn levels have been found to be independent determinants and predictors of adverse
outcomes in patients with both other cardiac and noncardiac acute medical conditions(5, 6,
76). In addition, high-sensitivity assays may improve risk prediction for death in those with
undetectable cTn levels with less sensitive assays, e.g. in patients with acute HF and

pulmonary embolism(6, 7).
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FIGURE 5. Medical conditions other than M1 in which acute myocardial injury can be observed. Note: some of
the conditions may contribute to type 2 MI, e.g. hypotension and tachyarrhytmias.

CHRONIC MYOCARDIAL INJURY

Persistently elevated hs-cTn levels in the absence of obvious causes of acute myocardial
damage indicate chronic myocardial injury, although there has been no previous consensus
on how “chronically” or “stable” elevated hs-cTn levels should be defined. In the recently
published fourth universal definition of MI, <20% variation of cTn values in the appropriate
clinical context is recommended to be denoted as stable(16, 55). Several chronic non-
ischaemic medical conditions are associated with chronically elevated hs-cTn levels(32),
however in most studies investigating this topic, no serial measurements of hs-cTn levels
have been evaluated.

Elevated levels of hs-cTn are commonly observed in patients with stable CAD, and have
been linked to the severity and the complexity of atherosclerotic plaques(77). In addition, hs-
cTn levels in patients with CAD have been associated with mortality and may predict long-
term risk of cardiovascular events, in particular HF, even at previously undetectable cTn
concentrations with older assays(78,79). Hs-cTn levels are also strongly related to risk of
death and clinical outcomes in patients with chronic HF. A graded association with HF
hospitalization and all-cause mortality has been found already at low hs-cTnT levels below
the 99" percentile value, which indicate that hs-cTnT could be used as a prognostic
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biomarker(80). In patients with HF, hs-cTnT levels correlate with amino-terminal pro-B type
natriuretic peptides, and increases with higher New York Heart Association classes(81).

The characteristics of hs-cTn assays have allowed for detection of cTn levels in a significant
proportion of asymptomatic individuals in community-based populations, with detectable
concentrations well below those with standard assays(82-84). This has facilitated
investigations of hs-cTn levels as potential biomarkers for subclinical cardiovascular disease
in the general population. The proportion of individuals with detectable hs-cTn
concentrations is strongly dependent on demographics, e.g. sex and age distribution, and
comorbidities(85). The prevalence of detectable cTn levels in two of the largest longitudinal
community-based cohort studies were <1% when measured with standard assays, while
corresponding figures were 25%(84) and 66.5%(82) with hs-cTn assays. A recent meta-
analysis including >150,000 participants without previous cardiovascular disease reported a
prevalence of 80% of detectable hs-cTn levels (FIGURE 6)(8).
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FIGURE 6. Detectable levels of high-sensitivity cardiac troponin t in community-based cohort studies. ARIC
= Atherosclerosis Risk In Communities Study; BRHS = British Regional Heart Study Bruneck Study; CHS =
Cardiovascular Health Study; DHS = Dallas Heart Study; MFS = MIDSPAN Family Study; PROSPER =
Pravastatin in Elderly Individuals at Risk of Vascular Disease Study; ULSAM = Uppsala Longitudinal Study
of Adult Men; WHS = Women’s Health Study.

Associations with death and cardiovascular events

In community-based studies on mainly healthy individuals, a graded association has been
found between hs-cTn levels and the risk for all-cause mortality, cardiovascular death and
cardiovascular events(8, 82-84, 86, 87). In a recent meta-analysis, a 42% increased risk of
cardiovascular death was observed in individuals in the highest third compared with the

lowest third of baseline hs-cTn levels(8).
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The risk of HF has been found six times higher in individuals with hs-cTnT levels >14 ng/I
compared with undetectable levels(82), and in a recent meta-analysis, a doubled risk of first-
ever HF was reported in individuals in the top third compared with those in the bottom third
of baseline values of hs-cTn(88). Most studies indicate that the association between elevated
hs-cTn concentrations and cardiovascular disease seem to be more pronounced for structural
heart disease than for CAD(9, 82, 83, 88). Also in patient with stable CAD, a stronger
association has been found between hs-cTnT levels and the risk of developing HF, as

compared to the risk of an acute M1(84).

Temporal changes of hs-cTn levels and associated risks

Long-term temporal increases in hs-cTn levels have been found to be independently
associated with incident cardiovascular events and mortality in both mainly healthy
individuals and in patients with prior cardiovascular disease, with the highest relative risks in
patients with the most pronounced hs-cTn increases(83, 87, 89, 90). An 8-fold increased risk
of incident HF has been reported in individuals with the most marked increased hs-cTnT
levels over a 6-year period, while corresponding risks for CAD and death were 4-fold(89). In
contrast, the risk for subsequent adverse outcomes are reduced in individuals with hs-cTnT
reductions. The findings on hs-cTn change over time indicate that serial determination of hs-

cTnT could be useful in prognostic assessments and risk monitoring in the future.

Chronic myocardial injury and structural heart abnormalities

Hs-cTn levels in the general population have been associated with the prevalence of structural
cardiac abnormalities, most notably increased left ventricular (LV) mass and left ventricular
hypertrophy (LVH)(9, 84, 91). A reduced left ventricular systolic function is also more
commonly observed in individuals with higher hs-cTn levels(9, 84, 87). Moreover, such
chronic cardiac affections have been associated with temporal increases in hs-cTnT
levels(84). Among asymptomatic individuals with LVH, the risk for developing HF has been
reported 4-fold higher among those with detectable vs. undetectable hs-cTnT levels(92),
which suggests that hs-cTnT levels may help identify patients with LVH at high risk of
developing HF.

A relationship has been observed between baseline hs-cTnT levels in individuals without
previous cardiovascular disease and myocardial non-ischaemic fibrosis/scar on MRi,
consistent with early subclinical remodelling(9). As longitudinal progressive remodelling

measured as LV mass and end-diastolic volume in subjects free from cardiovascular events
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also has been related to baseline hs-cTnT levels, it has been suggested that hs-cTnT levels

may represent a biomarker for subclinical heart disease(9).

Chronic myocardial injury and renal function

Chronic myocardial injury is particularly prevalent among patients with varying degree of
impaired renal function(93, 94). In patients with end-stage renal disease (ESRD), almost all
patients will have levels of cTn above the 99™ percentile value as measured with a high-
sensitivity assay. However, there seem to be a high variability in hs-cTnT levels with
decreasing kidney function, especially when the latter is assessed as creatinine-calculated
estimated glomerular filtration rate (eGFR)(45).

There is no unifying pathophysiological explanation for persistent cTn elevations in patients
with chronic kidney disease (CKD). The underlying causes are probably multifactorial,
including myocyte injury by microvascular silent ischemia, increased ventricular pressure due
to raised preload and/or afterload, supply/demand mismatch with subsequent ischemia,
inflammation and potentially direct uremic toxicity(16, 32, 95-98).

Reduced renal clearance of cTn has also been proposed as a potential reason for persistently
elevated cTn levels. Studies have reported that haemodialysis may reduce hs-cTnT levels by
at least 10%, and in some cases up to 50%, in stable patients with ESRD, which suggest at
least a partial renal clearance of cTnT(99, 100). The magnitude of elevated hs-cTnT levels
observed with declining renal function seem to be more pronounced than that for hs-cTnl
levels(55), and hs-cTnT levels are higher in patients ESRD(101). Intact cTnT has a molecular
weight of 37 kDa, which suggest a low degree of filtration through the glomerular membrane.
However, studies on both older assays and hs-cTn assays have shown that almost all
circulating cTnT molecules in patients with ESRD are degraded into smaller fragments (<20
kDa), small enough for glomerular filtration(102-104). Recent findings indicate that only
intact cTnT and larger primary fragments demonstrate hs-cTnT assay immunoreactivity in
patients with MI, which differs from a pattern of immunoreactive small cTnT fragments
found in patients with ESRD(103). These observations suggest a principal extrarenal
clearance mechanism, conceivably by scavenger receptor-mediated endocytosis in the
mononuclear phagocyte system, at high cTnT concentrations e.g. in the setting of an acute
MI, while kidney-dependent clearance may be of greater importance at low stable cTnT
concentrations(104). They also support potentially future novel assays targeting more specific
epitopes than the present, that may discriminate cTn elevations related to acute myocardial

injury from chronic elevations, such as those observed in patients with CKD(105).
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Hs-cTn levels in patients with CKD are associated with underlying structural heart disease,
e.g. increased LV mass and LVH on echocardiography(94, 106), and may independently
predict cardiovascular events and mortality(107-110). In patients with ESRD and
haemodialysis treatment, temporal increases in hs-cTnT levels have been associated with a
worse prognosis(111). Persistent hs-cTn elevations in patients with CKD without prior
known heart disease should therefore not primarily be attributed to reduced clearance, and not

considered harmless.

PATHOBIOLOGY OF CARDIAC TROPONIN RELEASE

Different mechanisms for troponin release

Historically, cTn has been thought to be released only due to myocardial necrosis(41).
However, cTn has also recently been proposed to be released from reversibly injured
cardiomyocytes, although this hypothesis is controversial. In healthy athletes, transient
troponin elevations may be observed after extraordinary endurance exercise e.g. marathon
running(112, 113), in whom myocardial necrosis is unlikely the primarily underlying
mechanism for cTn release. cTn release has also been observed after dobutamine stress test in
healthy individuals(114). A substantial proportion of individuals without obstructive coronary
heart disease have elevated cTn levels measured with high-sensitivity assays, which further
suggests several different pathophysiological mechanisms for cTn release other than
definitive myocyte necrosis.

Transient myocardial ischemia may play a role in alternative cTn release mechanisms. It has
been suggested that transient ischemia could occur in the setting of silent plaque disruptions
in small coronary vessels with repetitive microembolization in the myocardial
microcirculation, causing a repeated myocardial ischemia without myocyte necrosis(77).
Transient ischemia might also occur due to mismatch between oxygen supply and demand, in
situations when the metabolic demand in the myocardium exceeds the supply. Oxygen
demand may increase in acute medical conditions e.g. sepsis, in which systemic
inflammatory responses may also cause myocardial depression and increased consumption of
oxygen, which further increases the oxygen supply/demand mismatch(115). Oxygen supply
could also be decreased in tachyarrhythmias, due to inadequate diastolic filling time. In
addition, left ventricular hypertrophy result in increased oxygen demand due to higher muscle
mass, which together with a concomitant remodelled microcirculation and a subsequent
decrease in coronary flow reserve causes an oxygen mismatch.

Even though there is a growing body of evidence that cTn release may occur by other

mechanisms than myocyte necrosis, there is no consensus whether these mechanisms may
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contribute to detectable cTn levels in patients with chronic myocardial injury. Given the
stronger associations with incident HF than CAD found in the general population(9, 82, 84),
and the associated structural heart abnormalities(9, 84, 91), it is likely that chronic cTn
release is mediated to a greater extent by manifestations of structural heart disease, than by

indices of atherosclerosis.
Following mechanisms of ¢cTn release have been described (FIGURE 7).
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FIGURE 7. Potential mechanisms of cardiac troponin release in different medical conditions associated with
chronic cardiac troponin elevations. Note: some of the conditions may co-exist and/or overlap (e.g., in aortic
stenosis, elevated cTn levels are also associated with cardiac remodulation by increased LV wall thickness). AF
= atrial fibrillation, CAD = coronary artery disease, CFR = coronary flow reserve, CHF = chronic heart failure,

CKD/ESRD = chronic kidney disease/end-stage renal disease, ¢cTn = cardiac troponin, LV mass = left
ventricular mass, HT = hypertension, PAH = pulmonary arterial hypertension.

Myocyte necrosis
Myocyte necrosis is the principal reason for cTn release from cardiomyocytes. Myofibrils are

composed by repeating units of Ca?*-activated sarcomeres. In acute ischemia, excessive
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leakage of Ca?" into the cardiomyocytes result in irreversible contraction of the sarcomeres,
with a rapid consumption and subsequent depletion of all available ATP(116). Ultimately,

this causes rapid myocyte necrosis and cTn release.

Normal myocyte turnover

Recent studies suggest a continuous limited cardiac regeneration. The annual turnover of
cardiomyocytes has been reported to be approximately 0.5-1%, with the highest exchange
rate in early childhood and thereafter gradually decreasing with age(117).

Cellular release of proteolytic troponin degradation products

Release of cTn degradation products due to proteolysis, without the presence of a necrotic
cellular membrane, has been observed in the setting of transient ischemia. Acute increases in
preload has also been proposed to cause cTn proteolysis and cTn release(118). Studies in
animal models suggest that transient ischemia in cardiomyocytes may activate caspases,
which cleave troponin into fragments that may cross the myocyte sarcolemma and be
released into the blood(119, 120). Activation of caspases indicates subsequent apoptosis,
however transient ischemia resulting in caspase activity and cTn fragmentation has been
observed without cell death(119). Small fragments of cTn molecules may be able to pass the
cellular membrane with intact integrity(118, 121). However, to what extent proteolysis may

contribute to detectable cTn levels in humans is unknown.

Apoptosis

Apoptosis is unlikely to be the dominant mechanism in elevated cTn levels. As the apoptotic
cell is thought to be divided into membrane-enclosed apoptotic bodies, which ultimately
undergo lysosomal degradation, no cTn is excepted to be released. However, it has been
suggested that myofibrils may interfere with the apoptotic bodies, so that cTn may be
released from damaged apoptotic bodies before degradation(122). Studies on animal models
have indicated that brief myocardial ischemia may result in apoptosis, with subsequent cTn
release(123), and that inhibition of apoptosis-inducing caspases by genetic manipulation may
reduce infarct size(124). Stretch-induced apoptosis may also occur due to myocardial wall
tension after transient pressure overload, with cTn release in the absence of myocyte necrosis
(125). However, it is still unknown how apoptosis influences acute or stable cTn elevations in

humans.
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Increased cellular wall permeability

Viable cardiomyocytes have been found to exchange macromolecules over their plasma
membranes through cell wounds, which are formed by transient disruptions in the plasma
membrane. The macromolecular exchange seems to increase e.g. if the cardiomyocyte is
stretched or exposed to transient ischemia(126). The release of cTn by the formation of cell
wounds in myocardial stretch has been proposed to occur due to stimulation of stretch-
responsive integrins, which are mechanotransducer molecules linking the extracellular to the
intracellular cytoskeleton matrix in viable cardiomyocytes. This may likely occur in settings
of excessive wall tension or myocardial strain, e.g. in congestive HF or tachycardia. Left-
ventricle end-diastolic pressure has been associated with transcardiac hs-cTnT levels, as
measured as the difference between hs-cTnT levels in the coronary sinus and the aortic root,
in patients with non-ischemic HF, indicating that diastolic wall stress may lead to cTn
release(127).

Formation and release of membranous blebs

Experimental data indicate that cTn may be released by secretion of membranous blebs, or
shedding of membrane expression, in response to transient ischemia(33). This release
mechanism is proposed to occur without the disruption of the cell membrane, and without

cell necrosis.
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METHODOLOGICAL BACKGROUND

Study design

The choice of study design is of key importance in all epidemiological research, and
depends to a large extent on the research question. Study designs are usually divided into
interventional, e.g. randomized controlled trials, or observational. Observational studies can
further be divided into longitudinal and cross-sectional studies, which in turn comprise
case-control, cohort, and ecological studies. In this thesis, all studies were longitudinal
observational cohort studies.

In epidemiology, a cohort is referred to as any designated group of individuals who are
followed over a period of time. In an observational cohort study, the general purpose is to
measure the occurrence of an outcome in a cohort, e.g. the occurrence of disease, and its
association with a preceding exposure. The aim is usually to compare the outcome in
exposed individuals with those unexposed (FIGURE 8). The individuals in a studied cohort
are referred to as the “population at risk”, which implies that all subjects should be at risk
of the outcome, e.g. a disease. Also, a standard requirement is that no member of the cohort
should have the outcome of interest at the start of follow-up. This study design could be

suitable when investigating a rare exposure, or several exposures and/or outcomes.

Cases
Exposed (e.g. heart failure)
(e.g. individuals with elevated
hs-cTnT levels)
No cases
COHORT
(e.g. patients with chest pain
in the ED) e
Unexposed (e.g. heart failure)
(e.g. individuals with
undetectable hs-cTnT levels)
No cases

FIGURE 8. Cohort study design.

A cohort study can further be characterized according to the following aspects:
Open or closed cohorts. Ina closed cohort, membership is fixed, i.e. no individuals may

be included after the beginning of follow-up. In contrast, open cohorts can include new

individuals as time passes. All the studies in this thesis are conducted on open cohorts.
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Prospective or retrospective cohorts. This aspect refers to when collection of data on
exposure and outcome is carried out, in relation to when the study is conducted. All the
studies in this thesis are retrospective. A retrospective design allows for investigating
outcomes with a preceding long exposure duration. As retrospective studies rely on existing
records, information on both exposure and outcome may be limited. However, the national
patient registries in Sweden maintained by the National Board of Health and Welfare have a
high validity(128).

Internal or external comparison group. This aspect refers to the unexposed group. An
internal comparison group consists of unexposed individuals from the same cohort as the
exposed. In all studies in this thesis, an internal comparison group was used, within the

population of patients with chest pain in the ED.
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AIMS OF THE THESIS

The overall aim of this doctoral thesis was to investigate the implications of detectable and

elevated hs-cTnT levels in patients without MI.

The specific aims for each project included in this thesis were:

Study |

Study I

Study llI

Study IV

To investigate the long-term prognosis in patients with stable hs-cTnT levels
without M1 or any other acute medical condition associated with elevated

cTn levels.

To investigate how patients with chest pain and elevated hs-cTnT levels but
without M1 are investigated, treated, and followed, compared with patients
with M.

To compare long-term outcomes in patients with stable hs-cTnT levels from
study | with outcomes in patients with Non-ST-segment elevation
myocardial infarction (NSTEMI) from the same cohort of patients with chest

pain in the ED.
To investigate if there is a diurnal variation in admission hs-cTnT levels in

patients from study I, i.e. if time of the day needs to be considered when

assessing hs-cTnT levels.
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SUBJECTS AND METHODS

OVERVIEW OF THE STUDIES
An overview of the studies in this doctoral thesis is shown in TABLE 2.
TABLE 2. Study overview.

Study | | i v
Aim To investigate long-  To investigate how To compare To investigate if
term outcomes in patients with chest  differences in long- there is a diurnal
patients with stable pain and elevated outcomes in variation in
hs-cTnT levels. hs-cTnT levels but  patients with stable  admission hs-cTnT
no Ml are hs-cTnT levels with levels in patients
investigated, treated patients with M. from study .
and followed-up
compared with
patients with MI.
Hypothesis Stable hs-cTnT Patients with chest ~ Patients with stable There is no
levels above the pain and elevated hs-cTnT levels clinically relevant
99th percentile hs-cTnT levels but above the 99th diurnal variation in
value are associated no Ml are percentile value admission hs-cTnT
with a high risk of infrequently may have a similar levels.
death and examined with or higher risk for
cardiovascular cardiac death and
events. investigations. cardiovascular
events as patients
with M.
Study design Observational cohort study
Study population
Eligible patients All consecutive All consecutive All patients All patients

Exclusion criteria

patients with chest

pain in the ED with

at least one hs-cTnT
level analysed.

MI diagnosis.
Age <25 years.
eGFR <15 and/or
renal replacement
therapy.
Acute medical
conditions
associated with hs-
c¢TnT elevations or
insufficient
information on
medical conditions
to determine.

patients with chest

pain in the ED with

at least one hs-cTnT
level >14 ng/l.

Age <25 years.

included in study I,
and all patients with
MI who were
excluded in study I.

STEMI diagnosis.

included in study I.

None.

Study setting

Karolinska University Hospital, Huddinge and Solna.

Study period

January 1, 2011 to
October 20, 2014

January 1, 2011 to
December 31, 2012

January 1, 2011 to
October 20, 2014

January 1, 2011 to
October 20, 2014

Follow-up

All-cause mortality
until March 28,
2016.

All other outcomes
until December 31,
2014

N/A.

All-cause mortality
until March 28,
2016.

All other outcomes
until December 31,
2014

N/A.
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TABLE 2. Study overview (continued).

Exposure Categories of hs- No M1 within 30 Categories of hs- Categories of time
cTnT levels: 5-9, days fromthe index  cTnT levels: <5, 5— periods for blood
10-14, 15-29, 30— date. 9, 10-14, 15-29, sampling: 00.00-
49, and >50 ng/1. 30-49, and >50 03.59 am, 04.00—
ng/l. 07.59 am, 08.00—
11.59 am, 00.00-
03.59 pm, 04.00-
07.59 pm, and
08.00-11.59 pm.
Referent Patients with hs- Patients with MI Patients with N/A.
cTnT levels <5 ng/l. diagnosis. NSTEMI diagnosis.
Statistical methods Survival analysis Poisson regression. Survival analysis Binomial
(Cox regression). (Cox regression). regression.
Outcomes All-cause mortality ~ Echocardiography  All-cause mortality ~ Mean admission hs-
Cardiovascular Stress test Cardiovascular cTnT levels at
mortality New medication mortality different time
Non-cardiovascular ~ Planned follow-up ~ Non-cardiovascular periods for blood
mortality after discharge mortality sampling
Cardiovascular Cardiovascular
events events
Main findings All detectable and Patients without Ml Patients with stable Greatest mean
stable hs-cTnT were less likely to hs-cTnT levels of admission cTnT
levels were undergo >30 ng/l had an level was observed
associated with a echocardiography, increased risk of between 08.00 and
WOrse prognosis, compared to long-term all-cause 11.59 am. No
even levels below patients with M1 mortality compared clinically relevant
the normal upper (adjusted RR 0.42; with patients with diurnal variation
limit. 95% CI: 0.37-0.48), NSTEMI. was observed after
and infrequently age adjustments.
investigated with a
stress test (5%).
Patients with Ml
were twice as likely
to have a planned
follow-up at
discharge.
Publication Journal of International American Journal Clinical
American College Journal of of Cardiology, Biochemistry, 2018.

of Cardiology,
2017.

Cardiology, 2017.

accepted for
publication in Dec.
2018.

CI = confidence interval, Hs-cTnT = high-sensitivity cardiac troponin t, LVEF = left ventricular ejection
fraction, MI = myocardial infarction, N/A = not applicable, NSTEMI = non-ST-segment elevation myocardial
infarction, RR = risk ratio, STEMI = ST-segment elevation myocardial infarction.
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THE DATASET
The creation of the principal dataset used in the studies included in this thesis is illustrated in
FIGURE 9.

Local administrative database at the

Department of Emergency Medicine
Identification of patients and their principal
medical complaints in the ED

A 4

Laboratory data registry at the
Department of Information
Technology
Laboratory data, e.g. hs-¢TnT levels

A 4

National Board of Health and Welfare

| } }
Prescribed Drug Cause of Death National Patient
Register Register Register
Prescribed medications Cause of death Comorbidities
Date of death Medical procedures
DATASET

FIGURE 9. The dataset assembly.

LOCAL DATA REGISTERS

Local administrative database

All reasons for seeking medical attention, for all consecutive ED visits, are registered in the
local administrative database at the Department of Emergency Medicine, Karolinska
University Hospital. The principal complaints are categorized and registered by the attending
nurses in the ED according to patients” symptoms upon arrival, e.g. chest pain, dyspnea, skin
rash, or leg swelling. For each visit, the database also holds information on date and time for

the visit, and the duration of stay in the ED. For this thesis, we identified all patients with
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chest pain as their principal complaint for the first time during the study period as eligible

patients for inclusion in the study population.

Laboratory data registry at the Department of Information Technology

The local laboratory data registry at the Department of Information Technology contains
laboratory data for each patient visit at the hospital. After identifying consecutive patients
with chest pain as their principal complaint in the ED during the inclusion period, we sent
information to the Department of Information Technology to add information on laboratory
data from all the associated visits, including hs-cTnT levels. The Elecsys 2010 system (Roche
Diagnostics, Mannheim, Germany) was used to analyze hs-cTnT levels in all studies in this

thesis.

NATIONAL DATA REGISTERS

National Board of Health and Welfare

The Swedish National Board of Health and Welfare is a government agency under the
Ministry of Health and Social Affairs. The institution has a wide range of activities and
duties, among them to maintain health data registries and official statistics, and to develop
standards based on legislation and the information collected.

The cohort of patients with chest pain identified in the local administrative database was sent
to the National Board of Health and Welfare, to add further information from different
national registries maintained by the agency. The registers used in in this thesis are described
below. For all individuals that have resided in Sweden since 1947, a ten-digit Personal
Identity Number (PIN) is maintained by the National Tax Board. The Swedish PIN serves as
the unique identifier in all the national registers, and is a useful tool for linkages between
medical registers and allows for almost 100% coverage of the Swedish health care
system(129)

The National Patient Register

The National Patient Register (NPR) was established in 1964, and contains information on in-
patients at public hospitals in Sweden. The NPR has complete nationwide coverage of
hospital stays since 1987. Primary care is not yet covered in the NPR, and visits to other
health professionals than physicians are not registered(130).

The register holds information on patient-related data (PIN, sex, age, place of residence), data
about the care-giver (hospital and type of department), administrative data (dates of hospital

visits including admission and discharge dates, duration of admission, and mode of
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admission/discharge), and medical data. The medical data includes primary and secondary
discharge diagnoses, and performed procedures. Since 2001, data from hospital-based
outpatient physician visits are also reported to the NPR.

The diagnostic information on diagnoses at discharge and surgical procedures coded
according to the international version of the disease classification (ICD). The diagnosis is
registered by the consultant physician in charge of the patient care at the time of discharge
from hospital. Thereafter, the diagnostic information is electronically forwarded to the NPR
on a yearly basis. This procedure is standardized across Sweden, and the underreporting for
inpatient data has been estimated to <1%. Validations of the in-patient diagnoses by the
National Board of Health and Welfare have found that 85 to 95% of all diagnoses are correct.
The positive predictive value for MI diagnosis has been reported to be 98 to 100%, while the
corresponding sensitivity compared to other data sources ranges from 77% to 92%(128). The
diagnosis of HF in the primary position has been reported to be correct in 88% to 95% of
cases(128).

The Prescribed Drug Register

The Swedish Prescribed Drug Register holds information on all prescribed and dispensed
medications in Sweden since 2005. The register contains information about the prescriber's
profession and practice, and details on the prescribed medications including amount, date and
location of prescription and dispensation. However, the register does not hold information on

the cause of prescription(131).

The Cause of Death Register

The Cause of Death Register was founded by the National Board of Health and Welfare with
the aim of describing causes of death and following the trends of mortality from specific
causes in Sweden. The register contains data on date and underlying causes of death obtained
from death certificates for all deaths in individuals with a Swedish PIN between 1961 and
2011. The register includes data on deaths that have occurred both inside and outside of the
country. Since 2012, all deaths in Sweden, irrespective of individual national registration
status, are included in the register. Causes of death are classified, coded and reported
according to the 7" through the 10" version of ICD(132).
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Origin of variables

In TABLE 3, the origin of the study variables (predictors and outcomes), are summarised.

TABLE 3. Origin and description of variables used in studies | — IV.

Variable Description/Definition Used in study?
I 1 O A4
Local administrative database
Index date The first date during the study period on which the

Hospital readmission

patient seeks medical attention in the ED with
chest pain as a principal complaint and with at
least one hs-cTnT level analysed.

The first date the patient seek medical attention in
the ED during follow-up.

Hs-cTnT levels
Creatinine levels?

Local laboratory database

Retrieved at the index visit.

Age
Sex
Myocardial infarction®d

Atrial fibrillation

Prior heart failure®

Prior revascularizationf

Prior stroke

Chronic Obstructive
Pulmonary Disease

Hypertension
Active cancer?

National Patient Register

ICD-7: 420

ICD-8 & ICD-9: 410

ICD-10: 121, 121.0-121.4, 121.9, 122.1, 122.8
ICD-8 & ICD-9: 427

ICD-10: 148

ICD-7: 434

ICD-8 & ICD-9: 428

ICD-10: 150, 150.0, 150.1, 150.9

ICD-10: FNGO05, FNG02, FNAQO, FNA10,
FNC10, FNC20, FNC30, FNC40 or FNGO00.
ICD-7: 330-334

ICD-8 & ICD-9: 430-438

ICD-10: 160-164

ICD-7: 502

ICD-8: 490-492

ICD-9: 490-496

ICD-10: J44.0, J44.1, J44.8, J44.9

ICD-10: 110

ICD-10: C

Date of death
Cardiovascular death

Most common causes of death

Cause-of-death register

ICD-10: 110-115.9, 120-125.9, 144-145.9 (except
145.6 and 145.8), 146, 147.0-147.9, 148, 149, 150.0-
150.9, 151.0-151.9 (except 151.4), M219, R001,
R008, R012, 161.0-161.9, 162.0, 162.9, 163.0-163.5,
163.8, 163.9, 164, 165.0-165.9, 166.0-166.9, 167.0,
167.2-167.4, 167.6, 167.8, 167.9, 170.0-170.9, 171.0-
171.9, 172.0-172.9, 173.1, 173.8, 173.9, R960 &
R961.

Specific ICD-10-codes".

Dispensed medications'
Aspirin

Clopidogrel

Ticagrelor

Prasugrel

Beta-blockers

Calcium-channel blockers

ACEI/ARB

Prescribed Drug Register

ATC: BO1ACO06
ATC: BO1AC04
ATC: B01AC24
ATC: B01AC22
ATC: CO7
ATC: C08
ATC: C09

39




TABLE 3. Origin of variables used in studies | — IV (continued).

Statins ATC: C10AA
Hypoglycemic medication! ATC: A10

Patient records
Investigations
Echocardiography®
Non-invasive stress test
ECG findings®
Smoking status
Planned follow-up after
discharge from hospital

aVariables used in the studies are marked with yellow colour.

bEstimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation:

Female with SCr <62 umol/L: GFRckp-gp1 = 144 x (SCr/0.7)—0.329 x 0.993%%¢ [x1.159 if black]

Female with SCr >62 umol/L: GFRckp-gp1= 144 x (SC1/0.7)—1.209 x 0.993%* [x1.159 if black]

Male with SCr <80 umol/L: GFRckp-er1= 141 x (SCr/0.9)-0.411 x 0.9932% [x1.159 if black]

Male with SCr >80 pmol/L: GFRckp-gp1= 141 x (SCr/0.9)—1.209 x 0.993% [x1.159 if black]

CAll patients with an MI diagnosis associated with the index visit were identified by ICD-codes in any position,
meaning that not only primary discharge diagnoses were used, but also M1 diagnoses in secondary or any other
positions. Prior M1 was defined according to a discharge diagnosis in primary position before index date.

dIn study 111, ECGs of all patients with acute M| associated with the visit were examined by one external
cardiologist who was not aware of the study protocol and A.R., to exclude all patients with ST-segment
elevation myocardial infarction (STEMI).

€In study Il, prior heart failure was defined according to ICD-codes, or an echocardiogram with a systolic left
ventricular ejection fraction (LVEF) <40%, or a diagnosis of heart failure in primary health care registered in
medical records prior to the index date.

Both prior Percutaneous Coronary Intervention (PCI) or prior coronary artery bypass graft (CABG).

9Any ICD-code in a primary position within 2 years before the index date.

PIn study I, the ten most common causes of death in relation to hs-cTnT levels were identified for each hs-
cTnT category.

iOngoing medication was defined as >2 dispensed medications during the year preceding the index date.
iDiabetes was defined as ongoing medication with any hypoglycemic agent.

ACEI/ARB = angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, ECG =
electrocardiogram, Hs-cTnT = high-sensitivity cardiac troponin t.
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DATA COLLECTION AND STUDY POPULATION
The identification of the study populations in the different studies in this thesis is illustrated in

FIGURE 10. In all studies, the index date was defined as the date when the patient sought

medical attention in the ED with chest pain as a principal reason for the first time during the

study period, with at least one hs-cTnT level analysed at the time of the visit (TABLE 3).

The index visit was defined as the hospital visit associated with the index date.

Patients with chest pain and measurement
of at least one hs-¢TnT level
(age >25 years)

STUDY Il

| stupy v

|

January 1, 2011 to
December 31, 2012

n=14.246 |

11,731 patients
excluded with hs-
c¢TnT <14 ng/l

January 1, 2011 to
October 20, 2014

n=22458

131 patients excluded
because of renal
replacement therapy or an
¢GFR of <15 ml/min/1.73
m2

1,269 patients with
MI associated with
the visit to the ED

21,189 patients of whom
4,052 had hs-¢TnT >14 ng/l
or
withoutany hs-cTnT level >14 ng/I but
with a first level <12 ng/l and a delta
hs-cTnT of >2 ng/l.

342 patients with
STEMI excluded

1,327 patients excluded because of
acute elevation of hs-¢TnT levels.
Number (%) excluded in each
strata of hs-¢TnT: <5 ng/1*,34

(0.3%), 5-9%ng/1, 58 (1.4%), 10
14 ng/I*, 90 (5.0%), 15-29 ng/l,
568 (34%), 30-49ng/1,231 (44%),
>50ng/l, 346 (72%)

1848 patients with
hs-cTnT levels
>14 ng/l without
MI

667 patients
with M1

927 patients
with NSTEMI

19,460 patients with
stable hs-cTnT levels

402 patients excluded because of
insufficient information to
determine whether ¢TnT levels
were affected by any acute medical
condition

FIGURE 10. The study populations. 2Patients with hs-cTnT level <14 ng/l and at least one following
measured hs-cTnT level >14 ng/l, or a first hs-cTnT level <12 ng/l and a delta-troponin of >2 ng/l, during the
index visit. eGFR = estimated glomerular filtration rate, Hs-cTnT = high-sensitivity cardiac troponin T, Ml =

myocardial infarction, NSTEMI = non-ST-segment-elevation myocardial infarction.

Study |

In study I, all patients >25 years of age with an index visit from January 1, 2011 through
October 20, 2014, were eligible for inclusion. Patients with an eGFR of <15 ml/min/1.73 m2,

MI associated with the visit, or any other acute medical condition that could be related to an

acutely elevated hs-cTnT level were excluded. To exclude patients with acute medical

conditions associated with cTn elevations, all patients without any level >14 ng/l but with a

first hs-cTnT level of <12 ng/l and a delta-troponin of >2 ng/l during the index visit, and all

patients with at least one hs-cTnT level of >14 ng/l during the index visit, were identified (in

total 4052 patients, see FIGURE 10). Delta-troponin in the selection process was defined as
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the largest difference between the first hs-cTnT level and any hs-cTnT level during the index
visit. All medical records of these patients, including all available information from the index
visit but also from other hospital visits, were then reviewed by four of the investigators to
identify and exclude all patients with an acute medical condition at the index visit that could
have affected the hs-cTn level. Thus, the assessment strategy used to decide whether hs-cTnT
levels were acutely elevated were based on the clinical judgement of all medical information
available, and without the use of any pre-specified absolute or relative change in hs-cTnT
levels to denote acute hs-cTnT elevations. In total, 1327 (33%) patients were excluded
because of a concurrent acute medical condition at the index visit, and 402 (9.9%) patients
without enough information to determine whether the hs-cTnT level was stable or not, e.g. if

only one hs-cTnT level had been analysed at the index visit.

Study I

In study I, all patients >25 years of age with an index visit from January 1, 2011 to
December 31, 2012 were eligible for inclusion (FIGURE 10). All patients with a first hs-
cTnT level >14 ng/l, but without MI associated with the index visit or within 30 days from
the index date, were included. All patients with M1 at the index visit or within 30 days were
included for reasons of comparison, irrespective of the admission hs-cTnT level. Every
patient’s medical records were reviewed to obtain information on the outcomes, and
additional background characteristics on smoking status and HF diagnoses in primary care. In
addition, every patient’s ECG was assessed. The MI diagnoses were adjudicated by two

external cardiologists not involved in the study.

Study I

In study 111, all patients from the dataset in study | were included, together with all patients
with NSTEMI associated with the index visit during the same study period (FIGURE 10). To
exclude all patients with ST-segment elevation myocardial infarction (STEMI), the ECGs of
all patients with acute M1 associated with the visit were assessed by A.R and one external
cardiologist not aware of the study protocol. The NSTEMI diagnosis were thereafter

adjudicated by two of the investigators and two external cardiologists.

Study IV
In study 1V, the same study population as defined in study I was used. Information on the
time point for all admission hs-cTnT levels were retrieved from the local laboratory data

registry at the Department of Information Technology.
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EXPOSURE MEASURES

Study |

In study I, the exposure was the first hs-cTnT level analysed at the time of the index visit for
all included patients. The exposure was categorized according to the following hs-cTnT
levels: 5t0 9, 10 to 14, 15 to 29, 30 to 49, and >50 ng/l. Patients with an hs-cTnT level <5

ng/l were used as references.

Study I

In the second study, the exposed group composed of all patients without M1 but with an
elevated hs-cTnT level, i.e. >14 ng/l. Thus, the exposure was defined as the absence of an
acute M1 associated with the index visit or within 30 days. All patients with M1 were used as
references. Patients with no M1 were categorised according to prior established heart disease,
defined as any of the following: prior MI, HF, known reduced left ventricular ejection

fraction (LVVEF), atrial fibrillation, or prior revascularization.

Study Il

In study 111, the exposure was categorized according to the first hs-cTnT level analysed at the
time of the index date, in the same way as in study | for all patients with stable hs-cTnT
levels. Patients with hs-cTnT levels <5 ng/l were also included in the exposed group. Patients
with NSTEMI, regardless of hs-cTnT levels at admission or during hospitalization, were used

as references.

Study IV

In study IV, the exposure was defined as time of the day for blood sampling of the first hs-
cTnT level measurement at the index visit (FIGURE 11). Patients were categorized into the
following six time periods according to the time point when the first blood sample for hs-
cTnT analysis was drawn: 00.00-03.59 am, 04.00-07.59 am, 08.00-11.59 am, 00.00-03.59
pm, 04.00-07.59 pm, and 08.00-11.59 pm.

43



Time point of the first blood sample
for hs-cTnT analysis

00.00 am. 03.45am. 10.30 am. 04.70 am. 11.59 pm.
’ ............................................ R T R R R R ’
o
Patients presenting in the ED with :
chest pain as a principal complaint 1 —/% ———— i
| o

v v v

Category of time period forhs- o, 5 53 5g o 08.00-11.56 am. 04.00-07.59 pm.

eTnT analysis

FIGURE 11. Inclusion process in study IV. The figure illustrates three different patients arriving to the ED at
different time points during the day, who subsequently are categorised into different time periods according to
the time point of the first blood sample taken for hs-cTnT analysis.

OUTCOME MEASURES AND FOLLOW-UP

Study |

The outcomes in study | were all-cause mortality, incidence of MI, hospitalization for HF and
cardiovascular or non-cardiovascular mortality. Outcomes were retrieved from the Swedish
National Patient Register by using ICD diagnoses in the primary position. The underlying
causes of death were retrieved from the Cause of Death Register. Cardiovascular death was
defined as death caused by atherosclerotic disease according to the ESC criteria(133).
Follow-up started at the index date for all-cause mortality, and at the time of hospital
discharge at the index visit for all other outcomes. The end of follow-up for all-cause

mortality was March 28, 2016, and December 31, 2014 for all other outcomes.

Study I

In study I, the outcomes were echocardiography, non-invasive stress tests or other non-
invasive diagnostic methods, follow-up planned at discharge to a cardiologist/other medical
specialist or to a primary health care centre for further cardiac investigation, and new
treatment with cardiovascular medication. New treatment was defined as at least one
dispensed medication within six months after admission, for which information was obtained

from the Prescribed Drug Register.

Study Il
The outcomes in study 111 were the same as those defined in study I, together with

readmission to hospital. Readmissions were defined as the first visit to hospital during

44



follow-up after discharge from hospital. Follow-up for all outcomes, except for readmissions,
started 30 days after the index date. The end of follow-up for all outcomes were similar as in
study 1.

Study IV

The outcome in study IV was admission hs-cTnT levels for all patients included.
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STATISTICAL ANALYSIS

In all studies in this thesis, the baseline characteristics are described by means and standard
deviations, or medians and interquartile ranges, for continuous variables, while numbers and
percentages were used for categorical variables. The statistical analyses in study I, Il and IV
were conducted using R version 3.4.0 (R Foundation for Statistical Computing, Vienna,
Austria). Data management was performed using the World Programming System, version
3.1 (World Programming Ltd., Hampshire, United Kingdom). In study Ill, Stata version 15.1
(Stata Corp LP, College Station, TX, USA) and R version 3.4.3 (R Foundation for Statistical
Computing, Vienna, Austria) was used.

Study |

Cox proportional hazards were applied to calculate hazard ratios (HRS) with 95% confidence
intervals (Cls) between the hs-cTnT level and the specified outcomes. Patients with hs-cTnT
levels <5 ng/l were used as references. For each outcome two models were performed,
unadjusted and adjusted for the following covariates: age; sex; eGFR; prior MI; HF; stroke;
chronic obstructive pulmonary disease (COPD); atrial fibrillation; hypertension; diabetes; and
treatment with platelet inhibitors, beta-blockers, angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers (ACEiI/ARB), and statins. Kaplan-Meier method was
used to calculate the estimated cumulative incidence of all-cause mortality. Two sensitivity
analyses were conducted for all-cause mortality, one restricted to patients with a delta-
troponin level of 0 to 2 ng/l; and one only in patients with a relative change of <20% in hs-
cTnT levels. In these analyses, delta-troponin was defined as the largest difference between
any hs-cTnT levels during the index visit. Sensitivity analysis were performed unadjusted and
adjusted for the same covariates as in the main analysis. To account for the increased
sensitivity of the hs-cTnT assay after April 24, 2012(134), an interaction term for time was
created and used in the statistical model. This was performed by dividing the follow-up
period into two time periods: January 1, 2011 to April 24, 2012 and April 25, 2012 to
October 20, 2014. In addition, subgroup analyses were performed by limiting the analyses for
the outcome of all-cause mortality to the following subgroups: age, sex, eGFR (>60 and 15 to
60 ml/min/1.73 m?), HF, established heart disease, CAD, atrial fibrillation, and follow-up

period divided into the two time periods.

Study Il
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Poisson regression was used to calculate risk ratios (RR) with 95% Cls for the outcomes in
all patients without M, using patients with M1 as references, and assuming similar time at
risk for all patients. Additional analyses for all outcomes were conducted with stratification
for prior established heart disease in patients without MI. Two statistical models were
conducted, unadjusted and adjusted for sex, age, eGFR, diabetes, COPD, stroke, HF, atrial
fibrillation, prior revascularization, or treatment with platelet inhibitors, beta-blockers,

ACEI/ARBS, statins, thiazide diuretics, or calcium-channel blockers.

Study I

Cox proportional hazards were used to calculate the association expressed as HRs with 95%
Cls between the hs-cTnT level and the specified outcomes. Patients with NSTEMI, regardless
of hs-cTnT levels, were used as references in the statistical model. The same covariates as
those in study | were used in the multivariable-adjusted model. The Kaplan-Meier method
was used to estimate cumulative all-cause mortality. Multivariable-adjusted analyses for all-
cause mortality were conducted for subgroups by age (<60, 60—79, and >79 years), sex,
eGFR (>60 and 15 to 60 ml/min/1.73 m?), HF, and established heart disease.

Study IV

In the fourth study, as variances were higher than the means for admission hs-cTnT levels
within each category of time of the day, negative binomial regression models were used to
calculate the least squares mean with 95% Cls for the outcome of admission hs-cTnT levels.
A function called the Ismeans function was used to estimate the least squares means with
weight in proportion of the frequencies of the observed data, due to the unbalance in data. In
the statistical models, adjustments were conducted for the covariates age, sex, eGFR,
diabetes, prior MI, HF, stroke, and atrial fibrillation. Both unadjusted and multivariable-
adjusted sex-specific regression analyses were performed. In the main analyses, patients with
a hs-cTnT level <5 ng/l were assigned a concentration of 4.9 ng/l, as hs-cTnT levels <5 ng/I
are not provided as absolute values by the local laboratory data registry. Two sensitivity
analysis were performed, in which hs-cTnT levels <5 ng/l were assigned a value of 0, or 1
ng/l, respectively. These analyses were performed both unadjusted and multivariable-
adjusted. Separate analyses were conducted for each time period of the follow-up period
specified in study I, to account for the increased sensitivity of the hs-cTnT assay in April
2012.
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RESULTS AND METHODOLOGICAL DISCUSSIONS

STUDY |

Results

Study population

In total, 19,460 patients with stable hs-cTnT levels were included, of whom 1528 (7.9%) had
hs-cTnT levels >14 ng/l, i.e. indicative of chronic myocardial injury (TABLE 4). Patients
with higher hs-cTnT levels were older, more likely to be male, and had more comorbidities

including lower eGFR, compared to patients with lower hs-cTnT levels.

Mortality

Mean follow-up for mortality was 3.3 + 1.2 years. The estimated cumulative all-cause
mortality and yearly all-cause mortality rate both increased in a graded manner with higher
hs-cTnT levels, with yearly rates of death ranging from 0.5% to 33% in patients with hs-
cTnT levels of <5 ng/l to >50 ng/I, respectively (FIGURE 12, TABLE 5). Compared to
patients with undetectable hs-cTnT levels, the adjusted risk for death was doubled already in
patients with hs-cTnT levels of 5-9 ng/l, and increased to an almost 10-fold higher risk in
those with hs-cTnT levels >50 ng/l. The findings were consistent in sub group analysis, e.g.
in patients with and without reduced renal function and in different age groups, and in the
sensitivity analysis restricted to patients with a delta-troponin of 0 to 2 ng/l and <20%,
respectively. Yearly rates and adjusted risks of cardiovascular and non-cardiovascular
mortality increased in a graded manner with increasing hs-cTnT levels, with stronger

associations in cardiovascular mortality (TABLE 5).

Myocardial infarction and heart failure

Mean follow-up for M1 and HF was 2.1 + 1.1 years. Adjusted risk for M1 was doubled among
patients with 10-14 ng/l, and increasing with hs-cTnT levels, however the association with
HF was stronger, with yearly rates of HF hospitalization increasing from 1%, to 20% among
patients with 5-9 ng/l and >50 ng/I, respectively (TABLE 6). The corresponding adjusted
risks increased with higher hs-cTnT categories, and was more than 10-fold higher in patient

with hs-cTnT levels of 15-29 ng/l, compared to the reference group.
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TABLE 4. Baseline characteristics of the study population in study I.

High-Sensitivity Cardiac Troponin T Levels (ng/l)

All <5 5-9 10-14 15-29 30-49 >50
Number of 19,460 12,152 4097 (21) 1683 (8.6) 1100 296 132
patients (100) (62) (5.7) (1.5) 0.7)
Female 9696 (50) 6757 (56) 1561 (38) 726 (43) 498 (45) 105 (35) 49 (37)
Age (years) 54+ 16 48 +13 50+ 14 69+ 14 77+12 79+11 80+13
eGFR
(ml/min/1.73 m?)
>60 17,618 11,896 3723 (91) 1276(76) 595(54) 90(30)  38(29)
(91) (98)
15-60 1842 (9.5) 256 (2.1)  374(9.1) 407 (24) 505 (46) 206 (70) 94 (71)
Prior Ml 1283 (6.6) 348 (2.9) 344 (8.4) 225(13) 239(22) 88(30) 39(30)
Heart failure 831(4.3) 116(0.9) 148(3.6) 147(8.7)  244(22) 123(42) 53 (40)
Stroke 673 (3.5) 181 (1.5) 153 (3.7) 116 (6.9) 144 (13) 58(20) 21(16)
Prior 1405 (7.2) 403(3.3) 405(9.9) 276 (16) 223(20) 68(23) 30(23)

revascularization
Atrial fibrillation 1770 (9.1) 465 (3.8) 440 (11) 305 (18) 358 (33) 136 (46) 66 (50)

Diabetes 1588 (8.2) 513 (4.2) 426 (10) 284 (17) 238 (22) 88(30) 39 (30)
Platelet 3147 (16) 971 (8.0) 878 (21) 578 (34) 500 (45) 160 (54) 60 (45)
inhibitors

Beta-blockers 4141 (21) 1432 (12) 1120(27) 705 (42) 615 (56) 186 (63) 83 (63)
ACEI/ARB 4186 (22) 1436 (12) 1182(29) 725 (43) 581 (53) 182 (61) 80 (61)
Statins 3247 (17) 1140 (9.4) 954 (23) 545 (32) 435 (40) 124 (42) 49 (37)

Data are presented as n (%) or mean * standard deviation. ACEi/ARB = angiotensin-converting-enzyme
inhibitor/angiotensinogen-receptor-blocker, eGFR = estimated glomerular filtration rate.
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FIGURE 12. Estimated cumulative all-cause mortality in relation to different levels of stable hs-cTnT.
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TABLE 5. Risk for all-cause mortality, cardiovascular and non-cardiovascular mortality in
relation to stable hs-cTnT levels.

High-Sensitivity Cardiac Troponin T Levels (ng/l)

<5 5-9 10-14 15-29 30-49 >50
All-cause mortality
Rate per year® (95% 0.5 (0.5~ 2.1 (1.9- 5.1(4.5- 12 (10-13) 23 (20-27) 33 (27-40)
Cl) 0.6) 2.4) 5.7)
Multivariable ad- Ref. 2.01 (1.67- 294 (2.39- 4.11(3.32- 6.80(5.24— 9.74 (7.23-
justed?, HR (95% CI) 2.44) 3.62) 5.10) 8.82) 13.1)
Cardiovascular
mortality
Rate per year® (95% 0.05% 0.5% (0.3— 1.8% (1.4~ 43%(3.4- 11%(7.8- 17% (12-
Cl) (0.03-0.08) 0.6) 2.3) 5.2) 13) 23)
Multivariable ad- Ref. 3.57(1.93- 7.30(3.95- 9.09 (4.86- 17.5(8.85- 27.0(13.1-
justed?, HR (95% CI) 6.64) 13.5) 17.0) 34.5) 55.3)
Non-cardiovascular
mortality
Rate per year® (95% 05% (0.4~ 17%(14- 35%(28- 69% (8- 13%(9.9- 17% (12—
Ch) 0.6) 2.0) 4.2) 8.0) 16) 23)
Multivariable ad- Ref. 1.82 (1.41- 254(1.90- 3.53(2.61- 5.99(4.12- 7.87(5.08-
justed?, HR (95% CI) 2.34) 3.38) 4.77) 8.71) 12.2)

aMultivariable adjustement was made for age, sex, estimated glomerular filtration rate, prior myocardial
infarction, heart failure, stroke, chronic obstructive pulmonary disease, atrial fibrillation, diabetes, and
treatment with aspirin, beta-blockers, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers,
and statins. Pnumber of events per 100 person-years. Cl = confidence interval, HR = hazard ratio.

TABLE 6. Risk for myocardial infarction and heart failure in relation to stable hs-cTnT
levels.

High-Sensitivity Cardiac Troponin T Levels (ng/l)

<5 5-9 10-14 15-29 30-49 >50
Ml
Rate per year® (95% 0.3(0.3- 0.8 (0.6— 2.2 (1.7- 2.8 (2.1- 4.9 (2.9- 4.5 (1.6—
Cl) 0.4) 1.0) 2.7) 3.5) 6.9) 7.4)
Multivariable ad- Ref. 1.21(0.85- 2.15(1.48- 1.94(1.26- 2.71(1.54- 2.83(1.30—
justed?®, HR (95% CI) 1.71) 3.13) 2.97) 4.78) 6.16)
Heart failure
Rate per year® (95% 0.1 (0.1~ 1.0 (0.8- 2.8 (2.2- 9.3(7.9- 18 (14-23) 20 (13-27)
Cl) 0.2) 1.3) 3.4) 11)
Multivariable ad- Ref. 3.67 (247- 6.06(3.99- 10.7(7.04- 13.1(8.05- 13.4(7.71-
justed?®, HR (95% CI) 5.47) 9.22) 16.4) 21.3) 23.1)

aMultivariable adjustement was made for age, sex, estimated glomerular filtration rate, prior myocardial
infarction, heart failure, stroke, chronic obstructive pulmonary disease, atrial fibrillation, diabetes, and
treatment with aspirin, beta-blockers, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers,
and statins. Pnumber of events per 100 person-years. Cl = confidence interval, HR = hazard ratio, M1 =
myocardial infarction.

Discussion

The main finding in study | was a strong and graded association between all stable levels of
hs-cTnT, i.e. even levels below the normal upper limit, and the risk of death, MI and HF. The
crude risk of all-mortality associated with hs-cTnT levels may reflect the increasing age per
hs-cTnT stratae, however the associations were consistent after adjustment for multiple risk
factors.

The main strength in this study was the large size of the study population, which allowed us

to conduct sub group analyses with robust risk estimates in several different categories of hs-
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cTnT levels. We retrieved data from validated national registers with nationwide complete
coverage on information about comorbidities, medication use and outcomes with no loss to
follow-up.

The main limitation was that, since this was a retrospective cohort study, we were not able to
prospectively include patients based on repeated measurements of hs-cTnT levels, which may
have been a preferable strategy. Instead, the assessment to determine whether patients had
stable hs-cTnT levels without any impact of an acute medical condition was based on all

available information in patients’ medical records.

STUDY Il

Results

Study population

In total, 2515 patients were included, of whom 1848 patients had hs-cTnT levels >14 ng/I
without MI and 667 patients had MI (TABLE 7). Of patients without MI, 47% were
previously free from cardiovascular disease. Patients without M1 were older, had more

comorbidities and cardiovascular treatment, compared to patients with MI.

Investigations, treatment and follow-up

The proportion of patients without M1 who underwent cardiac investigations increased with
increasing levels of hs-cTnT. Echocardiography was performed in 33% vs. 87% of patients
without MI vs. with MI (TABLE 8). In patients without M1 who underwent
echocardiography, 22% had an LVEF <40%, compared to 16% of patients with MI who were
investigated. In patients without M1 vs. patients with M1, 5% vs. 4% underwent or were
planned for stress testing. Of those patients without MI who were investigated, one-third
(37%) had signs of ischemia. Patients with MI were twice as likely to obtain a follow-up at
discharge from hospital, compared with patients without Ml (adjusted RR: 0.54; 95% ClI
0.48-0.60) (TABLE 8).

In patients without M1 and no prior heart disease, 37% underwent echocardiography, of
whom 14% had an LVEF <40%, while new treatment with aspirin, beta-blockers, and statins
was initiated in 26%, 39% and 17%, respectively. In patients without Ml or prior heart

disease, 45% had a planned follow-up at discharge.
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TABLE 7. Baseline characteristics of the study population in study II.

Ml No MI No MI with No Ml or
established heart established heart
disease? disease?

Number of 667 (27) 1848 (73) 977 (53) 871 (47)
patients

Female 197 (30) 748 (40) 366 (37) 382 (44)
Age (years) 68 (57-79) 76 (65-84) 79 (70-85) 71 (58-82)
Hs-cTnT (ng/l) 70 (33-216) 27 (19-46) 28 (20-50) 25 (18-43)
eGFR 78 (59-93) 61 (41-83) 54 (38-75) 71 (49-90)
(mML/min/1.73 m?)

Diabetes 115 (17) 420 (23) 273 (28) 147 (17)
Smoker 150 (23) 167 (9.1) 66 (7) 101 (12)
Prior stroke 59 (8.8) 251 (14) 171 (18) 80 (9)
Prior MlI 127 (19) 402 (22) 402 (41) N/A
COPD 24 (3.6) 170 (9.2) 112 (11) 58 (7)
Heart failure® 66 (9.9) 477 (26) 477 (49) N/A

Atrial fibrillation 71 (11) 542 (29) 542 (55) N/A
Revascularization 112 (17) 352 (19) 352 (36) N/A
Aspirin 210 (31) 794 (43) 562 (58) 232 (27)
ACEIi/ARB 249 (37) 919 (50) 615 (63) 304 (35)
Beta-blockers 240 (36) 948 (51) 700 (72) 248 (28)
Statins 182 (27) 671 (36) 487 (50) 184 (21)

Data are presented as n (%) or median with interquartile range. 2Any of the following: prior Ml, heart failure,
known reduced LVEF, atrial fibrillation, or prior revascularization. ®Heart failure includes hospital stay for
heart failure or a known reduced LVEF. ACEi/ARB = angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker, COPD = chronic obstructive pulmonary disease, eGFR = estimated glomerular filtration
rate, Hs-cTnT = high-sensitivity cardiac troponin T, LVEF = left ventricular ejection fraction, MI =
myocardial infarction, N/A= not applicable.
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TABLE 8. Investigations and follow-up in patients with elevated hs-cTnT levels with or
without M.

Ml No Ml No M1 with established  No Ml or
heart disease? established heart
disease?
Number of patients 667 (27) 1848 (73) 977 (53) 871 (47)
Echocardiography 580 (87) 609 (33) 284 (29) 325 (37)
Findings
LVEF >50% 386 (67) 393 (65) 148 (52) 245 (75)
LVEF 41-49% 102 (18) 69 (11) 41 (14) 28 (9)
LVEF <40% 92 (16) 134 (22) 88 (31) 46 (14)
Missing 0(0) 13 (2) 7(2) 6(2)
Risk model
Multivariable adjustment Ref. 0.42 (0.37-0.48) 0.40 (0.34-0.48) 0.43 (0.38-0.53)
RR" (95% CI)
Stresstest 27 (4) 93 (5) 36 (4) 57 (7)
Scintigraphy 6 (22) 8(9) 4 (11) 4 (7)
Stress-echocardiography 11 (41) 15 (16) 8 (22) 7(12)
Exercise test 9 (33) 51 (55) 16 (44) 35 (61)
Stress test after discharge 1(4) 20 (22) 9 (25) 11 (19)
Findings
Normal 8 (31) 33 (45) 10 (37) 23 (50)
Signs of ischemia 15 (58) 27 (37) 12 (44) 15 (33)
Inconclusive 5(19) 16 (22) 7 (26) 9 (20)
Risk model
Multivariable adjustment Ref. 1.57 (1.01-2.43) 1.08 (0.62-1.88) 2.05 (1.24-3.37)
RR" (95% CI)
Follow-up 611 (92) 856 (46) 460 (47) 396 (45)
Cardiologist/internist 553 (91) 592 (69) 305 (66) 287 (72)
Family physician 51 (8) 234 (27) 137 (30) 97 (24)
Others 7@Q) 30 (4) 18 (4) 12 (3)
Risk model
Multivariable adjustment Ref. 0.54 (0.48-0.60)  0.58 (0.5-0.67) 0.51 (0.45-0.59)

RR® (95% CI)

Data are presented as n (%). Any of the following: prior MI, heart failure, known reduced LVEF, atrial
fibrillation, or prior revascularization. "Multivariable adjustment was made for following confounders: sex,
age, eGFR, diabetes, myocardial infarction, chronic obstructive pulmonary disease, stroke, heart failure, atrial
fibrillation, prior revascularization, and treatment with any of the following medication: platelet inhibitors,
beta-blockers, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, statins, thiazide
diuretics, or calcium-channel-blockers. Cl = confidence interval, RR= risk ratio.

Discussion

This study showed that a considerably small proportion of patients with chest pain and
elevated hs-cTnT levels, but without acute MI, underwent cardiac investigations during or
after hospital stay. A substantial part of those who were investigated were found to have
previously undiagnosed heart disease. Patients were infrequently prescribed new treatment
with cardiovascular medication, and less than half of the patients had a planned follow-up at
discharge.

As in all studies throughout this thesis, one of the main strengths was the high-quality
healthcare registers used, which gave us complete information on in-hospital diagnoses and
medication. We also reviewed all patients’ medical record manually, which allowed us to

avoid misclassification of patients who were managed and diagnosed with HF in primary
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care. The large study population allowed us to analyse the data stratified by categories of hs-
cTnT levels.

The main limitation in this study was related to the fact that patients without M| were
included regardless of diagnosis at discharge. Consequently, a considerable proportion of
patients may have had acute medical conditions, e.g. acute infections or acute kidney injury,
which partly could account for both the low incidence of non-invasive testing and the high

prevalence of pathological findings.

STUDY Il

Results

Study population

In total, 20,387 patients were included, of whom 19,460 (95.5%) patients with stable hs-cTnT
levels were identified from study I, and 927 (4.5%) patients had NSTEMI (TABLE 9).
Characteristics in patients with NSTEMI were most similar to those observed in patients with
stable hs-cTnT levels of 10-14 ng/l (TABLE 4). The mean follow-up was the same as in

study I for all outcomes.

Mortality

A similar cumulative mortality was found in patients with hs-cTnT levels of 10-14 ng/l as in
patients with NSTEMI (FIGURE 13). Patients with hs-cTnT levels >30 ng/l had a higher
adjusted risk for long-term all-cause mortality compared with patients with NSTEMI, with a
doubled risk found in patients with hs-cTnT levels >50 ng/l (TABLE 10). The adjusted risk
of death in patients with NSTEMI corresponded to the risk in patients with stable hs-cTnT
levels of 10-14 ng/l and 15-29 ng/l. Point estimates indicated a higher risk of cardiovascular
death in patients with stable hs-cTnT levels of 30-49 ng/l compared to the risk in NSTEMI,
while the risk was higher in patients with hs-cTnT levels >50 ng/l. In the sub group analysis,
adjusted risks of death associated with hs-cTnT levels were higher in men, in groups of
younger ages and higher eGFR, and in patients without established heart disease. In patients
without prior heart disease, the estimated cumulative mortality during the first year was
similar in those with hs-cTnT levels of 10-14 ng/l and in patients with NSTEMI.
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Myocardial infarction and heart failure

Compared to patients with NSTEMI, results indicated a higher adjusted risk of HF in patients
with hs-cTnT levels >30 ng/l, however not significant, while the risk was similar in patients
with hs-cTnT levels of 15-29 ng/l (TABLE 11). The adjusted risk of MI was lower in all

categories of hs-cTnT levels.

Hospital readmission

The hospital readmission rate increased gradually with increasing hs-cTnT levels in patients
without MI (TABLE 11). The adjusted risk of readmission was higher in patients with
NSTEMI than in patients with hs-cTnT levels <14 ng/l, but were not significantly different
from the corresponding risk found in patients with chronic myocardial injury, i.e. hs-cTnT

levels >14 ng/l, after multivariable adjustment.

TABLE 9. Baseline characteristics of the reference population? in study I11.

All patients Ref. (NSTEMI)
Number of patients 20,387 927 (4.5)
Age (years) 55+ 17 68 + 13
Female 9967 (49) 271 (29)
eGFR (mL/min/1.73 m?)
>60 18,309 (90) 691 (75)
45-60 2078 (10) 236 (25)
Ml 1461 (7.2) 178 (19)
Heart failure 903 (4.4) 72 (7.8)
Stroke 751 (3.7) 78 (8.4)
Prior revascularization 1577 (7.7) 172 (19)
Atrial fibrillation 1879 (9.2) 109 (12)
Diabetes mellitus 1764 (8.7) 176 (19)
Hypertension 4733 (23) 383 (41)
COPD 577 (2.8) 32 (3.5)
Cancer 453 (2.2) 35(3.8)
Aspirin 3487 (17) 340 (37)
Beta-blockers 4515 (22) 374 (40)
ACEI/ARB 4564 (22) 378 (41)
Statins 3536 (17) 289 (31)

Data are presented as n (%) or mean + standard deviation. 2Baseline characteristics of patients with stable hs-
cTnT levels are presented separately in TABLE 4). ACEI/ARB = angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker, COPD = chronic obstructive pulmonary disease, eGFR = estimated
glomerular filtration rate, NSTEMI = non-ST-segment-elevation myocardial infarction.

56



TABLE 10. Risk for all-cause mortality and cardiovascular mortality in relation to stable
hs-cTnT levels, versus risk in patients with NSTEMI.
High-Sensitivity Cardiac Troponin T Levels (ng/l)

Ref? <5 5-9 10-14 15-29 30-49 >50
All-cause Hazard ratio (95% CI)
mortality
Multivariable 1.00 0.33(0.26- 0.60(0.49- 0.83(0.68- 1.06(0.87- 1.65(1.30- 2.13(1.60-
adjusted® 0.41) 0.74) 1.02) 1.29) 2.10) 2.84)
Cardiovascular Hazard ratio (95% CI)
mortality
Multivariable 1.00 0.10(0.05- 0.31(0.20- 0.60(0.40- 0.71(0.49- 1.30(0.85- 1.82(1.13-
adjusted® 0.19) 0.49) 0.89) 1.02) 1.98) 2.94)

Al patients with NSTEMI. ®Multivariable adjustement was made for age, sex, estimated glomerular filtration
rate, prior myocardial infarction, heart failure, stroke, chronic obstructive pulmonary disease, atrial
fibrillation, diabetes, and treatment with aspirin, beta-blockers, angiotensin-converting enzyme
inhibitor/angiotensin receptor blockers, and statins. Cl = confidence interval, HR = hazard ratio, NSTEMI =
non-ST-segment-elevation myocardial infarction.

e 80+ "
2
= 30-49
E 60
Q 15-29
=
S 40-
=
S NSTEMI
< 20+ ) il 10-14
E Bl 59
=] /
@] | £ <5

0 I I I I I I

0 1 2 3 4 5

Time (years)

FIGURE 13. Estimated cumulative all-cause mortality in relation to different levels of stable hs-cTnT, and in
patients with NSTEMI.
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TABLE 11. Risk for myocardial infarction, heart failure and hospital readmission in
relation to stable hs-cTnT levels, versus risk in patients with NSTEMI.

High-Sensitivity Cardiac Troponin T Levels (ng/l)

Ref? <5 5-9 10-14 15-29 30-49 =50
Ml Hazard ratio (95% CI)
Multivariable 1.00 0.24 (0.17- 0.27(0.19- 0.39(0.27- 0.37 (0.26- 0.47 (0.28-  0.40 (0.18-
adjusted® 0.34) 0.39) 0.56) 0.54) 0.79) 0.91)
Heart failure Hazard ratio (95% CI)
Multivariable 1.00 0.11(0.07- 0.38(0.26- 0.60(0.42- 0.99 (0.72- 1.31(0.90- 1.30(0.82-
adjusted® 0.18) 0.54) 0.85) 1.36) 1.91) 2.08)
Hospital Hazard ratio (95% CI)
readmission
Multivariable 1.00 0.53 (0.47- 0.62 (0.55- 0.84 (0.74- 0.96 (0.84- 1.04(0.86- 1.21(0.93-
adjusted® 0.60) 0.69) 0.96) 1.10) 1.25) 1.58)

aAll patients with NSTEMI. ®Multivariable adjustments was made for the same covariates as in TABLE 10.
CI = confidence interval, HR = hazard ratio, M| = myocardial infarction, NSTEMI = non-ST-segment-
elevation myocardial infarction.

Discussion

The main findings in study Il was that patients with chronic myocardial injury and hs-cTnT
levels >30 ng/l were found to have a higher long-term risk of death compared with patients
with NSTEMI, and that the risk of HF corresponded to the risk in patients with NSTEMI.
The observations further elucidate the high risks of both mortality and cardiovascular events
associated with chronic myocardial injury.

The decision of initiating follow-up after 30 days was made since in patients with NSTEMI,
there is a high risk of adverse outcomes within the first 30 days. The exposed group,
specifically those with chronic myocardial injury, are stable and not acutely ill. Therefore,
these two groups of patients were not considered comparable in terms of treatment at the time
of hospital admission, since there is no specific acute treatment for patients with chronic
myocardial injury, while patients with NSTEMI are treated according to specific guideline-
recommended protocols(22). The overall aim with this study was to compare long-term
outcomes in the two groups, considering the observed differences in clinical management in
terms of treatment with cardiovascular treatment between patient with and without Ml in
study Il. This medical treatment is not expected to have any strong impact on early
prognosis.

As in study I, the main strength of this study was the large study population, which allowed
us to conduct several sub group analyses while keeping a high precision in risk estimates. As
previously described, one limitation in the inclusion process was that we were unable to

prospectively include patients based on repeated measurements of hs-cTnT levels.
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STUDY IV

Results

Study population

The study population of 19,460 patients with stable hs-cTnT levels in study | was included in
study IV (for baseline characteristics stratified by hs-cTnT levels, see TABLE 4). Most
patients (71%) visited the ED between 08.00 am and 07.59 pm (TABLE 12). There was a
difference in age distribution between the time periods for ED visits, with the youngest mean
age observed at 08.00-11.59 pm and 00.00-03.59 am, respectively. However, the prevalence

of comorbidities was similar between time periods.

Admission hs-cTnT levels

Mean admission hs-cTnT levels were higher in men than in women, and in higher age
categories across all time periods (TABLE 13). Greatest admission hs-cTnT levels were
found at 08.00-11.59 pm (8.5 ng/l; 95% ClI, 8.3-8.7), and the lowest at 00.00-03.59 am (7.0
ng/l; 95% CI, 6.8-7.3) (TABLE 13), which was consistent in sex-stratified analyses
(FIGURE 14). After adjusting for age, only minimal differences in mean admission hs-cTnT
levels between time periods were observed, and no further differences was found after
multivariable adjustments (TABLE 14).
TABLE 12. Baseline characteristics of the study population in study V.

Time of the visit to the emergency department

All patients 00.00- 04.00- 08.00- 00.00- 04.00- 08.00-
03.59 07.59 11.59 03.59 07.59 11.59
am. am. am. pm. pm. pm.
Number of 19,460 1512 938 (4.8) 3834 (20) 5413 (28) 4474 (23) 3289 (17)
patients (100) (7.8)
Age (years) 54 + 16 51+16 55+ 17 57 £ 16 56 +17 53+ 16 51 +16
Female 9696 (50) 715 (47) 437 (47) 1855(48) 2803 (52) 2238 (50) 1648 (50)
eGFR
(ml/min/1.73m?)
>60 17,618 (91) 1397 (93) 846 (90) 3431(89) 4848 (90) 4065 (91) 3031 (92)
15-60 1,842 (9.5) 115(7.6) 92 (9.8) 403(10.5) 565(10) 409 (9.1) 258 (7.8)
Prior Ml 1283 (6.6) 108 (7.1) 70(7.5) 280(7.3) 366(6.8) 254(5.7) 205 (6.2)
Heart failure 831 (4.3) 53 (3.5) 46 (4.9) 188 (4.9) 229(4.2) 184(4.1) 131(4.0)
Stroke 673 (3.5) 51 (3.4) 36 (3.8) 149(3.9) 196(3.6) 128(2.9) 113(3.4)
Prior 1405 (7.2) 98 (6.5) 71 (7.6) 311(8.1) 406 (7.5) 300(6.7) 219 (6.7)
revascularisation
Atrial fibrillation 1770 (9.1) 129(8.5) 113(12.1) 438 501 (9.3) 338(7.6) 251(7.6)
(11.4)
Diabetes 1588 (8.2) 122(8.1) 68 (7.3) 333(8.7) 475(8.8) 339(7.6) 251(7.6)
Platelet inhibitors 3147 (16) 227 (15) 171(18) 714(19) 895(17) 659 (15) 481 (15)
Beta-blockers 4141 (21) 295(20) 239(25) 909 (24) 1214 (22) 860(19) 624 (19)
ACEI/ARB 4186 (22) 272(18) 212(23) 892(23) 1280(24) 892(20) 638(19)
Statins 3247 (17) 238(16) 166(18) 680(18) 948(18) 696 (16) 519 (16)

Data are presented as n (%) or mean * standard deviation. ACEi/ARB = angiotensin-converting-enzyme
inhibitor/angiotensinogen-receptor-blocker, eGFR = estimated glomerular filtration rate, Ml = myocardial
infarction.
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TABLE 13.

Hs-cTnT levels in relation to time of the visit to the ED.

Time of the Visit to the Emergency Department

00.00- 04.00- 08.00- 00.00- 04.00- 08.00-

03.59am. 07.59am. 11.59am. 03.59pm. 07.59pm. 11.59 pm.
Males
All males 797 (8.2) 501 (5.1) 1979 (20) 2610 (27) 2236 (23) 1641 (17)
Hs-cTnT, ng/l 7.3(6.4) 8.9 (12.5) 9.0 (9.9) 8.7 (10.2) 7.7 (8.0) 7.5(6.9)
< 50 years 447 (56) 228 (46) 742 (37) 1154 (44) 1087 (49) 890 (54)
Hs-cTnT, ng/l 5.4 (1.9) 5.5(2.4) 5.5(2.0) 5.5(2.9) 5.4 (1.6) 5.5 (2.0)
50-69 years 271 (34) 185 (37) 811 (41) 1016 (39) 856 (38) 575 (35)
Hs-cTnT, ng/l 7.6 (7.1) 7.8 (7.1) 7.9(7.2) 7.8 (7.5) 7.4 (5.3) 7.4 (5.7)
>69 years 79 (9.9) 88 (18) 426 (22) 440 (17) 293 (13) 176 (11)
Hs-cTnT, ng/l 16.6 (10.7) 19.9(25.0) 17.3(159) 18.7(18.3) 17.4(17.0) 17.6(14.0)
Females
All females 715 (7.4) 437 (4.5) 1855 (19) 2803 (29) 2238 (23) 1648 (17)
Hs-cTnT, ng/l 6.7 (5.7) 7.1(6.6) 8.0 (11.0) 7.4(7.5) 7.1(12.6) 6.7(7.0)
< 50 years 320 (45) 148 (34) 601 (32) 956 (34) 925 (41) 794 (48)
Hs-cTnT, ng/l 51(1.1) 5.2 (1.0) 55(12.7) 5.1(1.3) 5.1 (2.0) 5.1(1.9)
50-69 years 259 (36) 173 (40) 727 (39) 1082 (39) 827 (37) 562 (34)
Hs-cTnT, ng/l 5.9(3.2) 6.4 (3.8) 6.3 (7.4) 5.9 (3.8) 6.5(18.8) 5.8(2.8)
>69 years 136 (19) 116 (27) 527 (28) 765 (27) 486 (22) 292 (18)
Hs-cTnT, ng/l 12.1(10.7) 10.9(11.0) 13.1(114) 12.2(12.3) 11.9(9.4) 13.1 (14.3)

Data are presented as n (%) or mean * standard deviation. ACEi/ARB = angiotensin-converting-enzyme
inhibitor/angiotensinogen-receptor-blocker; eGFR = estimated glomerular filtration rate; Ml = myocardial

infarction.
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FIGURE 14. Admission hs-cTnT levels in relation to time of the visit in the ED, stratified by sex. A.
Unadjusted. B. Adjusted for sex, age, eGFR and following comorbidities: diabetes, prior Ml, heart failure,
stroke, and atrial fibrillation. Bars in the graphs represent 95% confidence intervals.

TABLE 14. Hs-cTnT levels in relation to time of the visit to the ED.

Time of the Visit to the Emergency Department

00.00-03.59  04.00-07.59 08.00-11.59  00.00-03.59  04.00-07.59  08.00-11.59

am. am. am. pm. pm. pm.
Crude

Hs-cTnT, ng/l 7.0(6.8-7.3) 8.1(7.7-84) 85(8.3-8.7) 8.0(7.8-81) 7.4(7.3-76) 7.1(7.0-7.3)
(95% CI)

Adjustments

Age 7.0(6.8-7.2) 73(7.0-76) 73(7.2-74) 7.0(6.9-72) 7.0(6.9-7.1) 7.1(7.0-7.3)
+Sex 7.0(6.8-7.2) 72(6.9-75) 72(7.1-73) 7.0(6.9-7.1) 7.0(6.9-7.1) 7.1(7.0-7.3)
+eGFR 6.9(6.7-7.1) 7.1(6.9-74) 7.2(7.0-73) 7.0(6.9-7.1) 6.9(6.8-7.0) 7.0(6.8-7.1)

+Comorbidities* 6.8 (6.6-7.0) 6.9 (6.7-7.2) 7.1(7.0-7.2) 6.9(6.9-7.0) 6.9 (6.8-7.0) 6.9 (6.7-7.0)

aprior myocardial infarction, heart failure, diabetes, stroke and atrial fibrillation. Cl = confidence interval,
eGFR = estimated glomerular filtration rate, Hs-cTnT = high-sensitivity cardiac troponin T.

Discussion

The main finding in this study was that only minimal diurnal variation in admission hs-cTnT
levels was observed in patients with chest pain without acute hs-cTnT elevations. The small
variations were most likely related to minor age differences between time periods for the ED
visits, and almost disappeared after age adjustment. The observations indicate that the time of
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visit to the ED does not need to be considered in the assessment of admission hs-cTnT levels
in patients without acute medical conditions that may have affected the hs-cTnT level.

The main strength of this study was the large size of the study population, which contributed
to a higher precision in the estimates than in previous studies conducted in smaller cohorts.
One limitation with this study was that we had no available raw instrument data on
measurements of hs-cTnT levels <5 ng/l, as it is not provided by the manufacturer of the
assay. Therefore, we assigned all patients with hs-cTnT levels <5 ng/l a value of 4.9 ng/l in
the main analysis. However, findings were consistent in sensitivity analyses in which these

patients were assigned different values.
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INTERPRETATION AND OVERALL DISCUSSION

INTERPRETATION OF FINDINGS

Study |

Results from study | indicate that stable hs-cTnT levels are associated with mortality and
cardiovascular events in a graded manner. A markedly increased risk of hospitalization for
HF with increasing hs-cTnT levels was observed, stronger than the risk for MI, which
supports the hypothesis that chronic troponin release may be mediated to a wider extent by
functional and structural heart diseases than by ischemic heart disease(9, 84), and that
potentially important differences in the pathophysiological mechanisms of troponin release
may exist in acute vs. chronic myocardial injury.

The association with all-cause mortality was consistent in all sub groups after multivariable
adjustments, including groups with CKD. This finding emphasizes, despite the absence of a
unifying pathophysiological explanation for hs-cTn elevation in patients with CKD, that the
presence of elevated hs-cTn levels in any patient with CKD is associated with a worse
prognosis and most likely reflect underlying structural heart disease.

In contrast to previous studies on consecutive patients with chest pain in the ED but without
MI, we excluded all patients with any acute medical condition that potentially could explain
an elevated hs-cTnT level, and/or a dynamic change in hs-cTnT levels. We did not use any
specific exclusion criteria for the magnitude of hs-cTnT change, however in the final cohort
mean delta-troponin levels were well below 20% in all categories of elevated hs-cTnT levels.
In addition, the associated risk of all-cause mortality was consistent in the sensitivity analyses
restricted to patients with a delta-troponin 0-2 ng/l and a hs-cTnT level change <20%,
respectively. We believe this study extend the findings from previous studies, as only patients
with stable hs-cTnT levels were evaluated, including many patients with chronic myocardial

injury.

Study I

Results from study Il show how patients with chest pain and elevated hs-cTnT levels, but no
MI, are clinically managed in terms of cardiac investigations and treatment. Despite the high
risk of cardiovascular events associated with elevated hs-cTnT levels, the findings indicate
that these patients are infrequently investigated, prescribed new cardiovascular medical
treatment, or have a planned follow-up after discharge from hospital. Of specific interest is

the low incidence of cardiac investigations and prescription of new medication observed in
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patients without established heart disease, considering the strong association between hs-cTn
levels and cardiac events in individuals free of cardiovascular disease observed in study I, and
other studies in the general population(9, 82-84, 135).

As previously discussed, some patients in study Il may have had acute medical conditions
that affected the hs-cTnT levels, which could have influenced the results. However, in study
I, in patients from the same cohort but with inclusion through October 20, 2014, hs-cTnT
levels >14 ng/l were assessed as acutely elevated due to acute medical conditions in 29%
(1145 of 3943 patients with a hs-cTnT level >14 ng/l with sufficient information to determine
whether hs-cTnT levels where stable or acutely elevated), while the vast majority of patients
were assessed as having chronically elevated hs-cTnT levels, i.e. chronic myocardial injury.
As these clinical assessments were independent of the time when eligible patients arrived in
the ED during the study period, it is likely that the proportion of patients with chronic
myocardial injury in study Il was similar.

The low incidence of cardiac investigations may also to some extent be explained by the
relatively high prevalence of previously known cardiovascular disease in patients without Ml,
particularly prior HF, compared to other cohorts of consecutive patients with chest pain in the
ED(136, 137). The latter could in turn partly be explained by the selection of the study
population, restricted to only patients with elevated hs-cTn levels. In addition, we did not
have information on the indication for cardiac investigation. The observed high prevalence of
pathological findings on cardiac investigations was presumably influenced by a high pre-test
probability, as patients underwent investigations based on a clinical suspicion of cardiac
disease. However, considering that all patients had a principal complaint of chest pain as the
reason for the ED visit, we believe these aspects could only partly be responsible for the low
incidence of cardiac investigations and planned follow-up in patients without MI. Instead, we
believe the main explanation for the observed findings is the lack of evidence to guide the
clinician on how to properly manage patients without M1 but with elevated hs-cTn levels, and

in particularly patients with chronic myocardial injury.

Study I

Results from study 11 extend the findings on prognosis in patients with stable hs-cTnT levels
from study I, including a direct comparison of long-term outcomes with those observed in
patients with NSTEMI. This study showed that the risk of death in patients with chronic
myocardial injury is similar, or even higher, than the corresponding risk in patients with M.

The 1-year cumulative mortality observed in this cohort of patients with chronic myocardial
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injury and hs-cTnT levels of 15-29 ng/l is comparable with that in post-MI patients in a
recently published nation-wide Swedish study (10% and 12.3%, respectively)(138).

When interpreting the results from study 111, some differences in characteristics between the
studied groups should be considered. Patients with stable hs-cTnT levels were selected
differently than the comparison group of patients with Ml, as patients with MI were used as
reference regardless of hs-cTnT levels. However, the study population originate from the
same cohort of patients with chest pain in the ED, and the general aim of this study was to
elucidate the high risks associated with chronic myocardial injury, in relation to the risks in
patients who have survived an acute M.

The estimated cumulative mortality in patients with stable hs-cTnT levels of 10-14 ng/l was
similar to the risk in patients with NSTEMI during the initial follow-up time, in both the main
analysis and in the sub group analysis on patients without prior heart disease. This finding
may suggest a relatively higher incidence of non-cardiovascular than cardiovascular death in
patients with stable hs-cTnT levels in this range, which is supported by the lower risk for
cardiovascular death found in patients with stable hs-cTnT levels <15 ng/l than in patients
with NSTEMIL. In study I, the proportion of cardiovascular causes of death in each stratum of
hs-cTnT increased with higher hs-cTnT levels. However, considering the graded risk of
cardiovascular death and cardiovascular events for all hs-cTnT levels even below the normal
upper limit observed in study I, all detectable hs-cTnT levels should probably be considered
as risk markers for cardiovascular disease.

In study I, we found a stronger association between stable hs-cTnT levels and the risk of HF
than that for MI. In patients with stable hs-cTnT levels of 15-29 ng/l, a more than 10-fold
increased risk compared to the reference group was found, which corresponds to the risk of
HF observed in patients with NSTEMI in study I11. As expected, the risk of M1 during
follow-up was higher in patients with NSTEMI, i.e. the risk of reinfarction, than the risk in
patients across all categories of stable hs-cTnT levels. Although it is difficult to discuss
potential pathophysiological mechanisms responsible for chronic cTn release based on these
findings, the study results do however further support that chronic myocardial injury may be

mediated predominantly by underlying structural heart disease, rather than by CAD.

Study IV
Results from study IV indicate that the admission cTn level in patients with chest pain
without any acute medical condition is not affected by the time of the day. The minor

differences in unadjusted mean admission hs-cTnT levels between time periods were most
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likely reflecting differences observed in patient characteristics, as these differences
disappeared after adjustments in the statistical model.

Potential variation in cTnT levels may be distinguished as physiological or pathological.
Physiological variation would be expected to occur within individuals, and might reflect
circadian variation in cardiovascular physiology, e.g. variation in heart rate and blood
pressure(139). Pathological variation would be more likely to be evident between individuals,
and reflect diurnal variation in the presentation of medical conditions known to cause
increased cTnT levels. It might be expected to observe a pathological diurnal variation if
conditions associated with elevated cTnT levels were more likely to present at a specific time
of day. Physiological and pathological diurnal variation have different implications for
interpretation of results. Evidence of significant physiological diurnal variation would suggest
that the threshold for positivity, i.e. the normal upper limit, should be adjusted according to
time of day. Evidence of pathological variation would not have the same implication, since
we would probably want to identify pathological variation whenever it occurred. If more
patients presenting with conditions associated with increase in hs-cTnT levels at a certain
time of the day cause diurnal variation in cTnT levels, then this would not suggest that a
change of the threshold is needed. In this study, we did not observe any large differences in
the prevalence of comorbidities between time periods for hs-cTnT measurements, however
mean age was slightly higher at time periods with higher mean admission hs-cTnT levels.
After age-adjustments, no differences in hs-cTnT levels between time periods were observed.
This was not a standardised biological variation study, and intraindividual serial hs-cTnT
measurements were not available. Thus, the study results need to be discriminated from
potentially answering the question whether intraindividual fluctuations in cTnT levels may be
present, nor do they speak against that such oscillations exist. The findings cannot tell
whether cTnT levels may fluctuate at random around each patient’s homeostatic set point, or
potentially by a regularly rhythmic oscillation (FIGURE 15). However, our study results
suggest that such variation does not follow a diurnal rhythm, at least not in patients with chest
pain in the ED, which is the principal group of patients in whom hs-cTnT levels are assessed
today. As the study was conducted on patients without acute medical conditions that may
affected the hs-cTnT level, the results may only be generalized to such populations.

Results from studies on healthy individuals evaluating biological variation in cTnT levels
could not easily be extrapolated to patients with a wide range of comorbidities, and who are
clinically evaluated because of chest pain. If hs-cTnT levels were to follow a non-random
variation, e.g. a daily rhythm or any other regular oscillation pattern, calculations of

biological variation would be dependent on the time frame chosen. Indeed, different studies
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have reported a wide range of biological cTnT variation in healthy individuals(140, 141).
This may however reflect differences in individual cTnT levels between study populations,
and thus different impact of analytical variation.

In a recently published study on consecutive patients with chest pain in the ED, with
adjudicated diagnoses of cardiac and non-cardiac disease, admission hs-cTnT levels were
reported to follow a diurnal rhythm(52). In that study, significantly higher hs-cTnT
concentrations in early-morning presenters were found compared to evening presenters.
However, the observed differences were minimal in absolute terms, and not clinically
relevant (e.g. in patients with a non-cardiac cause, the median admission hs-cTnT levels in
the morning and night time were 6 (interquartile range 4-10) ng/l, and 5 (interquartile range
3-8) ng/l, respectively).

Compared to other studies on cTn variation, this study was conducted on a larger study
population with an extensive range of patient characteristics, e.g. different ages, sex and
degrees of renal function. Therefore, we believe the study findings add important information

on cTnT variation.
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FIGURE 15. Illustration of potential intraindividual variation in hs-cTnT levels. In all the examples above, hs-
cTnT levels follows a non-random rhythmic oscillation, however no difference in mean admission hs-cTnT
levels between time periods of the day will be observed (assuming no confounding is present).

METHODOLOGICAL CONSIDERATIONS
Internal validity
In epidemiological research, two broad types of error may affect the accuracy of the study

results: random error and systematic error. Internal validity refers to the degree to which a
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study can minimize systematic error. To conduct epidemiological research with as high

accuracy as possible, both sources of error need to be minimized.

Systematic error

Systematic errors, or biases, are methodological errors that cause systematically incorrect
measurement or interpretation of data. These errors threaten the internal validity of a study,
and remain independent of study size. Numerous of types of specific biases have been
described, however bias could be classified into three broad categories: information bias,

selection bias and confounding(142).

Information bias

Information bias refer to systematic error in the collection of information about and/or from
study subjects. This may lead to misclassification of categorical data, which in turn could be
distinguished as differential, if the misclassification differs according to the value of exposure
or outcome variables, or non-differential, if misclassification is unrelated to these variables.
Thus, differential misclassification in a cohort study may be a measurement error of an
exposure or outcome variable that occur more frequently in either the exposed or the
unexposed group. This could lead to incorrect estimates. In contrast, non-differential
misclassification occurs independently of exposure or outcome variables, and the probability
of error to occur is therefore equal between the exposed and unexposed group. This tend to
dilute any actual effect size, which sometimes is referred to as bias towards the null.

In the process of identifying the study population in study I and I11, misclassification of
exposure may have occurred as hs-cTnT levels were categorized according to the first hs-
cTnT level measured associated with each patient’s index visit. Thus, a patient with recorded
hs-cTnT levels of 29 ng/l, 33 ng/l and 31 ng/l, were categorized into hs-cTnT levels of 15-30
ng/l. As all patients with a first hs-cTnT level of <12 ng/l and a change in the hs-cTnT level
of >2 ng/l were excluded, exposed patients in the final cohort who were categorized into the
lower hs-cTnT categories of 5-9 ng/l and 10-14 ng/l, but also patients categorized into the
unexposed group <5 ng/l, may have been less likely misclassified. This aspect may be
identified as a differential misclassification error, although it is unlikely that it had a
substantial impact on the study results. In study 1V, patients with an admission level <5 ng/I
were assigned a level of 4.9 ng/l, as the LoD for the hs-cTnT assay is 5 ng/l. However, to
control for potential misclassification of the outcome (mean admission hs-cTnT levels), a
sensitivity analysis was conducted with other assigned values (0 ng/l and 1 ng/l, respectively),

in which the results were consistent.
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Additionally, measurement error of hs-cTnT levels due to analytical interference, e.g. by
pronounced haemolysis which can cause falsely low hs-cTnT levels(55), may have resulted
in misclassification, although probably non-differential due to its independency of exposure
and outcome.

Another type of misclassification bias that may have occurred in the process of identifying
the study population in these studies is immortal time bias (FIGURE 16). Exposed patients
were defined partly according to future hs-cTnT levels, in contrast to the unexposed group.
Consequently, immortality time may have been introduced, as the follow-up time started at
the first hs-cTnT level associated with the index visit. However, this bias would be expected
to underestimate the risks in the exposed group of patients, due to increased time-at-risk.
However, in study 111, this type of bias may have had less impact on the risk estimates, as the

follow-up started 30 days after the index visit.
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FIGURE 16. lllustration of immortal time bias.

We identified comorbidities from the National Patient Register, defined according to
recorded diagnoses at discharge from hospital according to the ICD coding system. As we did
not have information on diagnosis in primary care, e.g. hypertension diagnoses,
misclassification of disease may have been present to some extent. In addition, even though
diagnoses in the patient register have a high validity(128), the severity of disease is not
further classified and therefore not available, e.g. for COPD.

In study I and 111, we used the Cause of Death Register to identify the causes of death,

including cardiovascular and non-cardiovascular death. As the diagnoses in this register is
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based on information from death certificates, misclassification of causes of death may have

been present to some extent.

Selection bias

Selection bias is the distortion that occur due to errors in the process of selecting the study
population, or come from factors that influence the study participation. This type of bias lead
to differences in the observed association between exposure and outcome among study
participants and non-participants. Selection bias arise in cohort studies if both the exposure
and outcome affect whether an individual is included in the study data. In retrospective cohort
studies, selection bias may arise e.g. if the cohort is retrospectively defined based on
incomplete data, or if patients with missing data are excluded before the start of follow-up
since the excluded patients will differ from patients with complete information.

In study I, 11l and 1V, a random sample from the final cohort of patients with stable hs-cTnT
levels (i.e. exposed patients) were evaluated by two external investigators. Of these patients,
4% were determined to have measurable hs-cTnT levels related to acute medical conditions,
and were therefore incorrectly selected. Also, there may have been some patients with acute
myocardial injury in whom hs-cTnT levels had plateaued at the time of the visit in the ED,
and thus the elevated hs-cTnT levels may have been falsely assessed as related to chronic
myocardial injury. However, we believe that this selection bias may only have had a minor
impact on the risk estimates.

In study I11, the reference group of patients with NSTEMI were identified according to ICD-
codes for MI diagnoses, and the diagnosis of NSTEMI was adjudicated by the review of
medical records. Thus, potential errors in the adjudication process may have introduced
selection bias, however this bias would probably be small, and would likely not have any
substantial impact on the results.

Related to the selection of patients with chronic myocardial injury, a type of bias called
protopathic bias may be considered, particularly in study Il with regards to hospital
readmission rates. Protopathic bias may arise when the exposure occurs in response to the
outcome, and therefore reflect a reversal of cause and effect. Thus, the association between
chronic myocardial injury and the risk of hospital readmission may have been affected by the
fact that chronic myocardial injury was partly defined according to future recordings of hs-
cTnT levels at other hospital visits. This bias may potentially have led to an overestimation of
the true admission rates.

In study Il - 1V, as previously described, all patients with chronic myocardial injury, i.e. with

stable hs-cTnT levels >14 ng/l, were included based on a clinical assessment of all available

70



information in patients’ medical records. The interobserver agreement of these assessments
was high between the individual investigators, yet to which the extent this process of
identification of patients with chronic myocardial injury is generalizable is not further
validated. However, there is no clinical consensus on how to clearly define patients with
chronic myocardial injury, and we believe that our method was the best possible in this
context to mimic clinical practice.

In addition, selection bias may have influenced the results in study Il, as patients without Ml
who underwent cardiac investigations presumably had a high pre-test probability of cardiac
disease. Consequently, the true prevalence of cardiac abnormalities in the whole group of
patients without M1 is still uncertain. This is a specific type of selection bias called indication
bias that may arise in an external comparison when the condition for which a patient is
exposed is related to the outcome of interest, which usually may occur in the context of the
exposure comprising a medical treatment. This matter may affect the external comparison
with patients without M1 who did not undergo cardiac investigations. In addition, the fact that
we did not have information on acute medical conditions other than MI in study Il may also
have resulted in confounding of the results in the internal comparison between the exposed
and unexposed group, as such conditions may have been associated with both the exposure
(no MI) and outcome (incidence of investigations and their results, planned follow-up and

new treatment). Confounding is further discussed below.

Confounding

Confounding bias is a systematic error caused by factors, i.e. confounders, associated with
both the studied exposure and outcome but that are not in the causal pathway from exposure
to the outcome (FIGURE 17). Consequently, the effect of a confounder is imbalanced
between the exposed and unexposed groups. In the example in FIGURE 17, an association
between hypertension and the risk of HF may be observed, however prevalent alcohol
abuse may be associated with both an increased risk of both developing hypertension, the
risk of developing HF by other mechanisms than hypertension. In addition, alcohol abuse is
not in the pathway between hypertension and HF. Thus, alcohol abuse could be defined as a

confounder.
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Exposure , Outcome
(e.g. hypertension) (e.g. heart failure)

— ==

Confounder
(e.g. alcohol abuse)

FIGURE 17. lllustration of confounding.

In all the studies in this thesis, multivariate statistical models and stratified analysis were
applied to deal with confounding. Multivariate statistical models allow adjusting for
confounders, e.g. age, sex and comorbidities, when calculating risk estimates for the
outcomes. As in all observational cohort studies, unknown confounders, often referred to as
residual confounders, that were not adjusted for may have influenced the risk estimates. For
example, in study IV we adjusted for covariates that were considered as potential
confounders for the time of the day for blood sampling (exposure), and hs-cTnT levels
(outcome). However, there may have been unmeasured factors that we did not adjust for, that

potentially could have affected the results.

Random errors

Random error constitute variability in the study data that cannot be explained, and affect the
precision of the risk estimates in a study. The precision is a measure of reproducibility, i.e.
the ability to reproduce the results from a study under similar conditions. Random error can
be reduced with increased study size. In a sufficiently large study, virtually all errors of
concerns are instead systematic errors. In statistical calculations, point estimates are
accompanied by Cls to express the random error, or the variability, that underlies the
estimates. The Cl is defined according to a confidence level, which usually is set at 95%, and
could be interpreted as an interval that will include the correct value of the measure of interest
95% of the time if the study could be replicated, and given it is free of systematic errors(139).
Consequently, increasing sample size will narrow the CI as precision in the estimate
increases. In all the studies in this thesis, risk estimates were presented together with 95%
Cls. Throughout the studies in this thesis, particularly in study Il and Il1, the study
populations were large enough to allow us to perform calculations on risk estimates with high

precision, and thus with subsequently narrow Cls.
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External validity

External validity refers to the degree of generalizability of study results to other settings than
in the one in which the study was conducted. All studies in this thesis were conducted on
patients with chest pain in the ED at Karolinska University Hospital, which has two sites in
Stockholm County. In general, we believe the ability to apply the study findings to other
hospitals in Sweden and to health care settings in other countries with a similar health care
level as in Sweden is high. Naturally, overall results may only be applied to countries in
which hs-cTn assays are used in clinical practice.

As mentioned, all patients with stable hs-cTnT levels were identified from a chest pain
population, and hs-cTnT levels were assessed as stable according to data from hospital visits.
Thus, it is uncertain whether the recorded hs-cTnT levels may be interpreted as patients’
“true” chronically stable levels. The results should therefore primarily be generalized to
similar populations of patients with chest pain. Enrolling patients in an outpatient setting,
based on repeated hs-cTnT measurements, may have been a preferred strategy. However, it is
plausible that stable hs-cTn levels identified in other settings, especially those reflecting

chronic myocardial injury, may also be associated with a worse prognosis.
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FUTURE DIRECTIONS

Findings from study I and 111 support a strong association between chronic myocardial injury
and the risk of death and cardiovascular disease, with a graded increase in risk according to
hs-cTnT levels. Findings from study Il indicate that patients with myocardial injury without
MI infrequently undergo cardiac investigations. The study findings in this thesis, together
with other research, arise several novel aspects and potential applications of hs-cTn

measurements.

Identification of chronic myocardial injury

Chronic myocardial injury has recently been described biochemically in the fourth universal
definition of Ml as elevated and stable cTn levels. Stable denotes a <20% cTn level variation
in the appropriate clinical context(16). However, no further uniform valid criteria exist for
defining and identifying chronic myocardial injury in a clinical setting. The strategy used to
identify patients with stable hs-cTnT levels in the studies of this thesis was based on clinical
assessment of medical records. Suggestively, a preferred strategy would have been to enrol
patients prospectively based on repeated measurements of hs-cTnT levels 1-2 weeks after the
index visit. Future clinical management of these patients may possibly involve such approach
(FIGURE 18). Consensus regarding a unifying definition would likely help investigators to
design and conduct prospective studies, and to interpret and compare findings. Of specific
interest regarding these aspects is the development of potential future novel assays targeting
more specific epitopes than the present, that may be able to distinguish hs-cTn elevations

related to acute myocardial injury from chronic elevations(105).

Investigation strategies in patients with chronic myocardial injury

In patients with chronic myocardial injury, algorithms for clinical management are needed to
detect previously unknown heart disease and prevent cardiovascular events. In study I, we
found an almost 5-fold adjusted risk of death in patients without prior heart disease with
stable hs-cTnT levels of 15 to 29 ng/l, compared to patients with hs-cTnT levels <5ng/I. In
the main analyses, the graded associations with HF and MI were evident after adjusting for
cardiovascular comorbidities. Considering that all patients in the studies had chest pain as a
principal complaint in the ED, it is likely that the prevalence of unknown structural heart
disease would be higher in these patients, than that found associated with hs-cTnT levels in
the general population(84). Although it should be noted that the sensitivity of cardiac imaging
modalities for confirming minor myocardial injury is lower than hs-cTn assays, as even

cardiac MRi can miss diffuse injury detectable with an hs-cTn assay(55), patients who
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present with chest pain and chronic myocardial injury without prior heart disease should
probably be investigated with an echocardiogram to exclude visible structural heart disease,
and/or a non-invasive stress test if there is a suspicion of ischemic heart disease. However,
unifying clinical guidelines are needed to advice clinicians in how to properly manage

patients with chronic myocardial injury.

Risk stratification

The potential value of repeated hs-cTn measurements in outpatient healthcare settings, to
enhance the ability to identify individuals of high-risk for cardiovascular disease, has recently
been advocated. Serial measurements of hs-cTn levels has been suggested as a potentially
useful clinical tool in prognostic assessments of cardiovascular disease in primary care, and
to help targeting prevention strategies to reduce long-term risks(87, 89, 90). Hs-cTn levels
may help stratifying healthy individuals at risk of coronary heart disease(90), but also target
echocardiographic screening to identify asymptomatic left ventricular dysfunction,
considering the association between hs-cTn levels in individuals free of established heart

disease and e.g. LV mass and the prevalence of LVH(88).

EMERGENCY DEPARTMENT OUTPATIENT CLINIC
A

[
l Repeated hs-cTnT \ - - —
levels >99th New hs-cTnT Risk Risk monitoring
percentile value measurement stratification

Hs-cTnT measurements

[/

Risk Disease
modification monitoring

W T

FIGURE 18. Potential novel applications of hs-cTn measurements.
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Risk modification and monitoring

As long-term changes in hs-cTn levels are associated with cardiovascular risk and death, hs-
cTn levels may be used in risk modification and risk monitoring in the future. Findings from
a previous study indicate that statin therapy may lower hs-cTn levels and the associated risk

for cardiovascular events in mainly healthy individuals, independently of cholesterol
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lowering (90). Also in patients with a recent MI, statins has been found to reduce hs-cTn
levels(143). In patients with chronic HF randomized to treatment with either a new
angiotensin-neprilysin inhibitor or a conventional ACEi, an early and sustained lowering of
hs-cTn levels was found in the new treatment group(144). These findings indicate that the
associated risks with hs-cTn levels are not only dynamic, but may also be modifiable.
Theoretically, based on our results in study I, we would have needed to treat 15.8 patients
with hs-cTnT levels 15-29 ng/l to reduce their troponin level to 10-14 ng/l which may have
prevented one death in each year?.

Hs-cTn levels could be a target for future interventions, aiming at reducing the risk of death
and cardiovascular disease. This could be specifically interesting in individuals free of
previous heart disease, in whom baseline hs-cTnT levels have been associated with
subsequent imaging evidence of subclinical cardiac replacement fibrosis, which is a very
early sign of cardiac disease(9). If this development could be prevented by cardiovascular
risk modification is still unknown.

Prevention strategies would suggestively involve tailored, potentially personalized, therapy
for intensive risk factor modification and risk monitoring according to the risk based on hs-
cTn levels. For example, decreases in hs-cTn levels may relate to reduced progression of
LVH due to better hypertension treatment. Future prospective randomized trials would be

required for this matter.

aIfCI ~ 1 - e(_lR XT), then Cllyear 15-29 ng/L = 1 - e(-0.12><1)’ and Cllyear 10-]_4ng/|_ = 1 - e(-0.05X 1)9 NNT 1/RD = 1/( Cllyear
15-29ng/L - Clayear 10-14ng) ~ 15.8. Cl = cumulative incidence, IR = incidence rate, T = time, NNT = numbers
needed to treat, RD = risk difference.
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CONCLUSIONS

The overall aim with this thesis was to investigate clinical management and prognosis in

patients with elevated hs-cTnT levels without MI. The main findings in each study were:

Study | In patients with chest pain and chronic myocardial injury, a graded association
was found between the hs-cTnT level and risk of death, MI and HF. Increased
risks were found already below the normal upper limit, and findings were

consistent across all sub groups.

Study Il A considerably small proportion of patients with chest pain and elevated hs-
cTnT levels but no MI were found to undergo cardiac investigations or have a
planned follow-up after discharge from hospital. In patients who were

investigated, a substantial proportion had previously unknown heart disease.

Study Il Patients with chest pain and chronic myocardial injury with stable hs-cTnT
levels >30 ng/l were found to have an increased long-term risk of death
compared with patients with NSTEMI. In patients without established heart
disease, long-term risks were similar in patients with NSTEMI and stable hs-
cTnT levels of 10-14 ng/l.

Study IV In patients with chest pain without M1 or any other acute medical condition

related to hs-cTnT elevations, no clinically relevant diurnal variation in

admission hs-cTnT levels was found.
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