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Untangling the relationship between hemoglobin, peak
troponin level, and mortality in patients with myocardial
infarction

Vojko Kanic*, Gregor Kompara, David Suran, Nina Glavnik Poznic

ABSTRACT

Patients with a history of myocardial infarction (MI) and lower admission hemoglobin (aHb) levels have a worse outcome than patients with
higher aHb, but lower or similar peaks in enzymatic infarct size. Hemoglobin levels are positively correlated with body surface area (BSA),
which is positively correlated with cardiac mass. We hypothesized that patients with lower aHb suffer comparatively greater myocardial injury.
We examined the relationships between aHb, and troponin (Tn) normalized to BSA (Tn/BSA) and its association with 30-day mortality. Data
from 6055 patients, who were divided into seven groups based on their aHb at 10g/L intervals, were analyzed, and the groups were compared.
The relationships between aHb and Tn/BSA and between Tn/BSA and 30-day mortality were assessed. Patients with higher aHb levels had
greater BSA (p<0.0001). A negative relationship between aHb and logioTn/BSA was observed in the entire group, and in men and women
separately (p<0.0001, p<0.0001, and p=0.013, respectively). The logioTn/BSA value was associated with 30-day mortality in the entire group,
and in men and women separately (p<0.0001, p=0.014, and p<0.0001, respectively). Our finding suggests that a similar peak Tn value in patients
with lower aHb means comparatively greater myocardial injury relative to cardiac mass. This hypothesis helps to explain the worse outcomes in
patients with lower aHb. According to our findings, Tn should be indexed to BSA to provide comparable information on cardiac injury relative

to cardiac mass. Whether this relationship is causal remains to be clarified.

KEYWORDS: Baseline hemoglobin; myocardial infarction; myocardial injury; infarct size; percutaneous coronary intervention; body surface
area; outcome; mortality

INTRODUCTION

Substantial evidence from previous studies suggests that
low admission hemoglobin (aHb) levels in patients with myo-
cardial infarction (MI) are a predictor of poor outcome [1-5].
However, the data on myocardial injuries in different aHb
classes in these patients are contradictory and paradoxical.
Some studies have found similar peaks in enzymatic infarct
size in different aHb classes [5], while others found even lower
peaks in enzymatic infarct size in patients with lower aHb lev-

els, although these patients had significantly higher mortality
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rates [4,6]. At present, available data suggest that lower aHb
levels are associated with a similar or lower enzymatic infarct
size but higher mortality rates after MI than higher aHb
levels [4-6]. This contradicts the fact that higher troponin
(Tn) levels are associated with larger myocardial injuries and
poorer outcomes [7,8]. The association between aHb levels
and outcome after MI was interpreted as being indepen-
dent of the severity of the myocardial injury and multifacto-
rial [9,10], but this was not satisfactorily explained [4-6]. The
peak Tn level provides an estimate of the extent of myocardial
necrosis [8]. If two patients have similar peak Tn values but
different cardiac mass, they would have different infarct sizes
relative to cardiac mass, and these similar Tn values would
be expected to have different clinical consequences in these
patients.

It is known that the hemoglobin mass is positively associ-
ated with body surface area (BSA) in men and women [11,12].
The cardiac mass (weight) is also positively correlated with
BSA, and BSA is used as a biometric unit for normalizing left
ventricular mass [13-16]. Hence, patients with higher aHb lev-
els would be expected to have a larger BSA, and a larger left
ventricular mass [13-17]. The reason for indexing physiological
parameters to BSA is that BSA has been shown to correlate
more closely with physiological parameters than the body

weight does [13,14].

www.bjbms.org



Vojko Kanic, et al.: Baseline hemoglobin and infarct size

We hypothesized that patients with lower aHb levels would
have greater cardiac injury normalized to BSA (which correlates
with cardiac mass), and thus a relatively larger infarct size rela-
tive to cardiac mass and a less favorable outcome than patients
with higher aHb levels. We could not find any data regarding
the possible association between aHb levels and cardiac Tn
normalized to BSA (Tn/BSA) in patients with MI who had
undergone percutaneous coronary intervention (PCI). Our aim
was to investigate the possible association between aHb levels
in selected patients with MI, treated with PCI, and Tn/BSA and
the association between Tn/BSA and 30-day mortality.

MATERIALS AND METHODS

A retrospective observational study was conducted at the
University Medical Center Maribor, an academic medical
center with a 24/7 PCI service. We screened 7344 consecu-
tive patients with MI who underwent PCI between 2007 and
the end of 2017. Patients with aHb <100 g/L (302) and aHb
>170 g/L (87) and patients with missing data for Tn (154) or
BSA (746) were excluded, leaving 6055 patients whose base-
line and treatment data were obtained from patients’ electronic
medical records. Patients with aHb <100 g/L were excluded
because of possible concomitant diseases (malignancy, chronic
diseases.) that could influence the outcome, and patients with
aHb levels 170 g/L were excluded because only one woman
was found in this category. Patients were stratified according to
their aHb level into seven groups at 10 g/L intervals in the aHb
range 100-169 g/L. These aHb groups were compared.

Tn levels were determined at admission and at least once
in the first 24 hours. After that, serum Tn levels were measured
at various times at the discretion of the treating physician.
Tnl was determined by the chemiluminescence immunoas-
say method on Siemens Dimensions Vista Systems (Siemens
Healthcare Diagnostics, DE, USA) with the reference interval
<0.045 ug/L. The highest serum Tn level during the entire
hospitalization was defined as the peak Tn level. Patients were
treated according to published guidelines for the management
of MI [7,18]. Thrombolysis has not been used in our region
since 2003, and no rescue PCI was performed. The PCI strat-
egy and concomitant medication were at the discretion of the
operator and the attending physician.

The exact data on deaths were provided by the Slovenian
National Cause of Death Registry. The study was approved
by the University Medical Center Maribor Committee for
Medical Ethics (Reference: UKC-MB-KME-59/19) and it ful-
fills the requirements of the Declaration of Helsinki.

Definitions

The MI in patients was confirmed by a history of chest
pain, diagnostic electrocardiographic changes, and a serial
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elevation of Tn above the 99™ percentile of the upper reference
limit in our laboratory according to published guidelines [7,18].
The DuBois and DuBois formula was used for calculation of
BSA [13]. Renal dysfunction on admission was defined as an
estimated glomerular filtration rate (GFR) <60 mL/kg/1.73m>
The Bleeding Academic Research Consortium (BARC) bleed-
ing criteria and BARC 3a bleeding (Hb drop of 30-50 g/L
or any transfusion) were used [19]. Unsuccessful PCI was
defined as Thrombolysis in Myocardial Infarction (TIMI)
flow grade o/1 after PCI. Heart failure was defined according
to clinical criteria (bilateral pulmonary rales, S3 gallop, and
edema) and/or radiological evidence of interstitial or alveolar
edema requiring diuretic therapy.

End points

The end points were the possible association between the
aHb level and the peak cardiac Tn level normalized to BSA
(Tn/BSA) and association between the Tn/BSA and 3o0-day
all-cause mortality. In addition, we assessed the BSA in differ-
ent patient groups according to the aHb levels.

Ethical statement

Ethical, governance, and waiver of consent approvals were
granted by the University Medical Center Maribor Committee
for Medical Ethics (Reference: UKC-MB-KME-59/19), and all
methods were performed in accordance with relevant guide-
lines and regulations.

Statistical analysis

Continuous variables were summarized using the arithme-
tic mean with standard deviation for normally distributed data
or the median with interquartile range for non-normally dis-
tributed data. The normality of distribution was verified using
the Kolmogorov-Smirnov test. Fischer’s exact chi-square test
was used for the comparison of categorical data. Continuous
variables following a normal distribution were compared using
the independent samples t-test, while non-normally distrib-
uted variables were compared using the Mann-Whitney U test.

Baseline characteristics of patients across the different cat-
egories were examined by Chi-square tests for categorical vari-
ables and by the ANOVA test with Bonferroni post hoc analysis
for continuous variables. Because of the highly skewed results
for the Tn values, we transformed Tn results to logio, then nor-
malized logio Tn values to BSA (logio Tn/BSA) and used this
variable. Logistic regression models were used to determine the
possible independent association between logioTn/BSA and
30-day mortality. In addition to the peak logioTn/BSA value,
variables with significant univariable association (p<0.05) with
30-day mortality and variance inflation factor <1.6 were included
in the multivariable model. Models were adjusted for: age, sex,
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diabetes, hypertension, hyperlipidemia, renal dysfunction on
admission, ST-elevation MI, aHb level groups, radial access, PCI
of the left main coronary artery, left anterior descending artery,
circumflex artery, right coronary artery, TIMI flow grade o/1
after PCI, heart failure, dual antiplatelet therapy, bleeding, and
logioTn/BSA. In addition, we analyzed these possible associa-
tions for each sex separately. Data were analyzed with SPSS 25.0
software for Windows (IBM Corp, Armonk, NY).

RESULTS

Descriptive data for patients

A total of 6055 patients (69.9% men) with MI were
included in the study. Divided into groups based on aHb lev-
els, there were 315 (5.2%), 665 (11.0%), 1074 (17.7%), 1426 (23.6%),
1371 (22.6%), 879 (14.5%), and 325 (5.4%) patients in the aHb
groups 100-109 g/L, 110-119 g/L, 120-129 g/L, 130-139 g/L, 140-
149 g/L, 150-159 g/L, and 160-169 g/L, respectively (Table 1).

Table 1 shows the clinical and procedural characteristics
of the patients stratified by aHb levels. Patients with lower

aHb levels were more likely to be female, older, and with
ST-elevation MI on admission. They had a lower GFR and
more frequently suffered from diabetes, but hyperlipidemia
was less common. PCI of the left main coronary artery was
performed more frequently, whereas PCI of the LAD was less
often carried out. Radial access was less frequently used, and
they were more prone to bleed. The BMI and BSA were gen-
erally lower, while the Tn/BSA and logioTn/BSA values were
usually higher, and heart failure was more frequent in patients
with lower aHb levels.

Graded hemoglobin level on admission and
outcomes

BSA

Spearmanss correlation coefficient between the aHb level
and BSA showed a positive correlation (r=0.358; p<0.0001).
This correlation was stronger in men (r=0.214; p< 0.0001) than
women (r=0.132; p<0.0001).

A positive relationship was found between aHb and BSA in
the entire patient group (Table 1, Figure 1). A gradual increase

TABLE 1. Patients with myocardial infarction stratified by baseline hemoglobin

HEMOGLOBIN (g/L)
100-109 110-119 120129 130-139 140-149 150-159 160-169 ALL p-value
Patients, n (%) 315(52)  665(11.0) 1074(177) 1426(236)  1371(226)  879(145)  325(54)  6055(100)  <0.0001
Age, years 729(110)  694(113)  683(112)  646(11)  619(116)  597(115) 583(111)  646(121)  <0.0001
Male sex, N (%) 142(451)  285(429)  591(550)  869(680)  1132(826)  810(922)  305(938)  4134(699)  <0.0001
Diabetes, N (%) 110(349)  214(322)  275(256)  356(250)  285(208)  162(184)  78(240) 1480 (244)  <0.0001
Hypertension, N (%) 194(61.6)  412(620)  641(597)  831(583)  773(564)  492(560)  185(569)  3528(583)  0.12
Hyperlipidemia, N (%) 111(352) 257 (386)  462(430) 676 (474)  736(537) 487 (554)  178(548) 2907 (480)  <0.0001
BMI, kg/m? 26.12 270 273 278 278 284 293 277 <0.0001
(24.1,294)  (242,301) (246,305 (250,309)  (254,30.1)  (260,311) (269,336)  (25.1,30.9)
BSA, m? 1.80 182 187 1.92 198 201 203 192 <0.0001
(169,191)  (1.69,194)  (174,200) (179,206)  (185210)  (1.90,213) (191,215)  (1.79,2.06)
GFR, ml/min/1.73m 57.1 671 768 836 854 89.1 865 817 <0.0001
(368,7969) (487,88.1)  (582,946) (642,998)  (74.1,1027) <73 9,104, 0) (717,1032)  (63.1,99.3)
Renaldysfunction, N (%) 172 (546) 269 (405)  295(27.5)  286(20.1)  159(116) 83 (94 4(136)  1308(216)  <0.0001
STEMI, N (%) 197(825)  405(609)  668(622)  859(602)  756(57.1) 445 (5 146 (449) 3476 (574)  <0.0001
Heart failure, N (%) 51(162( 92(138)  124(115)  143(100)  124(9.0) 56 (6. 4) 2065  611(10.1)  <0.0001
Radial access, N (%) 45(143)  117(176)  196(182)  297(209)  369(270)  308(352)  117(360) 1449 (24.0)  <0.0001
PCILMCA, N (%) 15 (4.8) 39 (59) 35(33) 36 (2.5) 231 17(19) 1(03) 185(3.1)  <0.0001
PCILAD, N (%) 106(337)  235(354)  429(400)  547(384)  584(426)  368(419)  139(428)  2408(398) 0004
PCILCX, N (%) 55(175)  136(205)  226(210)  323(227)  305(223)  205(233)  80(247)  1330(220) 024
PCIRCA, N (%) 110 (348)  242(364)  361(336) 473(332)  411(300)  241(274)  78(240)  1916(316)  <0.0001
TIMIO/1 post PCLN (%) 22 (7.0) 60 (80) 80 (7.4) 76 (53) 68 (5.0) 44 (5.0) 26 (80) 376 (62) 0001
DAPT,N (%) 289(917)  615(925) 1017(947) 1342 (941) 1300 (948)  835(950)  309(95.1) 5707 (943) 0.2
Bleeding, N (%) 56 (17.8) 55 (8.3) 67 (62) 91 (64) 71 (5.2) 37 (4.2) 18 (5.6) 395 (55)  <0.0001
T, pg/L 7.10 736 779 721 638 574 426 6.79 057
(238,2349)  (230,3481) (241,3367) (194,3283) (136,3128) (1.36,2934) (1.08,66.07) (1.73,31.62)
Tn/BSA, pg/Lm? 391 399 415 369 320 278 212 349 0.022
(128,1301)  (126,1876) (130,1794) (1.00,1680)  (0.68,1570) (069, 1431) (056,1265) (0.91,1631)
Logl0Tn/BSA, pg/Lm? 046 047 048 0.4 040 037 030 043 <0.0001
(020,074) (020,084  (021,080) (015077)  (006,074)  (007,072)  (0.02,070)  (0.13,077)
Mortality outcome
Death 30-day, N (%) 46(148)  76(114)  100093)  90(63) 49 (3.6) 27 31) 14 (43) 402(66)  <0.0001

BMI: body mass index; BSA: body surface area; DAPT: dual antiplatelet therapy; GFR: glomerular filtration rate (ml/min/1.73m?); LAD: left ante-
rior descending artery; LCX: circumflex artery; LMCA: unprotected left main coronary artery; log: logarithm; N: number; PCI: percutaneous coro-
nary intervention; RCA: right coronary artery; STEMI: ST-elevation myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; Tn: troponin.
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in the aHb level was associated with a progressive increase in
BSA (p<0.0001). This association was significant in both men
and women when calculated separately (p<o.0001) (Figure 1).

1n peaks

Peak Tn values were similar (p=0.57) in the different aHb
groups (Table 1). When the logioTn peak was normalized to
the BSA value, the Spearman correlation coefficient between
the aHb value and logioTn/BSA showed a negative correlation
(r=—0.107; p<0.0001). This negative correlation was stronger in
men (r=—0.110; p<0.0001) than women (r=—0.087; p<0.0001).

When we evaluated the univariable relationship between
logioTn/BSA and aHb in the entire group using ANOVA,
similar results were observed in the aHb groups up to 120 g/L
(Bonferroni pairwise comparison), and then a progressive
decrease in the logioTn/BSA value was associated with a pro-
gressive increase in the aHb level. Across the aHb range, this
inverse relationship was significant (p<o.0001) (Figure 2A).
This relationship was significant in both men and women
(p<o.0001 and p=0.013, respectively) (Figure 2B).

Tin/BSA and mortality

A total of 402 (6.6%) patients died within 30 days (Table 1).
Patients who died had Tn/BSA values of 10.15 pg/Lm?*'95% CI:
2.70-39.68) compared to 3.33 ug/Lm?*'0.85-15.12) in patients
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who survived 30 days (p<o.0001). Similarly, logioTn/BSA
values in patients who died (0.67 ug/Lm?* [0.38-0.99]) were
significantly higher than those in patients who survived
(0.41 pug/Lm? [0.11-0.75]; p<0.0001). After multivariable adjust-
ments, the logioTn/BSA value was independently associated
with 30-day mortality in the group of all patients and in men
and women separately (adjusted OR 2.07; 95% Cl: 1.51-2.85,
p<o0.0001; adjusted OR 1. 67; 95% CI: 1.11-2.53, p=0.014; adjusted
OR 2.79; 95% CI: 1.66-4.68, p<0.0001, respectively) (Table 2).
The Hosmer—Lemeshow test of goodness of fit indicated that
the model was a good fit to the data (Chi-square=4.275, df=38,
p=0.832).

DISCUSSION

Data on the relationship between aHb levels and car-
diac injury in patients with MI are contradictory and
paradoxical [4-6,9]. We investigated the association between
aHb levels in patients with MI treated with PCI and their
possible association with Tn/BSA, as well as the association
between Tn/BSA and 30-day mortality.

The main results of our study are that the Tn/BSA was
independently associated with 30-day mortality and that a
gradual increase in aHb levels was associated with a decrease
in the peak Tn/BSA.

In line with previous observations, we also observed a
positive relationship between the aHb level and BSA [11,12],
which is positively associated with cardiac mass [13-16].
A positive relationship was found between aHb and BSA in
both sexes (Figure 1).

Our results show that in patients with M1, individuals with
higher aHb levels had a higher BSA and a greater cardiac mass.
Similar peak Tn levels, which correlate with necrotic myocar-
dial mass, are likely to cause less adverse effects in larger com-
pared to smaller hearts. Our finding suggests that Tn should be
indexed to BSA (Tn/BSA) to provide comparable information

FIGURE 1. Relationship between hemoglobin level on
admission and body surface area. on the extent of cardiac damage in relation to cardiac mass.
80 80
70 _ 70
[y o
£ L
< 60 < 60
2 ALL E MEN
< 50 < 50
2 a
> <
£ 40 '/_\\ £ 40 p=0.013
-
® 3 p < 0.0001 g 20 p < 0.0001
120 120
100-109 110-119  120-129 130-139 140-149 150-159 160-169 100-109 110-119  120-129 130-139 140-149 150-159 160-169
Hb (gr/L) B Hb (gr/L)

FIGURE 2. (A and B) Relationship between aHb level and peak 1og10Tn normalized to BSA (Iog10Tn/BSA). aHb: hemoglobin level
on admission; Log: logarithm; Tn: troponin BSA: body surface area.
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TABLE 2. Predictors of 30-day mortality (group with aHb 100-109 g/L as a reference)

Entire Cohort Men Women

OR (95% CI) p-value VIF OR (95% CI) p-value OR (95% CI) p-value
Male sex 0.84 (0.64-1.09) 0.18 1.193
Radial access 0.69 (0.48-0.97) 0.035 1.075 0.59 (0.38-0.94) 0.027 0.85 (0.49-1.49) 0.58
Age 1.04 (1.03-1.05) <0.0001 1.364 1.04 (1.03-1.06) <0.0001 1.03 (1.01 to1.06) <0.0001
Diabetes 1.30 (1.01-1.69) 0.045 1.054 1.22 (0.87-1.72) 0.24 1.46 (0.96-2.21) 0.076
Hyperlipidemia 2.55 (1.92-3.40) <0.0001 1.092 2.50 (1.74-3.60) <0.0001 246 (1.54-3.95) <0.0001
Hypertension 1.82(1.42-2.33) <0.0001 1.117 1.89 (1.38-2.59) <0.0001 1.81 (1.20-2.71) 0.04
STEMI 3.19 (2.33-4.36) <0.0001 1410 3.51 (2.34-5.26) <0.0001 2.95 (1.76-4.93) <0.0001
Heart failure 1.39 (1.04-1.86) 0.024 1.064 1.32 (0.90-1.93) 0.15 55 (0.96-2.49) 0.07
Hb (g/L) 0.14 1.350 0.04 0.73
110-119 1.12 (0.70-1.78) 0.63 142 (0.72-2.81) 0.31 0.87 (0.47-1.65) 0.67
120-129 1.22 (0.78-1.91) 0.37 145 (0.77-2.73) 0.24 1.06 (0.56-2.00) 0.86
130-139 0.98 (0.62-1.54) 0.93 1.22 (0.65-2.30) 0.59 0.62 (0.31-1.25) 0.18
140-149 0.69 (0.42-1.15) 0.15 0.68 (0.34-1.35) 0.27 091 (0.41-2.03) 0.83
150-159 0.72 (0.40-1.31) 0.28 0.73 (0.35-1.54) 0.41 1.25 (0.36-4.29) 0.72
160-169 0.89 (0.41-1.92) 0.77 1.10 (0.45-2.69) 0.83 0.77 (0.08-7.63) 0.82
Renal dysfunction 3.34(2.59-4.30) <0.0001 1.239 3.23 (2.35-4.45) <0.0001 3.77 (2.43-5.86) <0.0001
PCILMCA 2.17 (1.35-3.49) 0.001 1.038 3.26 (1.85-5.77) <0.0001 1.09 (0.44-2.69) 0.44
PCILAD 1.44-(1.07-1.93) 0.015 1517 1.74-(1.20-2.53) 0.004 1.05 (0.64-1.72) 0.84
PCILCX 0.91 (0.66-1.26) 0.58 1.221 1.01 (0.67-1.53) 0.0.95 0.78 (0.44-1.38) 0.39
PCIRCA 0.77 (0.55-1.7) 0.12 1.520 0.84 (0.55-1.29) 0.42 0.68 (0.39-1.15) 0.15
TIMI0/1 2.20 (1.52-3.18) <0.001 1.058 1.53 (0.93-2.92) 0.093 3.80(2.11-6.82) <0.0001
DAPT 0.15 (0.11-0.22) <0.0001 1.091 0.12 (0.08-0.19) <0.0001 0.21 (0.11-0.39) <0.0001
Bleeding 3.48 (2.58-4.70) <0.0001 1.077 3.73 (2.54-5.49) <0.0001 3.09 (1.89-5.05) <0.0001
Logl0Tn/BSA 2.07 (1.51-2.85) <0.0001 1.350 1.67 (1.11-2.53) 0.014 2.79 (1.66-4.68) <0.0001

BSA: body surface area; Cl: confidence interval; DAPT: dual antiplatelet therapy; GFR: glomerular filtration rate; Hb: hemoglobin; LAD: left
anterior descending artery; LCX: circumflex artery; LMCA: left main coronary artery, log: logarithm; OR: odds ratio; PCI: percutaneous coronary
intervention; RCA: right coronary artery; STEMI: ST-elevation myocardial infarction; TIMI: Thrombolysis In Myocardial Infarction; Tn: troponin; VIF:

variance inflation factor.

The positive relationship between aHb and BSA may not
necessarily be causatively linked. Patients with lower aHb
levels were older, predominantly women, and had a lower
BMI. These are all well-known groups associated with a lower
BSA, making this relationship very probable [13,20]. However,
this relationship also has strong biological plausibility. The
rate of red cell production is associated with the ability of
the cell to deliver oxygen to the tissues relative to the tissue
demand for oxygen [12]. A larger body size results in higher
metabolic demands. Some data indicate that a higher eryth-
rocyte count and a higher hemoglobin mass, together with a
larger heart size and a greater left ventricular mass meet these
demands [12,14,21].

Our finding that patients with lower aHb levels had higher
peak logioTn/BSA values was significant in both men and
women (Figure 2B). This negative correlation was more pro-
nounced in men. Possible mechanisms for this sex difference
include differences in the pathophysiology of MI between the
sexes, differences in presentation, unique sex-specific biology,
and the possibility that the biological significance of the same
aHb value differs between women and men [22-24]. The average
age of women in our study was 7 years older than the average age
of men, and a correlation between age and indexed left ventric-
ular mass has previously been found only in women [16]. These
possible differences need further investigation, which is beyond
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the scope of our analysis. Nevertheless, a higher logioTn/BSA
value was associated with higher mortality regardless of sex.
The higher risk of relatively larger infarct size in patients
with lower aHb levels can be explained by several physiologi-
cal mechanisms. Low aHb levels increase the supply-demand
mismatch of oxygen in the myocardium and worsen myo-
cardial ischemia due to the compensatory increase in stroke
volume and a faster heart rate [25,26]. Low aHb levels also
lead to a redistribution of blood flow from the subendocardial
to the subepicardial myocardial layers, and together this can
trigger myocardial necrosis [27,28]. In the setting of MI, this
can promote arrhythmias, which further impair the already
compromised myocardium [10,29]. Lower aHb levels not only
decrease oxygenation of the injured myocardium, which is
associated with a risk of increased infarct size but are also an
integrator of many comorbidities and older age [30].
Relatively larger infarct size would be expected to lead to
a higher mortality rate in patients with lower aHb, as deter-
mined in both our analysis and previous studies [4-6]. In line
with these expectations, we observed a negative correlation
between aHb and heart failure (r=—0.084; p<0.0001), as was
previously observed in subgroups with lower aHb [4,9]. In
contrast to the result of Archbold et al., we showed that heart
failure and worse outcomes could be explained by the rela-
tively larger infarct size [9]. Although most studies observed
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higher enzymatic peak infarct size in patients with higher aHb
levels, the peak Tn level was similar in all aHb groups in our
analysis [4,6]. Previous studies observed a myocardial band
of creatine kinase that might explain the difference. However,
comparisons must consider different patient selection, differ-
ent patient aHb groups, and different treatment.

There is an ongoing debate as to whether a low aHb level
is just a marker of the baseline clinical risk or an independent
predictor of an adverse clinical outcome. We could not con-
firm the previously found independent association between
the aHb and mortality [5]. The different aHb level groups
were not significantly associated with death in the entire
group and women (p=0.41 and p=0.73, respectively), and were
only associated with death in men (p=0.04) (Table 2). From a
clinical point of view, it is irrelevant whether aHb levels are
independently associated with a worse outcome or are just a
marker for more or less vulnerable patients. Other outcome
predictors found in our analysis (Table 2) have firmly estab-
lished their impact on the outcome [7].

Although this study adds to our knowledge base, there is
much that we do not yet understand. It should be noted that
our analysis only showed the association between the aHb
level and greater MI relative to total cardiac mass and did not
establish a causal relationship. This plausible hypothesis may
help to understand the possible pathomechanisms for the less
favorable outcomes in patients with lower aHb levels, although
it is possible that low aHb is not causally related to cardiac
injury and that aHb may even be completely independent of
outcome (e.g., because of concomitant disease, which is not
considered in this analysis). The interplay between aHb levels
and comparatively greater MI relative to total cardiac mass,
the possible causality, and the underlying mechanisms that are
likely multifactorial and contribute to worse outcomes, need
further elucidation. The present results should be considered
as hypothesis-generating for future research in a similar setting.

Limitations

There are several limitations to our study. First, this was
a single-center, retrospective investigation that allows the
generation of a hypothesis, but not the identification of cau-
sality. Although the association between aHb and logI'n/BSA
was assessed with a multivariable model, other potential sig-
nificant confounders may exist that were not accounted for.
Second, we did not measure the heart size and evaluate the
left ventricular mass. However, a correlation between BSA
and heart weight has been previously well established [13-16].
The majority of peak Tn values were obtained after PCL The
procedure itself could be the reason for higher peak Tn val-
ues in patients. We reviewed the possible differences between
the aHb groups in relation to multivessel PCI. Numerically,
the group with the lowest aHb level had the lowest rate
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of multivessel PCI, but the difference was not significant
(p=0.26). In addition, TIMI flow grade just before the start of
the PCI procedure showed a J-shaped relationship between
aHb and TIMI flow grade (p<0.0001), and a similar relation-
ship was observed for TIMI flow grade after PCI (p=0.007). In
addition, the incidence of anterior wall infarction was similar
in all aHb groups (p=0.27). These data mean that PCI itself is
unlikely to have a significant effect on peak Tn levels in the
different aHb groups. Only all-cause mortality was followed,
although other potential illnesses associated with lower aHb
levels may have influenced the outcome. We lack the data on
malignancies, bone marrow diseases, liver dysfunction or liver
diseases, and chronic obstructive pulmonary disease. Data are
also lacking on smoking, previous M1, heart failure, revascu-
larization, and socioeconomic status, which are known to be
powerful predictors of mortality. We did not collect data on
medication (except P2Y12 receptor inhibitors during hospi-
talization), a known factor affecting mortality. Inhibitors of
the renin-angiotensin system have a mild hematocrit-lower-
ing effect, which may have confounded our result. In addi-
tion, we lack data on iron values. Fifth, the generalizability
of our results is questionable because only Caucasians were
included. However, there were no exclusion criteria, so this
population represents a real experience of patients with MI
who require PCIL.

CONCLUSION

Our result suggests that patients with lower aHb levels
have lower BSA and lower cardiac mass. A similar Tn peak
value in patients with lower aHb levels means relatively
greater myocardial injury because of lower cardiac mass. This
hypothesis may help to explain the worse outcome in patients
with lower aHb levels. According to our result, Tn should be
indexed to BSA to provide comparable information on cardiac
injury relative to cardiac mass.
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