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Background: Thrombospondin-1 (TSP-1) is known to be involved in the regulation of angiogenesis, inflammation,

and vascular function. Clinical studies have demonstrated its correlation with peripheral artery disease, coronary

artery disease, and pulmonary hypertension. In this study, we explored its potential roles in the background of

end-stage renal disease (ESRD).

Methods: A total of 140 ESRD outpatients (ages 61.0 � 12.4 years) were prospectively followed for 34 � 7 months.

Their TSP-1 levels were analyzed from pre-hemodialysis blood sample. Cardiovascular survey included ankle- brachial

index (ABI), echocardiography and Tl-201 dipyridamole single-photon emission computed tomography (SPECT).

Results: Plasma TSP-1 levels were higher in those patients with preexisting clinical evidence of cardiovascular

disease (CVD) than those without (p = 0.002). TSP-1 concentrations were also correlated with ABI, left ventricular

ejection fraction, and scar burden in SPECT. Stepwise logistic regression analysis revealed that TSP-1 level was

independently associated with the presence of CVD, with an odds ratio of 1.38 [95% confidence interval (CI),

1.09-1.75, p = 0.008]. In survival analyses, 31 patients (22%) died during the follow-up, 16 (52%) arising from

cardiovascular causes. Cox hazards analysis revealed that the patients with TSP-1 levels in the highest tertile had a

5.32- and 6.75-fold higher risk for all-cause and cardiovascular mortality than those in the lowest tertile. This

predictive value for all-cause mortality still persisted after multivariate adjustment (hazard ratio, 8.71; 95% CI,

1.36-55.68; p = 0.02).

Conclusions: This study hallmarks the association of elevated TSP-1 level with CVD and adverse outcome among

hemodialysis patients.
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INTRODUCTION

Patients with end-stage renal disease (ESRD) are at

a higher risk of cardiovascular disease (CVD), including

sudden death, coronary artery disease (CAD), conges-

tive heart failure (CHF), stroke, and peripheral artery

disease (PAD) than the general population.
1,2

Despite

the substantial improvement in dialysis technologies in

the past decades, the mortality rate associated with

ESRD remains high. Renal failure is associated with nu-

merous metabolic changes that affect almost all organ

systems.
3

Results from randomized placebo-controlled

trials of various other treatment strategies such as
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lipid-lowering, increased dialysis duration, and normal-

ization of hemoglobin were unable to provide evidence

of a survival benefit. Traditional risk factor profiles are

considered to differ in the prediction of morbidity and

mortality between ESRD patients and the general popu-

lation.
4,5

Thrombospondin-1 (TSP-1), an extracellular matrix

glycoprotein first discovered in activated platelets, is

currently known to be involved in angiogenesis, inflam-

mation, and fibrosis.
6-8

It binds to protein components

of the extracellular matrix, such as fibronectin, and is a

major activator of transforming growth factor (TGF-�1).

Data from TSP-1 knockout mice demonstrated that

TSP-1 inhibits angiogenesis, promotes excision wound

healing, and limits inflammatory responses and fibrotic

remodeling after myocardial infarction.
9-11

Recent in

vivo and animal studies found that TSP-1 regulates car-

diovascular function via CD47.
12

Clinical investigations

also confirmed its roles in CVD, including CAD, PAD, and

pulmonary hypertension.
13-15

The goal of the present study was to evaluate the

association of plasma TSP-1 level with CVD in mainte-

nance hemodialysis patients. Moreover, we examined

the clinical importance of TSP-1 with regard to the out-

come prediction in hemodialysis patients.

MATERIALS AND METHODS

Study design

This prospective, observational, single-center co-

hort study was conducted at the Taoyuan General Hos-

pital. The local ethics committee approved the protocol,

and written informed consent was obtained from each

participant. A total of 140 outpatients with ESRD who

had undergone maintenance hemodialysis at the hospi-

tal between April 2009 and September 2009 were en-

rolled in the study. Patients younger than 30 years, and

those with active infection, acute heart failure, or malig-

nancy under treatment were excluded. All the patients

underwent echocardiography and ankle-brachial index

(ABI) examination after inclusion. The blood pressure

from the hemodialysis access side arm was not mea-

sured, and the lower ankle pressure values were used

for the calculation. For clinical suspicion of myocardial

ischemia or post-myocardial infarction follow-up, Tl-201

dipyridamole single-photon emission computed tomo-

graphy (SPECT) was performed on 83 subjects within 6

month before enrollment. Regional myocardial uptake

was normalized and assessed using the 17-segment

model and 5-point semiquantitative scoring system for

defect severity recommended by the American Society

of Nuclear Cardiology.
16

Summed scores were derived

from these segmental scores, including a summed rest

score (SRS; the sum of the 17 segmental rest scores) and

summed stress score (SSS; the sum of the 17 segmental

stress scores). A summed difference score (SDS; the dif-

ference between SSS and SRS) was also calculated. Blood

samples were drawn at the start of each dialysis. After

centrifugation, the plasma was stored at -80 �C before

analysis. High sensitivity C-reactive protein (HsCRP) and

TSP-1 levels were measured by enzyme-linked immu-

noassay, according to the manufacturer’s instructions

(R&D Systems, Minneapolis, MN, USA). Patients with

preexisting clinical evidence of CVD were defined as: 1)

angiographically documented coronary artery stenosis

(� 50% luminal stenosis); 2) significant myocardial is-

chemia and/or scar in SPECT (SRS > 4 or SDS > 4); ul-

trasonographically or angiographically documented sig-

nificant extracranial arterial stenosis (� 50%); 3) history

of myocardial infarction; 4) ischemic stroke or transient

ischemic attack; or 4) documented peripheral arterial dis-

ease. The primary endpoint of our study was all-cause

mortality. All the patients were prospectively followed-

up for up to 3 years from the day of blood sampling.

Statistical analysis

Continuous variables were reported as mean � stan-

dard deviation values, whereas categorical variables

were reported as numbers and percentages. Group

comparisons were performed using a 2-sample t test or

Mann-Whitney U test for continuous and categorical

variables, respectively. Univariable relationships be-

tween TSP-1 level and clinical variables, including ABI

and left ventricular ejection fraction (LVEF), were as-

sessed with the Pearson correlation coefficient (r). Inde-

pendent predictors of underlying CVD were determined

by multivariate logistic regression analysis. For out-

comes analysis, circulating TSP-1 levels were divided

into 3 tertiles (TSP-1 level � 3 �g/mL, n = 48; 3 �g/mL <

TSP-1 level � 4.6 �g/mL, n = 45; TSP-1 level > 4.6 �g/mL,

n = 47) and analyzed as categorical variables. Survival
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rates were estimated using Kaplan-Meier curves and

compared using the log-rank test. Cox proportional ha-

zards models were applied to calculate hazard ratio (HR)

with or without adjustments. The results were pre-

sented as HR and 95% confidence interval (CI). Analyses

were performed using the Stata statistical software (re-

lease 10.0, StataCorp LP, College Station, TX, USA). All

the statistical tests were 2-sided, with p < 0.05 con-

sidered statistically significant.

RESULTS

Association between TSP-1 level and cardiovascular

disease

Among the 140 maintenance hemodialysis patients

(mean hemodialysis duration, 6.7 years), 61 (44%) had a

diagnosis of CVD before enrollment (CAD in 40, cere-

brovascular disease in 24, PAD in 21; Table 1). Overall,

the mean age of the participants was 61 years, and 38%

of them were male. Compared with those without CVD,

the patients with CVD were older, had a higher preva-

lence of hypertension, diabetes, hyperlipidemia, higher

percentages of antiplatelet agent use, and had lower

ABI and LVEF values. In the biomarkers analyses, the cir-

culating TSP-1 concentrations were significantly higher

in hemodialysis patients with CVD than in those without

CVD (5.41 � 3.41 vs. 3.35 � 1.61 ng/mL, p < 0.001). The

difference persisted after adjusting age, gender, hyper-

lipidemia, hypertension, fasting glucose, duration of di-

alysis, and antiplatelet agent use (p = 0.002). The hsCRP

levels were also higher in CVD group patients (p = 0.04).
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Table 1. Baseline characteristics of study population with and without preexisting clinical evidence of cardiovascular disease

Parameter
All patients

N = 140

CVD

n = 61

Non-CVD

n = 79
p value

Age (yr) 61.0 � 12.4 64.0 � 10.4 58.7 � 13.4 0.010

Male gender (%) 53 (38%) 27 (44%) 26 (33%) 0.170

Duration of dialysis (yr) 6.7 � 3.5 7.6 � 3.8 6.1 � 3.2 0.010

Hypertension (%) 78 (56%) 43 (70%) 35 (44%) 0.002

Diabetes mellitus (%) 69 (49%) 40 (66%) 29 (37%) < 0.001 <

Hyperlipidemia (%) 53 (38%) 26 (49%) 23 (31%) 0.040

Smoker (%) 24 (17%) 15 (25%) 09 (12%) 0.040

Medications (%)

Statins 17 (12%) 08 (13%) 09 (11%) 0.760

Beta-blockers 28 (20%) 15 (25%) 13 (16%) 0.230

ACEi/ARBs 30 (21%) 17 (28%) 13 (16%) 0.100

Aspirin 47 (34%) 30 (49%) 17 (22%) < 0.001 <

Cilostazol 20 (14%) 13 (21%) 7 (9%) 0.040

BUN (mg/dl) 064.3 � 19.8 66.4 � 17.3 62.7 � 21.5 0.270

Creatinine (mg/dl) 10.7 � 2.6 10.4 � 2.10 11.0 � 2.80 0.140

Albumin (g/dl) 03.87 � 0.35 3.83 � 0.28 3.91 � 0.39 0.190

Hemoglobin (g/dl) 09.9 � 1.2 9.8 � 1.2 9.9 � 1.1 0.670

Fasting glucose (mg/dl) 148 � 70 168 � 810 133 � 560 0.003

Hemoglobin A1c (%) 07.3 � 1.5 7.9 � 1.7 6.8 � 1.4 0.010

Total cholesterol (mg/dl) 187 � 40 192 � 410 183 � 400 0.200

LDL-C (mg/dl) 120 � 30 123 � 340 118 � 270 0.380

Intact PTH (pg/ml) 0301 � 298 247 � 292 332 � 342 0.070

LVEF 00.60 � 0.14 0.55 � 0.14 0.64 � 0.11 0.010

Ankle-brachial index 00.93 � 0.22 0.84 � 0.26 0.99 � 0.16 < 0.001 <

hsCRP (mg/dl) 02.34 � 1.96 2.77 � 2.02 2.05 � 1.87 0.040

Thrombospondin-1 (ug/ml) 04.25 � 2.74 5.41 � 3.41 3.35 � 1.61 < 0.001 <

ACEi/ARBs, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers; BUN, blood urea nitrogen; CVD, cardiovascular

disease; hsCRP, high sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; LVEF, left ventricular ejection fraction;

PTH, parathyroid hormone.



In the univariate correlation analyses, TSP-1 level was

negatively correlated with ABI (r = -0.40, p < 0.001) and

LVEF (r = -0.23, p = 0.01), but was not associated with

hsCRP. SRS, the indicator of myocardial scar burden de-

rived from SPECT, was positively correlated with TSP-1 (r

= 0.33, p = 0.02). To evaluate the relationship between

TSP-1 and CVD in the hemodialysis subjects, stepwise

logistic regression analysis was performed using the

presence of CVD as a dependent variable. TSP-1 level

was independently associated with the presence of CVD,

with an odds ratio of 1.38 (95% CI, 1.09-1.75, p = 0.008;

Table 2).

Association between TSP-1 level and outcomes

During the follow-up period (34 � 7 months), 31 pa-

tients (22%) died, 16 (51.6%) of them caused by CVD.

None of the patient were lost follow-up. Non-cardio-

vascular causes of death consisted of sepsis in 8 pa-

tients, hyperkalemia in 2, chronic obstructive pulmo-

nary disease in 2, gastrointestinal bleeding in 1, and

other causes in 2. The characteristic differences of sur-

vivors and nonsurvivors were demonstrated in Table 3.

Nonsurvivor patients were older, with poor sugar con-

trol, impaired LVEF, lower albumin level, and higher

TSP-1 concentrations (5.66 � 3.93 vs. 3.84 � 2.16 �g/mL,

p < 0.001).

The outcomes analysis included all-cause mortality

and cardiovascular mortality. Figure 1 shows the Kaplan-

Meier survival curves for all-cause and cardiovascular

mortality according to TSP-1 levels. The patients with

TSP-1 levels in the highest tertile (TSP-1 level > 4.6

�g/mL, mortality rate 34%) and middle tertile (3 �g/mL
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Figure 1. Kaplan-Meier survival curves for all-cause mortality and car-

diovascular mortality according to cut-off values of thrombospondin-1 in

hemodialysis patients. (Highest tertile: TSP-1 level > 4.6 �g/mL, middle

tertile: 3 �g/mL < TSP-1 level � 4.6 �g/mL, lowest tertile: TSP-1 level � 3

�g/mL). TSP-1, Thrombospondin-1.

Table 3. Baseline characteristics of study population according

to survival or not

Parameter
Alive

N = 109

Expired

N = 31
p value

Age (year) 59.8 � 12.1 65.4 � 12.7 0.03

Male gender (%) 40 (37%) 13 (42%) 0.60

Hypertension (%) 55 (50%) 23 (74%) 0.02

Diabetes mellitus (%) 49 (45%) 20 (65%) 0.06

Hyperlipidemia (%) 42 (39%) 11 (35%) 0.79

Smoker (%) 16 (15%) 08 (26%) 0.15

Duration of dialysis (yr) 6.5 � 3.4 7.5 � 3.7 0.16

Cilostazol treatment (%) 10 (9%) 10 (32%) 0.001

Albumin (g/dl) 3.91 � 0.32 3.75 � 0.40 0.03

Hemoglobin (g/dl) 9.8 � 1.2 9.9 � 1.2 0.84

Fasting glucose (mg/dl) 141 � 640 173 � 850 0.03

Total cholesterol (mg/dl) 187 � 390 186 � 440 0.91

LVEF 0.62 � 0.13 0.55 � 0.15 0.04

Ankle-brachial index 0.94 � 0.21 0.87 � 0.26 0.11

hsCRP (mg/dl) 2.32 � 1.95 2.42 � 2.01 0.82

Thrombospondin-1 (ug/ml) 3.84 � 2.16 5.66 � 3.93 < 0.001

hsCRP, high sensitivity C-reactive protein; LVEF, left ventricular

ejection fraction.

Table 2. Forward stepwise logistic regression analysis showing

odds ratios for the prevalence of cardiovascular

disease in the hemodialysis patients

Parameters OR 95% CI p value

Thrombopondin-1 1.38 1.09-1.75 0.008

Age 1.04 1.00-1.09 0.030

Smoking 3.18 1.07-9.48 0.040

Diabetes 2.92 1.28-6.69 0.010

Hyperlipidemia 3.01 1.26-7.19 0.010

Variables included in the original model are thrombospondin-1,

age, sex, duration of dialysis, hypertension, diabetes,

hyperlipidemia, smoking, creatinine, fasting glucose, HbA1c,

total cholesterol, LDL-C, and hsCRP.

CI, confidence internal; OR, odds ratio.



< TSP-1 level � 4.6 �g/mL, mortality rate 25%) had a sig-

nificantly higher mortality rate than those with TSP-1

levels in the lowest tertile (TSP-1 level � 3 �g/mL, mor-

tality rate 8%). The patients in the highest tertile of

TSP-1 levels also had higher cardiovascular mortality

than those in the lowest tertile. After adjusting for age

and gender, the patients with TSP-1 levels in the highest

tertile had a 5.32- and 6.75-fold higher risk for all-cause

and cardiovascular mortality than those in the lowest

tertile (model 1, Table 4). Because the baseline CVD

diagnosis was believed to be an important confounder,

the Cox proportional hazard model analysis, including

preexisting CVD and parameters with p value < 0.1 in

Table 3, was performed. As shown in model 2, higher

TSP-1 level still predicted a worse outcome (highest

tertile vs. lowest tertile: HR, 8.71; 95% CI, 1.36-55.68; p

= 0.02), although this impact was attenuated in cardio-

vascular mortality analysis.

DISCUSSION

To the best of our knowledge, this is the first pre-

sented study to evaluate the association of circulating

TSP-1 levels with CVD and mortality in patients under

regular hemodialysis. We demonstrated that TSP-1 con-

centrations were significantly higher in the ESRD pa-

tients with CVD than those without CVD. Higher TSP-1

levels were independently associated with worse overall

survival within the 3-year follow-up period.

Previous studies on TSP-1 expression mostly focused

on its role in tissue repair, including hemostasis, cell

adhesion, migration, proliferation, extracellular matrix

expression and organization, and regulation of growth

factor activity.
17

Nevertheless, it is also involved in mul-

tiple steps of the inflammatory process and regulates

cardiovascular function. TSP-1 is produced by all vas-

cular cell types, and it modifies cellular response from

an extracellular position. TSP-1 limits the angiogenic

activity of NO in endothelial cells, its vasodilator activity

in vascular smooth muscle, and its antithrombotic ac-

tivity in platelets.
18

Loss of either TSP-1 expression or its

receptor CD47 in transgenic mice results in hyper-

dynamic response to NO and shows improved abilities

to respond to ischemic stress.
19

In an animal model of

atherosclerosis, an increased TSP-1 level in the matrix

surrounding arterial vascular smooth muscle cell also

supported its role in vascular function regulation.
20

A

study conducted by Smadja et al. demonstrated that

PAD patients had higher TSP-1 concentrations than

the healthy controls, and the increased TSP-1 level was

believed to reflect an overexpression in ischemic tissues.
15

This result was supported by our finding that patients

with abnormal ABI had significantly higher TSP-1 levels

than those with normal ABI (5.00 � 3.60 vs. 3.80 � 1.96

�g/mL, p = 0.01). Moreover, the cross-sectional analysis

not only confirmed the correlation between TSP-1 level

and CVD in ESRD patients, the prospective survival an-

alysis in our study further extended its role into out-

come prediction.
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Table 4. Multivariate Cox proportional hazards analyses of thrombospondin-1 level for all-cause and cardiovascular mortality during

3-year follow-up

Model 1 Model 2
n

HR 95% CI p HR 95% CI p

All-cause mortality

Lowest tertile 48 1.00 1.00

Middle tertile 45 3.15 1.00-9.910 0.050 2.05 0.28-14.89 0.48

Highest tertile 47 5.32 1.78-15.94 0.003 8.71 1.36-55.68 0.02

p for trend 0.002 00.009

Cardiovascular mortality

Lowest tertile 48 1.00 1.00

Middle tertile 45 1.76 0.29-10.55 0.570 1.34 0.02-88.03 0.89

Highest tertile 47 6.75 1.49-30.60 0.010 25.190 00.76-834.65 0.07

p for trend 0.005 0.04

Model 1 adjusted for age and gender; Model 2 adjusted for age, gender, hypertension, diabetes, fasting glucose, albumin, left

ventricular ejection fraction, cilostazol treatment, and pre-existing CVD. CI, confidence internal; HR, hazard ratio.



Another notable finding in our study was the rela-

tionship between plasma TSP-1 concentration, LVEF, and

scar burden in ESRD patients. Because TSP-1 level was

negatively correlated with LVEF but positively correlated

with scar burden, we suggest that the elevated TSP-1

concentrations in the patients with higher scar burden

and impaired LVEF reflect the ongoing process of tissue

fibrosis, remodeling, and angiogenesis, which might not

be limited in the myocardium. In fact, the roles of TSP-1

expression in cardiac remodeling and heart failure have

been investigated recently. TSP-1 is a known regulator of

latent TGF-� activation in multiple cell types, including

cardiac fibroblast, and plays a role in wound healing and

fibrosis. Induced in healing myocardial infarcts, TSP-1 is

found to suppress postinfarction inflammatory response,

inhibit local angiogenesis, and limit expansion of gra-

nulation tissue into the noninfarcted area.
21

In diabetic

cardiomyopathy, cardiac fibrosis is associated with

marked TSP-1 upregulation, which is believed to play an

important role in matrix preservation and dilative re-

modeling prevention.
22

In an animal model of age-

related heart remodeling and heart failure, increased

TSP-1 levels in cardiomyocytes identified the failure-

prone heart.
23

Circulating TSP-1 levels were also demon-

strated to be higher in patients with acute heart failure

than in healthy controls.
24

The causal relationship between TSP-1 and CVD in

ESRD is another important issue. Plasma TSP-1 con-

centrations may indicate the process of fibrosis, re-

modeling, and angiogenesis after arterial stenosis, and

the upregulated TSP-1 could have direct impact on vas-

cular function. In our study, the major causes of renal

failure consisted of diabetes, hypertension, glomerulo-

nephritis, and interstitial nephritis, which might have

contributed and/or interfered with the predictive value

of TSP-1 expression. A growing body of evidence sug-

gests that high glucose stimulates TSP-1 expression in

various cell types, and leptin upregulates TSP-1 expres-

sion in vascular smooth muscle cell.
25,26

Furthermore,

TSP-1 modulates TGF-� related renal injury in patient

with diabetes and obesity.
27,28

Our results also demon-

strated that TSP-1 levels were higher in those with dia-

betes (4.80 � 3.50 vs. 3.71 � 1.57, p = 0.02). However,

compared with 40 age- and sex-matched controls at risk

for CVD with preserved renal function, our hemodialysis

patients did not have significantly higher TSP-1 con-

centrations (p = 0.37, data not shown).

Our present study had some limitations. First, the

sample size and follow-up duration were inadequate to

obtain conclusive data. Second, the causal relationship

between TSP-1 and CVD in patients with ESRD could not

be clarified in this cross-sectional study design. Finally,

the differences in plasma level between before and

those after hemodialysis need further investigation.

However, TSP-1 is a large homotrimeric molecule (420

kDa), a feature precluding its dialysability.

CONCLUSIONS

Plasma TSP-1 concentration was higher in hemo-

dialysis patients with preexisting clinical evidence of

CVD than those without, and was also an independent

predictor of all-cause mortality during the 3-year fol-

low-up period. These findings provide evidence of the

correlation between TSP-1 and CVD in ESRD. TSP-1 ex-

pression deserves further comprehensive pathophy-

siological study and should be considered as a novel

parameter in outcome prediction in patients undergoing

hemodialysis.
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