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Type 2 diabetic patients have high plasma secreted protein acidic and rich in cysteine (SPARC) 
levels. We aimed to find the association between SPARC levels, type 2 diabetes mellitus 
(T2DM) and incidence of coronary artery disease with the objectives to investigate SPARC 
levels with the severity of coronary artery lesion in T2DM patients with and without coronary 
artery disease (CAD). A single center cross sectional study was conducted with 160 samples. 
All ethical principles were followed. The patients were categorized in to group A (C), group B 
(T2DM only), group C (CAD with T2DM), D group (CAD only) for SPARC analysis by Elisa. 
Gensini score was calculated for coronary stenosis. Patients with liver and kidney dysfunctions 
were excluded. We found a highly significant difference and association between the serum 
SPARC level and Gensini score between groups. This study identifies the possibility of SPARC 
as a new early biomarker for diagnosing CAD in diabetic patients.
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Introduction 

Type 2 diabetes mellitus (T2DM) is on the verge of becoming a pandemic in India 
[30]. Coronary artery disease (CAD) is a major cause of death and disability among 
people with T2DM [10, 22]. Statistical predictions denote that by the end of year 
2025, 80.9 million people will have diabetes in India, with an evidence of increased 
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prevalence of CAD among T2DM patients [19, 24]. Secreted protein acidic and rich 
in cysteine (SPARC), also known as BM-40 and osteonectine, is non-collagenous 
[21] as well as collagen-binding protein [3]. This molecule plays an important non-
structural role in extracellular matrix of bone [5], and has three structural domains 
with active glycoproteins [17], which were initially reported from bones and named 
as osteonectine [21].This is an extracellular matrix-related glycoprotein with molecule 
low molecular weight, which is secreted by heart, brain, kidney, pancreas and skeletal 
muscle. SPARC in human blood is differentiated mainly from the subcutaneous adipose 
tissue [23]. Importantly, SPARC protein and gene expression or its serum level changes 
are during a variety of conditions. Based on its participation in angiogenesis and repair 
of damaged tissues [1], clinical researches should focus on relationship of SPARC with 
tumor and wound healing [27]. 

Recent research has shown that SPARC is involved in the pathophysiological 
processes of obesity [23], insulin resistance [26] and type 2 diabetes [7, 15]. Newly 
diagnosed T2DM patients also do possess high plasma SPARC levels [7]. T2DM is an 
independent risk factor for CAD; hence the close relationship between SPARC, T2DM 
and its complications suggest that there exists certain relevance between SPARC and 
the incidence of CAD.

Previous studies have shown that SPARC is highly expressed in T2DM and CAD 
[10, 30], however, the relationship between SPARC and T2DM combined with CAD 
has not been reported so far. Quantitative coronary angiography reports investigated by 
Gensini scoring can explore the quantitative analysis of coronary stenosis. The present 
study was aimed to investigate the association between serum SPARC levels, T2DM 
and incidence of CAD with the objectives to assess SPARC levels in T2DM patients 
with and without CAD and to investigate the correlation of serum SPARC levels with 
the severity of coronary artery lesion in T2DM patients with coronary heart disease.

Materials and Methods

Study population
A single center cross-sectional study was conducted. All ethical principles for human 
research were followed and ethical approval was obtained from the Institutional Ethics 
Committee of the hospital from where the data was collected. The age of the study 
subjects was given a cut-off at 75 years due to marginal benefits marked during the 
follow-ups. Hence, a conservative approach is proven to be appropriate for the above-
mentioned age, which itself indicates a poor prognosis with an average yearly mortality 
rate of 33%–35% [2]. The sample size was estimated by consulting a statistician and 
using the statistical software G* Power 3.0.10. One hundred and sixty subjects were 
selected for the study by systematic sampling strategy. This consists of 40 healthy 
controls, 40 patients with T2DM, 40 cases with CAD and diabetes, 40 patients with 
CAD without diabetes. The above patients were named group A (healthy), group B 
(T2DM only), group C (T2DM with CAD), D group (CAD only). 

The inclusion criteria recruited the participants above 18 years of age and either 
sex. The patients who report for routine health checkups with no relevant medical 
history were taken as control group A. Group B (T2DM only) followed WHO 
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diagnostic criteria of 1999 for diagnosis of diabetes assessment. Diagnosis criteria of 
CAD were defined according to the stenosis involvement percentages in the involved 
artery. Exclusion criteria included persons with a previous history of coronary artery 
bypass graft (CABG), and recanalized normal looking coronary arteries with or 
without in-stent restenosis coronary arteries as well as patients with severe liver and 
kidney dysfunction, hyperlipidemia and arthritis. Samples with previous history of 
myocardial infarction, post-trauma and infection, cancer patients treated with chemo/
radiation therapy were also excluded.

Database Pooling
i. SPARC determination: Fasting blood samples (3mL) were collected from 

all groups into vacutainers. Samples were held on upright position for 30 min 
before centrifugation. Samples were centrifuged for 3000 rpm at 25°C for 15 min. 
After collecting the serum, the SPARC levels (ug/L) were quantified using enzyme-
linked immunosorbent assay (ELISA), as per manufacturer’s instructions. Company: 
Krishgen Biosystems.

ii. Determination of biochemical indicators: Fasting blood samples (3 mL) were 
collected from all the study participants for biochemical investigations. Fasting blood 
sugar (FBS) was assessed for group A participants for confirming their blood glucose 
levels. HbA1c (to assess about active control of diabetes), lipid profile tests (Insulin 
resistance and T2DM have been constantly associated with high triglyceride and low 
HDL-cholesterol levels) and C-peptide release test were performed for participants 
with highly elevated HbA1c using the standard biochemical procedures and tests 
(Indicative of uncontrolled diabetes) values in groups B and C.

iii. Quantitative analysis of coronary stenosis by Gensini: The Gensini scoring 
system used an ordinal ranking based on stenosis severity in 11 coronary segments 
(score range, 0 to 72)[11]. Non-stenosed arteries were recorded with 0 point. 1% to 
25% stenosis was recorded with 1 point. 26%-50% stenosis was recorded with 2 points. 
51% to 75% stenosis was recorded with 4 points. Patients with 76% to 90% were 
recorded with 6 points. 91% to 99% stenosis was recorded as 16 points. 100 percent 
stenosed arteries were recorded with 32 points. LMCA with CVD were recorded as 
five points. LAD or LCx proximal segment lesion was recorded with 2.5 points. The 
middle of the LAD artery lesion was recorded with 1.5 points. The LAD artery distal 
lesions were recorded with 1 point. Lesions from middle and distal sections of LCx 
after obtuse marginal branch were recorded with 1 score. RCA lesions were recorded 
1 score. Small branch lesions of RCA were recorded with 0.5 score. Total score of 
coronary artery lesions were the sum of each segment.

Clinical end point definitions
WHO diagnostic criteria of 1999 were used for the diagnosis of diabetes: the 

symptoms of diabetes combined with plasma glucose≥11.1mmol/L (200mg/dL) at any 
time, or FPG≥7.0mmol/l (126mg/dL),or OGTT 2h PG≥11.1mmol/L (200mg/dL), and 
it is necessary to be repeated to confirm with diabetes [6]. Diagnosis criteria of CAD 
were defined according to the stenosis involvement percentages in the involved artery. 
A stenosis diameter of 50% or >50% in one or more sites of the coronary artery was 
regarded as CAD. In this system, we observed three major coronary arteries including the 
left anterior descending (LAD) with its diagonal (DIAG) branch, left circumflex (LCx) 
with its obtuse marginal (OM) branch and RCA with its PDA and PLB branches [11].
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Statistical analysis of the present study was performed using the GraphPad Prism 
v9. The participants were named group A (healthy), group B (T2DM only), group C 
(T2DM with CAD), group D (CAD only). Descriptive statistics was used to summarize 
the data and results were expressed in mean difference. One way ANOVA, followed 
by Tukey’s multiple comparisons was employed to compare the serum SPARC levels 
among the different groups. The association between the biochemical indices (HbA1C) 
and serum SPARC level for Group B and C was statistically assessed using Pearson’s 
correlation. Further, the association between the Gensini score and serum SPARC level 
for Group C and D was statistically assessed using Pearson’s correlation. Multiple linear 
regression analysis was performed to assess the relevance between SPARC levels and 
T2DM combined with age and gender. P<0.05 was considered statistically significant.

Results

The healthy controls- Group A, T2DM- Type 2 diabetic mellitus- Group B, T2DM with 
CAD- Type 2 diabetic mellitus with coronary artery disease- Group C, CAD-coronary 
artery disease- Group D differed significantly among each other in terms of SPARC 
level (ug/L) (One-way ANOVA, p<0.05). While comparing the groups pair-wise, we 
found a highly significant difference in the serum SPARC levels (ug/L) between the 
A vs C and D groups (Tukey’s multiple comparison, p<0.0001), and the B vs C and D 
groups (Tukey’s multiple comparison, p<0.0001 and p=0.003, respectively). Overall, 
the highest mean serum SPARC level (ug/L) was observed in C group (x=9.94), followed 
by D group (x=8.3).The mean SPARC level (ug/L) was found to be discernibly low 
among B (x=4.90) and A (x=3.14) groups (Table 1, Fig. 1).

Table 1. Multiple comparison based on Elisa reports among four group of samples (n=160).

Groups Group 1 (V1) Group 2 (V2)

Samples

Mean V1 Mean V2 MD p-value

Healthy
Controls

A T2DM (B) 3.141 4.903 -1.762 0.2579

A T2DM with 
CAD (C) 3.141 9.941 -6.799 <0.0001****

A CAD (D) 3.141 8.3 -5.159 <0.0001****

Diabetic

T2DM (B) T2DM with 
CAD (C) 4.903 9.941 -5.038 <0.0001****

T2DM(B) CAD (D) 4.903 8.3 -3.397 0.0028***

T2DM with CAD 
(C) CAD (D) 9.941 8.3 1.64 0.3195

The results based on SPARC Elisa Kit reports expressed in (ug/L) for each group 
Statistical test used: Post Hoc (Tukeys test), p<0.01****indicates highly significant difference, 
p<0.05***indicates significant difference, p>0.05 indicates non significant difference between dependant 
variable and comparison variables.
Abbreviations: MD-Mean difference, A- Healthy Controls, B-T2DM – Type 2 diabetic mellitus, C-T2DM 
with CAD – Type 2 diabetic mellitus with coronary artery disease, D- CAD – coronary artery disease
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We found a significant association between serum SPARC levels (ug/L) and 
Gensini score for both C (Pearson’s correlation, r=0.45, p=0.004) and D (Pearson’s 
correlation, r=0.34, p=0.029) groups (Table 2). We also observed a significant 
correlation between serum SPARC level (ug/L) and HbA1C both in B group (Pearson’s 
correlation, r=0.66, p<0.0001), and C group (Pearson’s correlation, r=0.38, p=0.016), 
the association was found to be discernibly higher in the former (Table 3, Figs. 2, 3).

Fig.1 SPARC level in four groups.

Table 2. Correlation of Elisa reports with Gensini score among group C and D samples (n=80).

Groups Correlation analysis

ELISA REPORTS
Vs.

GENSINI SCORE

T2DM with CAD (C) r 0.4482

p-value 0.0037***

CAD (D)

r 0.344

p-value 0.0298***

The results based on SPARC Elisa Kit reports expressed in (ug/L) for each group 
Statistical test used: Pearson correlation test. p<0.01****indicates highly significant difference, 
p<0.05***indicates significant difference, p>0.05 indicates non significant difference between Elisa and 
Gensini score among group C and D samples.
Abbreviations: C – T2DM with CAD – Type 2 diabetic mellitus with coronary artery disease, D – CAD- 
coronary artery disease

T2D
M

T2D
M
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To assess the effect of age and gender on the serum SPARC levels (ug/L), we 
investigated the association in a multiple linear regression framework. Serum SPARC 
level (ug/L) was highly elevated among males in the B group (|t|=4.75, p=0.009); but 
not in C and D groups. Further, older age was found to be significantly associated with 
higher serum SPARC levels (ug/L) in the B (|t|=7.37, p=0.002) and D (|t|=2.15, p=0.038) 
groups, but not in the C group. While the length of years being diabetic has significant 
association with serum SPARC level (ug/L) among patients with C (|t|=2.56, p=0.02), no 
such association was observed among B group patients (|t|=1.42, p=0.23). Congruent with 
the correlation analysis, serum HbA1C level was found to be significantly associated with 
serum SPARC level (ug/L)in both B and C groups (|t|=10.1, p=0.0005, |t|=2.28, p=0.034 
respectively). However, as depicted by the correlation analysis, the association was found 
to be discernibly higher in the former. 

Fig. 2. SPARC levels vs biochemical indices 
(HbA1C) in T2DM cases.

Fig. 3. SPARC levels vs biochemical indices 
(HbA1C) in T2DM with CAD.

Table 3. Correlation of Elisa reports with HBA1C among group B and C samples (n=80).

Groups Correlation analysis

ELISA REPORTS
Vs.

HBA1C

T2DM (B)
r 0.6603

p-value <0.0001****

T2DM with CAD (C) r 0.38

p-value 0.0156***

The results based on SPARC Elisa Kit reports expressed in (ug/L) for each group 
Statistical test used: Pearson correlation test. p<0.01****indicates highly significant difference, 
p<0.05***indicates significant difference, p>0.05 indicates non significant difference Elisa and 
HBA1C among group B and C samples
Abbreviations: B-T2DM- Type 2 diabetic mellitus, C - T2DM with CAD- Type 2 diabetic mellitus with 
coronary artery disease,
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Discussion

The healthy controls- Group A, T2DM – Type 2 diabetic mellitus- Group B, T2DM 
with CAD – Type 2 diabetic mellitus with coronary artery disease- Group C, CAD- 
coronary artery disease- Group D. Diabetic subjects have higher prevalence as well as 
increased risk of CAD than the non-diabetic counterparts [19, 24]. Left main coronary 
artery (LMCA) and its branches were observed as narrower in diabetic patients than in 
non-diabetics, when the diameters of both were compared using qualitative comparative 
analysis (QCA). Evidence for the narrowing of lumen diameter of coronary arteries in 
patients with diabetics and several factors affecting the lumen diameters have been 
studied previously in different countries on different populations [1, 6-7, 15-16]. The 
improved awareness and enhanced treatment options can control the cardiovascular 
risk factors in participants with known diabetes [4].

SPARC is involved in insulin resistance by activating PI3K/AKT pathway, which 
is the major insulin transduction pathway. SPARC and inflammatory factors during 
CAD causes severe vascular stress reactions. SPARC can lead to changes in the 
structure of extracellular matrix by affecting the deposition of fibronectin and laminin 
[18], can regulate cell migration, and has anti-cell adhesive effect. Studies have shown 
that SPARC is closely related to inflammatory response factors and adipose factors 
[13]. In the present study, we observed significant association between serum SPARC 
levels and HbA1C both in group Band group C, the association was found to be 
discernibly higher in the former.

The possible mechanism of SPARC is the occurrence and development of insulin 
resistance. Related research has shown that SPARC can inhibit the proliferation 
and differentiation of VEGF, PDGF and FGF stimulated fibroblasts, smooth muscle 
cells and endothelial cells to impede the vascular repair process. This phenomenon 
can damage the blood vessel barrier to induce atherosclerosis as time advances, and 
promotes the deposition of smooth muscle cells in the intima to a rapid progression of 
vascular endothelial atherosclerosis [25].  In our study, while the length of years being 
diabetic had significant association with serum SPARC levels among patients with 
group C, no such association was observed among group B patients. We could relate 
that adiponectin can relieve the inflammation of endothelial cells, protect vascular 
endothelial and increase insulin sensitivity. When oxidative stress occurs, SPARC 
secretion increases in the body. SPARC is positively correlated with adiponectin and 
leptin, which can activate the tyrosine kinase (JAK) signaling system, which are the 
relative factors to be involved in the formation of atherosclerosis [12].

SPARC damages the vascular barrier and thus participates in the formation 
of coronary atherosclerosis [14, 28]; thus SPARC levels can be use as predictor of 
coronary atherosclerosis. In the present study, the mean SPARC level was found to 
be discernibly low among group A and was increased in group B. The highest mean 
serum SPARC level was observed in group C followed by group D and group B. 
Increased SPARC in obese and T2DM subjects suggested that SPARC may play a 
role in pathogenesis of both obesity and diabetes [31].SPARC can cause fatty fibrosis, 
increase excessive lipids in circulation by re-locating it from liver, pancreas, blood 
vessels and other non-adipose tissues [25]. This process causes increased levels of 
triglycerides in the circulating blood, thereby leading to the development of insulin 
resistance and is gender specific.
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Authors have reported that inhibition of adipose tissue build-up along with the 
increased consumption of dietary lipids contributes majorly to systemic hyperlipidemia 
and influx of triglycerides to the vital organs, ultimately leading to insulin resistance 
[20]. The discovery of a potential novel function for SPARC in the control of insulin 
secretion relevant to the onset of Type 2 diabetes is described by Harries et al. [8]. 
By reducing the expression of RGS4, SPARC was able to control insulin secretion, 
demonstrating that SPARC was important for both G-protein signaling in beta cells as 
well as insulin secretion physiology [9]. Since inflammatory cytokine itself can cause 
atherosclerosis, SPARC can promote the occurrence of CAD through this synergistic 
effect. We could relate these findings to the present study as the association in a multiple 
linear regression framework with effect of age and gender on the serum SPARC level, 
the male gender is highly significantly associated with higher serum SPARC level in 
the group B patients but not in the group C and D patients.

Different “jeopardy scores” were developed to quantitate plaque burden, to predict 
patient-based clinical outcomes and to identify the risk factors for the presence of 
atherosclerosis and its progression. Serum SPARC level is elevated in T2DM patients 
with coronary heart disease, which can be correlated with the severity of coronary 
artery disease significantly[29].The Gensini scoring system used an ordinal ranking 
based on stenosis severity in 11 coronary segments (score range, 0 to 72) [11]. In our 
study, we found significant association between serum SPARC level and Gensini score 
for participants from both groups C and D. The scoring indices were higher in group 
C patients compared to group D. Thus, we can correlate that the SPARC values and 
Gensini scores were interrelated and has higher predictive value.

Conclusion

SPARC levels can be used as predictor of coronary atherosclerosis. It is hypothesized 
that if we can reduce SPARC content during the onset of T2DM, risk of` CAD could 
be delayed. This study identifies the possibility of SPARC as a new early biomarker 
for diagnosing CAD in diabetic patients. This study may enable better life in patients 
diagnosed with diabetes and to deliver improved outcomes for diabetic patients when 
combined with clinical diagnostics.
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