
Association of Progenitor Cells and Outcomes in Patients with Stable 

Coronary Artery Disease
Devinder S. Dhindsa M.D., Qingchun Jin, Chang Liu M.P.H, Pratik B. Sandesara M.D., Anurag Mehta M.D., Chang Liu M.P.H, Iraj Ghosseini, Ali 

Mokhthari, Edmund Waller M.D., PhD., Arshed Quyyumi M.D.

Emory University School of Medicine, Division of Cardiology

Introduction
• Low circulating progenitor cell (CPC) number and 

activity, specifically hematopoietic enriched (CD34+ 
expressing) populations, reflect impairment of intrinsic 
regenerative or reparative capacity that may impact 
outcomes

• The additive predictive role of endothelial enriched 
CPCs, expressing vascular endothelial growth factor 
(VEGF)  on incident cardiovascular outcomes is less 
studied

• We hypothesized that numbers of VEGF expressing PCs 
have incremental prognostic value

Methods

Subjects:
• 1366  individuals (mean age 65.2 ± 13.1 years, 41% 

female, 20% African American) undergoing coronary 
angiography and enrolled in the Emory Cardiovascular 
Biobank.  Patients were excluded if they had 1) acute MI, 
2) history of heart transplantation, or 3) active infection 
as these conditions would affect PC counts.

Measurements: 
• CPCs were measured in peripheral arterial blood 

collected at time of cardiac catheterization
• Circulating CPC populations were analyzed and 

enumerated within 4 hours of collection using flow 
cytometry CD45(med+) blood mononuclear cells 
expressing CD34, and those co-expressing VEGF.

• Outcomes: 1) all-cause death and 2) composite of CV 
death/MI

Statistical Analysis
• Kaplan-Meier curves were constructed to assess the risk of 

adverse endpoints depending on quantity of CPCs
• Multivariate Cox proportional hazard models were used to 

examine the relationship of  CPCs in predicting adverse 
events after adjustment for demographic/clinical risk 
factors

• CPC counts were examined as categorical variables using 
receiver operating characteristic (ROC) analysis to derive 
the optimal cutpoint for prediction of all-cause death

• A progenitor cell score was created using ROC-derived 
cutpoints for hematopoietic (CD34+/CXCR4+) and 
endothelial (CD34+/VEGFR2+) subtype with a score 
assigned  of 0 (both above cutpoint), 1 (one above and one 
below cutpoint), or 2 (both below cutpoint)

Results

Table 1: Baseline Characteristics of Total Cohort and Stratified by Progenitor Cell Score

Table 2: Association between Progenitor Cells and Outcomes
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Figure 3: Kaplan-Meier curves for A) All-cause death and B)  CV death/MI

Summary and Conclusions
Low numbers of both hematopoietic and endothelial-enriched PC counts are indicative 
of higher risk of adverse events, suggesting that impaired reparative and regenerative 
capacity is an independent predictor of outcomes.
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Baseline characteristics 

All

n=1366

Progenitor Cell Score

0 (N=494)    1 (N=522) 2 (N=350) P value

Age, y 65.2 (13.1) 63.9 +/- 13.5 66.6 +/- 12.5 67.9 +/- 12.0 <0.001

Male, N (%) 810 (59.3) 325 (65.8) 304 (58.2) 181 (51.7) <0.001

Black, N (%) 275 (20.1) 106 (21.5) 105 (20.1) 64 (18.3) 0.527

BMI, kg/m2 29.4 +/- 6.4 30.1+/- 6.4 28.9 +/- 6.4 29.4 +/- 6.7 0.002

History of MI, N (%) 276 (20.1) 105 (21.3) 95 (18.4) 76 (22.0) 0.343

Diabetes, N (%) 535 (41.4) 176 (35.9) 202 (38.8) 157 (45.2) 0.023

Hypertension, N (%) 1213 (88.8) 437 (89.2) 464 (88.9) 312 (90.2) 0.829

Dyslipidemia, N (%) 1014 (74.2) 378 (76.8) 383 (73.4) 253 (72.9) 0.330

Current smoking, N (%) 63 (4.6) 19 (4.3) 28 (5.9) 16 (4.7) 0.479

History of CABG, N (%) 324 (23.7) 116 (23.5) 127 (24.3) 81 (23.1) 0.911

History of PCI, N(%) 610 (44.7) 168 (45.0) 326 (40.9) 116 (39.9) 0.627

Obstructive CAD*, N (%) 1055 (77.2) 347 (70.2) 404 (77.4) 304 (86.9) <0.001

History of heart failure, N (%) 465 (34.0) 157 (31.8) 173 (33.1) 135 (38.6) 0.105

eGFR, mL/min/1.73 m2 69.1 +/- 26.5 75.4 +/- 22.5 71.2 +/- 22.1 71.7 +/- 22.4 0.006

History of peripheral vascular 

disease, N (%)
251 (18.9) 69 (14) 94 (18.0) 88 (25.4) <0.001

History of stroke, N (%) 158 (11.7) 49 (10.1) 60 (12.0) 49 (14.3) 0.183

Left ventricular ejection fraction 

(LVEF %)
53 +/- 12.6 52.5 +/- 13.7 53.5 +/- 12.2 53.1 +/- 11.7 0.664

Figure 1. Kaplan-Meier curves for All-cause death with A) CD34+, B) 
CD34+/CD133+, C) CD34+/CXCR4+, and D) CD34+/VEGFR2+ cells

Figure 2: Kaplan-Meier curves for CV death/MI with A) CD34+, B) 
CD34+/CD133+, C) CD34+/CXCR4+, and D) CD34+/VEGFR2+ cells

The combination of hematopoietic (CD34+/CXCR4+) and 
endothelial (CD34+/VEGFR2+) PC subtypes have an independent 

and additive effect on the outcomes of all-cause death and 
cardiovascular death/MI
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Outcome Categorical PC Score***
Threshold cutoff, 

Unadjusted

Threshold cutoff, 

Adjusted

Death

1 vs. 0 1.61 (1.17-2.21), 0.003 1.79 (1.08-2.40), 0.001

2 vs. 0 2.06 (1.47-2.78), <0.0001 2.07 (1.42-3.03), 0.0002

CV Death/MI

1 vs. 0 1.20 (0.78-1.83), 0.08 1.55 (1.05-2.28), 0.03

2 vs. 0 1.97 (1.27-3.05), 0.002 2.03 (1.30-3.17), 0.002

Model includes clinical covariates as above plus CD34+/VEGFR2+ and CD34+/CXCR4+. Adjusted for age, body mass index, sex, smoking history, history of myocardial 
infarction, hypertension, diabetes, hyperlipidemia, renal function (GFR), obstructive coronary artery disease, left ventricular ejection fraction and statin use.

*Natural log+1 transformed cell counts. 
**Cutoffs used were 1032 cells/milliliter for CD34+ cells, 625 cells/milliliter for CD34+/CD133+ cells, 25 cells/milliliter for CD34+/VEGFR2+ cells and 794 cells/milliliter 
for CD34+/CXCR+ cells.
Clinical covariates as above plus CD34+/VEGFR2+ and CD34+/CXCR4+. Cutoffs used as above.
***Progenitor Cell score based on number of PC subtypes (CD34+/CXCR4+ or CD34+/VEGF2R+) below threshold ROC cutoff (score of 2) compared to reference group 
with both above threshold cutoff (score of 0). Cell counts based on threshold cutoffs (794 cells/mL for CD34+/CXCR4+ cells and 25 cells/mL for CD34+/VEGF2R+ cells)

Table 3: Association of Progenitor Cell Score and Outcomes

Outcome 

HR (95% CI), P Value
Cell Type

Continuous 

unadjusted 
Continuous Adjusted* 

Threshold cutoff, Using 

ROC unadjusted **

Threshold cutoff, 

Using ROC adjusted 

**

Death CD34+ 1.03 (1.00-1.07), 0.07 1.03 (0.99 –1.08), 0.16 1.70 (1.28-2.25), 0.0002 1.67 (1.21-2.31), 0.002

CD34+/CD133+ 1.04 (1.01-1.07), 0.01 1.04 (1.00- 1.07), 0.03 1.48 (1.14-1.92), 0.004 1.38 (1.01-1.89), 0.04

CD34+/CXCR4+ 1.04 (1.02-1.07), 0.0007 1.05 (1.00- 1.08), 0.001 1.52 (1.17-1.99), 0.002 1.47 (1.08-2.02), 0.01

CD34+/VEGFR2+ 1.01 (0.99-1.01), 0.11 1.01 (0.99-1.02), 0.12 1.58 (1.2-2.06), 0.0009 1.70 (1.25-2.31), 0.0008

CV death/MI CD34+ 1.03 (1.00-1.07), 0.07 1.04 (0.99-1.06), 0.08 1.61 (1.16-2.18), 0.003 1.64 (1.14-2.38), 0.008

CD34+/CD133+ 1.04 (1.02-1.06), 0.001 1.04 (1.02-1.06), 0.0002 1.34 (1.00-1.81), 0.05 1.30 (0.92-1.83), 0.13

CD34+/CXCR4+ 1.04 (1.02-1.08), 0.003 1.06 (1.02-1.10), 0.005 1.46 (1.08-1.97), 0.01 1.51 (1.08-2.11), 0.02

CD34+/VEGFR2+ 1.01 (0.99-1.02), 0.16 1.01 (0.99-1.02), 0.17 1.48 (1.10-2.00), 0.01 1.54 (1.07-2.21), 0.02

Adjusted for age, body mass index, sex, smoking history, history of myocardial infarction, hypertension, diabetes, hyperlipidemia, renal function (GFR), 
obstructive coronary artery disease, left ventricular ejection fraction and statin use.

*Natural log+1 transformed cell counts. 
**Cutoffs used were 1032 cells/milliliter for CD34+ cells, 625 cells/milliliter for CD34+/CD133+ cells, 25 cells/milliliter for CD34+/VEGFR2+ cells and 794 
cells/milliliter for CD34+/CXCR+ cells 


