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ABSTRACT
Aims/Introduction: Thrombospondin-1 (TSP-1) participates in a series of physiological
and pathological processes by binding to various receptors regulating cell proliferation,
adhesion and apoptosis. Elevated circulating TSP-1 is linked with diabetic vascular
complications (DVC). This study aimed to determine the relationship between circulating
TSP-1 levels and DVC.
Materials and Methods: A comprehensive search of PubMed, Embase, Web of
Science and CNKI databases was carried out. A meta-analysis was carried out to compare
circulating TSP-1 levels between diabetes patients without vascular complications (DNVC),
diabetes patients with DVC and non-diabetes patients. The correlation between TSP-1 and
metabolic parameters was also analyzed. Subgroup analysis was carried out according to
complication type, defined as diabetic retinopathy, diabetic nephropathy and diabetic
cardiovascular disease (DCVD).
Results: A total of eight studies were included. Compared with non-diabetes patients,
diabetic patients, including DNVC and DVC, had significantly higher circulating TSP-1 levels
(standardized mean difference [SMD] 2.660, 95% CI 1.17–4.145, P = 0.000). DNVC had
significantly higher circulating TSP-1 levels than non-diabetes patients (SMD 3.613, 95% CI
1.607–5.619, P = 0.000). DVC had significantly higher TSP-1 levels than DNVC (SMD 0.568,
95% CI 0.100–1.036, P = 0.017). TSP-1 was significantly positively correlated with fasting
plasma glucose (overall Fisher’s z = 0.696, 95% CI 0.559–0.833) and HbA1c (overall Fisher’s
z = 0.849, 95% CI 0.776–0.923).
Conclusions: Elevated circulating TSP-1 levels are closely related to DVC, especially in
diabetic nephropathy and diabetic cardiovascular disease. Circulating TSP-1 detection
might be helpful in the timely diagnosis and treatment of DVC.

INTRODUCTION
Diabetes, a metabolic disease characterized by chronically ele-
vated blood glucose levels due to insulin deficiency, is a serious
health problem in many developed and developing countries,
and has become a major burden to human health1. During the
chronic progression of high blood glucose, persistent oxidative
stress and inflammation challenges the microenvironment of
functional cells in the eyes, kidneys and cardiovascular system,

thereby inducing dysfunction of multiple organs2. For example,
approximately one-third of diabetes patients develop renal dys-
function, and ~15–40% of diabetes patients eventually progress
to end-stage renal failure, requiring long-term hemodialysis or
kidney transplantation3. Another major diabetic complication,
diabetic retinopathy (DR), has an incidence of >50% in diabetes
patients, and has hence been recognized as one of the leading
causes of adult visual impairment4. Diabetic cardiovascular dis-
ease (DCVD) has a mortality rate of ~70–80%5, and seriously
affects the quality of life of diabetes patients6. However, due to
the lack of biomarkers in the early stage of the disease, diabetes
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patients with vascular complications (DVC) can only be diag-
nosed as such when patients present with symptoms of compli-
cations in clinic7.
Thrombospondin-1 (TSP-1) is a multifunctional, extracellular

matrix glycoprotein found in platelets, which is secreted during
platelet activation and is closely related to the pathogenesis of
many cardiovascular diseases, such as myocardial infarction,
atherosclerosis and pulmonary hypertension8–10. TSP-1 expres-
sion is also increased in many organs in animal models of obe-
sity and diabetes, such as the kidneys11, adipose tissue12,
heart13 and blood vessels14. Previous research shows a close
relationship between TSP-1 and the development of DVC. For
example, TSP-1 promotes the pathological events associated
with diabetic nephropathy (DN), such as mesangial cell prolif-
eration and increased extracellular matrix production by
mesangial cells15. By contrast, TSP-1 levels in the aqueous
humor and vitreous fluids of the eye are decreased in diabetes
patients16. These conflicting observations have made the use of
TSP-1 in diagnosing and treating DVC difficult. The relation-
ship between TSP-1, especially circulating TSP-1 levels, and
DVC is unclear.
Given this context, we carried out a meta-analysis based on

circulating TSP-1 levels in DVC, DNVC and NDM to system-
atically investigate the association between circulating TSP-1
levels and DVC, and determine the utility of TSP-1 as a novel
clinical target for the diagnosis and treatment of DVC.

MATERIALS AND METHODS
The present study was registered on the International Prospec-
tive Register of Systematic Reviews (PROSPERO); the registra-
tion number is CRD42023402960.

Search strategy
We used the following keywords “diabetes,” “diabetes mellitus,”
“DM,” “thrombospondin-1,” “TSP-1” and “THBS-1” to search
four electronic databases (CNKI, PubMed, EMBASE and Web
of Science) up to 20 February 2023. There were no language
restrictions.

Inclusion and exclusion criteria
Eligible studies were required to meet the following criteria: (1)
the study should report circulating TSP-1 levels in patients with
diabetic complications, simple diabetes without complications
and healthy individuals; (2) the diagnosis of diabetes and dia-
betic complications should be clearly stated; (3) the study
design should be observational; and (4) the study data should
be reported as mean – standard deviation or provide informa-
tion from which these measures could be derived.
The following criteria were used to exclude studies: (1) dupli-

cate studies from different databases; (2) animal studies, reviews
and individual case reports; (3) studies that used previously
published research data; and (4) literature with incomplete
information or insufficient data to calculate the statistics for the
present study.

Data extraction and quality assessment
We had two researchers independently search and screen the lit-
erature, and collect and cross-check relevant data. If the results
were inconsistent, these researchers would discuss the paper to
reach a conclusion or it would be judged by a third, senior
researcher. Standardized data extraction tables were used to
extract data from the included literature and were summarized
independently. In addition to screening the literature and extract-
ing data, the two researchers used the Newcastle–Ottawa Scale to
assess the quality of the included studies. The Newcastle–Ottawa
Scale includes three levels of study quality: low = 0–3;
medium = 4–6; and high = 7–9. The final score was calculated
based on the average score given by the two researchers.
The following data were collected: (1) first author’s name; (2)

year of publication; (3) country; (4) sample size; (5) age; (6) sex
of participants; (7) sample size of case group and control group;
(8) circulating TSP-1 levels in the case group and control group
(represented by mean – standard deviation); (9) measurement
method and assay range of circulating TSP-1; and (10) Pear-
son’s correlation coefficients between TSP-1 and metabolic
parameters.

Statistical analysis
We carefully sorted and checked the data according to the
requirements of a meta-analysis. Stata/SE15.0 software (Stata-
Corp, College Station, TX, USA) was used for statistical analysis.
Standardized mean differences (SMDs) and 95% confidence
intervals (CIs) were used for quantitative analysis of selected stud-
ies. Correlation coefficient values were converted by Fisher’s r-
to-z transformation to obtain approximately normally distributed

Figure 1 | Literature screening process and results.
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Figure 2 | Forest plot of circulating thrombospondin-1 levels in patients containing diabetic vascular complications and diabetes patients without
vascular complications compared with non-diabetes patients. CI, confidence interval; SMD, standardized mean difference.

Figure 3 | Results of the sensitivity analysis of the eight studies. CI, confidence interval.
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z-values to further calculate 95% CIs. The I2-test was used to
assess heterogeneity between studies. When I2 ≤ 50%, heteroge-
neity was considered statistically insignificant, and a fixed effects
model was used for analysis. Otherwise, a random effects model
was used for analysis. Egger’s test was used to evaluate publica-
tion bias, with P < 0.05 defining significant publication bias. Sen-
sitivity analysis was used to evaluate robustness of the results.

RESULTS
Characteristics of included studies
Our search identified 495 records. These included 135 duplicate
articles that were removed, leaving 360 articles to be screened
by title and abstract. Out of the 360 articles screened, 271 arti-
cles were excluded, because they were not related to the con-
tent of our meta-analysis. Of the remaining 89 articles, 52 were
carried out in animal or cell culture models involving the
mechanism of TSP-1 involvement in diabetes, seven were case
reports and 22 were reviews or conference abstracts where the
full text could not be found. All of these articles were excluded,
and eight studies17–24 finally met the inclusion criteria of meta-
analysis. All eight studies were case–control studies. The flow-
chart of the article selection process is shown in Figure 1.
These studies were published between 2012 and 2020, and
included a total of 604 DVC, 499 DNVC and 529 NDM. The

basic characteristics of the studies are shown in Table 1. One
study assigned DR into proliferative and non-proliferative
stages; this data was merged. The included articles were rated
as moderate or high quality according to the Newcastle–Ottawa
Scale.

Circulating TSP-1 concentrations in DVC and DNVC compared
with NDM
We pooled patients with DVC and DNVC from eight studies,
and compared circulating TSP-1 concentrations with NDM. As
there was significant heterogeneity between the studies
(I2 = 98.9%, P = 0.000), a random effects model was used. As
shown in Figure 2, compared with NDM, DVC and DNVC
had significantly higher circulating TSP-1 levels (SMD 2.660,
95% CI 1.174–4.145, P = 0.000). Egger’s test showed no publi-
cation bias (P = 0.348). Sensitivity analysis showed that exclud-
ing any individual study did not significantly affect the overall
results (Figure 3).

Circulating TSP-1 concentrations in DNVC compared with
NDM
A random effects model was used to merge study data
(I2 = 98.8%, P = 0.000). Circulating TSP-1 was significantly
higher in DNVC than NDM (SMD 3.613, 95% CI 1.607–5.619,

Figure 4 | Forest plot of circulating thrombospondin-1 levels in patients with diabetes patients without vascular complications compared with
non-diabetes patients. CI, confidence interval; SMD, standardized mean difference.
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P = 0.000; Figure 4). Egger’s test showed no publication bias
(P = 0.109).

Circulating TSP-1 concentrations in DR, DN and DCVD
compared with DNVC
Circulating TSP-1 was significantly higher in DVC than
DNVC (SMD 0.568, 95% CI 0.100–1.036, P = 0.017; Figure 5).
There was no publication bias (P = 0.131), but significant het-
erogeneity (I2 = 92.4%, P = 0.000). Subgroup analysis accord-
ing to the type of diabetes complications was carried out;
although there was no difference between patients with DR
and DNVC (SMD 0.009, 95% CI -1.531 to 1.550, P = 0.991),
circulating TSP-1 in patients with DN (SMD 1.051, 95% CI
0.840–1.263, P = 0.000) and DCVD (SMD 0.580, 95% CI
0.306–0.854, P = 0.000) were significantly higher than in
DNVC (Figure 6).

The correlation between TSP-1 and FPG
Four studies reported associations between TSP-1 and glycemic
parameters. Pooled results from these studies showed a positive
correlation between TSP-1 and FPG (overall Fisher’s z = 0.696,
95% CI 0.559–0.833). Heterogeneity was significant between
included studies (I2 = 70.2%, P = 0.018; Figure 7).

The correlation between TSP-1 and fasting insulin
Four studies showed that no correlation was observed between
circulating TSP-1 and fasting insulin (overall Fisher’s z = -
0.143, 95% CI -0.610 to 0.323). There was significant heteroge-
neity between studies (I2 = 97.4%, P = 0.000; Figure 8).

The correlation between TSP-1 and glycated hemoglobin
Data from four studies showed a significant positive correlation
between TSP-1 and glycated hemoglobin (overall Fisher’s
z = 0.849, 95% CI 0.776–0.923; Figure 9). Between-study het-
erogeneity was not significant (I2 = 26.4%, P = 0.253).

DISCUSSION
In the present study, we assessed the association between TSP-
1 and DVC. A meta-analysis was carried out to compare circu-
lating TSP-1 levels between DNVC, DVC and NDM. Circulat-
ing TSP-1 levels in distinct DVCs, and the correlation between
TSP-1 and metabolic parameters was also investigated.
We observed that circulating TSP-1 was significantly posi-

tively correlated with FPG and glycated hemoglobin, which is
in line with the effect of glucose on stimulating TSP-1
production25. In vitro research using blood vessel cells
(fibroblasts26, vascular smooth muscle cells27 and mesangial

Figure 5 | Forest plot of circulating thrombospondin-1 levels in patients with diabetic vascular complications compared with diabetes patients
without vascular complications.
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cells28) consistently shows upregulated TSP-1 expression in the
presence of glucose. Together, results suggest that TSP-1 might
link hyperglycemia and accelerated vascular complications in
diabetes.
Long-term diabetes results in structural and functional

abnormalities of blood vessels, characterized by microvascular
and macrovascular diabetic complications29. Previous studies
describe abnormal extracellular matrix accumulation as a
marker for morphological changes of target organs in diabetic
complications30–33. As a widely expressed glycoprotein, TSP-1
mediates cell communication, as well as complex interactions
between cells and the surrounding extracellular matrix34. Due
to the lack of indicators, it is difficult to diagnose and treat
DVC in time. Some previous in vitro studies based on cells
and animals have found that TSP-1 is closely related to the
pathogenesis of vascular complications. The present study
results suggested that the level of circulating TSP-1 were

elevated in patients with diabetes, and were further elevated in
diabetes patients with vascular complications. This change trend
of TSP-1 indicates that the level of circulating TSP-1 increases
with the progression of diabetes. We conclude that it might be
possible to use circulating TSP-1 levels to help diagnose and
treat in the occurrence of vascular complications of diabetes in
clinical practice.
To further determine the association between TSP-1 and dis-

tinct DCV, we analyzed circulating TSP-1 levels in different
subgroups. Significantly higher circulating TSP-1 levels were
observed in the DN and DCVD groups compared with the
DNCV group. DN is a common diabetic complication charac-
terized by increased extracellular matrix accumulation, which is
stimulated by the production and activation of transforming
growth factor (TGF)-beta35–37. In vitro studies showed that
TSP-1 is an activator of TGF-beta in DN25,38. Immunohistolo-
gical evaluation shows that, in the glomeruli of TSP-1-deficient

Figure 6 | Subgroup analysis forest plots of circulating thrombospondin-1 levels in patients with diabetic retinopathy, diabetic nephropathy and
diabetic cardiovascular disease compared with diabetes patients without vascular complications. CI, confidence interval; SMD, standardized mean
difference.
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mice, the active form of TGF-beta is significantly reduced39. In
addition, TSP-1 activates latent TGF-beta in mesangial cells cul-
tured with high glucose concentrations40. The present study

found significantly higher circulating TSP-1 levels in patients
with DN, which further confirms the association between TSP-
1 and DN. We also observed significantly higher circulating

Figure 7 | Forest plot of the correlation between thrombospondin-1 and fasting plasma glucose. CI, confidence interval; ES, Fisher’s z.

Figure 8 | Forest plots of the correlation between thrombospondin-1 and fasting insulin. CI, confidence interval; ES, Fisher’s z.
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TSP-1 levels in DCVD compared with DNVC. Previous
in vitro studies suggest that TSP-1 is a potent proatherogenic
and antiangiogenic protein. As a multifunctional protein, TSP-1
stimulates vascular smooth muscle cells proliferation14,41 and
triggers the development of atherosclerotic lesions14.
Unlike the elevated TSP-1 levels in patients with DN and

DCVD, there were conflicting observations in patients with
DR. Among the three datasets that included patients with
DR15–17, two showed significantly higher circulating TSP-1
levels in patients with DR compared with DNVC, whereas the
other dataset reported significantly lower circulating TSP-1
levels in patients with DR than DNVC. Interestingly, there are
similar observations in animal models of DR. Sheibani et al.16

reported decreased TSP-1 in the vitreous fluid of diabetic mice,
and found that a high-glucose environment suppresses TSP-1
secretion from vascular endothelial cells in a time-dependent
manner. By contrast, Xu et al.42 observed elevated TSP-1
expression in the retina of diabetic rats, whereas retinal endo-
thelial cells showed significantly increased TSP-1 after culturing
in high glucose for 48 h. No exact mechanism has been found
to explain these inconsistent results; however, they might be
related to the complex and delicate structure of eyes. Further
efforts are needed to comprehensively interpret the cell- and
tissue-specific effects of TSP-1 in the pathogenesis of DR.
The present meta-analysis investigated the association

between circulating TSP-1 levels and DVC. Although the asso-
ciation between TSP-1 and DR was undetermined due to the
cell type and tissue-specific, TSP-1 appears to have diagnostic

and therapeutic significance in DVC, especially in patients with
DN and DCVD. Further efforts are required to clarify the role
of TSP-1 in the pathogenesis of DR.
The present study was not without limitations. First, factors,

such as treatment status and blood lipid levels, might have an
impact on TSP-1; second, although we did not observe a signif-
icant difference across different laboratories, the effect of differ-
ent TSP-1 measurement methods is still unknown. Third, the
severity of complications was not graded in the original data
we included in the study; therefore, we were unable to deter-
mine the relationship between TSP-1 and different degrees of
diabetic complications. Fourth, most of participants included in
this study were from China, and our results might be more
applicable to the Chinese population. Finally, as all the studies
analyzed in this article were cross-sectional studies, whether
perturbed TSP-1 occurred before DVC cannot be concluded.
Further follow-up design in a larger cohort is warranted to
determine the causal relationship between TSP-1 and DVC.
Overall, we found that elevated circulating TSP-1 levels were

associated with an increased risk of DN and DCVD. In clinical
practice, detection of circulating TSP-1 in diabetes patients
might be helpful in the timely diagnosis and treatment
of DVC.
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