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Introduction  Anemia is a common and often un-
derestimated clinical problem in patients with
coronary artery disease (CAD), one that can ex-
acerbate angina symptoms due to insufficient
blood oxygenation and impaired oxygen supply
to the myocardial muscle. In the ARIC (Athero-
sclerosis Risk in Communities) study,’ which
included individuals aged 45 to 64 years from
the general population, anemia was found to be
an independent cardiovascular risk factor. Ane-
mia was also identified as an independent pre-
dictor of cardiovascular events during a short-
-term follow-up (30 days) in patients who had
developed acute coronary syndrome (ACS).?
Another parameter, red cell distribution width
(RDW; evaluated as RDW coefficient of variation
[RDW-CV]), is a quantitative measure of aniso-
cytosis, reflecting average erythrocyte disper-
sion. We have previously shown that RDW-CV
is a predictor of death and myocardial infarc-
tion (MI) during secondary CAD prevention.®
Also, Tonelli et al* demonstrated that increas-
ing anisocytosis was associated with major ad-
verse cardiac events (MACEs) in patients with
a history of MI.* However, the published anal-
yses did not include coronary plaque composi-
tion, even though the fibrofatty plaque and ne-
crotic core components (together referred to as
noncalcified plaque [NCP]) had been linked to
the plaque vulnerability, which may be associ-
ated with subsequent ACS.° The present study
was intended to investigate the roles of hemo-
globin level, RDW-CV, and plaque composition
(including NCP) in MACE prediction among pa-
tients with newly diagnosed significant CAD
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based on computed tomography coronary angi-
ography (CTCA) during a long-term follow-up.

Patients and methods Study population This was
a prospective, single-center study that included
300 consecutive patients with newly diagnosed
CAD based on CTCA. A flowchart and the inclu-
sion/ exclusion criteria for the study have been
published elsewhere.® All patients provided their
informed consent and the study received Eth-
ics Committee approval (1681). The patients
were managed according to the current Europe-
an Society of Cardiology guidelines, and partici-
pation in the study did not influence treatment
recommendations.

Laboratory tests All the patients underwent
laboratory investigations (the Central Labora-
tory in the National Institute of Cardiology) di-
rectly after CTCA, including a complete blood
count (reference range [RR] for hemoglobin,
11.2-15.7 g/dl in women and 13.7-17.5 g/dl
in men), iron (RR, 33-193 ug/dl), vitamin B,
(RR,197-771pg/ml), folicacid (RR, 4.6-18.7 ng/ml),
creatinine (RR, 0.5-0.9 mg/dl in women and
0.7-1.2 mg/dl in men), high-sensitivity C-reactive
protein (hsCRP; RR <0.5 mg/dl), and a complete
lipid profile evaluation. Anisocytosis was consid-
ered to be present when RDW-CV values were
above the upper limit of normal (11.7%-14.4%
for women and 11.6%-14.4% for men).

Follow-up and study outcomes Medical history
data were obtained via interviews with the pa-
tients and from the medical documentation.



The follow-up data were collected during out-
patient visits or using a standardized telephone
questionnaire. They were gathered regularly at the
first and second year after CTCA. An additional
follow-up checkup was performed for all the pa-
tients in January 2022.

The primary study outcome was the occur-
rence of MACEs. This outcome was a composite
of death, nonfatal MI, and revascularization due
to CAD progression, as confirmed via invasive an-
giography.” Of the enrolled patients, 18 under-
went elective coronary artery bypass grafting, and
65 underwent elective percutaneous coronary in-
terventions as a result of index angiography af-
ter CTCA. The remaining patients were managed
conservatively based on their clinical status and
the functional ischemia test results. These pro-
cedures were not counted as events.

Computed tomography coronary angiography analysis
CTCA analyses were performed in our core labo-
ratory by an experienced reader (at least 10 years
of experience with CTCA) blinded to the clinical
and laboratory data. A QAngioCT analysis (Me-
dis Medical Imaging Systems, Leiden, the Neth-
erlands) was performed by a blinded, profession-
ally trained reader.

Coronary stenosis was categorized as minimal
(<25%), mild (25%-49%), moderate (50%-69%),
or severe (70%-100%). In the study population,
the composition of atherosclerotic plaques was
evaluated. The atheroma composition was de-
termined based on tissue attenuation ranges (in
Hounsfield units) for the following plaque com-
ponents: dense calcium, fibrous plaque, fibrofatty
plaque, and necrotic core (FIGURE 1A).2° The sum of
the values for the fibrofatty plaque and necrotic
core was calculated and referred to as NCP."? Ath-
eroma components were expressed as percentag-
es (normalized to the vessel volume).

Statistical analysis The study size calculation re-
sults were published before along with the study
protocol.® Continuous data with normal distribu-
tion are presented as means (SD). Non-normally
distributed variables are presented as medians
with interquartile ranges (IQRs). Categorical vari-
ables are presented as frequencies and percent-
ages. Differences between the study groups were
determined using the t test (normal distribution)
or the Mann-Whitney test (non-normal distribu-
tion, independent variables). Differences between
the qualitative variables were determined using
the X2 test or the Fisher exact test.

The predictive value of each variable was eval-
uated using the Cox proportional hazards mod-
el. The independent effects of the variables on
the primary outcome were calculated using the
Cox multivariable proportional hazards regres-
sion analysis. The cutoff value for hemoglobin
was calculated using receiver operating charac-
teristic curve (ROC) analysis (DeLong et al'").
Kaplan-Meier curves were plotted for the pri-
mary study outcome. A P value below 0.05 was
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considered significant. All analyses were per-
formed using MedCalc software (version 20.011,
Ostend, Belgium).

Results The study included 300 patients (191
men, mean [SD] age, 66 [8] years). Baseline char-
acteristics of the study group are provided in Sup-
plementary material, Table S1. The median to-
tal calcium score per patient was 565.2 (IQR,
220.4-988.8). The median dose length product
for CTCA was 431.8 mGy x cm (IQR, 346.6-576.2).

The differences in hemoglobin, iron, folic acid,
vitamin B, ,, creatinine, hsCRP, and lipid levels ac-
cording to sex categories are presented in Supple-
mentary material, Table S2.

Overall, 34 patients (11.3%) had the he-
moglobin level under the lower limit of nor-
mal. Five individuals had the iron level low-
er than the RR, and in 4 patients it was above
the RR. A total of 56 patients had folic acid de-
ficiency, and 15 had folic acid overload. With
respect to vitamin B,,, deficiency was found
in 18 individuals, and overload in 13. Among
the patients with the hemoglobin level under
the RR, the most common state was normocy-
tosis, which was observed in 19 patients. Mac-
rocytosis was detected in 14 individuals, and
microcytosis in 1. Normochromia was found
in 25 patients, hyperchromia in 7, and hypo-
chromia in 2.

A total of 2184 coronary plaques were found
on CTCA, of which 1201 (55%) were calcified,
584 (27%) were noncalcified, and 397 (18%) were
mixed. Of all the analyzed plaques, 864 caused
minimal stenosis, 613 caused mild stenosis, 500
caused moderate stenosis, and 207 caused se-
vere stenosis.

Analysis was performed after a median fol-
low-up of 3.2 years (IQR, 2.6-4.0). During
the follow-up, the primary outcome was ob-
served in 29 patients, including 19 deaths, 4
nonfatal Mls, and 7 revascularizations due to
the progression of CAD, as confirmed by inva-
sive angiography. A single patient experienced
2 events, which were nonfatal MI and, subse-
quently, death, with only the first event being
included in the analysis.

In a univariable regression analysis, the fol-
lowing factors were identified as MACE predic-
tors: hemoglobin level (hazard ratio [HR], 0.69;
95% CI, 0.53-0.88; P = 0.003), percentage of NCP
(HR, 0.96; 95% CI, 0.93-1.00; P = 0.03), percent-
age of the fibrous plaque component (HR, 0.94;
95% CI, 0.90-0.99; P = 0.01), and percentage of
the dense calcium plaque component (HR, 1.03;
95% CI, 1.01-1.05; P = 0.01). Sex, age, and CAD
risk factors were not identified as MACE predic-
tors (P >0.05 for all). In a multivariable regression
analysis, hemoglobin level was an independent
MACE predictor (HR, 0.73; 95% CI, 0.54-0.97;
P =0.03), regardless of anisocytosis and the com-
position of coronary plaques. Complete results
of the multivariable analysis are presented in
Supplementary material, Table S3. According to
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the ROC analysis, the cutoff value for hemoglo-
bin was equal to or below 13.3 mg/dl (area under
the curve = 0.625; P =0.04). The Kaplan-Meier
analysis showed that the patients with the hemo-
globin level equal to or below 13.3 mg/dl had a sig-
nificantly worse outcome than those with the he-
moglobin level above the cutoff value (P = 0.002)
(FIGURE 1B).

Discussion Our study showed that lower he-
moglobin levels were an independent predic-
tor of MACEs in the patients with a newly diag-
nosed significant CAD, regardless of the coronary
plaque composition. The fibrofatty plaque and
necrotic core, together referred to as NCP, are
more likely to evolve into culprit MI lesions than
other plaque components, and should be consid-
ered high-risk."? Higher levels of the fibrofatty
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FIGURE 1 A - coronary plague composition analysis
(QangioCT, Medis Medical Imaging Systems, Leiden,

the Netherlands); B — Kaplan-Meier survival curves
predicting the occurrence of major adverse
cardiovascular events according to the cutoff hemoglobin
(Hb) level in the study population

plaque were previously revealed to be a MACE
predictor in a study investigating 265 diabet-
ic patients, who experienced 63 events, specifi-
cally 16 deaths, 3 MIs, 8 unstable anginas, and
36 late nonurgent revascularizations.'* However,
in that study, hemoglobin level was not includ-
ed in the multivariable analysis. Lipid-lowering
treatment could reduce the predictive impor-
tance of the fibrofatty plaque component for
MACE occurrence during the follow-up due to
the inhibition of coronary plaque progression
and, in some cases, potential plaque regression.'’

More research is needed to confirm the role
of low hemoglobin level and anemia in CAD
patients, and to investigate the possible influ-
ence of anemia treatment on a patient’s progno-
sis. In a recent meta-analysis of 44 studies with
230795 participants,'* anemia was present in

3



16% of the patients undergoing PCI, which is in
agreement with the results of our study. It seems
that anemia is more prevalent in the patients
with CAD than in the general population—in
the ARIC study,' 9% of adults had anemia. A meta-
-analysis by Kwok et al'* showed an elevated risk
of MACE with anemia as compared with the no
anemia-pooled risk ratio (risk ratio, 2.39; 95% CI,
2.02-2.83; P <0.001 and risk ratio, 1.51; 95% CI,
1.34-1.71; P <0.001, respectively). In another
analysis,'® the model including anemia, CAD, kid-
ney dysfunction, and diabetes yielded the best ac-
curacy for predicting the 12-month rate of com-
posite all-cause death in patients with heart fail-
ure. The results of our study indicate the need
to pay attention to the level of hemoglobin and
the presence of anemia in the comprehensive
management of patients with CAD, regardless
of the coronary plaque composition.

The limitations of our study include a single-
-center design and the lack of analysis of other
blood parameters, that is, total iron binding ca-
pacity, ferritin, or transferrin.

In conclusion, a decreased hemoglobin level oc-
curred in about 11.3% of our study patients with
newly diagnosed significant CAD diagnosed us-
ing CTCA. Hemoglobin level was an independent
MACE predictor in the investigated population,
regardless of anisocytosis and the composition
of coronary atherosclerotic plaques.
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