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Plasma Level of Stromal Cell-Derived Factor-1 Provides 
Insight Into Statin Response, But Not Into Left Ventricular 

Dysfunction in New Unstable Angina

Hussam Murada, c, Mohammed Qutubb

Abstract

Background: Stromal cell-derived factor-1 (SDF-1) is a chemokine 
that regulates atherogenesis, angiogenesis, and multiple physiologi-
cal processes. Dyslipidemia can contribute to low plasma SDF-1 
disturbing its vascular repair functions and elevating cardiovascular 
risk. Statin therapy is recommended for patients with acute coronary 
syndrome irrespective of low-density lipoprotein-cholesterol (LDL-
C) levels. This study aimed to evaluate the potential associations of 
plasma SDF-1 levels with LDL-C levels, coronary occlusion-based 
disease severity, low left ventricular ejection fraction (LVEF) values, 
and statin therapy in patients with unstable angina (UA).

Methods: Patients with new UA (n = 108) were selected from Coro-
nary Care Unit, King Abdulaziz University Hospital. The exclusion 
criteria included previous history of myocardial infarction, cardiac 
valvular problems, myocarditis, liver dysfunction, and recent acute 
infection. The demographic and clinical features were collected. 
Disease severity and LVEF values were determined. Plasma SDF-1, 
LDL-C, and troponin levels were measured.

Results: There were poor correlations between plasma SDF-1 level, 
and sociodemographic features and risk factors except with LDL-
C, where it showed a significant correlation. Furthermore, plasma 
SDF-1 showed non-significant variations with LVEF values and tro-
ponin peak levels. In contrast, plasma SDF-1 declined significantly 
in statin-treated patients, regardless of LDL-C level, compared with 
those untreated. The receiver operating characteristic (ROC) curve 
for SDF-1 test showed good accuracy.

Conclusion: In patients with severe UA, plasma SDF-1 level showed 
significant variations with LDL-C levels and statin therapy suggest-

ing that it can give insight into response to statin therapy regardless 
of LDL-C level. The ROC analysis showed favorable characteristics 
suggesting a potential usefulness of plasma SDF-1 assay to discrimi-
nate the statin-treated patients from those untreated. This novel ap-
proach highlights SDF-1 potential as a biomarker for monitoring 
statin therapy and predicting risks for adverse events in UA. Further-
more, it could pave the way for longitudinal studies with repeated 
measurements of plasma SDF-1 to evaluate its role as a prognostic 
indicator for major adverse cardiovascular events besides the other 
cardiovascular disease risk factors.

Keywords: Statins; Stromal cell-derived factor-1; Unstable angina

Introduction

The cardiovascular disease (CVD) related deaths have greatly 
increased, and the coronary artery disease (CAD) is “the Epi-
demic of the 20th Century” [1]. The acute coronary syndrome 
(ACS), which involves myocardial infarction (MI) and unstable 
angina (UA), is a life-threatening condition [2]. The extent of 
coronary plaque burden and stenosis severity are major predic-
tors of adverse future events, alongside left ventricular ejection 
fraction (LVEF) [3]. Statins have anti-dyslipidemic and also 
nonlipid “pleiotropic” effects which strongly support their use 
for ACS treatment irrespective of blood cholesterol levels [4, 5].

The stromal cell-derived factor-1 (SDF-1; also known as 
CXCL12) is a chemokine expressed in different tissues. It reg-
ulates atherogenesis, angiogenesis, and multiple physiological 
processes [6]. The SDF1/CXCR4/CXCR7 axis plays a great 
role in cardiac ischemia and there is an association of certain 
CXCL12 gene polymorphisms with CAD in Asian populations 
[7]. The anti-thrombotic CXCL12/CXCR7 axis, through con-
trolling platelet biogenesis and thrombo-inflammatory func-
tions, antagonizes the pro-thrombotic CXCL12/CXCR4 path-
way [8]. In patients with CAD, plasma CXCL12 level is an 
independent predictor of adverse CV events, and it improves 
risk reclassification [9]. Moreover, the higher plasma CXCL12 
level is associated with elevated incidence of major adverse 
cardiovascular events (MACEs), and hence it could act as a 
prognostic indicator besides the other CAD risk factors [10]. 
The circulating SDF-1 was found significantly lower in pa-
tients with heterozygous familial hypercholesterolemia com-
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pared to healthy controls. It inversely correlated with plasma 
cholesterol, triglycerides, low-density lipoprotein-cholesterol 
(LDL-C), and oxidized LDL. These correlations highlight the 
potential common pathways between SDF-1 and lipoprotein 
metabolism enhancing its role in atherogenesis [11]. In these 
patients, dyslipidaemia, especially the high oxidized LDL, can 
contribute to low serum SDF-1 which may disturb the angio-
genic and vascular repair functions elevating CV risk [12]. De-
creasing LDL-C levels reduces ischemic stroke risk, but there 
still is a residual CV risk. Adopting a personalized medicine 
approach in lipid management to target LDL-C, remnant cho-
lesterol, and triglycerides could effectively decrease the risk of 
carotid plaque rupture and cerebrovascular events, especially 
in female patients and patients below 70 years old [13].

Collectively, this work was designed to detect any poten-
tial associations between plasma level of SDF-1 and coronary 
occlusion-based disease severity, LVEF grades, LDL-C levels, 
and statin therapy in patients with new UA.

Materials and Methods

Subjects and study design

This study was approved by King Abdulaziz University (KAU)-
Research Ethics Committee (No. 578-20) and was performed in 
agreement with the Helsinki Declaration. It involved 108 con-
secutive adult patients with new UA attack presenting for the first 
time to the Coronary Care Unit at KAU Hospital whether statin-
treated or -untreated from December 2020 till November 2021.

UA was determined by transient cardiac ischemia re-
sulting in decreased blood flow in the absence of significant 
myocardial necrosis detected by plasma troponin level [14]. 
The inclusion criteria were diagnosis of UA based on chest 
pain, ST segment depression, absence of elevated cardiac en-
zymes, and coronary angiography data according to the Ameri-
can Heart Association guidelines [15]. The exclusion criteria 
included previous history of MI, cardiac valvular problems, 
myocarditis, liver dysfunction, and recent acute infection. The 
demographic and clinical features such as age, gender, height, 
weight, body mass index, smoking, dyslipidemia, hyperten-
sion, diabetes mellitus, and statin therapy were collected. Pa-

tients were receiving atorvastatin 40 mg or rosuvastatin 20 mg 
daily irrespective of LDL-C level. Blood samples were taken 
to measure SDF-1, LDL-C, and troponin levels.

Evaluation of artery stenosis severity

The severity was evaluated during coronary angiography and 
was graded as 1-25%, 26-50%, 51-75%, or 76-100% [16]. The 
severity of the disease depends on number of the coronary arter-
ies affected and degree of occlusion where: 1) mild: 1 - 2 coro-
nary arteries blocked < 30%, 2) moderate: 1 - 2 blocked 30-49% 
or three blocked < 30%, 3) severe: 1 - 2 blocked ≥ 50%, or three 
blocked 30-49%, and 4) very severe: three or more blocked ≥ 
50% [17]. Moreover, patients were diagnosed with severe UA if 
they meet one or more of the following features: rest angina > 20 
min, recurrent episodes within 1 - 2 days, and elevated cardiac 
troponin but still below the MI diagnostic level [18].

LVEF grades

It was measured by the echocardiography and was expressed 
as normal (55-70%) or below normal (slight, moderate, and se-
vere impairment) equivalent to 40-54%, 35-39%, and < 35%, 
respectively [19, 20].

Assay of plasma SDF-1 and LDL-C levels

The human ELISA kits (CXCL12/SDF-1 alpha, Quantikine 
DSA00, R&D system, MPLS, USA, and LDL-C, MBS752437, 
CA, USA) were used according to the manufacturer’s instruc-
tions. Full validation data of the SDF-1 ELISA kit including 
specificity, sensitivity, linearity, and precision were provided 
by the manufacturer. Moreover, a previous study that aimed to 
validate the kit, concluded that it is “a reproducible and valid 
assay for use with equine serum, plasma, and synovial fluid” 
[21]. To confirm reliable performance in our lab, a calibration 
curve was constructed from the provided standard for linear re-
gression. Each standard dilution was read twice, and the coef-
ficients of variation (CV) were calculated (Table 1). The CV% 
values are acceptable (< 15%) [22], and the coefficient of de-

Table 1.  Data for SDF-1 Calibration Curve: Duplicate Optical Density Readings (R1 and R2) for Blank and Standard Serial Dilutions 
(S1-S6)

Concentration (pg/mL) R1 R2 Mean SD CV CV%
Blank 0 0.124 0.133 0.129 0.006 0.050 5.00
S1 125 0.182 0.184 0.183 0.001 0.008 0.80
S2 250 0.265 0.232 0.249 0.023 0.094 9.40
S3 500 0.410 0.497 0.454 0.062 0.136 13.60
S4 1,000 1.060 0.900 0.980 0.113 0.115 11.50
S5 2,000 1.600 1.800 1.700 0.141 0.083 8.30
S6 4,000 2.800 2.900 2.850 0.071 0.025 2.50

CV: coefficient of variation; SD: standard deviation; SDF-1: stromal cell-derived factor-1.
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termination (R2) is equal to 0.990, indicating a strong positive 
linear relationship with the model predicting the outcome with 
a high degree of accuracy (Fig. 1). All samples were measured 
in duplicate according to the manufacturer’s instructions.

Troponin assay

Plasma cardiac troponin I level was measured by the Immulite 
turbo-troponin I (DPC method, LA, USA) at admission and 
at 8, 12, 18, and 24 h following start of symptoms to detect 
its maximum value [23]. Its normal level is 0.04 to < 0.12 ng/
mL, and the elevation may be mild, moderate, severe, or very 
severe equivalent to 0.12 to < 10, 10 to < 50, 50 to < 100, and 
≥ 100 ng/mL, respectively.

Statistical analysis

Data were analyzed using SPSS software (version 22, IL, 
USA). Quantitative variables were presented as mean ± stand-

ard error of the mean (SEM), while categorical variables were 
expressed as frequencies and percentages. The analysis of var-
iance (ANOVA) followed by Tukey’s post-hoc test was used 
for comparing the patients and control groups. The sample 
size was calculated using an online tool with a significance 
level of 0.05, a test power of 0.8, minimum detectable effect 
of 0.25, and a standard deviation (SD) of 0.926. In the associa-
tion studies, 80% as a statistical power is widely used to avoid 
false-negative associations and to calculate a cost-effective 
sample size [24]. The linear regression analysis was conducted 
to detect associations between plasma SDF-1 level (depend-
ent variable) and sociodemographic and risk factors (predic-
tor variables). Spearman’s correlation coefficient was used to 
detect associations between SDF-1 levels, LVEF grades, statin 
therapy, and troponin peaks. The receiver operating charac-
teristic (ROC) curve was generated to quantify the precision 
of the SDF-1 level test for differentiating statin-treated from 
statin-untreated patients. The closer the ROC curve is to the 
upper left point, the higher the overall accuracy of the test [25]. 
P values < 0.05 were considered significant.

Results

Degree of severity of UA

The UA severity was assessed according to number of coro-
nary arteries affected and degree of occlusion (Table 2) and 
most cases were in the severe category.

Levels of CXCL12 and its relationship with sociodemo-
graphic features, risk factors, and comorbidities in statin-
treated and -untreated patients with severe UA

In patients with severe UA, plasma CXCL12 level was 2191.30 
± 205.98 pg/mL. In Table 3, the linear regression analysis be-
tween sociodemographic features, risk factors, and associated 

Table 2.  Degree of Severity of UA Based on Number of Coronary Arteries Affected and Degree of Occlusion Expressed as Frequen-
cies and Percentages

Grade of stenosis
Main coronary arteries

Left main trunk (LM) Left anterior descending (LAD) Left circumflex (LCX) Right coronary (RC)
Absent 94 87.0 13 12.1 60 55.6 55 50.9
Mild 2 1.9 27 25.0 5 4.5 4 3.7
Moderate 8 7.3 16 14.8 10 9.3 12 11.2
Severe 2 1.9 15 13.8 11 10.2 9 8.3
Very severe 2 1.9 37 34.3 22 20.4 28 25.9

Degree of severity of UA
Mild Moderate Severe Very severe Total
26 14 61 7 108
24.1 13.0 56.5 6.5 100

UA: unstable angina.

Figure 1. Calibration curve for SDF-1 assay. The coefficient of determi-
nation (R2) is 0.990, indicating a strong positive linear relationship and 
a high accuracy in predicting the outcome. SDF-1: stromal cell-derived 
factor-1.
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comorbidities (predictor variables), and plasma CXCL12 level 
(dependent variable) showed small non-significant values of 
the coefficient of determination (R2) in statin and no-statin 
groups indicating absent or poor correlation. Exceptionally, R2 
value with LDL categories was significant (P < 0.05). Optimal 
LDL-C level was < 100 mg/dL [26].

Relationships between plasma CXCL12 levels, and LVEF, 
troponin peak levels, statin therapy, and antiplatelet thera-
py in patients with severe UA

The plasma CXCL12 levels showed non-significant variations 
with LVEF grades, troponin peak levels, and type of antiplate-
let drug used. In contrast, plasma SDF-1 levels declined sig-
nificantly (P = 0.001) in statin-treated patients compared with 
those untreated (Table 4). Furthermore, Spearman’s correla-
tion showed a significant inverse correlation between SDF-1 
levels and the statin treatment (P < 0.001). The area under the 
ROC curve (AUROC) was calculated to quantify precision of 
CXCL12 assay in discriminating statin-treated from -untreated 
patients. The AUROC for CXCL12 (Fig. 2) was 0.791 with a 
significant P value (< 0.001), and the sensitivity and specific-
ity values were 79.3% and 71.9% at a concentration (cutoff) of 
1,954 pg/mL.

Discussion

The common risk factors and comorbidities associated with 
CAD include dyslipidemia, hypertension, diabetes, and smok-
ing [27, 28]. The current results showed that in patients with se-

Table 3.  Coefficient of Determination (R2) Values of Linear Re-
gression Analysis Between Sociodemographic Features, Risk 
Factors, and Associated Comorbidities (Predictor Variables), 
and Plasma SDF-1 Levels (pg/mL) (Dependent Variable) in Se-
vere UA Patients (n = 61)

Model Predictor Value R2

1 Gender (M/F) 48/13 (78.7/21.3%) 0.002
2 Age (years) 57.62 ± 9.31 0.003
3 Weight (kg) 78.33 ± 17.15 0.015
4 Height (cm) 163.35 ± 14.39 0.016
5 BMI 28.21 ± 4.51 0.018
6 Smoking (Y/N) 10/51 (16.4/83.6%) 0.018
7 Hypertension (Y/N) 42/19 (68.9/31.1%) 0.022
8 DM (Y/N) 32/29 (52.5/47.5%) 0.000
9 LVEF value 51.03 ± 1.54 0.018
10 Dyslipidemia (Y/N) 29/32 (47.5/52.5%) 0.212*

Data of age, weight, height, and BMI were presented as mean ± SD. 
Left ventricular ejection fraction (LVEF) value was presented as mean 
± SEM. Data of gender, smoking, hypertension, diabetes mellitus (DM), 
and dyslipidemia were presented as frequencies and percentages. For 
dyslipidemia, Y/N equals LDL-C categories of 100 - 250 and < 100 mg/
dL, respectively. *P < 0.05. SDF-1: stromal cell-derived factor-1.

Table 4.  Plasma Levels of SDF-1 (pg/mL) in the Different Age 
Groups, Gender Categories, Left Ventricular Ejection Frac-
tion (LVEF) Categories, Troponin Peak Levels, Statin Therapy 
Groups, and Antiplatelet Therapy Groups in Severe UA Pa-
tients (n = 61)

Plasma SDF-1
Age
    < 60 years old (n = 37) 2,224.96 ± 257.34
    ≥ 60 years old (n = 24) 2,139.46 ± 348.29
Troponin peak level (ng/mL)
    Normal 0.04 to < 0.12 (n = 42) 2,218.12 ± 232.91
    Mild increase 0.12 to < 10 (n = 19) 2,132.09 ± 424.98
Gender
    M (n = 48) 2,228.05 ± 249.71
    F (n = 13) 2,055.72 ± 302.74
Statin therapy
    Yes (n = 29) 1,512.45 ± 125.28*
    No (n = 32) 2,806.50 ± 343.52
LVEF category
    Normal 55-70% (n = 34) 2,377.65 ± 342.83
    Severe impairment < 35% (n = 27) 1,956.63 ± 171.90
Antiplatelet therapy
    Clopidogrel (n = 48) 2,203.33 ± 251.30
    Ticagrelor (n = 13) 2,146.97 ± 286.14

Data were expressed as mean ± SEM. *P < 0.05. LVEF: left ventricular 
ejection fraction; SDF-1: stromal cell-derived factor-1; SEM: standard 
error of the mean.

Figure 2. Receiver operating characteristic (ROC) curve for SDF-1 test 
in statin-treated and -untreated patients. The curve (blue line) is closer 
to the upper left corner indicating high accuracy of differentiation be-
tween the two groups. The area under the ROC curve (AUC) = 0.791, 
95% confidence interval (95% CI) = 0.679 - 0.903; and P value < 0.001. 
SDF-1: stromal cell-derived factor-1.
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vere new UA, there were poor correlations between the plasma 
CXCL12 level, and sociodemographic features, risk factors, and 
comorbidities except with LDL categories, where it showed a 
significant correlation. Furthermore, plasma CXCL12 levels de-
clined significantly in statin-treated patients regardless of LDL-
C level compared with those untreated. In contrast, they showed 
non-significant variations with LVEF and troponin peak levels. 
The SDF-1 levels demonstrated a significant inverse correla-
tion with the statin treatment, while showed a non-significant 
variation with the type of antiplatelet drug used. The ROC curve 
analysis for SDF-1 assay indicated good overall diagnostic ac-
curacy of the test to discriminate between statin-treated and -un-
treated patients. The optimal cutoff was derived by using the 
“Minimal distance to the perfect test point (0,1)” at the upper 
left corner in the ROC curve. The minimal distance approach is 
a well-established and accepted method in diagnostic test evalu-
ation. It balances both sensitivity and specificity to identify the 
cutoff that is closest to optimal diagnostic performance. Further-
more, it is an appropriate method when the threshold range is 
wide, as is the case in our model.

In the current study, we focused on UA severe cases be-
cause our sample size is relatively small, and only the num-
ber of severe UA cases is sufficient for analysis, while the 
numbers of mild, moderate, and very severe cases are not. 
Also, concentrating on severe UA cases ensured a more uni-
form study population, strengthening the reliability of analy-
sis. Moreover, patients with severe UA face the greatest risk 
of adverse outcomes, so identifying new markers to predict 
response to treatment and potential complications is clini-
cally meaningful.

Previously, it was reported that in UA patients, CXCL12 
has anti-atherogenic properties due to its anti-inflammatory 
and matrix-stabilizing effects especially in high concentra-
tions, and therefore enhancing CXCL12 activity could be po-
tential therapy. Plasma CXCL12 levels in UA patients were 
lower compared with those stable angina patients and healthy 
controls [29]. In contrast, another study reported that CXCL12 
expression on platelets in patients with stable angina was 
higher than healthy controls suggesting a pro-thrombotic role 
[30]. In ACS patients following vascular injury, platelet-de-
rived CXCL12 expression occurs faster than other biomark-
ers like troponin-I, suggesting that CXCL12 could be a useful 
early biomarker of vascular injury [31]. In MI patients, serum 
CXCL12 level significantly correlated with severity of coro-
nary obstruction up to a certain limit of occlusion, after which 
there was no significant variation [32]. Additionally, plasma 
SDF-1 levels strongly correlated with ACS severity judged by 
number of coronaries affected and degree of occlusion [33]. 
Moreover, it was previously reported that CAD patients with 
elevated SDF-1 levels more probably had left ventricular im-
pairment with ejection fraction < 45% and that high plasma 
SDF-1 level is an independent predictor of adverse CV out-
comes [9].

The guidelines recommend using fixed dose statins in-
stead of focusing on specific LDL targets; however, the on-
treatment achieved LDL level was reported to be a significant 
predictor of MACE [34]. In CAD patients, statins decrease 
CV morbidity and mortality, even in patients having ideal 
LDL-C levels (< 100 mg/dL) [26]. In patients with recent 

ACS, intensive statin therapy lowered LDL levels and re-
duced MACE for 2 years [35]. A previous study reported that 
statins strongly and dose-dependently reduced CXCL12 lev-
els. High doses of statins could stabilize the atherosclerotic 
plaque by inhibiting angiogenesis within the plaque and/or 
neovascularization in the ischemic myocardium [36]. Moreo-
ver, subjects having higher CXCL12 levels were less likely 
to have dyslipidemia and to be on statins at the time of en-
rolment [9]. Furthermore, statins change cholesterol crystal-
lization in arteries providing stabilization of the atheroscle-
rotic plaque [37]. In recent clinical studies, statins have been 
proved to reduce the percentage of atherosclerotic plaque 
volume and total volume [38]. Lipid-lowering agents have 
been reported to reduce coronary plaque volume, enhance 
plaque stability, and minimize the occurrence of adverse 
clinical events. However, the prolonged safety of very low 
LDL-C levels needs to be investigated by clinical trials [39]. 
The decreased SDF-1 levels under statin therapy might be 
significant because this could potentially reflect altered en-
dothelial repair or regenerative activity. Several studies, us-
ing the recent invasive and non-invasive imaging techniques, 
have shown that statins exert direct effects (beyond decreas-
ing LDL-C) on the atherosclerotic plaque morphology and 
composition enhancing its stabilization and regression, hence 
improving the clinical outcomes [40].

In the current study, cardiac troponin peaks were not el-
evated in UA patients, and the correlations between LVEF 
and troponin peak levels were non-significant. In ACS pa-
tients, it was reported that the ventricular systolic function is 
the best predictor of mortality, and that cardiac troponin is a 
useful diagnostic and prognostic tool of myocardial damage. 
Patients with MI having elevated troponin levels are more 
prone to adverse events than UA patients where troponin lev-
els are normal [41]. Currently, many physicians use a sin-
gle troponin test which appears to be as safe and accurate 
as serial troponin tests for selected groups of patients. This 
diagnostic approach is useful to decrease costs and relieve 
hospital crowding [42].

The single-center design and relatively small number of 
patients limit the generalizability of the current results. There-
fore, for further evaluation of the relations between SDF-1 
level, LVEF categories, and MACE, a longitudinal observa-
tional study with repeated measurements of plasma CXCL12 
level and collection of follow-up data is recommended. An-
other limitation is lack of evaluation of the correlation between 
plasma SDF-1 level and LV global longitudinal strain.

In conclusion, in patients with severe UA (having 1 - 2 
coronary arteries blocked ≥ 50% or three coronaries blocked 
30-49%), plasma SDF-1 level showed significant variations 
with the LDL-C levels and statin therapy, indicating that it can 
provide insight into response to statin therapy regardless of 
LDL-C level. In contrast, SDF-1 level non-significantly corre-
lated with LVEF, and troponin peak levels. The ROC curve for 
CXCL12 test showed favorable characteristics suggesting a 
potential use as a marker to discriminate between statin-treated 
from statin-untreated patients. Further evaluation of the rela-
tions between SDF-1 levels, LVEF grades, and MACE in a 
longitudinal observational study with repeated measurements 
of plasma CXCL12 level is recommended.
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