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Background: Anemia correlates with worse outcomes in patients undergoing percutaneous coronary 
intervention (PCI), improved anemia can improve the outcomes in patients who underwent PCI. But the 
influence of anemia on long-term ischemic events after PCI remains unknown.
Methods: We analyzed 8,825 consecutive patients who underwent PCI at General Hospital of Shenyang 
Military Region and identified 581 patients with anemia. Patients (anemia vs. no anemia) were compared 
using a propensity score analysis to best match between groups. The main outcome of this study is 3-year 
ischemic events after PCI, the secondary outcome of this study is 3-year mortality and major adverse cardiac 
events (MACE) after PCI.
Results: Compared with nonanemic patients, anemic patients were often female (38.90% vs. 14.51%) and 
elder patients (66.44% vs. 34.95%). Anemic patients have lower left ventricular ejection fraction (LVEF) 
and creatinine clearance (Ccr) and were more likely to have history of cardiovascular and cerebrovascular 
diseases, hypertension, peripheral vascular diseases (PVD) (P<0.05). However, the prevalences of diabetes 
and hyperlipidemia were lower in anemic patients (P<0.01). Anemia was an independent predictor for 3-year 
ischemic events [hazard ratio (HR): 2.20, 95% confidence intervals (CI): 1.61-3.00, P<0.01], 3-year mortality 
(HR: 3.58, 95% CI: 1.75-7.32, P<0.01) and 3-year MACE (HR: 2.14, 95% CI: 1.64-2.79, P<0.01) after 
PCI in post-match samples. The incidence of 3-year ischemic events was 41.0% and 19.3% in anemic and 
nonanemic patients, respectively.
Conclusions: Anemia is an independent predictor for 3-year ischemic events, 3-year mortality and 3-year 
MACE in patients who underwent PCI. Further studies need to explore the impact of the pathogenesis and 
progress, prevention and therapy of anemia on the outcome of patients undergoing PCI.
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Introduction

Anemia is a common health problem (1), and its prevalence 
rises with advancing age (2). Previous studies showed that 
anemia was associated with high mortality, and significantly 
reduced the life quality of patients in a variety of settings (2-5).  
Reduction in the hemoglobin (Hb) concentration may 
compromise oxygen supply to infarcted or ischemic 
myocardium, which may promote arrhythmias, worsen 
hypotension, increase infarct size and increase the risk for 
ischemic events (6-8). Studies have suggested that anemia was 
an independent risk factor for cardiovascular disease (CVD) in 
patients with (9-13) or without (14) CVD. Recovery of anemia 
can improve the outcomes of patients with CVD (15-17).

For patients who underwent percutaneous coronary 
intervention (PCI), anemia is associated with higher incidence 
of adverse events (18-22), including the incidence of ischemic 
events (23). Controlled Abciximab and Device Investigation 
to Lower Late Angioplasty Complications (CADILLAC) 
Risk Score have identified anemia as a predictor for mortality 
in patients after primary PCI (24). Anemic patients have more 
risk factors than nonanemic patients, such as older age (25,26), 
renal disease (25-27), other chronic diseases (26). These 
risk factors may have interaction impacts on the outcome 
in anemic patients. However, most of previous studies 
didn’t do propensity matching to minimize the influence of 
other confounders on outcome. Therefore, although these 
studies have suggested that anemia was associated with the 
outcome of patients undergoing PCI, whether anemia is an 
independent predictor of outcome in patients undergoing 
PCI remains unknown. What’s more, studies focused on the 
impacts of anemia on long-term outcome, especially long-
term ischemic events or mortality, in the patients undergoing 
PCI is still limited. Ischemic events, such as myocardial 
infarction, ischemic stroke and revascularization have 
significant influence on the life quality in patients undergoing 
PCI.

Thus, the purpose of this study is to (I) identify whether 
anemia is an independent predictor for 3-year ischemic 
events, all-cause mortality and major adverse cardiac events 
(MACE); (II) explore the incidence of 3-year ischemic 
events in anemic patients and nonanemic patients who 
underwent PCI.

Methods

Study population

Patients who underwent PCI from July 2008 to November 

2012 in General Hospital of Shenyang Military Region 
were included in this study. Baseline characteristics, 
cardiac history, risk factors, medications, angiographic and 
procedural data were prospectively obtained and recorded. 
The data of follow-up period were collected by telephone 
interview in 1, 6, 12, 18, 24, and 36 months after PCI. 

Clinical outcomes and definitions

The main outcome of this study is 3-year ischemic events 
after PCI, the secondary outcome of this study is 3-year 
mortality and MACE after PCI. Anemia was defined as an 
Hb level <11.0 g/dL for women or <12.0 g/dL for men. 
Ischemic events were defined as a composite of myocardial 
infarction, ischemic stroke, revascularization. MACE was 
defined as a composite of all-cause mortality, non-fatal 
myocardial infarction, target vessel revascularization (TVR). 
History of cardiovascular and cerebrovascular diseases 
was defined as history of myocardial infarction, ischemic 
stroke, and interventional operation. Complication of PCI 
included acute vascular occlusion, plaque prolapse, acute 
coronary artery perforation, cardiac tamponade, artery 
dissection, serious ventricular arrhythmia, cardiac shock,  
no-reflow phenomenon, slow flow phenomenon, thrombus, 
hypersensitivity to contrast media which happened after 
PCI. Body mass index (BMI) was calculated as weight in 
kilograms divided by height in meters squared. Normal 
systolic blood pressure (SBP) was defined as 90-120 mmHg. 
Normal heart rate was defined as 60-100 beats per minute. 
Hyperlipidemia was defined as total serum cholesterol  
(TC) ≥6.22 mmol/L, low-density lipoprotein cholesterol (LDL-C) 
≥4.14 mmol/L, or triglyceride ≥2.26 mmol/L. Abnormal 
value of troponin T (TNT) was defined as ≥0.05 ng/mL.  
Creatinine clearance (Ccr) was calculated from serum 
creatinine (Scr) concentrations: Ccr (mL/min) = (140− age) 
× weight/[Scr (mg/dL) ×72] × (0.85 if patients is female). 

Statistic analysis

To minimize the influence of other confounders on 
outcome, we used a propensity score analysis to match 
anemic patients with nonanemic patients. Anemic patients 
was matched in a 1:1 ratio with nonanemic patients using 
the nearest neighbor matching and based on gender, 
age, BMI, smoking status, drinking status, hypertension, 
arrhythmia,  diabetes ,  hyperl ipidemia,  peripheral 
vascular diseases (PVD), history of cardiovascular and 
cerebrovascular diseases, family history of cardiovascular 



1953Journal of Thoracic Disease, Vol 7, No 11 November 2015

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2015;7(11):1951-1959www.jthoracdis.com

and cerebrovascular diseases, class of New York Heart 
Association (NYHA), number of diseased vessels, emergent 
PCI, vessel access for PCI, type of contrast agent, complete 
revascularization, SBP, heart rate, left ventricular ejection 
fraction (LVEF), TNT, Ccr.

We used t-test and χ2 test to compare variables between 
anemic and nonanemic patients including in pre-match 
and post-match models. Baseline variables demonstrating a 
significant association upon univariate analysis (P≤0.10 for 
inclusion) between 3-years ischemic events and anemia were 
entered into the multivariable model. Previously identified 
independent predictors of mortality were included in the 
model regardless of their strength on univariate correlation. 
Variables were selected by stepwise backward elimination and 
a P value <0.05 was considered significant. Hazard ratios (HR) 
and 95% confidence intervals (CI) were calculated for all 
included variables. Time to event data with estimated event 
rates determined according to the Kaplan-Meier method 
were compared with the log-rank test. We performed all 
statistical analyses using Stata 12.0 (Stata Corp, 2011).

Results

Baseline characteristics

The baseline characteristics with and without anemia in the 
pre-match and post-match samples are presented in Table 1.  
Anemic patients were often female patients (38.90% vs. 
14.51%) and more elder patients (66.44% vs. 34.95%), 
decreased BMI (24.06±3.03 vs. 24.78±3.15), higher prevalence 
of hypertension (61.62% vs. 56.85%), PVD (3.10% vs. 1.53%) 
or history of cardiovascular and cerebrovascular diseases 
(40.96% vs. 34.98%). Anemic patients were more often 
prone to multi-diseased vessels than nonanemic patients 
(38.02% vs. 29.50%). The LVEF (0.59±0.10 vs. 0.62±0.09) 
and Ccr (58.84±21.96 vs. 79.57±23.00) in anemic patients 
were less than nonanemic patients. In the post-match model, 
differences of all variables between anemic and nonanemic 
patients were reduced and had no statistical significance.

Clinical follow-up

The incidence of 3-year ischemic events was 41.0% in anemic 
patients, 19.3% in nonanemic patients. The incidences of 
ischemic events in 6 months, 1 year, and 2 years were 9.3%, 
20.3%, 30.0% for anemic patients, 6.1%, 11.3%, 14.9% for 
nonanemic patients (Figure 1). As is shown by Figure 1, the 

3-year incidence of ischemic events was significantly higher 
in anemic patients. In fact, the incidence of ischemic events 
had become significantly higher in anemic patients since 
200 days after PCI.

The incidences of 3-year mortality (12.5% vs. 3.4%, 
P=0.002) and 3-year MACE (27.9% vs. 12.1%, P<0.001) 
were also significantly higher in anemic patients than in 
nonanemic patients (Figure 2).

Multivariate analysis

The analysis using the pre-match sample identified a 
positive relationship between anemia and ischemic events 
(HR: 1.73, 95% CI: 1.41-2.11, P<0.01). The pre-match 
analysis also showed significant association between 
ischemic events and the following covariates: elder age 
(HR: 1.21, 95% CI: 1.02-1.40, P=0.02), number of diseased 
vessels (HR: 1.11, 95% CI: 1.01-1.22, P=0.03), history of 
cardiovascular and cerebrovascular diseases (HR: 1.97, 95% 
CI: 1.73-2.25, P<0.01), diabetes (HR: 1.09, 95% CI: 1.01-
1.17, P=0.02), completely revascularization (HR: 0.75, 95% 
CI: 0.65-0.87, P<0.01) (Table 2).

After controlling for all covariates using a propensity score 
matching (PSM) approach, anemia remained a significant 
predictor for ischemic events (HR: 2.20, 95% CI: 1.61-3.00, 
P<0.01). Similar to the results in the pre-match model, history 
of cardiovascular and cerebrovascular diseases (HR: 1.74, 95% 
CI: 1.27-2.37, P<0.01) and complete revascularization (HR: 
0.68, 95% CI: 0.47-0.97, P=0.03) were also predictors for 
ischemic events. Male gender (HR: 0.93, 95% CI: 0.80-1.09,  
P=0.05), PVD (HR: 1.81, 95% CI: 1.03-3.20, P=0.04) and 
family history of cardiovascular and cerebrovascular diseases 
(HR: 0.53, 95% CI: 0.30-0.93, P=0.03) were shown to be 
significant predictors for ischemic events in the post-match 
model, but not in the pre-match model. Additionally, elder 
age, number of diseased vessels, diabetes were significant 
predictors in the pre-match model, but not in the post-match 
model (Table 2).

The relationships between covariates and 3-years mortality 
in the pre-match and post-match samples are shown in Table 3.  
Anemia was the predictor for 3-years mortality both in the 
pre-match model (HR: 1.84, 95% CI: 1.20-2.81, P<0.01) 
and in the post-match model (HR: 3.58, 95% CI: 1.75-7.32, 
P<0.01). Anemia was also the predictor for 3-year MACE 
in both pre-match model (HR: 2.14, 95% CI: 1.64-2.79, 
P<0.01) and post-match model (HR: 2.88, 95% CI: 1.89-4.40, 
P<0.01) (Table 4).
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Table 1 Baseline clinical characteristics and procedure characteristics before and after matching on the propensity score

Variables

Before matching

P value

After matching

P valueAnemia,  
n=581 (%)

No anemia,  
n=8,244 (%)

Anemia,  
n=436 (%)

No anemia,  
n=436 (%)

Male 355 (61.10) 6,223 (75.49) <0.001 276 (63.30) 276 (63.30) 1.000

Elders 386 (66.44) 2,881 (34.95) <0.001 286 (65.60) 300 (68.81) 0.313

BMI 24.06±3.03 24.78±3.15 <0.001 24.22±3.02 24.17±3.25 0.835

Smoker 314 (54.04) 4,265 (51.73) 0.281 232 (53.21) 216 (49.54) 0.278

Drinker 186 (32.01) 2,517 (30.53) 0.454 142 (32.57) 133 (30.50) 0.512

Hypertension 358 (61.62) 4,687 (56.85) 0.025 274 (62.84) 274 (62.84) 1.000

Arrhythmia 68 (11.70) 772 (9.36) 0.063 55 (12.61) 53 (12.16) 0.837

Diabetes 581 (100.00) 8,244 (100.00) 0.003 436 (100.00) 436 (100.00) 0.528

Non-diabetes 396 (68.16) 6,140 (74.48) 291 (66.74) 304 (69.72)

Diet-therapy 34 (5.85) 370 (4.49) 26 (5.96) 20 (4.59)

Drug-therapy 151 (25.99) 1,734 (21.03) 119 (27.29) 112 (25.69)

Hyperlipidemia 173 (29.78) 3,865 (46.88) <0.001 134 (30.73) 126 (28.90) 0.554

PVD 18 (3.10) 126 (1.53) 0.004 14 (3.21) 14 (3.21) 1.000

History of cardiovascular and 
cerebrovascular diseases

238 (40.96) 2,884 (34.98) 0.004 180 (41.28) 177 (40.60) 0.836

Family history of cardiovascular 
and cerebrovascular diseases

53 (9.12) 1,003 (12.17) 0.029 42 (9.63) 39 (8.94) 0.726

Class of NYHA 543 (93.46) 7,697 (93.36) <0.001 436 (100.00) 436 (100.00) 0.875

1 248 (45.67) 3,966 (51.53) 195 (44.72) 198 (45.41)

2 221 (40.70) 3,212 (41.73) 175 (40.14) 177 (40.60)

3 63 (11.60) 429 (5.57) 57 (13.07) 50 (11.47)

4 11 (2.03) 90 (1.17) 9 (2.06) 11 (2.52)

No. of diseased vessels 576 (99.14) 8,172 (99.13) <0.001 436 (100.00) 436 (100.00) 0.871

1 159 (27.60) 2,840 (34.75) 120 (27.52) 125 (28.67)

2 198 (34.38) 2,921 (35.74) 155 (35.55) 148 (33.94)

3 219 (38.02) 2,411 (29.50) 161 (36.93) 163 (37.39)

Emergent PCI 69 (11.88) 1,079 (13.09) 0.401 46 (10.55) 53 (12.16) 0.455

Vessel access for PCI 581 (100.00) 8,178 (99.20) <0.001 436 (100.00) 436 (100.00) 0.607

Transradial approach 379 (65.23) 6,014 (73.54) 299 (68.58) 306 (70.18)

Transfemoral approach 202 (34.77) 2,164 (26.46) 137 (31.42) 130 (29.82)

Types of contrast agent 575 (98.97) 8,214 (99.64) <0.001 436 (100.00) 436 (100.00) 0.823

Isotonic 410 (71.30) 4,715 (57.40) 310 (71.10) 307 (70.41)

Anisotonic 165 (28.70) 3,499 (42.60) 126 (28.90) 129 (29.59)

Completely revascularization 260 (44.75) 4,339 (52.63) <0.001 196 (44.95) 185 (42.43) 0.453

SBP 427 (73.49) 6,541 (79.34) 0.001 324 (74.31) 327 (75.00) 0.815

Heart rate 71 (12.22) 857 (10.40) 0.166 51 (11.70) 53 (12.16) 0.834

LVEF 0.59±0.10 0.62±0.09 <0.001 0.59±0.10 0.59±0.10 0.757

TNT 0.29±0.45 0.14±0.35 <0.001 0.31±0.46 0.35±0.48 0.150

Creatinine clearance 58.84±21.96 79.57±23.00 <0.001 59.15±21.73 60.27±18.21 0.411

BMI, body mass index; PVD, peripheral arterial disease; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; 
SBP, systolic blood pressure; LVEF, left ventricular ejection fraction; TNT, troponin T.
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Figure 1 Kaplan-Meier curves for ischemic events.

Discussion

The main and novel findings of this study include that (I) 
anemia is the independent risk factor for 3-year ischemic 
events and 3-year MACE in patients undergoing PCI; (II) 
the incidence of ischemic events had become higher in 
anemic patients since the 200 days after PCI. Our study is 
the first we know of using PSM to identify anemia as an 
independent risk factor for ischemic events, mortality and 
MACE in patients undergoing PCI.

Our findings agree with other studies relating anemia 

to ischemic events, mortality and CVD. Previous studies 
have shown anemia was associated with increased risk of 
a cardiovascular event in patients with CVD (11,28,29), 
including patients undergoing PCI (15,18-21,30,31).

CADILLAC trial demonstrated that anemia is strongly 
associated with increased disable stroke and mortality in 
patients undergoing PCI (20). What’s more, anemia was 
one of the seven predictors in the CADILLAC Risk Score 
to predict mortality (24) and Cho et al. (32) demonstrated 
combined use of Hb level and neutrophil-to-lymphocyte 
ratio (N/L) provides valuable timely information for 
early risk stratification in patients with ST-segment-
elevation myocardial infarction (STEMI) undergoing 
primary PCI. Lee et al. (31) and Hosseini et al. (18)  
also showed an association between anemia and increased 
MACE and mortality after PCI. Among those studies, 
there were also studies that have identified the association 
of anemia and ischemic events in patients undergoing PCI. 
Kitai et al. (19), Nikolsky et al. (20), Bertrand et al. (33)  
showed that anemia is associated with increased risk of 
myocardial infarction, TVR. Although Katai et al. (19) and 
Nikolsky et al. (20) have shown anemia is associated with 
increased incidence of stroke, the definition of stroke in 
their studies also include hemorrhagic stroke. Although 
previous studies have shown that anemia have negative 
effects on the outcomes in patients undergoing PCI, few 
studies have done propensity matching to minimize the 
influence of other cofounders on outcomes, which can 
weaken the strength of evidence.

There are several potential reasons anemia may be a 

Figure 2 Kaplan-Meier curves for 3-year mortality and 3-year MACE. MACE, major adverse cardiac events.
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Table 3 Risk factors for 3-year mortality in pre-match and post-match samples

Variables
Before matching After matching

HR (95% CI) P value HR (95% CI) P value

Anemia 1.84 (1.20, 2.81) 0.005 3.58 (1.75, 7.32) <0.001

Elders 1.84 (1.23, 2.76) 0.003 2.78 (1.07, 7.17) 0.04

PVD 2.28 (1.13, 4.61) 0.021 4.23 (1.45, 12.35) 0.01

History of cardiovascular and 

cerebrovascular diseases

1.51 (1.08, 2.11) 0.016 1.68 (0.88, 3.23) 0.12

Class of NYHA 1.33 (1.08, 1.63) 0.006 1.24 (0.83, 1.86) 0.29

No. of diseased vessels 1.50 (1.17, 1.91) 0.001 2.22 (1.31, 3.75) <0.001

Emergent PCI 1.87 (1.21, 2.91) 0.005 3.51 (1.41, 8.75) 0.01

SBP 0.61 (0.42, 0.87) 0.007 0.73 (0.34, 1.55) 0.41

LVEF 0.13 (0.02, 0.66) 0.014 0.08 (0.00, 2.70) 0.16

TNT 1.58 (1.07, 2.32) 0.021 1.20 (0.60, 2.41) 0.61

Creatinine clearance 0.99 (0.98, 1.00) 0.024 0.99 (0.97, 1.01) 0.15

HR, hazard ratio; CI, confidence intervals; PVD, peripheral arterial disease; NYHA, New York Heart Association; PCI, percutaneous 

coronary intervention; SBP, systolic blood pressure; LVEF, left ventricular ejection fraction; TNT, troponin T.

risk factor for ischemic events in patients who underwent 
PCI. First, the presence of anemia can decrease oxygen 
delivery to the myocardium and induce myocardial ischemia 
through mismatches in oxygen supply and demand, 
especially in patients with coronary artery stenosis (6-8).  
Even in case of correction of coronary artery stenosis with 
PCI, the existence of anemia may lead to a mismatch in 
oxygen supply and demand in the myocardium. This effect 

may induce an increased heart rate and blood volume 
that is mainly mediated through the activation of the 
sympathetic nervous system and the renin-angiotensin-
aldosterone system (34,35). If anemia extended for a 
long period, it may result in ventricular remodeling and 
cardiac dysfunction. Chronic anemia with Hb <10 g/dL 
is known to result in increased cardiac output that may 
lead to left ventricular hypertrophy (LVH) (36). The latter 

Table 2 Risk factors for 3-year ischemic events in pre-match and post-match samples

Variables
Before matching After matching

HR (95% CI) P value HR (95% CI) P value

Anemia 1.73 (1.41, 2.11) <0.001 2.20 (1.61, 3.00) <0.001

Male 0.93 (0.80, 1.09) 0.39 0.71 (0.50, 0.99) 0.05

Elders 1.20 (1.02, 1.40) 0.02 0.98 (0.69, 1.39) 0.90

Diabetes 1.09 (1.01, 1.17) 0.02 1.13 (0.96, 1.34) 0.15

PVD 1.29 (0.90, 1.85) 0.16 1.81 (1.03, 3.20) 0.04

History of cardiovascular and 

cerebrovascular diseases

1.97 (1.73, 2.25) <0.001 1.74 (1.27, 2.37) <0.001

Family history of cardiovascular and 

cerebrovascular diseases

0.91 (0.75, 1.10) 0.33 0.53 (0.30, 0.93) 0.03

No. of diseased vessels 1.11 (1.01, 1.22) 0.03 1.12 (0.89, 1.40) 0.32

Completely revascularization 0.75 (0.65, 0.87) <0.001 0.68 (0.47, 0.97) 0.03

Heart rate 0.82 (0.66, 1.02) 0.08 1.26 (0.81, 1.96) 0.31

HR, hazard ratio; CI, confidence intervals; PVD, peripheral arterial disease. 
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Table 4 Risk factors for 3-year MACE in pre-match and post-match samples

Variables
Before matching After matching

HR (95% CI) P value HR (95% CI) P value

Anemia 2.14 (1.64, 2.79) <0.001 2.88 (1.89, 4.40) <0.001

PVD 1.74 (1.09, 2.80) 0.02 2.65 (1.24, 5.65) 0.01

History of cardiovascular and 

cerebrovascular diseases
1.25 (1.04, 1.51) 0.02 1.25 (0.84, 1.88) 0.27

No. of diseased vessels 1.23 (1.07, 1.41) 0.003 1.37 (1.01, 1.86) 0.05

Vessel access for PCI 1.31 (1.06, 1.62) 0.01 1.42 (0.92, 2.21) 0.11

Completely revascularization 0.80 (0.65, 1.00) 0.05 0.80 (0.49, 1.31) 0.37

LVEF 0.36 (0.13, 0.98) 0.05 0.07 (0.01, 0.57) 0.01

MACE, major adverse cardiac events; HR, hazard ratio; CI, confidence intervals; PVD, peripheral arterial disease; PCI, percutaneous 

coronary intervention; LVEF, left ventricular ejection fraction.

can sharpen the mismatch between supply and demand of 
oxygen, and thus increase the incidence of ischemic events. 
Second, the presence of anemia may in theory be a risk 
factor for myocardial ischemia. Although it is generally 
believed that lower levels of Hb are required to induce 
myocardial ischemia, this has not been rigorously studied. 
Third, reduced Hb may be associated with other risk 
factors for CVD that were not ascertained in this study, 
such as decreased nutritional status, additional measures 
of lower socio economic status, or increased inflammatory 
status. For example, an increased inflammatory status may 
indeed be the causal risk factor associated with ischemic 
events (37,38), with the presence of anemia simply being a 
marker of an underlying inflammatory process. Against the 
latter hypothesis is the fact that other putative markers of 
inflammation, such as fibrinogen, white blood cell count, 
factor VIII and von Willebrand factor, do not change the 
strength of the association between anemia and ischemic 
events (data is not shown).

There are also two unanswered questions that should be 
investigated in future studies. First, further studies need to 
assess laboratory factors or conditions that would help us 
ascertain the cause of the anemia, for example, subclinical 
liver disease or hemoglobinopathy, and indices of iron, 
folate or vitamin B12 deficiency. In theory, knowledge 
of these data may be instructive in suggesting potential 
mechanisms relating anemia to CVD. In fact, demonstration 
that iron deficiency anemia is a risk for CVD events would 
be counter to current thinking that suggests higher levels 
of iron may actually be a risk factor for atherosclerosis. 
Second, further studies need to explore that whether 

recovery of anemia can improve the outcome, especially the 
ischemic events, of anemic patients undergoing PCI.

Limitations

The limitations of our analyses are listed as follows: first, 
this post-hoc analysis was not pre-specified and should, thus, 
be considered hypothesis generating, and complementary to 
large, prospectively collected observational databases. We 
didn’t have data of many other cofounding factors which 
may also have impacts on the outcome in anemic patients, 
such as types of anemia, therapy for anemia or whether need 
blood transfusion. Therefore, we are unable to adjust for 
potential unmeasured confounding factors; second, previous 
studies showed that, recovery of anemia can significantly 
improve the outcome in general patients, we didn’t have 
relevant data to analyze the association of recovery of 
anemia with the outcome; third, our study is a single-center 
study, which may result in selection bias.

Conclusions

Anemia is an independent predictor for 3-year ischemic 
events, 3-year mortality and 3-year MACE in patients 
undergoing PCI. Further studies need to explore the impact 
of the pathogenesis and progress, prevention and therapy of 
anemia on the outcome of patients undergoing PCI.
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