
Long-term Prediction of
Cardiovascular Outcomes by
Circulating CD34+ and
CD34+CD133+ Stem Cells in
Patients With Type 2 Diabetes
Diabetes Care 2017;40:125–131 | DOI: 10.2337/dc16-1755

OBJECTIVE

Cardiovascular risk varies substantially in the population with diabetes, and bio-
markers can improve risk stratification. Circulating stem cells predict future car-
diovascular events and death, but data for the population with diabetes are scant.
In this study we evaluated the ability of circulating stem cell levels to predict
future cardiovascular outcomes and improve risk discrimination in patients with
type 2 diabetes.

RESEARCH DESIGN AND METHODS

A cohort of 187 patients with type 2 diabetes was monitored for a median of 6.1
years. The primary outcome was time to a first cardiovascular event, defined as
3-point major adverse cardiovascular event (cardiovascular death, nonfatal myo-
cardial infarction, or nonfatal stroke) plus hospitalization for cardiovascular
causes. At baseline, we measured six stem/progenitor cell phenotypes in periph-
eral blood based on expression of CD34, CD133, and KDR.

RESULTS

The primary outcome occurred in 48 patients (4.5/100 patient-years). Patients
with incident cardiovascular events had significantly lower CD34+ and
CD34+CD133+ cells than those without. Higher rates of cardiovascular events
occurred in patients with below median levels of CD34+ and CD34+CD133+. In
Cox proportional hazards regression analyses, a reduced CD34+ (hazard ratio
2.21 [95% CI 1.14–4.29]) and CD34+CD133+ (2.98 [1.46–6.08]) cell count indepen-
dently predicted future events. Addition of the CD34+ cell count to the reference
model or the UK Prospective Diabetes Study risk engine improved C statistics,
continuous net reclassification improvement, and/or integrated discrimination
index.

CONCLUSIONS

In patients with type 2 diabetes, a reduced baseline level of circulating CD34+ stem
cells predicts adverse cardiovascular outcomes up to 6 years later and improves
risk stratification.
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Patients with diabetes experience a high
rate of cardiovascular disease, but the
risk varies considerably, even within
the population with diabetes (1,2). This
notion provides a compelling rationale
for using biomarkers to improve individ-
ual risk prediction.
More than 10 years ago, we demon-

strated that patients with diabetes with
vascular disease have lower levels of cir-
culating CD34+ stem cells (3), a finding
that others have confirmed (4,5). The
peripheral blood CD34+ cell population
is mainly composed of hematopoietic
stem cells (HSCs), and putative endo-
thelial progenitor cells (EPCs) represent
a minor subset. Quite interestingly,
CD34+ cells have been successfully used
in cell therapies for cardiac and limb is-
chemia (6,7), which lend support to the
cardiovascular properties of such cells.
Coexpression of the HSC marker CD133
was initially suggested to enrich for func-
tional EPCs (8,9), but this is still contro-
versial (10,11). Human CD34+ cells are
provided with vascular regenerative ca-
pacity and proangiogenic potential
in vivo (12), and their pauperization is
now considered a significant contributor
to the impaired cardiovascular homeo-
stasis in diabetes. However, circulating
CD34+ cells are so rare in the circulation
(;3 cells/mL), that the clinical and bio-
logical meaning of a further reduction in
their level was unclear. The findings that
blood stem cells aid cardiovascular re-
pair in experimental models were some-
times considerednot sufficiently conclusive
to support that a reduction in CD34+ cells
from 3 to 2/mL has any relevant clinical
implication.
To address this issue, several authors

have reported that patients with low
levels of circulating stem or progenitor
cells were at a significantly higher risk for
future cardiovascular disease than were
patients with higher cell levels (13–15). A
pooled analysis of such longitudinal
studies with an average duration of
2 years shows that a low level compared
with a high level of stem/progenitor cells
is independently associated with a two-
fold risk for future cardiovascular events
and death (16). Some studies also re-
ported that stem cell levels improved
stratification of patients into the correct
risk category (13,14,17), but whether
this is true also in patients who already
show low levels of stem cells at baseline
was unknown. Furthermore, the ability of

stem cell levels to predict long-term car-
diovascular outcomes term is poorly
explored.

In a cohort of 187 patients with type 2
diabetes, we found that low CD34+ and
CD34+CD133+ cell levels significantly
and independently predicted the devel-
opment or worsening of microangiop-
athy (18). In this study, we have extended
the follow-up of this cohort to exam-
ine the association between stem/
progenitor cell levels and cardiovascu-
lar outcomes up to 12 years after the
baseline examination.

RESEARCH DESIGN AND METHODS

The study was approved by local institu-
tions and ethical committees and was
conducted in accordance with the prin-
ciples of the Declaration of Helsinki. All
patients provided informed consent.

Study Design
As described previously (18), this was a
pseudoprospective study. Baseline data
were recorded at the time of stem/
progenitor cell analysis, and follow-up
data were collected retrospectively
from August 2016 to baseline by access-
ing patients’ electronic files. The routine
follow-up of patients at 6-month inter-
vals and standardization of electronic
medical records allowed simulating a
prospective design.

Study Patients
This study cohort has been described
previously (18). Briefly, patients were
selected from those regularly attending
the Diabetes Outpatient Clinic of
the University Hospital of Padova at
6-month intervals during a 10-year pe-
riod (2004–2014). Inclusion criteria
were type 2 diabetes, age 30–80, both
sexes, .6 months’ observation, and
availability of a baseline determination
of stem/progenitor cells. Exclusion crite-
ria were acute disease or infection; re-
cent (#3 months) surgery, trauma, or a
cardiovascular event at baseline; im-
mune disorders or organ transplanta-
tion; cancer; advanced liver (cirrhosis)
or kidney (uremia) disease; pregnancy
or lactation; and inability to provide in-
formed consent. Detailed methods for
characterization of this patients’ cohort
can be found elsewhere (18).The analy-
sis of progenitor cells by flow cytome-
try has been described previously
(18). The gating strategy and represen-
tative examples are illustrated in

Supplementary Fig. 1. We considered
both relative (cells/106 white blood
cells) and absolute cell counts. Abso-
lute levels were obtained by multi-
plying relative levels to white blood
cells (/mL).

Study Outcomes
The primary outcome was time to a first
cardiovascular event (all events). Sec-
ondary outcomes were 3-point and
4-point major adverse cardiovascular
events (MACEs). The 3-point MACEs
was a composite of death from car-
diovascular causes, nonfatal myocar-
dial infarction, or nonfatal stroke. The
4-point MACEs was a composite of the
3-point MACEs or hospitalization for
heart failure or unstable angina. All
events included the 3-point MACEs
and hospitalization for any cardiovas-
cular cause. The cause of death was de-
termined by the principal condition and
was considered to be cardiovascular in
case of sudden death, death occurring
up to 14 days after an acute myocardial
infarction, death occurring in the con-
text of clinically worsening symptoms
and/or signs of heart failure, death oc-
curring up to 30 days after a stroke, or
death from another documented car-
diovascular cause (e.g., dysrhythmia,
pulmonary embolism, or intervention).
Any deaths not attributed to a noncar-
diovascular cause were presumed to be
cardiovascular.

Nonfatal myocardial infarction was
defined in the presence of at least two
of the following three criteria: cardiac
biomarker elevation, electrocardiogram
changes consistent with new ischemia,
or imaging evidence of new nonviable
myocardium or new wall motion ab-
normalities. Nonfatal stroke was de-
fined as the rapid onset of a focal/
global neurological deficit (change in
level of consciousness, hemiplegia,
hemiparesis, numbness or sensory loss af-
fecting one side of the body; dysphasia/
aphasia; hemianopia, other new neuro-
logical sign/symptom), with a duration
of$24 h (,24 h if the event was associ-
ated with pharmacological treatment, or
in the presence of available brain imaging
showing new hemorrhage or infarct, or
resulting in death [fatal stroke]), and con-
firmed by a neurology specialist or by
brain imaging. Unstable angina was de-
fined as resting, new-onset, or worsening
angina in the absence of an elevation in
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cardiac biomarkers and in the presence of
new or worsening ST-T changes on elec-
trocardiogram, or evidence of ischemia
by cardiac imaging, or angiographic evi-
dence of $70% stenosis in an epicardial
coronary artery. Heart failurewas defined
in the presence of typical clinical manifes-
tations or their worsening (dyspnea, or-
thopnea, paroxysmal nocturnal dyspnea,
edema, pulmonary basilar crackles, jugu-
lar venous distension, third heart sound
or gallop rhythm, radiological evidence of
worsening heart failure), needing new
therapy or uptitration of doses (diuretics,
inotropes, vasodilators), eventually sup-
ported by changes in biomarkers (e.g.,
brain natriuretic peptides). Other cardio-
vascular events considered included un-
planned coronary, peripheral, or carotid
revascularization and arrhythmia requir-
ing hospitalization.

Statistical Analysis
Data are expressed as mean 6 SE or as
percentage, where appropriate. Normal-
ity was checked with the Kolmogorov-
Smirnov test. Nonnormal variables were
log-transformed for statistical analysis.
Comparisons between two groups were
performed using the Student t test for
continuous variables or x2 for binary var-
iables. The Benjamini-Hochberg (BH) pro-
cedure was used to correct for multiple
testing and inflation of the type I error.
This method was used because it has
greater power than the Bonferroni cor-
rection and provides a hierarchical scaling
of significance testing, which well applies
to hierarchically organized subtypes of
stem/progenitor cells. Receiver operating
characteristic curves were used to assess
the ability of stem/progenitor cell levels
to discriminate patientswith adverse out-
comes. The best cutoffs were chosen as
those that optimized the product of sen-
sitivity and specificity. With 187 patients,
the probability was 80% that the study
detected a difference at a two-sided 5%
significance level, if the true hazard ratio
was 1.60, based on the assumption that
the accrual period was 10 years, the fol-
low-up period was 6 years, and the me-
dian event-free survival time was 4 years.
Stem/progenitor cell levels were dichoto-
mized as below/above the median value
to divide the patients into equal groups.
The Cox proportional hazards regres-
sion model was used to evaluate the
predictive capacity of a low (below me-
dian) versus a high (above median)

stem/progenitor cell level, indepen-
dently from confounders. Potential
confounders were variables associated
with the outcome in the univariate lo-
gistic analysis at P , 0.10. Discrimina-
tion improvement was assessed using
C statistics applied to time-to-event
data, the integrated discrimination in-
dex (IDI), and the continuous net re-
classification improvement (NRI) (19).
Statistical significance was accepted
at P , 0.05. SPSS 22.0 software and
Microsoft Excel 2003 softwarewere used.

RESULTS

Study Patients and Outcomes
Baseline characteristics of the study
population have been described previ-
ously (18) and can be found in Table 1.
Patients had an average age of 63 years,
with 10-year diabetes duration and
HbA1c of 7.9% (63 mmol/mol). Approxi-
mately 50% had microangiopathy and
59% had macroangiopathy, suggesting
this was a population at high cardiovascu-
lar risk.

During a median follow-up period of
6.1 years (interquartile range 3.4–7.4
years), 48 cardiovascular events were
registered, equal to an annual rate of
4.5%. The breakdown of all events was
3 cardiovascular deaths, 5 nonfatal
strokes, 10 nonfatal acute myocardial
infarctions, 16 hospitalizations for heart
failure, 6 hospitalizations for unstable
angina, and 8 hospitalizations for other
cardiovascular causes. The rates of
3-point and 4-point MACEs are compa-
rable to those reported in recent car-
diovascular outcome trials in which
similar populations of patients were
enrolled (20).

Progenitor Cell Levels According to
Cardiovascular Outcomes
We first divided patients into those with
or without adverse cardiovascular out-
comes at follow-up (Table 1). Patients
who experienced a cardiovascular event
(primary end point) during observation
had significantly lower relative and ab-
solute levels of CD34+ cells, relative lev-
els of CD133+ cells, and relative and
absolute levels of CD34+CD133+ cells
than patients without an event at follow-
up. After correction for multiple testing
with the BH procedure, relative CD34+

and CD34+CD133+ cell counts remained
significantly lower in patients with events.
Owing to the smaller number of events,

trend associationswere detectedwith the
3-point and 4-point MACEs, which were
nonsignificant before or after BH correc-
tion (Fig. 1A and Supplementary Fig. 2A).
No significant differences were noted for
KDR-expressing phenotypes.

Rates of Cardiovascular Events
According to Progenitor Cell Status
We then divided patients into equal
groups based on the median value for
each progenitor cell phenotype and cal-
culated the annual rate of incident car-
diovascular outcomes (Fig. 1B). The rate
of all events (primary end point) was
significantly higher in patients with low
than in those with high relative levels of
CD34+ and CD34+CD133+ cells, even af-
ter BH correction. The associations be-
tween low relative levels of CD34+ or
CD133+ cells and a higher rate of the
3-point or 4-pointMACEs did not survive
after the BH correction nor did the as-
sociations between absolute levels of
CD34+ cells and the rates of all events
and 3-point MACEs (Supplementary Fig.
2B). No significant differences were
noted for KDR-expressing phenotypes.

According to the area under curve
from receiver operating characteristic
curves, the discrimination capacity of
CD34+ cells against the primary outcome
was higher than that of CD34+CD133+

cells (area under the curve 0.687 [95%
CI 0.596–0.779] vs. 0.617 [0.529–0.704]).
The optimal cutoff value for the CD34+

cell count was 305 cells/106 (sensitiv-
ity 75.4%; specificity 58.2%) or 2,668
cells/mL (sensitivity 53.2%; specificity
72.9%).

Analysis of Event-Free Survival
According to Progenitor Cell Status
We used the Cox proportional hazards
model to evaluate whether low versus
high progenitor cell levels predicted ad-
verse cardiovascular outcomes inde-
pendently of confounders. Variables
associated with cardiovascular events
at follow-up with P , 0.10 were BMI,
HbA1c, hypertension, albumin-to-creatinine
ratio, estimated glomerular filtration
rate (eGFR), macroangiopathy, and sev-
eral therapies (Table 1). Although deter-
minants of the 3-point and 4-point
MACEs may be slightly different, these
variables were chosen as covariates in
the fully-adjusted model, because the
definition of the primary outcome in-
cluded those of the secondary outcomes.
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Table 2 reports the hazard ratios (HR)
with 95% CI for low versus high relative
levels of progenitor cell phenotypes: low
CD34+ cells and CD34+CD133+ cells inde-
pendently predicted the primary out-
come, with quite similar HRs. Figure 2
shows fully adjusted Kaplan-Meier
curves. The HR remained statistically sig-
nificant for CD34+CD133+ cells after BH

correction. The associations with the
3-point and 4-point MACEs were nonsig-
nificant before and after BH correction.
The associations of absolute CD34+ or
CD34+CD133+ cells with cardiovascular
outcomes were quantitatively similar
but statistically weaker (Table 2). KDR-
expressing phenotypes were not predic-
tive of adverse outcomes or sometimes

showed a direct association with future
cardiovascular events but did not survive
correction for multiple testing.

Because clinical determinants of
death may differ from those of cardio-
vascular events, we selected covari-
ates with significance level of ,0.10
in the comparison of patients who
were alive and those who had died at
follow-up: age, dyslipidemia, neurop-
athy, peripheral arterial disease, and
therapy (secretagogues, b-blockers,
calcium antagonists). No significant
association was detected between
progenitor cell levels and death from
any cause (Table 2).

Discrimination Improvement by
Addition of Progenitor Cell Levels
We finally compared the discrimination
capacity of the model described in Table
2, with and without inclusion of relative
CD34+ cells, against the primary end
point. C statistics improved from 0.758
to 0.799 (P, 0.001), the continuous NRI
improved by 35% (P = 0.038), but IDI was
not significantly improved (4.5%,P=0.059).
Discrimination capacity was not signifi-
cantly improved by the addition of relative
CD34+CD133+ cells (C statistics from 0.767
to 0.781, P = 0.108; NRI = 28.9%, P = 0.069;
IDI = 4.2%, P = 0.084). The addition of the
relative CD34+ cell count to the coronary
heart disease (CHD) risk provided by the
UK Prospective Diabetes Study (UKPDS)
risk engine significantly improved the C sta-
tistics from0.616 to 0.704 (P, 0.001), con-
tinuousNDI by 46.8% (P =0.006), and IDI by
7.2% (P, 0.001). The addition of the rela-
tive CD34+CD133+ cell count to the UKPDS
risk also significantly improved the C statis-
tics from 0.590 to 0.642 (P , 0.001), con-
tinuousNDI by 37.4% (P =0.019), and IDI by
2.5% (P = 0.022).

CONCLUSIONS

Our results show that a reduced level of
circulating stem cells predicts the occur-
rence of cardiovascular events in pa-
tients with type 2 diabetes over a period
of 6 years. Addition of the stem cell mea-
sure improved risk stratification com-
pared with reference models.

Previous studies have shown associa-
tions between circulating stem/progenitor
cell levels and cardiovascular outcomes
(13–15). This study validates the long-
term clinical meaning of circulating stem
cells defects in patients with complicated
diabetes, which was described more than

Table 1—Baseline characteristics of patients in the entire cohort and divided into
those with and without incident cardiovascular events

All patients Without events With events
P value(N = 187) (n = 139) (n = 48)

Age, years 63.7 6 0.7 63.3 6 0.7 65.1 6 1.5 0.222

Sex male, % 67 65 75 0.176

BMI, kg/m2 29.5 6 0.4 29.1 6 0.4 30.7 6 0.9 0.046

HbA1c, % 7.9 6 0.1 7.8 6 0.1 8.3 6 0.3 0.055

HbA1c, mmol/mol 63 6 1 62 6 1 67 6 2

Duration, years 10.4 6 0.6 10.4 6 0.8 10.3 6 1.1 0.925

Hypertension, % 84 80 98 0.003

Dyslipidemia, % 81 82 79 0.665

Smokers, % 13 13 15 0.776

Microangiopathy
ACR, mg/g 76.3 6 16.3 51.4 6 14.9 148.0 6 45.5 0.009
eGFR, mL/min/1.73 m2 81.7 6 1.6 83.9 6 1.8 75.6 6 3.4 0.003
Retinopathy, % 22 20 28 0.285
Neuropathy, % 13 13 15 0.789

Macroangiopathy 59 53 75 0.008
Coronary artery disease, % 15 10 29 0.001
Peripheral arterial disease, % 17 12 31 0.001
Subclinical atherosclerosis, % 48 45 58 0.102

UKPDS CHD risk, % 25.7 6 1.1 24.2 6 1.2 30.0 6 2.2 0.015

Diabetes therapy
Insulin, % 47 42 58 0.058
Secretagogues, % 42 40 48 0.314
Metformin, % 72 76 60 0.045
Thiazolidinediones, % 5 6 2 0.246
Incretins, % 9 10 4 0.059

Other medications
Antiplatelets, % 49 45 63 0.033
Statins, % 72 71 75 0.554
ACE inhibitors, % 54 53 58 0.488
ARBs, % 24 21 33 0.082
b-Blockers, % 25 20 38 0.016
Calcium antagonists, % 27 20 48 ,0.001

Stem/progenitor cells
CD34+/106 420 6 16 452 6 20 328 6 21 ,0.001
CD34+/mL 3,076 6 152 3,295 6 189 2,443 6 201 0.014
CD133+/106 257 6 12 273 6 16 211 6 16 0.029
CD133+/mL 1,834 6 95 1,933 6 82 1,542 6 142 0.072
CD34+CD133+/106 156 6 9 169 6 11 119 6 10 0.014
CD34+CD133+/mL 1,118 6 66 1,194 6 82 893 6 95 0.047
CD34+KDR+/106 45 6 3 47 6 3 41 6 5 0.348
CD34+KDR+/mL 327 6 22 339 6 27 292 6 36 0.360
CD133+KDR+/106 31 6 2 32 6 3 27 6 3 0.248
CD133+KDR+/mL 221 6 17 232 6 22 188 6 20 0.270
CD34+CD133+KDR+/106 12 6 1 14 6 2 9 6 2 0.141
CD34+CD133+KDR+/mL 90 6 10 98 6 13 63 6 12 0.143

Data are mean6 SE, unless otherwise stated. ACR, albumin-to-creatinine ratio; ARB, angiotensin
receptor blocker.
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10 years ago (3). In a meta-analysis of lon-
gitudinal studies, including 4,155 patients
monitored for an average of 2 years, we
found that a reduction in the levels of cir-
culating CD34+ and CD34+CD133+ cells was
associatedwith an approximate twofold in-
creased risk of future cardiovascular events
and death (16). In meta-regression analy-
ses, we detected no correlation between
the prevalence of diabetes and HRs, sug-
gesting that the prognostic effect of re-
duced stem cell levels was similar in
patients with and without diabetes (16).
Our study shows that the predictive capac-
ity of low compared with high stem cell
levels is preserved in patientswith diabetes
who already display stem cell defects com-
pared with control subjects without diabe-
tes (4) and extends long-term. By analyzing
only CD34+ cells, Makino et al. (21) report-
ed data consistent to ours in Japanese pa-
tients with type 2 diabetes, showing an
association with cardiovascular events
during a 4.6-year follow-up. By analyzing
multiple phenotypes, we confirm that the
CD34+ and CD34+CD133+ phenotypes are

thoseprovidedwith the strongest prognos-
tic power, whereas KDR-expressing pheno-
types, sometimes referred to as EPCs (22),
did not predict cardiovascular outcomes,
even though they are believed to be vascu-
loregenerative (9,23). There are technical
reasons for this apparent paradox, because
reliable KDR staining is challenging and up-
dated flow cytometry protocols provide
different results, showing that EPCs may
be rarer than expected (10,24). Nonethe-
less, in a cohort of 1,497 patients with cor-
onary artery disease, Hayek et al. (13)
recently found that low CD34+KDR+, but
not CD34+, cells predicted the risk of mor-
tality and PAD-related events. These data
leave open the possibility that the most
predictive phenotype is population- and/
or disease-specific.

The primary outcome of this study
was a composite of the traditional
3-point MACEs plus hospitalization for
any cardiovascular cause. We detected
weaker associations between low stem
cell levels and the3-pointor 4-pointMACEs
and nonsignificant trend associations with

death, because of the small number of
events. It is also important to note that,
owing to the large number of cell pheno-
types tested,wehad to correct for the false
discovery rate. Focusing on associations
that survived after BH correction allows
for more robust conclusions from a statis-
tical perspective.

The sample size in our study was
smaller than in recent works from the
Emory Cardiovascular Biobank (13,14),
butwe report data on long-term follow-up
of up to 12 years. This is important, be-
causemost events occurred after 5 years
of observation, and we show that stem
cell performance as biomarkers was not
diluted over time. Reporting data on
specific populations and on long-term
prediction is required for blood stem
cell levels to be leveraged to a clinical-
grade cardiovascular risk biomarker. Al-
though several technical issues need
to be fixed before a widespread diffu-
sion takes place, this study, along with
the study byMakino et al. (21), supports
the effect of stem cell levels beyond

Figure 1—Relative progenitor cell levels and cardiovascular outcomes. A: Progenitor cell levels (mean6 SE) in patients divided into those who did or
did not develop an event (all events, 3-point MACEs, 4-point MACEs) at follow-up. B: Annual incidence of all events, 3-point MACEs, and 4-point
MACEs in patients divided according to high or low stem/progenitor cell levels based on the median value. *P , 0.05; **significant after BH
correction.
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traditional clinical assessment in diabe-
tes. To demonstrate an improvement in
risk stratification, we used C statistics,
NRI, and IDI, metrics specifically de-
signed to address this issue (19). The
reference model was initially built on
clinical variables that were associated

with the outcome at a ,10% type I
error. Because this model may be over-
fitted to the population under investiga-
tion and therefore not generalizable, we
then used the UKPDS risk engine, which
was specifically developed to test CHD
risk in patients with diabetes (25). In

both cases, addition of the CD34+ cell
level was able to improve event predic-
tion and is therefore expected to per-
form well as a clinical biomarker.

Stem cell levels fluctuate on a circa-
dian basis (26) and change in relation to
disease states and therapies (27). Even if
we did not detect any significant associ-
ation with glucose-lowering medica-
tions, several confounders can affect
baseline cell levels. Importantly, circu-
lating stem cells are amenable to phar-
macological modulation, for instance via
CXCR4 antagonism (24,28), but whether
these changes reset cardiovascular risk
to the new stem cell level achieved re-
mains to be elucidated. It is also intrigu-
ing that bone marrow cells, in addition
to mirroring the overall risk of complica-
tions, can actively be used for the treat-
ment of type 1 and type 2 diabetes
(29,30).

Mechanistically, we still do not know
whether a reduction of blood stem cells
causes cardiovascular events per se or
whether it represents a bystander of in-
flammation, hematopoietic expansion,

Figure 2—Fully adjusted Kaplan-Meier event-free survival curves are shown for the primary
outcome (all events) from Cox proportional hazards regression analyses in patients with low vs.
high levels of CD34+ cells (left) or CD34+CD133+ cells (right).

Table 2—Cardiovascular events in patients with low versus high relative or absolute levels of the six stem/progenitor cell
phenotypes

Cell type (low vs. high level) All events 3-point MACEs 4-point MACEs Death

Relative CD34+ 2.21 (1.14–4.29) 2.70 (0.75–9.67) 1.78 (0.88–3.56) 1.41 (0.48–4.09)
P 0.018 0.127 0.108 0.532

Absolute CD34+ 1.89 (1.00–3.55) 2.14 (0.65–7.05) 1.65 (0.84–3.24) 1.53 (0.49–4.75)
P 0.049 0.210 0.148 0.466

Relative CD133+ 1.74 (0.90–3.36) 1.88 (0.60–5.89) 1.07 (0.99–1.15) 1.83 (0.61–5.51)
P 0.100 0.277 0.113 0.283

Absolute CD133+ 1.97 (0.99–3.93) 1.27 (0.44–3.65) 1.64 (0.79–3.39) 0.65 (0.22–1.92)
P 0.054 0.660 0.186 0.435

Relative CD34+CD133+ 2.98 (1.46–6.08) 2.35 (0.76–7.32) 2.37 (1.13–4.98) 3.44 (0.96–12.38)
P 0.003* 0.140 0.023 0.058

Absolute CD34+CD133+ 1.99 (1.01–3.93) 1.21 (0.42–3.53) 1.58 (0.78–3.20) 0.79 (0.25–2.55)
P 0.048 0.722 0.209 0.696

Relative CD34+KDR+ 1.06 (0.56–2.00) 1.31 (0.45–3.79) 0.78 (0.40–1.55) 1.12 (0.40–3.12)
P 0.855 0.620 0.479 0.829

Absolute CD34+KDR+ 1.03 (0.53–2.00) 0.73 (0.24–2.23) 0.73 (0.36–1.50) 0.93 (0.33–2.60)
P 0.924 0.582 0.388 0.882

Relative CD133+KDR+ 0.82 (0.40–1.65) 2.54 (0.70–9.18) 0.70 (0.33–1.48) 1.53 (0.47–5.18)
P 0.570 0.155 0.356 0.474

Absolute CD133+KDR+ 0.50 (0.25–1.03) 0.62 (0.18–2.10) 0.34 (0.16–0.73) 1.80 (0.59–5.49)
P 0.059 0.442 0.009 0.300

Relative CD34+CD133+KDR+ 0.62 (0.31–1.23) 0.99 (0.31–3.15) 0.44 (0.21–0.93) 0.53 (0.17–1.67)
P 0.172 0.985 0.031 0.281

Absolute CD34+CD133+KDR+ 0.56 (0.28–1.13) 0.60 (0.18–1.99) 0.33 (0.15–0.72) 0.33 (0.10–1.07)
P 0.105 0.401 0.008 0.065

Data are presented as HRs (95% CI). All analyses of time to event were adjusted for BMI, HbA1c, hypertension, albumin-to-creatinine ratio, eGFR,
macroangiopathy, and therapy (insulin, metformin, incretins, antiplatelet agents, angiotensin receptor blockers, b-blockers, calcium antagonists). The
analyses of time to death were adjusted for age, dyslipidemia, neuropathy, peripheral arterial disease, and therapy (secretagogues, b-blockers,
calcium antagonists). *Significant after BH correction.
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and bone marrow abnormalities, which
in turn promote atherosclerosis (31).
Mounting evidence suggests that circu-
lating stem cells reflect the endoge-
nous regenerative capacity, which is
affected by biological aging (32). In
this regards, it is interesting to note
that diabetes shortens life expec-
tancy and is considered a condition of
accelerated aging (33). The availability
of a clinical-grade biomarker reflecting
healthy versus unhealthy aging may aid
an improved tailoring of cardiovascular
prevention.

Funding. This work was supported by a grant
from the Italian Ministry of Health (GR-2011-
02347600).
Duality of Interest. No potential conflicts of
interest relevant to this article were reported.
Author Contributions. G.P.F. designed the
study, researched and analyzed data, and wrote
the manuscript. M.R., R.C., and B.M.B. re-
searched and analyzed data and critically re-
viewed the manuscript. A.A. contributed to
discussion and critically reviewed and edited
the manuscript. G.P.F. is the guarantor of this
workand, as such,had full access toall thedata in
the study and takes responsibility for the in-
tegrity of the data and the accuracy of the data
analysis.

References
1. Barkoudah E, Skali H, Uno H, Solomon SD,
Pfeffer MA. Mortality rates in trials of subjects
with type 2 diabetes. J Am Heart Assoc 2012;1:
8–15
2. Boyko EJ, Meigs JB. Does diabetes always
confer coronary heart disease risk equivalent
to a prior myocardial infarction?: implications
for prevention. Diabetes Care 2011;34:782–
784
3. Fadini GP, Miorin M, Facco M, et al. Circulat-
ing endothelial progenitor cells are reduced in
peripheral vascular complications of type 2 di-
abetes mellitus. J Am Coll Cardiol 2005;45:
1449–1457
4. Egan CG, Lavery R, Caporali F, et al. General-
ised reduction of putative endothelial progeni-
tors and CXCR4-positive peripheral blood cells
in type 2 diabetes. Diabetologia 2008;51:1296–
1305
5. Hernandez SL, Gong JH, Chen L, et al. Char-
acterization of circulating and endothelial pro-
genitor cells in patients with extreme-duration
type 1 diabetes. Diabetes Care 2014;37:2193–
2201
6. Henry TD, Schaer GL, Traverse JH, et al.; ACT.
Autologous CD34(+) cell therapy for refractory

angina: 2-year outcomes from the ACT34-CMI
study. Cell Transplant 2016;25:1701–1711
7. Losordo DW, KibbeMR,Mendelsohn F, et al.;
Autologous CD34+ Cell Therapy for Critical Limb
Ischemia Investigators. A randomized, con-
trolled pilot study of autologous CD34+ cell
therapy for critical limb ischemia. Circ Cardio-
vasc Interv 2012;5:821–830
8. Salven P, Mustjoki S, Alitalo R, Alitalo K, Rafii
S. VEGFR-3 and CD133 identify a population of
CD34+ lymphatic/vascular endothelial precur-
sor cells. Blood 2003;101:168–172
9. Friedrich EB, Walenta K, Scharlau J, Nickenig
G, Werner N. CD34-/CD133+/VEGFR-2+ endo-
thelial progenitor cell subpopulation with po-
tent vasoregenerative capacities. Circ Res
2006;98:e20–e25
10. Lanuti P, Rotta G, Almici C, et al. Endothelial
progenitor cells, defined by the simultaneous
surface expression of VEGFR2 and CD133, are
not detectable in healthy peripheral and cord
blood. Cytometry A 2016;89:259–270
11. Case J, Mead LE, Bessler WK, et al. Human
CD34+AC133+VEGFR-2+ cells are not endothe-
lial progenitor cells but distinct, primitive hema-
topoietic progenitors. Exp Hematol 2007;35:
1109–1118
12. Pozzoli O, Vella P, Iaffaldano G, et al. Endo-
thelial fate and angiogenic properties of human
CD34+ progenitor cells in zebrafish. Arterioscler
Thromb Vasc Biol 2011;31:1589–1597
13. Hayek SS, MacNamara J, Tahhan AS, et al.
Circulating progenitor cells identify peripheral
arterial disease in patients with coronary artery
disease. Circ Res 2016;119:564–571
14. Patel RS, Li Q, Ghasemzadeh N, et al. Circu-
lating CD34+ progenitor cells and risk of mortal-
ity in a population with coronary artery disease.
Circ Res 2015;116:289–297
15. Werner N, Kosiol S, Schiegl T, et al. Circu-
lating endothelial progenitor cells and cardio-
vascular outcomes. N Engl J Med 2005;353:
999–1007
16. Rigato M, Avogaro A, Fadini GP. Levels of
circulating progenitor cells, cardiovascular out-
comes and death: a meta-analysis of prospec-
tive observational studies. Circ Res 2016;118:
1930–1939
17. Fadini GP, Maruyama S, Ozaki T, et al. Cir-
culating progenitor cell count for cardiovascular
risk stratification: a pooled analysis. PLoS One
2010;5:e11488
18. Rigato M, Bittante C, Albiero M, Avogaro A,
Fadini GP. Circulating progenitor cell count pre-
dicts microvascular outcomes in type 2 diabetic
patients. J Clin Endocrinol Metab 2015;100:
2666–2672
19. Pencina MJ, D’Agostino RB Sr, D’Agostino
RB Jr, Vasan RS. Evaluating the added predictive
ability of a new marker: from area under the
ROC curve to reclassification and beyond. Stat
Med 2008;27:157–172; discussion 207–212
20. Avogaro A, Fadini GP, Sesti G, Bonora E, Del
Prato S. Continued efforts to translate diabetes

cardiovascular outcome trials into clinical prac-
tice. Cardiovasc Diabetol 2016;15:111
21. Makino H, Miyamoto Y, Kikuchi-Taura A,
Soma T, Taguchi A, Kishimoto I. Decreased levels
of circulating CD34(+) cells are associated with
coronary heart disease in Japanese patients
with type 2 diabetes. J Diabetes Investig 2015;
6:473–478
22. Fadini GP, Losordo D, Dimmeler S. Critical
reevaluation of endothelial progenitor cell phe-
notypes for therapeutic and diagnostic use. Circ
Res 2012;110:624–637
23. Madeddu P, Emanueli C, Pelosi E, et al.
Transplantation of low dose CD34+KDR+ cells
promotes vascular and muscular regeneration
in ischemic limbs. FASEB J 2004;18:1737–1739
24. Cappellari R, D’Anna M, Avogaro A, Fadini
GP. Plerixafor improves the endothelial health
balance. The effect of diabetes analysed by
polychromatic flow cytometry. Atherosclerosis
2016;251:373–380
25. Stevens RJ, Kothari V, Adler AI, Stratton IM;
United Kingdom Prospective Diabetes Study
(UKPDS) Group. The UKPDS risk engine: a model
for the risk of coronary heart disease in type II
diabetes (UKPDS 56). Clin Sci (Lond) 2001;101:
671–679
26. Al Mheid I, Corrigan F, Shirazi F, et al. Cir-
cadian variation in vascular function and regen-
erative capacity in healthy humans. J Am Heart
Assoc 2014;3:e000845
27. Fadini GP, Boscaro E, de Kreutzenberg S,
et al. Time course and mechanisms of circulat-
ing progenitor cell reduction in the natural his-
tory of type 2 diabetes. Diabetes Care 2010;33:
1097–1102
28. Fiorina P, Jurewicz M, Vergani A, et al. Tar-
geting the CXCR4-CXCL12 axis mobilizes autolo-
gous hematopoietic stem cells and prolongs
islet allograft survival via programmed death
ligand 1. J Immunol 2011;186:121–131
29. Skyler JS, Fonseca VA, Segal KR, Rosenstock
J; MSB-DM003 Investigators. Allogeneic mesen-
chymal precursor cells in type 2 diabetes: a ran-
domized, placebo-controlled, dose-escalation
safety and tolerability pilot study. Diabetes
Care 2015;38:1742–1749
30. D’Addio F, Valderrama Vasquez A, Ben Nasr
M, et al. Autologous nonmyeloablative hemato-
poietic stem cell transplantation in new-onset
type 1 diabetes: amulticenter analysis. Diabetes
2014;63:3041–3046
31. van der Valk FM, Kuijk C, Verweij SL, et al.
Increased haematopoietic activity in patients
with atherosclerosis. Eur Heart J. 29 June 2016
[Epub ahead of print]. DOI: http://dx.doi.org/
10.1093/eurheartj/ehw246
32. Al Mheid I, Hayek SS, Ko YA, et al. Age and
human regenerative capacity impact of cardio-
vascular risk factors. Circ Res 2016;119:801–809
33. Seshasai SR, Kaptoge S, Thompson A, et al.;
Emerging Risk Factors Collaboration. Diabetes
mellitus, fasting glucose, and risk of cause-
specific death. N Engl J Med 2011;364:829–841

care.diabetesjournals.org Fadini and Associates 131

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/40/1/125/519920/dc161755.pdf by guest on 10 April 2024

http://care.diabetesjournals.org

