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ascular endothelial growth factor (VEGF)1,2 plays a 
key role in endothelial regeneration and angiogenesis 
in both physiological and pathological settings. In 

vitro, VEGF is a potent survival factor for endothelial cells.3,4 
In vivo, the VEGF promotes neovascularization of the infarcted 
area and decreases the infarction size in animal acute myocar-
dial infarction (AMI) models.5,6 Taking these effects of VEGF 
into consideration, it has been hypothesized that VEGF would 
have cardiovascular protective roles in AMI patients through 
both promoting endothelial survival under ischemic condi-
tions and inducing compensatory processes.

Editorial p ????

Prior studies have shown that plasma/serum VEGF levels 
increase in patients with AMI at the onset compared to the lev-
els in healthy subjects.7–10 In patients with AMI, VEGF reached 
its peak at days 7–14 after the onset of AMI.7,8,10–14 In particu-
lar, VEGF levels reached their peak at day 7 in AMI patients 
who successfully underwent primary percutaneous coronary 
intervention (PCI).7,10,14 Elevated plasma VEGF may act to 
induce compensatory processes in the infarcted myocardium,13 
and the responsive elevation of VEGF after the onset of AMI 
would be important in cardiovascular repair after AMI.8,9,13 
However, some groups have reported that the VEGF levels 

V

Received October 4, 2011; revised manuscript received January 24, 2012; accepted January 30, 2012; released online March 27, 2012   
Time for primary review: 16 days

Department of Cardiology, Nagoya University Graduate School of Medicine, Nagoya, Japan
Grant support: This study was supported by the Japan Heart Foundation, Tokyo, Japan. Other than financial support, this study received no 

support in the study process including site selection and management, data collection, and analysis.
Mailing address: Kengo Maeda, MD, PhD, Department of Cardiology, Nagoya University Graduate School of Medicine, 65 Tsurumai-cho, 

Showa-ku, Nagoya 466-8550, Japan.  E-mail: maedaken@med.nagoya-u.ac.jp
ISSN-1346-9843  doi: 10.1253/circj.CJ-11-1127
All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Impact of Low Levels of Vascular Endothelial Growth 
Factor After Myocardial Infarction on  

6-Month Clinical Outcome
– Results From the Nagoya Acute Myocardial Infarction Study –

Kyoko Matsudaira, MD; Kengo Maeda, MD, PhD; Naoki Okumura, MD; Daiji Yoshikawa, MD; 
Yasuhiro Morita, MD; Hirotsugu Mitsuhashi, MD, PhD; Hideki Ishii, MD, PhD;  

Takahisa Kondo, MD, PhD; Toyoaki Murohara, MD, PhD  
on behalf of the Nagoya Acute Myocardial Infarction Study (NAMIS) Group

Background:  Vascular endothelial growth factor (VEGF) is induced by myocardial ischemia and is thought to fa-
cilitate cardiovascular repair after acute myocardial infarction (AMI). However, the association between the plasma 
VEGF levels and clinical outcome in AMI patients is unclear.

Methods and Results:  We evaluated 879 AMI patients undergoing successful primary revascularization within 24 h 
of symptom onset. The patients were classified into 3 groups according to tertiles of plasma VEGF levels at 7 days 
after  the onset of AMI. Major adverse cardiovascular and cerebrovascular events (MACCE), defined as cardiac 
death, recurrent acute coronary syndrome, hospital readmission for heart failure, or stroke, were assessed during 
the 6-month follow-up period. The incidence of MACCE was the least frequent in the middle tertile. Compared to the 
middle tertile, patients in the low tertile were at a significantly higher risk for MACCE even after adjusting for baseline 
characteristics (hazard ratio [HR] 2.67, 95% confidence interval [CI] 1.18–6.06, P=0.019). An absence of statin treat-
ment before onset and a younger age (HR 0.54, 0.87; 95%CI 0.33–0.90, 0.76–0.99; P=0.017, 0.037; respectively) 
were significantly associated with low VEGF.

Conclusions:  Low plasma VEGF levels at 7 days after the onset of AMI were associated with a significantly in-
creased risk for MACCE during 6 months of follow-up.
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measured at 7–14 days after AMI positively correlated with 
clinical markers of disease severity such as peak creatine ki-
nase (CK),8,12 or C-reactive protein,7 and others reported the 
association between elevated VEGF levels on admission and 
high Killip classification15 or the severity of coronary artery 
disease.15 Moreover, in another study high VEGF levels mea-
sured just after the onset of acute coronary syndrome (ACS) 
were associated with a poor outcome.16 The findings from 
those reports are inconsistent with the cardioprotective effects 
of VEGF reported by in vivo and in vitro studies. These dis-
crepancies may be ascribed to the fact that the VEGF levels 
were measured just after the onset when unstable hemody-
namics might affect systemic VEGF production, or that the 
infarct-related arteries were not necessary reperfused in those 
studies.

The association between peak VEGF levels and clinical out-
come in AMI patients who underwent primary PCI success-
fully within 24 h of onset has not been evaluated. We herein 
investigated the relationship between the VEGF levels at 7 
days after the onset of AMI after successful revasculariza-
tion by PCI, and the incidence of major adverse cardiovascular 
and cerebrovascular events (MACCE) during a 6-month fol-
low-up.

Methods
Study Design and Study Population
We conducted a prospective, multicenter observational study 
of AMI, named the Nagoya Acute Myocardial Infarction Study 
(NAMIS), in which 18 collaborating hospitals in central Japan 
participated. The NAMIS was designed to assess the clinical 
variables, therapeutic procedures and subsequent clinical events 
in AMI patients. The eligibility criteria were that patients had 
been admitted to a participating hospital for AMI, and under-
went successful recanalization within 24 h of symptom onset. 
Patients with AMI because of coronary spasm and/or proce-
dural causes were excluded from the study. Information was 
obtained from hospital medical records, by questionnaire sur-
veys carried out every 6 months and by direct interviews with 
patients, their family members, or physicians in charge. Writ-
ten informed consent was obtained from all of the patients. The 
study protocol was approved by each hospital’s ethics com-
mittee. Among the 917 patients enrolled in the NAMIS from 
December 2003 to November 2010, 879 patients had blood 
sample data available, including plasma VEGF levels at 7 
days after the onset of AMI.

Clinical Definitions and Endpoints
The diagnosis of AMI required the presence of an increase in 
the serum CK concentration to more than twice the upper limit 
of normal (or >400 IU/L), and one of the following 2 criteria: 
(1) typical chest pain or chest discomfort lasting longer than 
30 min, and (2) typical ischemic electrocardiographic changes. 
The primary endpoint was MACCE during the 6-month period 
after AMI, defined as cardiac death, recurrent ACS, unplanned 
hospital readmission for heart failure, and stroke. Cardiac death 
was defined as death from cardiovascular cause or unexpected 
death within 24 h of symptom onset. Recurrent ACS, which 
was the composite of ST elevation myocardial infarction (MI), 
non-ST elevation MI, and unstable angina, was diagnosed when 
patients had clinical symptoms such as chest pain, shortness 
of breath, and syncope, accompanied by evidence of a culprit 
lesion on coronary angiogram. Heart failure was diagnosed 
when patients with clinical symptoms including dyspnea, 
shortness of breath, and peripheral edema together with evi-

dence of heart failure by chest roentgenogram or ultrasound 
examination. Stroke was defined when patients had a newly 
developed neurological deficit and relevant findings on com-
puted tomography or magnetic resonance imaging. All events 
were strictly evaluated by the independent Endpoint Evalua-
tion Committee in a manner blinded to all of the patients’ clini-
cal information. Hypertension was defined as having a base-
line blood pressure ≥140/90 mmHg or taking antihypertensive 
agents. Patients receiving medications for diabetes mellitus or 
with baseline hemoglobin A1c ≥6.9% were considered to have 
diabetes mellitus. Dyslipidemia was diagnosed when patients 
after overnight fasting had low-density lipoprotein cholesterol 
≥140 mg/dl, triglycerides ≥150 mg/dl or high-density lipopro-
tein cholesterol <40 mg/dl, or were being treated with lipid-
lowering agents. Preinfarction angina was defined as the pres-
ence of chest pain or discomfort before the onset of AMI. The 
left ventricular ejection fraction was calculated by echocar-
diography using the Teichholz formula at discharge. We ob-
tained CK levels on admission and every 6 h until 24 h after 
PCI. The estimated glomerular filtration rate based on serum 
creatinine was calculated using the 3-variable equation, pro-
posed by the Japanese Society of Nephrology (estimated glo-
merular filtration rate [ml · min–1 · 1.73 m−2] = 194 × serum cre-
atinine [−1.094] × age [−0.287] × 0.739 [if female])17 and chronic 
kidney disease was defined as an estimated glomerular filtra-
tion rate <60 ml · min–1 · 1.73 m−2.

Laboratory Examinations
The plasma VEGF levels, as well as other parameters includ-
ing complete blood cell counts, liver function test results, renal 
function test results, lipid profiles, and brain natriuretic pep-
tide (BNP) levels were measured 7 days after the onset of 
AMI. Samples were obtained after a 6-h fast because the bio-
chemical factors, including the lipid profile and blood glucose 
level, were examined using the same samples. All components 
of the blood examinations were measured at Mitsubishi Chem-
ical Medience Co Ltd, Tokyo, Japan. Plasma VEGF was mea-
sured by an enzyme-linked immunosorbent assay (QuantikineTM, 
R&D Systems, USA). The detection limit for plasma VEGF 
was 15.6 pg/ml. The intra-assay coefficient of variation was 
3.39–6.00% for plasma VEGF.

Statistical Analysis
The patients were categorized into 3 groups according to the 
tertiles of plasma VEGF levels (low, middle, high). The rela-
tionship between the 3 groups and MACCE within 6 months 
was analyzed. For each subject, the follow-up time was calcu-
lated from the date of AMI onset to the date of MACCE or 
the time when the last outcome information was available, 
whichever occurred first. All results for continuous variables 
are expressed as the means ± standard deviations or medians 
(quartiles). Differences among the 3 groups were assessed 
using a 1 way ANOVA followed by Scheffé’s tests or a Krus-
kal-Wallis analysis. The categorical variables are shown as the 
numbers of patients (percentages). The differences in preva-
lence were assessed using chi-square or Fisher exact tests. The 
correlation between the VEGF levels at 7 days after onset and 
max CK levels was demonstrated by using the scatter diagram 
method after logarithmic transformation with Pearson’s cor-
relation coefficient. The survival curves were calculated by the 
Kaplan-Meier method and analyzed by the log-rank test. Un-
adjusted and adjusted hazard ratios (HRs) and 95% confidence 
intervals (CIs) for the primary endpoint were calculated using 
the Cox proportional hazard models. Covariates assessed in 
the Cox univariate analyses were the VEGF tertile, patient 
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age, sex, history of diabetes mellitus, history of dyslipidemia, 
history of hypertension, smoking status, higher Killip class at 
admission, the presence of chronic kidney disease, presence of 
multivessel disease, BNP (after logarithmic transformation), 
and the use of statin therapy before the onset of AMI. Any 
covariates that were significant in the univariate analyses 
(P<0.10) were incorporated into a multivariate analysis. Be-
cause there were strong positive associations between a high-
er Killip class and the BNP level, we excluded the higher 
Killip class from the Cox multivariate analysis. Next, the chi-
square tests or Fisher exact tests, and the age-adjusted logistic 
regression analyses were conducted to examine the relation-
ships between the 3 groups and the probability of the main 
components of MACCE. In addition, subgroup analyses of the 
association of the VEGF groups and MACCE rate divided ac-
cording to Killip class, max CK levels (divided by the median 
level of 2,423 IU/L), BNP levels (divided by BNP=200 pg/ml) 
and statin therapy before onset of AMI were conducted be-
cause VEGF is reported to be susceptible to the influence of 

ischemia or unstable hemodynamics. We performed further 
analyses to identify the factors that account for the group with 
the worst outcome, including the variables with a P-value 
<0.05 in the univariate analyses. Differences were considered 
to be statistically significant at P<0.05. The analyses were 
performed using the SPSS software program version 19.0 for 
Windows (SPSS Japan, Inc, Tokyo, Japan).

Results
Patients’ Characteristics
The present study included 708 males (80.5%) and 171 fe-
males (19.5%), with a median age of 64 years. Their plasma 
VEGF levels were found to be widely distributed (111.0 [42.1–
222.0] pg/ml). There were 84 (9.6%) patients with plasma 
VEGF lower than the lower detection limit of 15.6 pg/ml. Pa-
tients were stratified into 3 groups according to the tertiles of 
plasma VEGF levels: low (<61.0 pg/ml [n=293]), middle (61.0–
176.0 pg/ml [n=294]), and high (≥176.1 pg/ml [n=292]).

Table 1. Baseline Patient Characteristics

Low group  
(n=293)

Middle group  
(n=294)

High group  
(n=292) P value

Males 239 (81.6%)　　　　　　　 229 (77.9%)　　　　　　　 240 (82.2%)　　　　　　　 0.364　
Age (years) 62 (55–69)　　　　　 66 (58–71)　　　　　 64 (57–70)　　　　　 0.009　
Risk factors

    Hypertension 157 (53.6%)　　　　　　　 168 (57.1%)　　　　　　　 183 (62.7%)　　　　　　　 0.081　
    Dyslipidemia 231 (78.8%)　　　　　　　 233 (79.3%)　　　　　　　 228 (78.1%)　　　　　　　 0.940　
    Diabetes mellitus 79 (27.0%)　　　　　 84 (28.6%)　　　　　 96 (32.9%)　　　　　 0.268　
    Current smoker 148 (50.5%)　　　　　　　 140 (47.6%)　　　　　　　 172 (58.9%)　　　　　　　 0.018　
    Chronic kidney disease 101 (34.5%)　　　　　　　 100 (34.0%)　　　　　　　 84 (28.8%)　　　　　 0.262　
    Prior myocardial infarction 7 (2.4%)　　　　　 13 (4.4%)　　　　　　　 13 (4.5%)　　　　　　　 0.322　
Presentation at onset

    Killip ≥2 on admission 24 (8.2%)　　　　　　　 31 (10.5%)　　　　　 44 (15.1%)　　　　　 0.028　
    Preinfarction angina 117 (39.9%)　　　　　　　 151 (51.4%)　　　　　　　 141 (48.3%)　　　　　　　 0.016　
Medication before onset

    ACEI 13 (4.4%)　　　　　　　 14 (4.8%)　　　　　　　 19 (6.5%)　　　　　　　 0.482　
    ARB 43 (14.7%)　　　　　 45 (15.3%)　　　　　 54 (18.5%)　　　　　 0.405　
    β-blockers 17 (5.8%)　　　　　　　 11 (3.7%)　　　　　　　 22 (7.5%)　　　　　　　 0.140　
    Calcium-channel blockers 63 (21.5%)　　　　　 70 (23.8%)　　　　　 79 (27.1%)　　　　　 0.288　
    Statins 22 (7.5%)　　　　　　　 41 (13.9%)　　　　　 34 (11.6%)　　　　　 0.042　
Angiographic findings

    Time to reperfusion (h) 3.8 (2.8–6.2)　　　　 4.0 (2.8–6.6)　　　　 4.0 (2.9–7.9)　　　　 0.393　
    Anterior AMI 138 (47.1%)　　　　　　　 151 (51.4%)　　　　　　　 120 (41.1%)　　　　　　　 0.044　
    Multivessel disease 120 (41.0%)　　　　　　　 116 (39.5%)　　　　　　　 116 (39.7%)　　　　　　　 0.925　
Laboratory data

    TC (mg/dl) 174 (149–198)　　　 174 (155–197)　　　 169 (148–193)　　　 0.113　
    Triglycerides (mg/dl) 123 (97–162)　　　　　 124 (98–154)　　　　　 123 (99–155)　　　　　 0.913　
    HDL-C (mg/dl) 37 (32–44)　　　　　 35 (30–42)　　　　　 35 (30–42)　　　　　 0.008　
    BG on admission (mg/dl) 161 (131–212)　　　 156 (127–197)　　　 163 (136–207)　　　 0.299　
    Hemoglobin A1c (%) 5.7 (5.4–6.5)　　　　 5.8 (5.5–6.4)　　　　 5.8 (5.5–6.8)　　　　 0.127　
    BNP (pg/ml) 102 (49–218)　　　　　 111 (52–226)　　　　　 106 (52–228)　　　　　 0.897†

    Max CK (IU/L) 2,333 (1,320–3,658) 2,352 (1,265–4,057) 2,599 (1,436–4,253) 0.230　
Echocardiographic findings

    LVEF at discharge (%) 56.2±15.6 58.0±12.4 57.5±11.7 0.285　

Values are mean ± SD, medians (quartiles), or numbers (%).
ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin-receptor blockers; AMI, acute myocardial infarction; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; BG, blood glucose; BNP, brain natriuretic peptide; 
CK, creatine kinase; LVEF, left ventricular ejection fraction; SD, standard deviation; CKD, chronic kidney disease.
*CKD was defined as an estimated glomerular filtration rate <60 ml · min–1 · 1.73 m–2.
†Analyzed after logarithmic transformation.
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The clinical characteristics and laboratory data of the pa-
tients in the 3 groups are summarized in Table 1. Patients in 
the low group were significantly younger, and had signifi-
cantly higher levels of high-density lipoprotein cholesterol 
than the other groups. The prevalence of hypertension and 
diabetes mellitus tended to be lower among the patients in the 
low group. There was a significant positive correlation be-
tween VEGF group and Killip class on admission. Although 
some previous reports indicated that the VEGF levels after 
AMI correlate with the max CK levels, no such relationship 
was observed after logarithmic transformation in the present 
study (Figure S1). The patients in all the 3 groups had re-
ceived similar oral medications before the onset of AMI, ex-
cept for 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase 
inhibitors (statins). The prevalence of statin therapy before the 
onset of AMI was the least frequent (P=0.042) in the low 
group (7.5%) compared with those in the middle (13.9%) and 
high groups (11.6%). There were no significant differences in 
the use of β-blockers, renin-angiotensin system inhibitors, or 
statins at discharge (data not shown).

Relationship Between Plasma VEGF Level and MACCE 
During a 6-Month Follow-up
Of all the patients, 870 (99.0%) were followed for 6 months. 
The other 9 patients (1.0%) were lost to follow-up because of 
job-related moves (n=3) or withdrawal of consent (n=6). All 
patients, including these 9 patients, were included in the anal-
yses until the last visit or the date when they withdrew their 

consent. During 6-month follow-up period, 41 MACCE oc-
curred: 5 cardiac deaths, 20 unplanned hospital readmissions 
for heart failure, 14 cases of recurrent ACS, and 2 strokes. The 
estimated survival curves for MACCE among the 3 groups 
showed that the risk of MACCE was the highest in patients in 
the low VEGF group and that the patients in the middle VEGF 
group showed the best outcome. Differences between the low 
group and the other groups were apparent from approximately 
60 days after the onset of AMI (Figure).

The unadjusted Cox regression analyses revealed that in the 
low group, when the middle group was used as the reference, 
an older age, history of diabetes mellitus, higher Killip class 
on admission, chronic kidney disease, multivessel disease, and 
higher BNP levels at 7 days after admission were significantly 
associated with a higher incidence of MACCE (Table 2). The 
significance of low VEGF level for predicting MACCE was 
consistent even after adjusting for all these covariates (HR 
2.67, 95%CI 1.18–6.06, P=0.019). In contrast, patients in the 
high group experienced more MACCE than the middle group, 
but there was no statistically significant difference.

Plasma VEGF Levels and Components of MACCE
Among the components of MACCE, patients in the low group 
experienced a significantly higher incidence of recurrent 
ACS events than those in the other groups (3.4% vs. 0.7% and 
0.7%; P=0.010) (Table 3), as was indicated in the age-adjusted 
logistic regression analysis when the middle group was used 
as the reference (HR 5.33, 95%CI 1.15–24.65, P=0.032).

Figure.    The estimated survival curves for freedom from a major adverse cardiovascular and cerebrovascular event (MACCE) 
defined as cardiovascular death, recurrent acute coronary syndrome, unplanned hospital readmission for heart failure, or stroke, 
according to the tertiles of plasma vascular endothelial growth factor (VEGF). (Blue line) low group, (green line) middle group, (red 
line) high group. AMI, acute myocardial infarction.
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Table 2. Results of Cox Regression Analyses of Clinical Factors for 6-Month MACCE in AMI Patients

Factor
Univariate analysis Multivariate analysis*

Exp(B) 95%CI P value Exp(B) 95%CI P value

VEGF

    Middle group Reference Reference

    High group 1.538 0.629–3.762 　0.346 1.545 0.628–3.798 　0.344
    Low group 2.687 1.190–6.067 　0.017 2.674 1.179–6.061 　0.019
Age (10-year increases) 1.763 1.285–2.419 <0.001 1.342 0.954–1.887 　0.091
Male sex 1.176 0.521–2.654 　0.696
Diabetes mellitus 2.115 1.145–3.907 　0.017 1.782 0.953–3.334 　0.071
Dyslipidemia 0.732 0.367–1.466 　0.377
Hypertension 1.040 0.559–1.936 　0.902
Current smoking 0.866 0.470–1.598 　0.523
Killip ≥2 4.394 2.304–8.379 <0.001

CKD 2.020 1.095–3.727 　0.024 1.148 0.591–2.229 　0.684
Multivessel disease 1.943 1.049–3.601 　0.035 1.509 0.799–2.847 　0.204
Log BNP (1-SD increases) 2.315 1.709–3.136 <0.001 1.954 1.409–2.709 <0.001

Statin treatment before onset 1.136 0.446–2.896 　0.789

*The multivariate model  included  variables with  a P  value <0.10  in  the univariate  analyses. Because  there were 
strong positive associations between a higher Killip class and the log BNP levels, we excluded the higher Killip class 
from the Cox multivariate analysis.
MACCE, major adverse cardiovascular and cerebrovascular events; VEGF, vascular endothelial growth factor. Other 
abbreviations see in Table 1.

Table 3. Cardiac Events During the 6-Month Follow-up Period

Events
VEGF

P value*
Low group (n=293) Middle group (n=294) High group (n=292)

MACCE 21 (7.2%) 8 (2.7%) 12 (4.1%) 0.033

    Cardiovascular death   3 (1.0%) 1 (0.3%)   1 (0.3%) 0.447

    Recurrent ACS 10 (3.4%) 2 (0.7%)   2 (0.7%) 0.010

    Heart failure   6 (2.0%) 5 (1.7%)   9 (3.1%) 0.507

    Stroke   2 (0.7%) 0 (0.0%)   0 (0.0%) 0.135

ACS, acute coronary syndrome. Other abbreviations see in Table 2.
*Chi-square or Fisher’s exact test.

Table 4. Subgroup Analyses for MACCE Rate Among the VEGF Groups

MACCE (%)
P for trendLow VEGF  

group
Middle VEGF  

group
High VEGF  

group

All patients (n=879) 293 294 292

Killip class

    1 (n=780) 17 (6.3%)　　　　 5 (1.9%) 5 (2.0%)　　 0.007

    ≥2 (n=99) 4 (16.7%) 3 (9.7%) 7 (15.9%) 0.951

BNP

    <200 pg/ml (n=630) 9 (4.3%)　　 2 (0.9%) 3 (1.4%)　　 0.048

    ≥200 pg/ml (n=249) 12 (14.5%)　　 6 (7.3%) 9 (10.7%) 0.440

Maximum CK (median=2,423 IU/L)

    <Median (n=440) 11 (7.2%)　　　　 3 (2.0%) 5 (3.7%)　　 0.126

    ≥Median (n=439) 10 (7.1%)　　　　 5 (3.5%) 7 (4.5%)　　 0.313

Statin before onset

    No (n=782) 19 (7.0%)　　　　 6 (2.4%) 11 (4.3%)　　　　 0.122

    Yes (n=97) 2 (8.7%)　　 2 (5.0%) 1 (2.9%)　　 0.345

There were linear-by-linear associations between the VEGF groups and MACCE rate among patients with Killip=1 or 
BNP <200 pg/ml, but not among patients with Killip ≥2 or BNP ≥200 pg/ml.
Abbreviations see in Tables 1,2.
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Incidence of MACCE Stratified by Killip Class, BNP Level 
and Statin Treatment Before Onset
The high VEGF group did not show the best outcome. We 
hypothesized that VEGF augmentation caused by heart failure 
might be involved in the increased MACCE in the high VEGF 
group. Therefore, we performed the stratified analyses shown 
in Table 4. There was a negative linear-by-linear association 
between the VEGF groups and MACCE rate among patients 
with Killip=1 or BNP <200 pg/ml (P for trend=0.007 in patients 
with Killip=1, and 0.048 in patients with BNP <200 pg/ml), but 
there was no association in patients with Killip ≥2 or BNP 
≥200 pg/ml (P for trend=0.951 in patients with Killip ≥2, and 
0.440 in patients with BNP ≥200 pg/ml; Table 4).

Factors Related to Low VEGF on Day 7 After AMI
The logistic regression analyses revealed that being in the low 
VEGF group was significantly related to younger age (age 
[by 10-year increase]: adjusted HR 0.87, 95%CI 0.76–0.99, 
P=0.037) and the absence of statin therapy before the onset of 
AMI (statin treatment before onset [+]: adjusted HR 0.54, 
95%CI 0.33–0.90, P=0.017; Table 5).

Discussion
The major finding of the present study is that a low plasma 
VEGF level 7 days after the onset of AMI was associated with 
a significantly higher incidence of MACCE during the follow-
ing 6 months. Of the components of MACCE, patients with a 
low plasma VEGF level experienced a significantly higher 
incidence of recurrent ACS than the other groups. With regard 
to the determinant of a low VEGF level at 7 days, younger age 
and the absence of statin therapy before the onset of AMI were 
the significant factors. To the best of our knowledge, this is the 
first report to demonstrate that patients with low plasma VEGF 
levels after AMI are at an increased risk for MACCE during 
the following 6 months.

VEGF has favorable effects on both vascular endothelial 
survival and endothelial healing in patients with AMI. The 
possible explanations for the associations between the low 
VEGF levels and high incidence of MACCE, especially ACS, 
include the following. First, it is possible that the endothelium 
in the low VEGF group may be more severely damaged than 

that in the higher groups, because VEGF increases the toler-
ance of the endothelium to ischemia4 and activates pro-sur-
vival processes.18 Another possible mechanism is that the 
healing process of the endothelium at the plaques and dam-
aged myocardium may be insufficient in patients in the low 
group. Increased VEGF derived from the infarcted and peri-
infarcted areas is thought to induce vasodilatation through an 
increase in nitric oxide production,19 to promote endothelial 
regeneration at the ruptured or eroded plaques, and to induce 
angiogenesis,1,2 all of which result in an increase in the blood 
supply.5,6 Such effects can ameliorate residual ischemia, and 
prevent additional myocardial necrosis. Because VEGF is the 
key molecule responsible for the angiogenic response in isch-
emic tissues,1,2 the plasma VEGF levels may reflect the poten-
tial power to heal the infarcted area. Both the finding that the 
estimated survival curves appeared to diverge from approxi-
mately 60 days after onset of AMI, and that patients in the 
low group experienced more ACS events, support this notion. 
Because successful revascularization of the infarct-related 
arteries with PCI immediately after the onset of AMI makes it 
possible to supply a certain amount of reparative blood flow 
to the infarcted myocardium, the functional recovery of the 
endothelium has greater implications among such patients 
with AMI.

The findings of the present study are in sharp contrast to the 
previous report by Heeschen et al,16 which showed that the 
elevation of the serum VEGF level was associated with a 
higher incidence of death or non-fatal MI in patients with 
ACS. The differences in the studies may be associated with 
the fact that we obtained the blood samples 7 days after the 
onset of AMI symptoms, whereas Heeschen et al measured 
the serum VEGF level just after the onset of ACS. Therefore, 
the hemodynamic abnormalities and inflammation resulting as 
a consequence of myocardial damage at the time of measure-
ment of VEGF would be more resolved in our study than in 
the previous study. Moreover, the VEGF levels in the previous 
study were modulated by the ischemia from jeopardized myo-
cardium, because the VEGF levels were measured before re-
perfusion of the infarct-related arteries. The extent of isch-
emia,20 concomitant hypoxia,21 and worsening of systemic 
hemodynamics15 all increase the plasma VEGF level. There-
fore, the high VEGF levels reported in the prior study may 

Table 5. Results of Logistic Regression Analysis to Determine Risk Factors for the Low Group

Factor
Univariate analysis Multivariate analysis*

Exp(B) 95%CI P value Exp(B) 95%CI P value

Age (10-year increases) 0.846 0.740–0.967 0.014 0.866 0.756–0.991 0.037

Diabetes mellitus 0.833 0.609–1.138 0.250

Dyslipidemia 1.010 0.717–1.424 0.954

Hypertension 0.773 0.582–1.026 0.074

Current smoking 0.896 0.677–1.187 0.445

Time to reperfusion (6-h increases) 0.870 0.729–1.038 0.122

Medication before onset

    ACEI 0.778 0.403–1.502 0.454

    ARB 0.846 0.573–1.249 0.400

    β-blockers 1.032 0.565–1.886 0.918

    Calcium-channel blockers 0.803 0.575–1.123 0.200

    Statins 0.553 0.336–0.910 0.020 0.540 0.325–0.897 0.017

Killip ≥2 0.608 0.375–0.985 0.043 0.643 0.395–1.048 0.076

*The multivariate analysis included variables with a P value <0.05 in the univariate analyses.
CI, confidence interval. Other abbreviations see in Table 1.
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reflect a larger ‘area at risk’ of MI, the patient’s condition 
complicated by heart failure, or patients with severe systemic 
atherosclerosis. Similarly, we could not show a graded de-
crease in the MACCE rate with the progression of VEGF 
group. In the stratified analysis we showed that low VEGF 
was predictive for the incidence of MACCE in patients with-
out heart failure, whereas the predictive significance of VEGF 
for MACCE would be complicated in AMI patients with heart 
failure. The augmentation of VEGF by unstable hemodynam-
ics or concomitant heart failure may contribute to the result. 
The VEGF levels positively correlated with Killip class on 
admission (Table 1), which was associated with the increased 
risk for MACCE. VEGF levels did not correlate with the max 
CK levels in our study, although prior studies8,12 showed a cor-
relation between max CK and peak VEGF levels. The differ-
ence between the present study and the prior studies is that all 
of our patients underwent successful primary PCI early after 
the onset of AMI, whereas some patients in the prior studies 
did not undergo primary PCI. The successful myocardial sal-
vage from early recanalization by PCI might be the cause of 
this result. This is supported by the report from Soeki et al,7 
all of whose patients also underwent successful primary PCI. 
Therefore, we should differentiate AMI patients in a stable 
condition after successful primary PCI from those with heart 
failure or without primary PCI when we assess the relation-
ship between VEGF levels and the risk for MACCE.

We assessed the plasma VEGF levels at 7 days after onset, 
which we previously reported to be the peak after the onset of 
AMI.14 The serial course of VEGF levels could differ in pa-
tients with primary PCI in comparison to those without, be-
cause early treatment of stenosis by primary PCI results in 
more stable reperfusion which might influence VEGF pro-
duction derived from the infarcted area. In addition, primary 
PCI might affect the VEGF-producing cells, leading to altered 
VEGF production. This hypothesis is supported by previous 
reports11–13 showing that the VEGF levels reach a peak at days 
10–14 in a study population that included some AMI patients 
without primary PCI. In contrast, VEGF levels in the culture 
medium of peripheral blood mononuclear cells (PBMNCs) 
after incubation for 24 h were maximally elevated 7 days after 
the onset of AMI. PBMNCs play critical roles in vascular re-
pair process and angiogenesis,22,23 so the VEGF levels at 7 
days after AMI would be augmented by such cellular contexts 
to facilitate repair of the injured endothelium. Collectively, we 
speculate that VEGF levels obtained 7 days after the onset of 
AMI adequately reflect the physiological function of VEGF 
among patients who undergo successful primary PCI.

In our subanalysis, we evaluated the possible independent 
factors predicting low VEGF levels at 7 days after the onset of 
AMI. It was surprising that younger age was significantly as-
sociated with the low VEGF group, because previous studies 
have suggested a reduction in VEGF levels according to age.24 
Advanced age was a major risk factor not only for coronary but 
peripheral artery disease in the Framingham study.25 Therefore, 
although speculative, it is likely that the elderly patients had 
more severe systemic atherosclerosis that induced more VEGF 
release. Actually, our patients tended to have more atheroscle-
rotic risk factors, such as hypertension and diabetes mellitus, 
as their age advanced (odds ratio by increasing 10 years in-
crease of age: 1.327, P<0.001 for hypertension; 1.107, P=0.151 
for diabetes mellitus). Prior statin treatment was another deter-
minant for VEGF levels 7 days after AMI. Statins increase 
VEGF in various cell types through the activation of hypoxia-
inducible factor (HIF-1),26–28 the principal transcription factor 
involved in the response to hypoxia.21 Statin therapy before the 

onset of AMI also might influence the VEGF levels after AMI. 
The effectiveness of statin therapy for patients at high risk of 
an AMI has been established.29,30 For example, chronic admin-
istration of statins before onset has been reported to reduce 
myocardial necrosis31 and improve the event free survival dur-
ing 6-month follow-up32 in patients with AMI. More studies 
are necessary, but our results suggest that statins may influence 
the vascular repair process after AMI, partially though the 
regulation of VEGF.

Study Limitations
First, the rate of MACCE during the 6-month follow-up period 
in our study was relatively low. Second, we have no data on 
the history of generalized atherosclerotic disease in our pa-
tients, including cerebral vessel disease and peripheral arterial 
disease, before the onset of AMI. However, because the pa-
tients in the low group less frequently had atherosclerotic risk 
factors, the highest risk for MACCE in the low group was not 
likely to be attributed to such systemic diseases. Third, we 
measured the plasma VEGF levels at only 1 time point at 7 
days after the onset of AMI, which is reported as its peak. 
Further studies are therefore needed to determine the suitable 
time point for VEGF measurement to predict the prognosis. 
Fourth, we have no data on the other biomarkers involved in 
angiogenesis and tissue repair processes. The exploration of 
other biomarkers in conjunction with VEGF in patients with 
AMI also has enormous significance and is a subject of future 
investigation.

Conclusions
Low plasma VEGF levels at 7 days after the onset of AMI were 
associated with a significantly increased risk for MACCE, es-
pecially for ACS, during 6-month follow-up. The absence of 
statin therapy before AMI was 1 determinant of a lower plasma 
VEGF level.
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