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Introduction
T2DM results in serious microvascular and macrovascular 

complications that could lead to patient’s death. Patients with T2DM 
remain at high-risk of developing cardiovascular disease (CVD) despite 
the statin therapy which effectively reduces levels of low-density 
lipoprotein cholesterol (LDLc) with only partial reduction of CVD 
events in these patients [1]. 

African-Americans suffer disproportionately from many chronic 
diseases including T2DM; and the reason for this racial disparity could 
be attributed to many factors including environmental, socioeconomic 
and genetics factors [2]. Therefore, the strategies in place to prevent 

CVD progression particularly in patients with T2DM warrant further 
examination.

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a 
member of the proprotein convertase family of zymogens which 
modulates plasma levels of LDLc by promoting the degradation of 
LDL receptors (LDLRs), the main element for the removal of LDL from 
the circulation [3]. PCSK9 blocks the recycling of the LDLR leading 
to reduced clearance of LDLc in the circulation [4]. Experiments in 
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tissue-specific PCSK9 knockout mice suggested that most circulating 
forms of PCSK9 are derived from the liver [5]. 

PCSK9 variants associated with reduced LDLc levels were observed 
with elevated fasting glucose concentration, abnormal bodyweight, 
waist-to-hip ratio, and increased risk of T2DM [6]. Gain-of-function 
mutations in PCSK9 are rare and cause an autosomal dominant 
form of severe hypercholesterolemia [7], and premature coronary 
heart disease [8]. Furthermore, mature PCSK9 has been shown to 
be associated with atheroma and altered vessels in heterozygous 
familial hypercholesterolemia patients with coronary artery disease 
[9]. These findings suggest that mature PCSK9 plays a crucial role in 
the propagation of coronary atherosclerosis in these patients [10]. 
In contrast, pharmacological inhibition of PCSK9 protein using 
monoclonal antibodies have been successful in the treatment of 
atherosclerosis and dyslipidemia. Results from different trials were 
very consistent suggesting that treatment of high-risk patients with 
PCSK9 inhibitors is advantageous in addition to statin therapy [11]. 
More importantly, treatment of diabetic patients with monoclonal anti-
PCSK9 antibodies did not demonstrate any significant adverse effects 
[12]. Despite the tremendous discoveries of PCSK9 genetic variants 
associated with increased risk of T2DM, cohort studies reported 
conflicting results with respect to PCSK9 levels and glycemic status 
[6]. PCSK9 loss of function variants are associated with lower LDLc 
levels, higher plasma glucose and risk for T2DM [13]. Furthermore, 
recent study demonstrated that PCSK9-deficient mice exhibited 
impaired glucose tolerance and pancreatic islets abnormalities leading 
to decreased insulin release [5]. 

Hyperglycemia is associated with impaired NO availability 
[14]. Altered NO levels in T2DM were reported in different studies. 
Nevertheless, these reports were very controversial [15-17]. Although, 
short term inhibition of PCSK9 improved endothelial function in 
hypercholesterolemic subjects [18], direct relationship between 
circulating PCSK9 and NO availability in T2DM patients is not well 
established. 

PCSK9 can directly or indirectly contribute to atherosclerosis 
progression leading to endothelial dysfunction [19]. PCSK9 is not only 
expressed in hepatocytes but it is also expressed in many other cells 
such as vascular smooth muscle cells, endothelial cells, macrophages, 
adipocytes, kidney, heart, brain etc. Recent studies strongly support 
PCSK9 direct contribution in the pathogenesis of vascular diseases 
[20]. However, exact mechanisms have not been yet fully elucidated. 
Although, recent clinical data suggest that PCSK9 inhibition could 
improve endothelial function by modulating vascular inflammatory 
response independently of action on LDLc [21], our understanding of 
the role of PCSK9 in vascular biology is still limited and substantial 
research is required to clarify how plasma PCSK9 changes could affect 
vascular reactivity in T2DM. Hence, in this study, we try to investigate 
the relationship of plasma PCSK9 levels with indices of vascular 
function in T2DM patients.

Methods
Study population, blood sampling and PCSK9 ELISA

A total of 146 African Americans with T2DM were enrolled in this 
study. Participants were recruited from the State University of New York 
Downstate Health Sciences University/Kings County Clinics between 
September 2016 and July 2017. The study protocol was approved 
by the Institutional Review Board of the State University of New 
York Downstate Health Sciences University (IRB protocol# 907067) 

and written informed consent was obtained from each participant. 
Participants were excluded from the study if, at baseline, patients 
are on chronic renal replacement therapy (hemodialysis, peritoneal 
dialysis, transplantation etc.), history of active malignancy (except 
those with basal cell carcinoma) within the last five years, systemic 
lupus erythematosis and other autoimmune diseases that may affect 
kidney function, history of type 1 diabetes, acute infection or fever, 
pregnancy, chronic viral hepatitis or HIV infection, current unstable 
cardiac disease, history of hypercoagulable disorders, history of blood 
clots in arms, weak pulses in arms indicating low brachial artery blood 
flow, or history of vasculitis. Standard methods and definitions were 
adopted: Diabetes- Subjects with history of T2DM on medication 
or HbA1c ≥ 6.5% or fasting glucose ≥126 mg/dL (≥7 mmol/L). 
Hypertension- Subjects with history of hypertension on medication. 
Dyslipidemia- Subjects with history of dyslipidemia on medication 
or fasting lipid profile with total cholesterol>200 mg/dL or LDL>70 
mg/dL. CKD- Subjects with eGFR<90 mL/min using modification of 
diet in renal disease (MDRD) equation or proteinuria (≥2+ on urine 
dipstick). Fasting blood samples (12 h) were collected into EDTA-tubes 
and centrifuged at 4°C, 3,000 rpm for 10 min to separate the plasma. All 
the samples for the measurement of PCSK9 levels were stored at -80°C 
until analysis. Plasma levels of PCSK9 were measured in duplicate by 
enzyme-linked immunosorbent assay using a commercially available 
kit (Boster Biological Technology, Pleasanton CA, USA, Catalog # 
EK1147). Total Nitric oxide (NO) levels were measured by ELISA kit 
(My BioSource, Inc., San Diego, CA, Catalog #MBS732723).

Assessment of vascular function

Vascular reactivity (VRI) is an index of blood vessel responsiveness 
to stimuli which measures microvascular function using differential 
distal digital thermal response following proximal peripheral vascular 
occlusion and release (Endothelix Vendys II, Palo Alto, CA) [22]. Test 
was performed on each subject under ambient room temperature 
after an overnight 12 hour fasting consisting of abstinence from 
food, alcohol, tobacco, caffeine, exercise, and vasoactive medications. 
Subject was placed in supine position with cuff applied to both arms 
and baseline systolic blood pressure was obtained from non-test arm 
(left) after a rest interval of 30 minutes and recorded in the Vendys 
software. Temperature probes were placed on the palmar surface 
of index finger of both hands and the procedure was initiated and 
completed in 3 phases of 5 minutes duration generating a 15-minute 
curve: baseline stabilization, occlusion (cuff inflation of the test arm, 
right, to above 30mm Hg of systolic blood pressure baseline) and 
deflation phases. Testing was fully automated and outcome results were 
obtained from the Vendys software. The measured values of VRI which 
reflect endothelial function were expressed as poor reactivity: VRI<1; 
intermediate reactivity: 1<VRI<2; or good reactivity: VRI ≥2.

Pulse wave velocity (PWV) is a measurement of arterial stiffness of 
between two major arteries: carotid-femoral sites [23]. Two parameters 
were measured: the transit time of arterial pulse along the analyzed 
arterial segments and the distance on the skin between both recording 
sites. To obtain this measurement, subject was placed in a supine 
position for about 5 minutes to adjust physiologic baseline condition 
under ambient room temperature (22-24˚C) after which an average 
of 2 reading of blood pressure was obtained using automated blood 
pressure measurement device. The distance between carotid artery and 
sternal notch was subtracted from that between femoral artery and 
sternal notch and recorded. Actual measurement of carotid-femoral 
PWV (cf-PWV) was done using SphygmoCor system (ArtCor, Sydney, 
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Australia). Pencil-shaped tonometer was placed in succession over the 
carotid and femoral arteries with both signals synchronized with R 
wave on EKG. 

Statistical analyses

Statistical analyses were performed using SPSS software version 24 
(IBM Corp., Armonk, NY-USA). Patients were stratified into 2 groups 
based on the median value of HbA1c in the entire population (HbA1c ≤ 
7.5% vs. HbA1c>7.5%). Continuous variables were presented as means 
± SD or medians (interquartile ranges), and comparisons between 
groups were performed by using Mann-Whitney U test/Wilcoxon 
rank-sum test. Categorical variables were presented as frequencies 
and percentages, and comparisons between groups were performed by 
using Pearson’s chi-square or Fisher’s exact test. PCSK9 distribution in 
the general population was skewed. Therefore, log transformed data 
was used to determine associations between PCSK9 levels and other 
variables. Univariate and multiregression analysis were conducted to 
determine possible associations between plasma PCSK9 and other 
variables. Multiple linear regression analysis was performed to evaluate 
the association between plasma PCSK9 levels and vascular outcome, 
using three models for covariates assessment (Model I: sex and age as 
independent variables), (Model II: sex, age, weight, hypertension, stroke, 
dyslipidemia, smoking and creatinine levels), and (Model III: sex, age, 
weight, hypertension, stroke, smoking, creatinine, total cholesterol, 
LDLc, HDLc, triglycerides, HbA1c, duration of diabetes and NO). 
All estimated β-coefficients were accompanied by approximate 95% 
confidence limits. Two-sided tests with P-values<0.05 were considered 
statistically significant.

Results
Clinical and biochemical characteristics of study population 
and plasma PCSK9 distribution

The baseline of clinical and biochemical characteristics of study 
subjects are shown in Table 1. Patients population was divided in 
two groups based on HbA1c median value in the population (HbA1c 
≤7.5%, N=79 vs. HbA1c >7.5%, N=67). Mean patient age was 60.1±7.9 
years (female 64%). Eighty percent (80%) had hypertension, 90% had 
dyslipidemia and 15% had chronic kidney disease. Mean HbA1c levels 
were 8.1%±2.2% (median HbA1c=7.5%). Among all the variables, 
systolic blood pressure, HbA1c levels, duration of diabetes, and total 
NO levels were significantly elevated in poorly controlled group of 

participants (p< 0.0001) (Table 1). PWV and VRI were both increased 
in patients with HbA1c ≤7.5% (p=0.022 and p=0.011, respectively) 
(Table 1). PCSK9 levels were significantly reduced in patients with 
HbA1c ≤7.5% (p=0.012) (Table 1). Furthermore, plasma levels of 
PCSK9 varied by almost 100-fold range among the participants in 
this cohort (10ng/ml to 1110 ng/ml) (Figure 1). The distribution of 
PCSK9 levels was right-skewed with a median value of 233 ng/ml in 
the total population (Figure 1A). Median value of PCSK9 was higher 
in patients with HbA1c levels ≤7.5% (264ng/ml) than in patients with 
HbA1c>7.5% (214 ng/ml) (Figures 1B and 1C). 

Correlations between plasma PCSK9 levels and clinical 
variables

In total population, plasma concentrations of PCSK9 were positively 
correlated with dyslipidemia and HDLc levels (r=0.200, p=0.022 and 
r=0.198, p=0.018; respectively) (Table 2) and negatively correlated with 
sex and VRI (r=-0.175, p=0.034 and r=-0.175, p=0.036; respectively) 
(Table 2). There was no significant correlation between plasma PCSK9 
levels and LDLc nor total cholesterol in all the groups (Tables 2). In 
patients with HbA1c≤7.5%, plasma concentrations of PCSK9 levels 
were negatively correlated with VRI (r=-0.293, p=0.010) (Table 2) 
and positively correlated with dyslipidemia (r=0.331, p=0.005) (Table 
2). In patients with HbA1c>7.5%, plasma concentrations of PCSK9 
were positively correlated with HDLc (r=0.279, p=0.025) (Table 2). 
To further examine the effect of sex differences, we compared plasma 
PCSK9 levels in women and in men groups (Table 3). Plasma levels of 
PCSK9 positively correlated with HDLc and negatively correlated with 
total NO levels in women but not in men (r=0.222, p=0.034 and r=-
0.235, p=0.022; respectively) (Table 3).

Association between plasma PCSK9 and total NO levels

In total population and in patients with HbA1c≤7.5%, plasma 
concentrations of PCSK9 were negatively correlated with total NO 
levels (r=-0.186, p=0.024 and r=-0.256, p=0.023; respectively) (Table 
2). Furthermore, PCSK9 levels significantly correlated with NO levels 
in diabetic women but not in men (r=-0.235, p=0.022) (Table 3).

Univariable linear regression analysis between plasma PCSK9 
levels and vascular outcome

Univariate analysis showed that plasma concentrations of PCSK9 
levels were significantly correlated with VRI in total population (β=-
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Figure 1. Distribution of plasma PCSK9 levels in the total population and stratified groups based on HbA1c median value 
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Baseline Characteristics Total Population
 (N=146)

Patients with HbA1c ≤ 7.5 %
 (N=79)

Patients with HbA1c > 7.5 %
(N=67) p-Value

Age (years)
Mean (SD) 60.1 ± 7.9 60.5 ± 8.0 59.5 ± 7.7 0.822
Weight (kg)
Mean (SD) 85.1 ± 20.7 85.4 ± 17.2 84.8 ± 24.3 0.554
Height (cm) 
Mean (SD) 164.3 ± 21.4 165.8 ± 9.9 162.6 ± 29.8 0.366
Waist Circumference (cm)
Mean (SD) 96.0 ± 23.1 94.8 ± 26.2 97.5 ± 18.8 0.240
Systolic BP (mmHg)
 Mean (SD) 134.1 ± 18.7 130.5 ± 18.3 138.4 ± 18.5 0.0001
Diastolic BP (mmHg)
Mean (SD) 75.9 ± 10.9 75.8 ± 10.1 76.2 ± 11.9 0.652
HbA1c (%)
Mean (SD) 8.1 ± 2.1 6.7 ± 0.5 9.8 ± 1.9 0.0001
Diabetes duration (year)
Mean (SD) 10.3 ± 7.6 7.7 ± 5.5 13.6 ± 8.5 0.0001
Total Cholesterol (mg/dL)
Mean (SD) 173.9 ± 42.0 171.8 ± 36.8 176.6 ± 47.7 0.868
LDL-c (mg/dL)
Mean (SD) 96.6 ± 36.4 98.8 ± 36.8 96.5 ± 36.1 0.757
HDL-c (mg/dL)
Mean (SD) 54.9 ± 17.7 56.0 ± 18.3 53.5 ± 16.9 0.309
Triglycerides (mg/dL)
Mean (SD) 112.7 ± 55.4 109.5 ± 57.9 116.6 ± 52.3 0.214
ASCVD 
Median (IQR) 19.5 (12.5, 28.9) 18.7 (10.3, 28.6) 20.1 (14.1, 29.7) 0.094
Pulse Waive Velocity (m/s)
Median (IQR) 8.2 (6.7, 10.3) 8.0 (6.3, 9.5) 8.7 (7.0, 10.8) 0.022
Vascular Reactivity Index
Median (IQR) 1.1 (0.9, 1.5) 1.0 (0.8, 1.3) 1.2 (1.0, 1.6) 0.011
PCSK9 (ng/mL)
Median (IQR) 233.2 (162.5, 318.2) 264.0 (186.5, 376.0) 213.9 (151.9, 285.5) 0.012
Nitric Oxide (µmol/L)
Median (IQR) 20.1 (16.3, 30.9) 18.8 (16.2, 25.3) 24.8 (17.9, 35.4) 0.005
Insulin, n (%)
Sulfonylurea, n (%)
Metformin, n(%)
DPP-4 inhibitors, n (%)
GLP-1 agonists, n (%)
SGLT2 inhibitors, n (%)
Thiazolidinediones, n (%)
Meglitinide, n (%)
Calcium channel blockers, n (%)
ACE inhibitors, n (%)
Beta blockers, n (%)
Diuretics, n (%)
Nitrates, n (%)
Anti-platelets, n (%)
Statins, n (%)

35 (27.7)
26 (20.6)
87 (68.4)
42 (32.9)
1 (0.6)
1 (0.6)

22 (17.4)
3 (2.6)

37 (29.0)
41 (32.3)
27 (21.3)
31 (24.5)
7 (5.2)

35 (27.1)
68 (53.5)

17 (24.1)
11 (16.5)
54 (77.2)
19 (27.8)
1 (1.3)
8 (11.4)
8 (11.4)
3 (3.8)

26 (36.7)
23 (32.9)
11 (16.5)
18 (25.3)
2 (2.5)

20 (29.1)
36 (51.9)

19 (34.3)
16 (28.4)
37 (65.7)
1 (1.8)
8 (14.9)
1 (1.5)
8 (14.9)
1 (1.5)

14 (23.9)
19 (34.3)
17 (29.9)
15 (26.9)
5 (9.0)

15 (26.9)
35 (61.2)

0.452
0.470
0.605
0.239
0.980
0.850
0.999
0.777
0.883
0.925
0.436
0.579
0.773
0.343
0.176

Table 1. Baseline characteristics of the total population and stratified groups based on HbA1c median value

For continuous variables data are presented as mean ± SD or median (25%-75% IQR), and as frequencies (percentages) for categorical variables. 
Due to missing data, analysis of medication was performed on 128 patients (total population), 70 patients (HbA1c≤7.5%) and 57 patients (HbA1c>7.5%). Abbreviations: ASCVD: Pooled 
cohort score; BP: Blood pressure; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; PCSK9: Proprotein convertase subtilisin/kexin type 9; SD; Standard deviation; IQR: 
Interquartile ranges. P values < 0.05 were considered statistically significant.

0.175, p=0.036) (Table 4) and in patients with HbA1c≤7.5% (β=-0.293, 
p =0.010) (Table 4), but not in patients with HbA1c >7.5% (β=0.047, p 
=0.707) (Table 4).

Multivariable linear regression analysis between plasma 
PCSK9 levels and vascular outcome

Multiregression analysis revealed that plasma PCSK9 levels were 
independently associated with VRI in total population as well as in 
patients with HbA1c≤7.5% after adjustment to sex and age variables in 
base Model I (β=-0.195, p=0.023 and β=-0.324, p=0.005, respectively) 

(Table 5). This association remained significant in patients with 
HbA1c≤7.5% after adjusting base model with additional variables 
such as weight, hypertension, stroke, dyslipidemia, smoking and 
creatinine (β=-0.346, p=0.033; Model II) (Table 5). In total population, 
the association between PCSK9 levels and VRI was completely lost in 
Model III due to effects of confounding factors such as total cholesterol, 
LDLc, HbA1c, and total NO levels (Model III) (Table 5). In contrast, 
association between PCSK9 levels and VRI remained significant in 
the group of patients with HbA1c≤7.5% after even adjusting the base 
model with all additional variables (β=-0.378, p=0.046; Model III) 
(Table 5). In contrast to total population and in poorly controlled 
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Variables
Total Population Patients with HbA1c ≤ 7.5% Patients with HbA1c > 7.5%

R p-Value R p-Value R p-Value
Age 0.041 0.624 0.073 0.523 -0.032 0.799
Sex -0.175 0.034a -0.138 0.227 -0.226 0.066

BMI 0.005 0.952 0.110 0.332 -0.130 0.294
PWV 0.021 0.807 0.146 0.207 -0.070 0.578
VRI -0.175 0.036a -0.293 0.010b 0.047 0.707

Creatinine -0.007 0.939 0.050 0.688 -0.031 0.812
Total Cholesterol 0.091 0.282 0.191 0.096 0.003 0.981

LDL-c 0.052 0.535 0.154 0.182 -0.100 0.428
HDL-c 0.198 0.018a 0.136 0.239 0.279 0.025a

Triglycerides 0.028 0.737 0.153 0.182 -0.152 0.230
Ascvdscore  -0.047 0.575 0.042 0.715 -0.162 0.196

Diabetes duration  -0.027 0.771 0.061 0.623 0.054 0.701
Total NO -0.186 0.024a -0.256 0.023a -0.216 0.079

Hypertension 0.088 0.319 0.149 0.220 0.049 0.705
Stroke 0.077 0.413 0.087 0.502 0.073 0.602

Dyslipidemia 0.200 0.022a 0.331 0.005b 0.034 0.792
Smoking 0.057 0.496 0.127 0.271 -0.058 0.643

Results are expressed as R, Pearson correlation coefficient and (p-Value) for 2-tailed significance: a: p < 0.05; and b: p < 0.001. Abbreviations: BMI: Body mass index; Cre: creatinine; PWV: 
Pulse wave velocity; VRI: Vascular reactivity index; LDL-c: Low-Density lipoprotein cholesterol; HDL-c: High-density lipoprotein cholesterol; Ascvd score: Atherosclerotic cardiovascular 
disease score: NO: Nitric oxide. P values < 0.05 were considered statistically significant.

Table 2. Correlations between plasma PCSK9 levels and clinical variables in total population and categorized groups based on HbA1c levels

Variables
Diabetic Women (N=94) Diabetic Men (N=52)

R p-Value R p-Value
Age 0.141 0.176 -0.137 0.334
BMI 0.064 0.538 0.077 0.588
PWV 0.069 0.518 -0.169 0.235
VRI -0.174 0.098 -0.255 0.071
Cre 0.078 0.493 0.012 0.937

Total Cholesterol 0.119 0.261 -0.043 0.765
LDL-c 0.100 0.344 -0.052 0.719
HDL-c 0.222 0.034a -0.063 0.662

Triglycerides 0.114 0.283 -0.107 0.455
Ascvdscore 0.062 0.560 0.012 0.934

Diabetes duration -0.074 0.519 0.150 0.344
Total NO -0.235 0.022a -0.100 0.479

Hypertension 0.126 0.259 0.079 0.590
Stroke 0.098 0.419 0.182 0.227

Dyslipidemia 0.214 0.053 0.275 0.056
Smoking 0.093 0.377 0.254 0.069

Table 3. Sex influence on correlation of plasma PCSK9 levels with metabolic and anthropometric variables and vascular outcome in African Americans diabetic patients

Results are expressed as R, Pearson correlation coefficient and (p-Value) for 2-tailed significance: a, p < 0.05.Abbreviations:  BMI,  body mass index; Cre, creatinine; PWV, pulse wave 
velocity; VRI, vascular reactivity index; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol ; Ascvd Score, atherosclerotic cardiovascular disease score, 
NO: nitric oxide. P values < 0.05 were considered statistically significant.

Variable
Total Population HbA1c ≤ 7.5 % HbA1c > 7.5 %

Standardized
β coefficient 95% CI p-Value Standardized

β coefficient 95% CI p-Value Standardized
β coefficient 95% CI p-Value

PCSK9  -0.175 -0.331 0.157 0.036  -0.293 -0.923 
-0.131 0.010  0.047 -0.410 0.601  0.707

Table 4. Univariate analysis of association between plasma PCSK9 levels and VRI in African Americans diabetic patients

VRI dependent variable. Data are expressed as regression coefficient beta and 95% confidence intervals (CI) with minimal and maximal range. P values < 0.05 were considered statistically 
significant.
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Variables

Total Population (N=146) HbA1c ≤ 7.5% (N=79) HbA1c > 7.5% (N=68)
Model I (R Square=0.045) Model I (R Square =0.126) Model I (R Square =0.002)

β
95% CI

P  β  
95% CI

P β
95% CI

P
Min Max Min Max Min Max

PCSK9 -0.195 -0.686 -0.051 0.023 -0.324 -0.984 -0.183 0.005 0.049 -0.429 0.629 0.707
Sex -0.105 -0.288 0.068 0.223 -0.193 -0.456 0.032 0.087 0.011 -0.251 0.272 0.934
Age -0.049 -0.014 0.008 0.562 -0.057 -0.018 0.011 0.605 -0.012 -0.017 0.015 0.926

Model II (R Square =0.095) Model II (R Square =0.214) Model II (R Square =0.101)

β 
95% CI

P β
95% CI

P β
95% CI

P
Min Max Min Max Min Max

PCSK9 -0.212 -0.775 -0.006 0.047 -0.353 -1.097 -0.066 0.028 -0.024 -0.687 0.595 0.885
Sex -0.045 -0.352 0.260 0.766 -0.337 -0.869 0.204 0.218 0.005 -0.425 0.434 0.982
Age -0.126 -0.023 0.006 0.247 -0.155 -0.029 0.009 0.291 -0.035 -0.028 0.023 0.852
Weight -0.240 -0.012 -0.001 0.033 -0.180 -0.013 0.004 0.253 -0.310 -0.016 0.001 0.095
Hypertension  0.068 -0.010 0.017 0.602 -0.055 -0.015 0.020 0.772  0.238 -0.010  0.036 0.267
Stroke -0.039 -0.097 0.065 0.697 -0.126 -0.159 0.059 0.357 0.014 -0.116 0.127 0.930
Dyslipidemia -0.018 -0.298 0.251 0.866 -0.050 -0.403 0.294 0.755 -0.035 -0.622 0.496 0.820
Smoking 0.010 -0.238 0.259 0.933 0.167 -0.207 0.554 0.363 -0.037 -0.407 0.325 0.821
Creatinine 0.057 -0.180 0.303 0.616 0.193 -0.248 0.749 0.318 -0.009 -0.288 0.304 0.956

Model III (R Square =0.274) Model III (R Square =0.225) Model III (R Square =0.416)

β
95% CI

P β
95% CI

P β
95% CI

P
Min Max Min Max Min Max

PCSK9 -0.236 -0.870 -0.028 0.037 -0.384 -1.210 -0.055 0.033 -0.039 -1.064 0.887 0.852
Sex 0.003 -0.363 0.369 0.988 -0.425 -1.217 0.318 0.242 0.196 -0.411 0.829 0.492
Age -0.118 -0.026 0.009 0.337 -0.146 -0.037 0.016 0.423 -0.271 -0.055 0.017 0.290
Weight -0.053 -0.009 0.006 0.672 -0.218 -0.020 0.007 0.339 -0.036 -0.015 0.013 0.885
Hypertension  0.022 -0.013 0.016 0.870 -0.100 -0.018 0.028 0.667 -0.101 -0.026 0.038 0.689
Stroke -0.096 -0.122 0.048 0.392 -0.178 -0.209 0.071 0.322 -0.043 -0.150 0.120 0.816
Smoking 0.036 -0.267 0.351 0.786 0.246 -0.324 0.883 0.353 -0.057 -0.577 0.441 0.784
Creatinine -0.064 -0.384 0.234 0.631 0.110 -0.560 0.883 0.652 -0.191 -0.593 0.228 0.365
Total Cholesterol 1.545  0.003 0.038 0.024 5.334 -0.368 0.527 0.720 2.525  0.003 0.055 0.031
LDL-c -1.309 -0.040 -0.002 0.031 -4.598 -0.528 0.370 0.721 -2.151 -0.060 -0.002 0.037
HDL-c -0.518 -0.037  0.003 0.103 -2.597 -0.528 0.373 0.729 -0.763 -0.058 0.006 0.110
Triglycerides -0.393 -0.010 0.001 0.079 -1.393 -0.105 0.075 0.731 -0.591 -0.017 0.002 0.131
Diabetes Duration 0.074 -0.012 0.022 0.555 0.151 -0.031 0.063 0.487 0.233 -0.016 0.043 0.353
HbA1c 0.263  0.008 0.128 0.028 0.090 -0.315 0.527 0.611 0.273 -0.033 0.177 0.168
Total NO -0.319 -0.007 -0.001 0.007 -0.075 -0.027 0.018 0.703 -0.458 -0.008 0.000 0.039

Table 5. Multiregression analysis of the association between plasma PCSK9 levels and VRI outcome in African Americans diabetic patients 

Dependent variable: VRI; R Square: proportion of variance between variables in linear regression model. Linear regression was performed using 3 separates models (I, II, III) using various 
variables as discussed in Results section. Data are expressed as regression coefficient beta and 95% CI (confidence intervals) with Min-Max range (minimal and maximal values). P values 
< 0.05 were considered statistically significant.

patients (HbA1c≤7.5%), total cholesterol, LDLc, and total NO levels 
have no effect on the association between PCSK9 levels and VRI in well 
controlled patients (HbA1c≤7.5%) (Model III) (Table 5). 

Effects of medication use on the association between plasma 
PCSK9 levels and vascular outcome

Regression analysis revealed that none of the drugs used by 
the patients affected the association between PCSK9 levels and 
VRI in patients with HbA1c≤7.5% (Table 6). In contrast, potential 
confounding factors such as calcium channel blockers and antiplatelet 
medication were found to be associated with outcome analysis in the 
total population and patients with HbA1c≤7.5% which may explain the 
lack of association of PCSK9 with VRI in poorly controlled patients 
(Table 6).

Discussion
The present study aimed to test the hypothesis that circulating 

PCSK9 levels may be related to vascular dysfunction in patients 
with T2DM. It is well established that PCSK9 levels correlate with 
cardiovascular risks [24]. The associations of PCSK9 with indices 
of vascular function have been investigated in different populations 

[9,25]. However, little is known about relationship between PCSK9 
changes and markers of vascular function such as PWV, c-IMT and 
VRI in diabetic population. Furthermore, association between PCSK9 
and diabetes can be influenced by racial background [26]. To the best of 
our knowledge, this is the first investigation addressing the relationship 
between circulating PCSK9 and vascular dysfunction in African-
American patients with T2DM. In this study, plasma concentrations 
of PCSK9 were widely variable among patient’s population (range of 
~100-fold). Some patients had barely detectable concentrations (≤10 
ng/ml), whereas others had greater values about 5-fold the median 
value in total population. This variation could be due to genetic 
background and disparities in this community-based cohort of African 
Americans. Significant variations in plasma PCSK9 concentrations 
have been previously observed in many other studies including healthy 
populations [26]. Studies suggested that differences in the removal 
efficiency of various lipoproteins could also contribute to the variability 
in plasma levels of PCSK9 among individuals [26]. Unexpectedly, in 
this study we found that plasma PCSK9 levels were reduced in poorly 
controlled patients as compared to well controlled patients. This finding 
could be partially explained by number of medications that could 
influence levels of plasma PCSK9 [27-29]. Several studies reported 
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elevation of PCSK9 levels in diabetic patients [17,30]. However, a 
recent study showed a significant relationship of low plasma PCSK9 
levels with insulin resistance, diabetes, metabolic syndrome, and 
obesity [31]. Among all demographic and metabolic variables in this 
cohort, factors such as sex, total NO, dyslipidemia and HDLc were 
found to be modestly correlated with plasma PCSK9 levels, but not 
LDLc. The lack of correlation between plasma PCSK9 and LDLc levels 
in our study is consistent with previous studies reporting no or modest 
correlations between circulating levels of PCSK9 and LDLc in diabetic 
patients [32,33]. On the other hand, the positive correlation between 
plasma PCSK9 and HDLc in total population and poorly controlled-
patients is somewhat intriguing. Available literature data showed 
that PCSK9 levels were correlated with small dense HDL particles in 
poor suboptimally-controlled T1DM, but not in patients with good 
glycemic control [34]. A Similar positive relationship between PCSK9 
and intermediate and small HDLc subfractions was observed in CVD 
patients [35]. Furthermore, our study revealed that the observed 
modest correlation between plasma PCSK9 and HDLc was mainly 
attributable to sex difference. PCSK9 levels positively correlated with 
HDLc in women but not in men. The explanation for this sex difference 
is unknown. However, many studies suggested hormonal differences 
since estrogen modulates HDL synthesis and LDL production via 
distinct mechanisms [36]. The strength of the observed correlations in 
this study appears to be weak/relatively modest from statistical point of 
view. However, several other studies demonstrated similar magnitude 
of associations [37]. 

Diabetic micro- and macro vascular complications seem to 
be strongly interconnected. However, it is not clear yet whether 
both microvascular and macrovascular complications do progress 
simultaneously, or if one could develop before the other during 
early stages of disease progression. PWV correlated negatively with 
VRI in total population and in the poorly controlled patients with 
HbA1c>7.5% (r=-0.192, p=0.022 and r=-0.293, p=0.018; respectively, 
data not shown). Remarkably, we found that plasma PCSK9 levels 
correlated with VRI (microvascular function) but not PWV (arterial 
stiffness). This was unexpected finding, and to our knowledge has not 
been shown previously. We hypothesize that remodeling of arterial 
components wall in small and large arteries that occurs during T2DM 
may pathophysiologically differ, and changes in circulating PCSK9 
may not necessarily translate into dysfunctional accelerated arterial 

stiffness in T2DM. This finding may indicate that early signs of diabetic 
vascular dysfunction are more likely to occur in the microvasculature 
rather than in large arteries. Our results are in good agreement with 
recent study reporting lack of correlation between plasma levels of 
PCSK9 and arterial stiffness [38]. In contrast, previous studies have 
indicated that PCSK9 levels were positively associated with predictors 
of cardiovascular risk, such as central hemodynamics and c-IMT 
[9,25]. However, these studies included either healthy population, 
nondiabetics subjects or newly diagnosed T2DM, familial combined 
hyperlipidemia, heterozygous familial hypercholesterolemia or low-risk 
obese and non-obese patients, which could explain to some extend the 
discrepancy with our current study [9,25,39]. Another major finding 
in our study is that plasma PCSK9 levels independently predicted 
VRI in well controlled patients but not in poorly controlled patients 
even after adjusting for potential confounding variables. This finding 
is in good agreement with other studies reporting high prevalence of 
early microvascular dysfunction in T2DM patients free for any known 
cardiovascular diseases [40,41]. 

It is generally well accepted that hyperglycemia contribute to early 
vascular dysfunction in the progression of T2DM and even before the 
diagnosis of diabetes [42]. Although, the median of diabetes duration 
in our patients’ sample is about 10 years, the chronology of occurrence 
of vascular complications could not be determined in this study, and 
hence the underlying mechanism (s) by which changes of circulating 
plasma PCSK9 could impact VRI, but not PWV, cannot be established. 

NO levels can be beneficial or harmful depending on its 
concentration. Altered NO levels in diabetes has been reported by 
several studies; however, results were conflicting [43]. Some studies 
reported increased NO levels in diabetes patients [15,44], whereas others 
reported the opposite [45-47]. Furthermore, studies have demonstrated 
significant racial differences in NO-mediated vascular dysfunction 
among various ethnicities [43,48]. These changes were mainly 
attributed to impairment of NOS activity due to chronic glycemia, 
and consequently leading to accelerated diabetic complications and 
comorbidities. NO bioavailability can decrease due to decline in NO 
production which could be associated to reduced e-NOS expression 
or its activity. In this study, we found a significant correlation between 
NO levels and PCSK9 levels particularly in women but not in men. 
This could be partially explained by differences in whole body NO 

Variables

Total Population (N=146) HbA1c ≤ 7.5% (N=79) HbA1c > 7.5% (N=68)
Model (R Square=0.149) Model (R Square=0.177) Model (R Square=0.426)

β
95% CI

P β
95% CI

P β
95% CI

P
Min Max Min Max Min Max

PCSK9 -0.201 -0.719 -0.036 0.030 -0.309 -0.994 -0.078 0.023 0.016 -0.528 0.595 0.905
Insulin -0.042 -0.247 0.155 0.652 -0.140 -0.484 0.158 0.314 0.060 -0.193 0.313 0.634
Metformin -0.048 -0.348 0.218 0.650 0.049 -0.410 0.559 0.759 -0.063 -0.424 0.276 0.673
DDP4 inhibitors -0.011 -0.203 0.180 0.906 0.051 -0.231 0.344 0.697 -0.274 -0.550 0.008 0.057
GLP-1 agonists -0.058 -1.350 0.684 0.518 -0.053 -1.317 0.858 0.674 N.D N.D N.D N.D
Meglitinide 0.086 -0.296 0.801 0.364 0.135 -0.415 1.103 0.368 0.132 -0.555 1.540 0.348
Calcium Channel Blockers 0.207 0.018 0.428 0.034 0.096 -0.197 0.399 0.499 0.388 0.115 0.733 0.008
ACE inhibitors -0.031 -0.227 0.161 0.737 -0.072 -0.371 0.217 0.601 0.049 -0.198 0.298 0.689
Beta blockers -0.015 -0.276 0.240 0.890 0.079 -0.288 0.499 0.594 -0.190 -0.563 0.172 0.289
Diuretics -0.151 -.0394 0.053 0.134 -0.168 -0.534 0.151 0.267 -0.031 -0.374 0.307 0.844
Nitrates 0.164 -0.043 0.734 0.081 0.106 -0.493 1.149 0.427 0.189 -0.140 0.743 0.176
Anti-platelets -0.118 -0.338 0.078 0.219 -0.003 -0.302 0.295 0.981 -0.281 -0.592 -0.002 0.048
Statins 0.035 -0.171 0.245 0.724 0.117 -0.164 0.409 0.394 -0.044 -0.378 0.282 0.771

Table 6. Medication influence of association between plasma PCSK9 levels and VRI outcome in African Americans diabetic patients

VRI was used as dependent variable; R Square: proportion of variance between variables in linear regression model. Data are expressed as regression coefficient beta and 95% CI 
(confidence intervals) with Min-Max range (minimal & maximal values). N.D: not determined. P values < 0.05 were considered statistically significant
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production that could contribute to sex differences in vascular function 
and predisposition to arterial disease [49]. Additional studies focusing 
on sex‐specific PCSK9 therapies are needed to better understand 
possible implication of sexual dimorphisms in the mechanisms of 
diabetic microvascular dysfunction. To better clarify the PASK9-VRI 
association, we attempted to assess the influence of NO levels. Although, 
NO levels were negatively correlated with PCSK9 levels in well 
controlled patients, multiregression analysis revealed that physiological 
change in NO bioavailability in well controlled patients had no effect 
on the association between PCSK9 levels and microvascular function. 
These results suggest that other possible NO-independent mechanisms 
might play important role in this association through other possible 
mediators including reactive oxygen species and free radicals. 

Statins were shown to be very effective in reducing LDLc and CVD. 
However, statins also raise levels of PCSK9, which in turn reduces the 
LDLc response to statin therapy [50]. In this study, we did not detect 
any significant differences in PCSK9 levels and vascular outcome in 
statin-treated patients as compared to non-statin group. Interestingly, 
the results of this current study revealed that none of the drugs taken by 
patients influenced the association between plasma PCSK9 levels and 
VRI, particularly in well controlled patients (HbA1c≤7.5%). In contrast, 
in total population and in poorly controlled patients (HbA1c>7.5%), 
calcium channel blockers and antiplatelets drugs were identified as 
potential confounders accounting for ~15% and ~43% variance in the 
base models, respectively. 

Although we believe that these findings shed light on the PCSK9 
association with indices of vascular function in T2DM without drawing 
any conclusion regarding causality, important limitations of this study 
should be acknowledged. First, it is a cross-sectional study of diverse 
T2DM population of African Americans which do not include a 
matching healthy control group. The stratification of cohort in two 
comparative groups based on HbA1c levels (well controlled patients 
versus poorly controlled patients) offered a better comparative study 
and valid analysis outcome. Second this cross-sectional study of a 
relatively small sample size cohort from a single center which may have 
limited the power to detect correlations between variables; however, 
the sample size was sufficient to detect significant association between 
plasma PCSK9 and VRI. Third, we did not exclude patients under lipid 
lowering medication which may have biased the prognostic values of 
PCSK9 levels. Our study showed no effect of statin use in this cohort. 
Lastly, subjects were recruited from multi-ethnic community-based 
African-Americans population which may have influenced data 
outcome. It is not clear whether these results could be generalizable in 
other ethnic cohorts. We are aware that differences in race and genetic 
background could account for discrepancies among studies, and 
therefore this may limit clarification of causality between circulating 
plasma PCSK9 and VRI. 

In conclusion, our study revealed that PCSK9 independently 
predicted VRI, but not PWV, particularly in diabetic patients with good 
glycemic control (HbA1c≤7.5%). This finding suggests that optimal 
achieved glycemic control and reduced levels of circulating PCSK9 
may reduce the burden of diabetes and mitigate its deleterious impact 
on the vasculature function. Additionally, total NO availability in well 
controlled diabetic patients appears to not significantly influence the 
association between PCSK9 levels and VRI, suggesting that other 
possible NO-independent mechanisms might play a role in the 
impairment of microvascular function, particularly in well controlled 
diabetic patients. These results are worthy of further investigations 
and must be confirmed in larger sample size to explore possible 
pathophysiological mechanisms and prognostic implications. 
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