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Abstract

Background: Decreases in circulating CD34-positive cells are associated with increases in cardio-
vascular events. We investigated the association between the number of CD34-positive cells and the
progression of coronary artery calcification (CAC), a marker of atherosclerosis, in patients with hyper-
cholesteremia under statin therapy in a sub-analysis of a multicenter study.

Methods: In the principal study, patients with CAC scores of 1-999 were treated with pitavastatin.
Measurement of CAC by non-enhanced computed tomography and a blood test were performed at base-
line and at 1-year follow-up. Patients were divided into two groups: CAC progression (change in CAC
score > 0) and non-progression. The number of circulating CD34-positive cells was counted using flow
cytometry.

Results: A total of 156 patients (mean age 67 years, 55% men) were included in this sub-analysis.
CD34 positive cell numbers at baseline as a continuous variable was inversely correlated with annual
change 1n the log-transformed CAC score (r = —0.19, p = 0.02). When patients were divided into high
and low CD34 groups based on the median value of 0.8 cells/uL, the adjusted change in CAC score in
the low-CD34 group was significantly greater than that in the high-CD34 group (54.2% vs. 20.8%, re-
spectively, p = 0.04). In multiple logistic analysis, a low CD34-positive cell number was an independent
predictor of CAC progression, with an odds ratio of 2.88 (95% confidence interval 1.28-6.49, p = 0.01).
Conclusions: Low numbers of CD34-positive cells are associated with CAC progression in patients
with hypercholesterolemia under statin therapy. The number of CD34-positive cells may help to identify
patients at increased cardiovascular visk. (Cardiol ] 2022; 29, 3: 423-431)
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Introduction

Endothelial progenitor cells are mononuclear
cells largely derived from bone marrow. They
can be quantified in peripheral blood using flow
cytometry. CD34-positive mononuclear cells have
the potential to differentiate into several lineages
and contribute to vascular repair and regeneration
[1, 2]. Low counts of CD34-positive cells indicate
reduced endothelial repair activity, with previous
studies demonstrating a direct correlation between
endothelial progenitor cell numbers and endothe-
lial dysfunction [2]. Moreover, a previous report
has demonstrated that a decrease in circulating
progenitor cells is a predictor of cardiovascular
events [3]. However, the mechanism underlying
the association between CD34-positive cells and
cardiovascular events has not been fully elucidated.

The coronary artery calcification (CAC) score
determined by non-enhanced computed tomo-
graphy (CT) reflects the presence and extent of
coronary atherosclerosis and predicts future car-
diovascular events in multiple populations [4, 5].
A previous study has shown the association be-
tween CAC progression and adverse cardiovascular
outcomes [6]. We have previously reported the
results of a prospective multicenter study that
examined the effects of intensive and standard
pitavastatin treatment with or without eicosapen-
taenoic acid on the progression of CAC [7]. The
study found that the progression of CAC in each
patient group was not affected by any of the treat-
ments. Therefore, it is of interest to find other
factors involved in CAC progression.

In this study, we investigated the association
between baseline circulating CD34-positive cell
number and CAC progression in patients with
hypercholesterolemia undergoing statin therapy.

Methods

Study design

This study was designed as a sub-analysis of
a prospective, multicenter, randomized trial [7].
The main trial was conducted at 27 centers from
May 2010 to August 2011. The design and results
of the main study have already been published [7].
Briefly, the trial investigated the effects of intensive
and standard statin therapy with or without eicosa-
pentaenoic acid on the progression of CAC score
over 1 year. After taking 2 mg/day pitavastatin for
2 months to check for tolerance, all participants
were randomly allocated to the 2 mg/day pitavasta-
tin (PIT2), 4 mg/day pitavastatin (PIT4), or 2 mg/day

pitavastatin + 1800 mg/day eicosapentaenoic acid
(PIT2 + EPA) groups. Baseline blood test data and
non-enhanced cardiac CT images were obtained
immediately before starting the allocated treat-
ment and repeated at 1-year follow-up. The data
presented in this manuscript are a sub-analysis
of the collected data. This study was conducted
according to the principles of the Declaration of
Helsinki and approved by the ethics committees of
Okayama University Graduate School of Medicine,
Dentistry, and Pharmaceutical Sciences and other
hospitals. The main study is registered at UMIN
Clinical Trial Registry (UMIN000003171). All study
participants gave written informed consent.

Study population

Eligible participants were patients > 20 years
old, with an Agatston score of 1-999, hypercho-
lesterolemia, and no history of cardiovascular
disease. We excluded patients with a history of
coronary revascularization (including percutaneous
coronary intervention and coronary artery bypass
surgery), Agatston score 0 or > 1000, familial hy-
percholesterolemia, use of cyclosporine, and use
of lipid-lowering agents excluding statins. A flow
diagram of the study is shown in Figure 1. Among
the 157 patients analyzed in the principal study,
1 patient was excluded because there were no data
for CD34-positive cell number. Thus, 156 patients
were included in this sub-analysis.

CAC analysis and definition
of CAC progression

Non-enhanced CT imaging was performed at
baseline and 1-year follow-up in a standardized
fashion as previously described [7]. CT images
were documented in a Digital Imaging and Commu-
nications in Medicine format, which was sent to the
core laboratory at L&L Company (Osaka, Japan) for
blinded analysis. CAC score was calculated using
the Agatston method [8]. To minimize the effect
of interscan variability [9], two definitions of CAC
progression were used; the percentage changes in
CAC score > 0% and > 20% were applied in the
analyses. The percentage change in CAC score was
calculated as (CAC [follow up] — CAC [baseline]) /
/ CAC [baseline]) x 100.

Measurement of circulating
CD34-positive cells

Peripheral blood was collected and incubated
with fluorochrome-labeled monoclonal anti-human
mouse antibodies to identify surface markers
expressed on mononuclear cells. The number of
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217 patients provided consent and
were randomly allocated to a group
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Figure 1. Flowchart showing enrollment of patients in the study. PIT2 — 2 mg/day pitavastatin; PIT4 — 4 mg/day
pitavastatin; EPA — 1800 mg/day eicosapentaenoic acid; MDCT — multidetector row computed tomography.

circulating CD34-positive cells was counted by flow
cytometry at an independent central study labora-
tory (SRL, Tokyo, Japan). The membrane expres-
sion of CD34 was studied in the lymphomonocyte
gate. Results are expressed as the number of
CD34-positive cells per uL blood, taking into ac-
count the number of leukocytes of each subject.

Statistical analysis

Continuous variables are presented as mean +
standard deviation or median (interquartile range),
as appropriate. Patients were classified into two
groups based on median values of circulating CD34-
-positive cells, with a cut-off value of 0.8 cells/uL.
Differences in continuous variables between the
two groups were analyzed by Student’s t-test or
Mann-Whitney U-test, as appropriate. Categorical
variables are presented as frequency and propor-
tion (%), and were compared by x* analysis. In
subsequent analysis, triglyceride, high-sensitivity
C-reactive protein (hsCRP), and CAC score were
log transformed because they did not exhibit
anormal distribution. Associations of variables were
assessed by Pearson’s correlation analysis. The

annual change in log-transformed CAC score was
calculated as follows: log transformed (CAC score
at follow-up) — log transformed (CAC score at
baseline). The mean change in CAC score and 95%
confidence intervals (CI) adjusted for age, gender,
and smoking status were estimated using multivar-
iate linear models. Univariate logistic regression
analysis was performed to identify potential pre-
dictive factors for CAC progression. Multivariate
logistic regression analysis was performed using
the variables with p-value < 0.05 in the univari-
ate analysis. All statistical tests were two-sided,
and p-value < 0.05 was considered significant. All
statistical analyses were performed using SPSS
27.0 for Windows (IBM, Armonk, NY, USA).

Results

In total, 156 patients were enrolled in this
study sub-analysis. The baseline patient charac-
teristics are shown in Table 1. The mean age was
67 years, and 55% of patients were men. 82% of
patients had hypertension and 27% had diabetes
mellitus. The median (interquartile rage) CAC
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Table 1. Baseline patient characteristics.

Variables N = 156
Age [years] 67 =9
Male gender 85 (55)
Body mass index [kg/m?] 25.1 £ 4.0
Hypertension 127 (81)
Diabetes mellitus 42 (27)
Current smoker 26 (17)
Warfarin use 7 (4)
Creatinine [mg/dL] 0.87 = 1.01
AST [IU/L] 27 + 13
ALT [IU/L] 28 + 22
Total cholesterol [mg/dL] 175 = 31
LDL-C [mg/dL] 93+ 24
HDL-C [mg/dL] 55 + 14
Triglyceride [mg/dL] 115 (89-163)
HbA1c [%] 5.7 £ 0.7
hsCRP [mg/L] 537 (327-1058)
CAC score 97 (26-237)
PIT2/PIT4/PIT2 + EPA 55 (35)/45 (29)/56 (36)
CD34-positive cell number [/uL] 1.0 £ 0.7

Data are presented as mean =+ standard deviation, number (%),

or median (interquartile range). AST — aspartate aminotransferase;
ALT — alanine aminotransferase; LDL-C — low-density lipoprotein
cholesterol; HDL-C — high-density lipoprotein cholesterol; HbA1c
— glycated hemoglobin Alc; hsCRP — high-sensitivity C-reactive
protein; CAC score — coronary artery calcium score; PIT2 — 2 mg/
/day pitavastatin; PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/
/day eicosapentaenoic acid

score was 97 (26-237) and the mean (standard
deviation) serum CD34-positive cell number was
1.0 (0.7) cells/uL.

Simple correlation coefficients for the asso-
ciation between CD34-positive cell number and
other variables are shown in Table 2. The baseline
number of CD34-positive cells was significantly
positively associated with male gender (r = 0.38,
p < 0.01) and smoking status (r = 0.30, p < 0.01),
and was significantly inversely associated with
age (r = -0.26, p < 0.01). Meanwhile, there were
no significant correlations between the baseline
number of CD34-positive cells and CAC score.

Next, we evaluated the association between the
baseline number of CD34-positive cells and the annual
change in CAC score. At 1-year follow-up, 117 (75%)
patients had an increase in CAC score compared with
baseline. The percentage change in CAC score in all
patients was 36.6%. There was no significant differ-
ence in percentage change in CAC score between the
PIT2, PIT4, and PIT1 + EPA groups (31.1%, 38.9%,
and 40.2%, respectively, p = 0.86). Table 3 presents
the results of the simple correlation analysis showing

Table 2. Correlations between number of CD34-
-positive cells and other variables.

Variables r P
Age -0.26 < 0.01
Male gender 0.38 < 0.01
Hypertension -0.02 0.81
Diabetes mellitus 0.12 0.14
Smoker 0.30 < 0.01
Warfarin use —0.01 0.90
Creatinine -0.03 0.68
Total cholesterol 0.05 0.57
LDL-C 0.16 0.05
HDL-C -0.14 0.09
Triglyceride* 0.09 0.27
hsCRP* 0.13 0.12
CAC score* -0.06 0.43

*Triglyceride, hsCRP, and CAC score were log-transformed in this
analysis. LDL-C — low-density lipoprotein cholesterol; HDL-C —
high-density lipoprotein cholesterol; hsCRP — high-sensitivity
C-reactive protein; CAC score — coronary artery calcium score

Table 3. Correlations between annual change in
coronary artery calcium (CAC) score and other
variables

Variables r P

Age 0.02 0.80
Male gender 0.05 0.57
Hypertension -0.08 0.33
Diabetes 0.02 0.78
Smoker -0.11 0.19
Warfarin use -0.06 0.47
Creatinine 0.13 0.12
Total cholesterol -0.07 0.40
LDL-C -0.15 0.07
HDL-C 0.02 0.78
Triglyceride* 0.08 0.34
hsCRP* -0.03 0.67
CD34 positive cell number -0.19 0.02

*Triglyceride and hsCRP were log-transformed in this analysis.
LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; hsCRP — high-sensitivity C-reactive protein

the association between change in CAC score and
baseline variables. Age, sex, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), triglyceride, and hsCRP at baseline
were not significantly correlated with annual change
in log-transformed CAC score. Meanwhile, CD34-
-positive cell numbers at baseline as a continuous
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Table 4. Comparison of baseline characteristics between the high- and low-CD34 groups.

High-CD34 group Low-CD34 group P

N 82 74

Age [years] 65 + 10 69 £ 9 < 0.01
Male gender 60 (73) 25 (34) < 0.01
Body mass index [kg/m?] 25.6 = 4.1 24.6 + 3.8 0.13

Hypertension 65 (79) 62 (84) 0.47

Diabetes mellitus 23 (28) 19 (26) 0.74

Current smoker 21 (26) 5(7) < 0.01
Warfarin use 5 (6) 2 (3) 0.45

Creatinine [mg/dL] 0.81 + 0.22 0.93 + 1.45 0.47

AST [IU/L] 28 + 14 26 = 13 0.50

ALT [IU/L] 31 = 21 25 + 22 0.11

Total cholesterol [mg/dL] 177 = 30 174 = 33 0.59

LDL-C [mg/dL] 96 = 23 90 = 25 0.16

HDL-C [mg/dL] 54 + 12 57 =15 0.17

Triglyceride [mg/dL] 123 (95-167) 106 (77-155) 0.06

HbA1c [%] 5.8+ 0.9 5.7 £0.5 0.62

hsCRP [mg/L] 545 (338-1110) 530 (305-945) 0.71

CAC score 90 (24-242) 101 (33-225) 0.74

PIT2/PIT4/PIT2 + EPA 29 (35)/24 (29)/29 (35) 26 (35)/21 (28)/27 (37) 0.99

CD34-positive cell number [/uL] 1.6 = 0.6 0.5 +0.2 < 0.01

Data are presented as mean = standard deviation, number (%), or median (interquartile range). AST — aspartate aminotransferase; ALT —
alanine aminotransferase; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; HbA1c — glycated
hemoglobin A1c; hsCRP — high-sensitivity C-reactive protein; CAC score — coronary artery calcium score; PIT2 — 2 mg/day pitavastatin;
PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/day eicosapentaenoic acid

variable was inversely correlated with annual change
in log-transformed CAC score (r = -0.19, p = 0.02).
Furthermore, patients were classified into two
groups based on the median number of circulating
CD34-positive cells (0.8 cells/uL) and defined as high-
and low-CD34 groups. Baseline characteristics were
compared between the high-CD34 and low-CD34
patients (Table 4). The low-CD34 group was older and
had a lower prevalence of smokers and male patients
compared with the high-CD34 group. No significant
differences were observed between the two groups
in any of the blood test variables. In addition, baseline
CAC score was not significantly different between the
two groups. The change in CAC score was compared
between the high- and low-CD34 groups after adjust-
ing for age, gender, and smoking status, which were
significantly different between the two groups. The
adjusted change in CAC score in the low-CD34 group
was significantly greater than that in the high-CD34
group (53.9% [95% CI 31.3-76.5] vs. 21.1% [95% CI
—-0.3-42.5], respectively, p = 0.04; Fig. 2).

80+

p=0.04

N =2}
T <

Annual change in CAC score [%]

N
T

High CD34 group Low CD34 group

Figure 2. Comparison of the adjusted percentage
change in coronary artery calcium (CAC) score between
high- and low-CD34 groups. CAC scores were adjusted
for age and gender. Bars represent mean = 95% confi-
dential interval.
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Table 5. Univariate and multivariate predictors of coronary artery calcium (CAC) progression.

Variables Univariable Multivariable
Odds ratio 95% CI P Odds ratio 95% CI P

Age (> 65 years) 1.08 0.50-2.34 0.84

Male gender 1.04 0.50-2.14 0.93

Hypertension 0.95 0.37-2.42 0.91

Diabetes mellitus 1.59 0.66-3.80 0.30

Current smoker 0.71 0.279-1.777 0.46

Warfarin use 0.43 0.09-1.99 0.28

Creatinine 1.17 0.56-2.34 0.66

LDL-C 0.98 0.97-1.00 0.02 0.99 0.97-1.00 0.08
HDL-C 1.01 0.98-1.04 0.47

HbA1c 1.17 0.63-2.16 0.63

CAC score* 1.95 1.15-3.23 0.01 1.82 1.05-3.17 0.03
Low CD34 group 2.97 1.35-6.52 < 0.01 2.88 1.28-6.49 0.01
PIT2 0.63 0.39-1.76 0.83

PIT4 1.24 0.55-2.81 0.61

PIT2 + EPA 1.00 0.47-2.13 1.00

*CAC score was log-transformed in this analysis. C|l — confidence interval; LDL-C — low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; HbA1c — glycated hemoglobin Alc; PIT2 — 2 mg/day pitavastatin; PIT4 — 4 mg/day pitavastatin; EPA — 1800 mg/day

eicosapentaenoic acid

Table 5 shows the unadjusted and adjusted
odds ratio (OR) for the association between clini-
cal variables and CAC progression. In univariate
logistic regression analysis, low CD34-positive
cell numbers (< 0.8 cells/uL), high CAC score,
and high LDL-C were significantly associated with
CAC progression. In multivariate logistic regres-
sion analysis, low CD34-positive cell numbers and
high CAC score remained independent predictors
of CAC progression, with ORs of 2.88 (95% CI:
1.28-6.49, p = 0.01) and 1.82 (95% CI: 1.05-3.17,
p = 0.03), respectively. To validate the association
between number of CD34-positive cells and CAC
progression further, CAC progression was re-
defined as a change in CAC score > 20%. In line
with previous analysis, univariate logistic regres-
sion analysis showed that low CD34-positive cell
number was a significant independent predictor of
percentage change in CAC score > 20% with an
OR of 1.96 (95% CI: 1.04-3.70, p = 0.04).

Finally, the association between annual change
in CD34-positive cells and CAC progression was
analyzed. At 1-year follow-up, 85 (54.5%) patients
had an increase in CD34-positive cell numbers
compared with baseline. The percentage change in
the number of CD34-positive cells in all patients
was 27.3%. There was no significant difference
in the percentage change in CD34-positive cell

numbers between the PIT2, PIT4, and PIT1 + EPA
groups (39.1%, 23.7%, and 19.0%, respec-
tively, p = 0.40). Meanwhile, at 1-year follow-up,
117 (75%) patients had an increase in CAC score
compared with baseline. The percentage change
in CAC score in all patients was 36.6%. There
was also no significant difference in the percent-
age change in CAC score between the PIT2,
PIT4, and PIT1 + EPA groups (31.1%, 38.9%,
and 40.2%, respectively, p = 0.86). No significant
association between the change in CD34-posi-
tive cell numbers and the change in CAC score
was observed when all patients were combined
(r=0.10,p = 0.24).

Discussion

The major finding of the present study is that
low numbers of circulating CD34-positive cells are
independently associated with CAC progression in
patients with hypercholesterolemia under statin
therapy. To the best of our knowledge, this is the
first study to investigate the association between
the number of CD34-positive cells and CAC pro-
gression. Our finding further characterizes the as-
sociation between low CD34-positive cell numbers
and the development of cardiovascular events.
The measurement of circulating CD34-positive
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cells may help identify patients at higher risk of
atherosclerotic disease.

Endothelial progenitor cells that express
CD34 on their cell surface play an important role in
maintaining and repairing the vascular endothelium
[10]. A decrease in the number of CD34-positive
cells suggests a reduction in endothelial repair
activity, which may result in insufficient repair.
Previous studies have confirmed a direct correla-
tion between endothelial progenitor cell numbers
and endothelial dysfunction, measured as bra-
chial artery flow-mediated dilation [2]. Moreover,
a report has demonstrated that reduced baseline
CD34-positive cell numbers is a predictor of mor-
tality among patients with coronary artery disease
risk factors [11-13]. Although CD34-positive cell
numbers are reduced by conventional cardiovas-
cular risk factors [14-16], the direct contribution
of CD34-positive cells to cardiovascular events
remains unclear. Our result may simply denote that
patients with low CD34-positive cell numbers have
more cardiovascular risk factors than patients with
high CD34-positive cell numbers. However, taken
together with data from other groups, the measure-
ment of CD34-positive cell numbers may be useful
to evaluate the risk of cardiovascular disease.

The CAC score reflects the presence and
extent of coronary atherosclerosis and is a useful
tool for risk stratification of adverse events [4, 5].
In a population-based study of 6722 participants,
the CAC score was shown to predict cardiovascular
events independently of traditional risk factors
[17]. Meanwhile, statins lower the risk of cardio-
vascular events [18]. Considering the procalcific
effects of statins on coronary arteries, there is
a possibility that statins reduce the absolute risk of
cardiovascular events in patients on statin therapy.
A previous study — the Multi-Ethnic Study of Ath-
erosclerosis — demonstrated that CAC > 0 was
associated with a nearly twofold higher risk of
incident cardiovascular events regardless of base-
line statin or incident statin use [19]. CAC can
therefore risk stratify individuals already taking
statins. Moreover, serial CAC score assessment
has also been proposed as a useful tool for monitor-
ing disease progression, and CAC progression is an
independent predictor for adverse cardiovascular
outcomes [6]. In previous short-term and long-
-term studies, standard coronary risk factors have
been related to CAC progression [20, 21]. In this
study, two definitions of CAC progression were
used: annual percentage change in CAC score > 0%
and > 20% were applied to exclude interscan
variability, and confirmed independent association

between number of CD34-positive cells and CAC
progression.

Our study demonstrated the association be-
tween the baseline number of CD34-positive cells
and CAC progression; however, whether CD34-
-positive cells are directly involved in CAC pro-
gression remains unclear for several reasons. First,
CD34-positive cells as markers of endothelial dys-
function (the earliest sign of atherosclerosis) and
CAC, which is found in advanced atherosclerotic
lesions, reflect different stages of atherosclerosis
[2, 22, 23]. Second, previous experimental studies
have suggested that osteopontin-mediated vascular
calcification may originate from osteoprogenitor
cells and occurs in the adventitia independently of
endothelial injury [24]. However, other studies of
the relationship between endothelial dysfunction
and CAC have shown conflicting results [25, 26].
Further study is needed to clarify the role of CD34-
-positive cells in vascular calcification.

Our study did not find a significant association
between the change in CD34-positive cell number
and CAC progression. One explanation could be
the effect of statins and eicosapentaenoic acid on
these measures. Previous studies have demon-
strated that both statin monotherapy and statin
plus omega-3 fatty acids increase CD34-positive
cell numbers [27, 28]. Additionally, intensive lipid-
-lowering by statins has been reported to increase
CAC [29, 30]. Thus, the increase in both CD34-
-positive cells and CAC by statins could affect the
association between the change in CD34-positive
cells and CAC progression. Another explanation
is that the follow-up duration of this study was
too short to assess the association between them.
A long-term follow-up may be needed to clarify the
association between the change in CD34-positive
cell numbers and CAC progression.

Limitations of the study

Our study has some limitations that should
be addressed. First, our study includes only Japa-
nese patients with hypercholesterolemia. The
prevalence and development of CAC score have
significant differences by race or ethnicity [31]. In
addition, patients with hypercholesterolemia are
known to exhibit lower numbers of CD34-positive
cells than the general population [10]. Therefore,
our result may not reflect the general population
and other ethnic groups. Second, all patients en-
rolled in our study were taking statin therapies.
CAC progression might be affected by statin use
due to its procalcific effects [32]. Third, we defined
CAC progression as an endpoint in this study, not
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cardiovascular events. The prognostic significance
of our study should be confirmed in larger studies
with long follow-up periods.

Conclusions

In conclusion, our study demonstrates the as-
sociation between low CD34-positive cell numbers
and CAC progression in patients with hypercho-
lesterolemia, which may explain the association
between the number of CD34-positive cells and
cardiovascular events. The quantification of cir-
culating CD34-positive cells may help identify
patients at higher risk of atherosclerotic disease.
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