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Abstract 

 

 Background:  

Haptoglobin (Hp) is an acute phase protein that 

aids in clearance of free haemoglobin (Hb), thereby 

preventing Hb-mediated oxidative modification of 

serum or cellular proteins and lipids.  

 

 Aims:  

We aim to correlate the levels of Haptoglobin with 

known lipid markers (HDL-C, LDL-C, Total- 

Cholesterol & Triglycerides) in type 2 diabetes. 

 

 Methods:  

A case-control study was conducted enrolling 60 

patients of type 2 diabetes (as per ADA-2011 criteria) 

and 60 age & sex matched healthy volunteers. Hp levels 

were assayed by ELISA based kit method. Lipid 

parameters were estimated using standard kits on 

automated analyzer. Data analysis was done using SPSS 

software.  

 

 Results:  

Serum Hp levels were found to be significantly 

increased in type-2 diabetic patients (163.3±1.92 ng/ml) 

as compared to controls (108.7±2.68 ng/ml), p<0.001. 

Mean levels of serum HDL-C was found to be 

significantly lower in cases, p<0.001. A significant 

inverse correlation was observed between Hp levels and 

HDL-C concentration in type 2 diabetics (r = -0.53,  R2 

= 0.28,   p < 0.001). A significant positive correlation 

was observed between Haptoglobin and LDL-

Cholesterol concentrations (r = 0.37,   R2 = 0.14,   p = 

0.004) and between levels of Haptoglobin and total 

cholesterol (r = 0.34,   R2 = 0.11,   p = 0.008).  But it was 

observed that correlation between Triglycerides and 

Haptoglobin was insignificant (r = 0.17,   R2 = 0.03,   p = 

0.205). 

 

 Conclusion:  

Correlation of higher Haptoglobin levels with an 

atherogenic lipid profile suggests that serum 

Haptoglobin can be used as a test for CVD risk 

assessment in type 2 diabetics.  

 

Keywords:- Diabetes Mellitus, Acute phase protein, HDL, 

Lipids, Haptoglobin. 

 

I. INTRODUCTION 

 

Diabetes mellitus has spread globally with around 382 

million people affected by it in 2013 and expected to 

double by 2035 according to International Diabetes 

Federation [1]. The data suggest that this ever-rising illness 

affects 80% people in low and middle-income countries. 

More than 170 million people are still undiagnosed and a 
person dies from diabetes about every six seconds.[1] In 

India, it has been estimated that around 62 million people 

live with type 2 diabetes mellitus (DM) which is expected 

to rise to 101 million by 2030.[2] Studies have suggested 

that the rate of cardiovascular mortality and morbidity due 

to diabetes is almost double in India than in the U.S.[3] The 

role of oxidative stress has been recently documented in the 

pathogenesis of diabetes and related cardiovascular 

complications.[4] An early assessment of cardiovascular 

disease (CVD) risk is advocated in type 2 diabetics to 

initiate necessary circumspection.  
 

Haptoglobin is a plasma protein that binds to free-

hemoglobin released during low grade intravascular 

hemolysis.  Thereby it inhibits free hemoglobin-induced 

oxidative damage and may have a role in pathological 

conditions associated with inflammation and oxidative 

stress like type 2 diabetes. Haptoglobin (Hp) is an acute 

phase protein synthesized in liver and fat tissue. It forms a 

complex with free hemoglobin in circulation which is 

rapidly cleared by liver and macrophages. Free hemoglobin 

(Hb) gives rise to toxic effects by generating reactive 
oxygen species like hydroxyl ions during fenton’s reaction 

to contribute to oxidative stress seen in patients of type 2 

diabetes. Moreover, it has been observed that the levels of 

free Hb increases in individual with DM due to stress 

mediated RBC lysis. Among the two proteins of Hp (Hp1-1 

and Hp2-2), Hp1-1 has been documented to have higher 

antioxidant and endothelial protective function as compared 

to Hp2-2.[5] Due to increased Hb tethering to HDL via Hp 

2-2 in DM, Hp phenotype is significantly associated with 

coronary ED in DM individuals.[6] It has been observed that 

enhanced modification of lipoproteins especially HDL-C 

(high density lipoprotein cholesterol) is a major factor 
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contributing to the accelerated atherosclerosis seen in DM 

patients.[7] Serum HDL-cholesterol levels have been 

correlated positively with the reduced incidence of 

atherosclerotic complications.[8] The primary mechanism by 

which HDL-C exerts a protective role is through reverse 

transport of cholesterol by promoting its efflux from 

macrophages. In DM, the athero-protective role of HDL-C 

is impaired along with its reduced plasma 

concentrations.[9,10] Several hypotheses have been 

postulated to explain the impaired role of HDL in DM. One 
of them is oxidative modification of ApoA-I which impairs 

the efflux of cholesterol from macrophages through LCAT 

and ATP binding cassette protein pathways.[11] Another 

theory says that Haptoglobin binds to ApoA1 to inhibit its 

PLTP (Phospholipid transfer protein) enzyme inducing 

activity which affects reverse cholesterol transport.[12] 

Higher circulating levels of Low density lipoprotein-

Cholesterol (LDL-C) and total Cholesterol have classically 

been associated with increased CVD risk. Haptoglobin 

works as an antioxidant to prevent the ominous 

modification of lipids (especially HDL-C & LDL-C) and 

proteins mediated through free radicals in diabetes mellitus.  
 

In a study on Chinese patients with T2D, Hp 1-1 

phenotype was found associated with increased risk of 

incident AMI, independent of traditional risk factors. Hp 

phenotyping may allow for identification of T2D 

individuals at higher risk for onset of AMI.[13] The 

increased oxidative stress seen in both in vitro and in vivo 

patients with DM and the Hp 2-2 genotype suggests 

antioxidants as a potential target for mitigating CVD risk 

among this group. Vitamin E administration is a potential 

treatment that could provide an affordable, accessible and 
effective benefit to patients with high oxidative stresses on 

their CV system.[14] 

 

The aim of the present study was to estimate serum 

levels of Haptoglobin in type 2 diabetic subjects & healthy 

controls and correlate their levels with circulating blood 

lipids (HDL-C, LDL-C, Cholesterol-total & Triglyceride) 

in the case group to evaluate a possible role of Haptoglobin 

for CVD risk assessment in type 2 DM as dyslipidemia 

itself is a risk factor for cardiovascular disease. 

 

II. MATERIALS AND METHODS 
 

An analytical, case control study was conducted in the 

Department of Biochemistry of a tertiary care hospital with 

the enrolment of 120 subjects after an informed written 

consent. The methods used were in agreement with the 

institutional ethical committee and the Declaration of 

Helsinki. 

 

Inclusion criteria: Case group was formed by sixty 

(age group, 35-60 yrs) newly diagnosed patients of diabetes 

mellitus (based on ADA 2011 criteria) selected from the 
hospital medical OPD.  

 

 

 

Control group consisted of apparently healthy 

volunteers of comparable age group and gender (n=60). 

They visited the health care centre for comprehensive 

health check-up or were volunteers for blood donations. 

None of them had any history of intake of dietary 

supplements or multivitamins. All subjects underwent the 

same protocol. 

 

Exclusion criteria: Subjects with history of 

cerebrovascular disease, acute or chronic debilitating 
illness, pregnant or nursing women, dialysis and peripheral 

vascular disease were excluded from the study.  

 

Sample collection: Fasting venous sample was 

collected under sterile conditions in NaF-EDTA evacuated 

vials (BD Vacutainer®) for plasma and in plain vacutainer 

(no additives) for serum. Biochemical analysis was 

performed in the Clinical Biochemistry Laboratory using 

standard kits from Randox laboratories (UK) on automated 

clinical chemistry analyzer (CX series, Beckman Coulter, 

Inc. US).  All analysis was run in duplicates and average 

values were used.  
 

Biochemical analysis: Plasma glucose levels were 

estimated by Glucose oxidase method (Randox: Glucose 

GOD-PAP, GL3981). Serum HDL-Cholesterol estimation 

was done by direct clearance method which works by 

completely removing all non-HDL components including 

abnormal lipoproteins (Randox: HDL-C, CH3811). Serum 

total Cholesterol was estimated by cholesterol oxidase 

method (Randox: Total Cholesterol CHOD-PAP, CH3810). 

Serum Triglycerides were estimated using the Glycerol-

phosphate oxidase based colorimetric method (Randox: 
Triglycerides (GPO-PAP), CH 3823). Serum LDL-

cholesterol was calculated using the Friedwald’s formula 

[LDL-C = Total Cholesterol˗ (HDL-C + VLDL-C)] where 

VLDL-C = TG/5).  

 

Haptoglobin assay: A standard solid phase sandwich 

ELISA kit was used for estimation of Haptoglobin from R 

& D systems (Human Haptoglobin Quantikine™ ELISA 

Kit: R&D Systems™, DHAPG0). As per manufacturer 

instructions, the protocol was followed and all samples, 

standard and controls (10 μl) were run in duplicates taking 

all precautions mentioned. A chromogenic substance was 
added to read absorbance at 405 nm after a 4.5 hr 

procedure. Standard curve was plotted by using standards 

of known concentrations to identify the values of samples. 

Sensitivity of the assay was 0.529 ng/ml. Assay range 3.13-

200 ng/ml. <0.5% cross reactivity observed. Inter-assay 

precision of less than 8% and intra-assay less than 6%.  

 

Statistical analysis: Statistical package for Social 

Science statistical software version 20 (SPSS Inc., Chicago, 

IL, USA) was used for data analysis. Group data has been 

presented as mean values ± Standard Error of Mean 
(S.E.M). Quantitative data was assessed using independent 

sample t-test. To assess correlation between study variables 

Pearson’s correlation analysis was used. A value of p≤0.05 

was considered statistically significant.  
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III. RESULTS 

 

The baseline characteristics of the two groups were 

comparable with respect to age and sex as shown in Table 

1. Biochemical analysis revealed that serum Haptoglobin 

levels were significantly higher in cases (153.3 ± 1.92  

ng/ml) as compared to controls (98.7  ± 2.68 ng/ml), 

p<0.001 as shown in Figure 1.  Mean levels of serum HDL-

C in type 2 diabetic group was (37.3 ± 0.77 mg/dl) 

compared to controls (44.6 ± 0.85 mg/dl), p<0.001 as 
shown in Figure 2. Serum LDL-C levels were found to be 

higher in cases (78.4 ± 4.89 mg/dl) than controls (75.9 ± 

3.72 mg/dl) but the finding was not statistically significant 

(p =0.681). Similarly mean concentration of Total 

Cholesterol in the cases was insignificantly higher than 

controls (148.9 ± 5.02 mg/dl vs. 146.2 ± 3.54, p =0.659). 

However the difference in serum triglycerides was 

significant (167.2 ± 9.79 vs. 125.3 ± 4.90, p< 0.001).  

 

Pearson’s correlation analysis performed separately 

between Haptoglobin and each of the blood lipid markers 

as shown in Figure 3. HDL-Cholesterol,  which is 
considered as an  important independent risk factor for 

CVD assessment, depicted a significant and negative 

correlation with serum haptoglobin  levels  (r = -0.53,   R2 = 

0.28,   p < 0.001).  A significantly positive correlation was 

observed between Haptoglobin and LDL-Cholesterol 

concentrations (r = 0.37,   R2 = 0.14,   p = 0.004). Similarly, 

a positive and significant correlation was found between 

levels of haptoglobin and total cholesterol(r = 0.34,   R2 = 

0.11,   p = 0.008).  But it was observed that correlation 

between Triglycerides and haptoglobin was insignificant (r 

= 0.17,   R2 = 0.03,   p = 0.205).  

 

IV. DISCUSSION 
 

In an attempt to facilitate early CVD risk assessment 

in type 2 diabetics, we investigated the possible role of 

Haptoglobin, a known anti-inflammatory and antioxidant 

plasma protein. As diabetes mellitus has multi-factorial 

etiology, the precise role of inflammation in the 

pathogenesis of DM is still under evaluation. The rise in 

oxidative stress due to uncontrolled or prolonged 

hyperglycemia results in oxidative modification and 

impaired functioning of various proteins and lipids in 
patients of type 2 DM which contributes to various vascular 

complications seen in DM. 

 

In our study, we found significantly high levels of 

Haptoglobin in patients of type 2 DM as compared to their 

respective controls. Our results were in agreement with the 

findings of work done in other studies.[15,16,17] As 

Haptoglobin is a positive acute phase protein and aids in 

removal of free Hb mediated oxidative damage, the rise in 

its levels is suggestive of enhanced oxidative stress. 

Moreover, Haptoglobin is a known modulator of 
erythrocytic aggregation and it may contribute to vascular 

complications through this mechanism as well.[18] It has 

been observed that in diabetes, the removal of Hp-Hb 

complex from the circulation is impaired.[19] Several studies 

have investigated the link between Hp polymorphisms and 

CVD risk in DM.[20,21] A recent long term study stressed on 

the significance of vitamin E as an antioxidant in 

preventing the progression and development of 

complications associated with DM, thereby further 

confirming the role of oxidative stress in DM.[19] Studies 

have shown that the two alleles of Hp: Hp 1-1 and Hp 2-2 

differ in their binding capacity with non-heme iron and may 

mediate different degrees of protection in oxidative 

stress.[22] Metabolic syndrome, hypertension and 

hyperglycemia have also been linked with raised 
Haptoglobin levels.[23] Another study showed that Hp 2-2 is 

an independent risk factor for myocardial infarction.[24] 

  

We found significantly reduced levels of serum HDL-

C in cases as compared to controls as observed in some 

other studies as well.[22,25] HDL-C is a known predictor for 

cardiovascular disease in DM patients. It has been proposed 

that oxidative modification of serum lipoproteins (HDL-C 

and LDL-C) is an important predictor for atherosclerosis in 

type 2 DM.[26] Enhanced non-heme iron mediated oxidative 

stress impairs the functioning of lipoproteins through 

several mechanisms. Studies have detected substantial 
amounts of Hb associated with HDL-C in DM patients and 

it clearance is also impaired.[7,27] Pro-oxidant Hb associated 

with HDL-C in DM results in oxidative modification of 

HDL-C associated lipids and proteins like ApoA1 and 

oxidative modification of HDL-C associated enzymes like 

paraoxonase.[28] Studies have shown that there is reduced 

clearance of this Hp-Hb complex bound to HDL-C.[19] In 

DM, not only the amount of HDL-C is reduced but its 

effect in controlling atherosclerosis through reverse 

transport of cholesterol is also impaired. 

 
In this study, a significant correlation was observed 

between Hp & HDL-C levels and between Hp & LDL-C 

levels in cases. Speculated mechanism for the dysfunction 

of HDL-C by Haptoglobin is through inhibition of LCAT 

(Lecithin Acyl Transferase) mediated reverse cholesterol 

transport[29] and LCAT plays a role in maturation of HDL-

C.[30] As observed in our study, the higher levels of 

Haptoglobin correlated with reduced levels of HDL-C and 

increased levels of LDL. Another study revealed that in 

DM, Phospholipid transfer protein (PLTP) activity is 

affected which correlates well with HDL-C levels.12 PLTP 

activity is also dependent on Apo-A1 which is affected by 
Haptoglobin.[31,32] Oxidative modification of LDL results in 

its enhanced deposition in the endothelium and 

atherosclerotic lesions. Our study showed a negative 

correlation btw Hp and TG levels similar to the work of 

Adams et al.[23], although it was not statistically significant. 

The mechanism for this association is still unclear. We also 

observed a significant positive correlation of Hp with 

cholesterol suggestive of its enhanced modification and 

reduced clearance from circulation.  

 

Limitations of study: Small sample size, case control 
study are limitations of this study. 
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V. CONCLUSION 

 

Our findings suggest that newly diagnosed type 2 

diabetics have a lipid profile which is significantly more 

atherogenic as compared to healthy controls. This could be 

either the cause or effect of a state of chronic low-grade 

inflammation and oxidative stress in type 2 DM. Serum 

Haptoglobin concentration is significantly higher in type 2 

diabetics and positively correlates with an atherogenic lipid 

profile reflecting a warning sign and prompting 
circumspection. Higher levels of serum Haptoglobin in type 

2 diabetics   may be attributed to oxidative stress and low 

grade inflammation. Correlation of higher Haptoglobin 

levels with an atherogenic lipid profile suggests that serum 

Haptoglobin can be used as a test for CVD risk assessment 

in newly diagnosed type 2 diabetics.  
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Parameter Type 2 Diabetes Mellitus cases 

(n=60) 

Healthy controls (n=60) P value 

Age [yrs] (mean± SD) 57.88 ±8.67 59.12 ±8.42 

 

0.470 

Male (%) 26 (42%) 28(46%) 0.687 

Female (%) 34 (58%) 32(54%) 

Table 1:- Demographic Profile of study population 

 

 
Fig 1:- Mean serum haptoglobin level in study population. 
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Fig 2:- Mean serum HDL-Cholesterol level in study population. 

 

 
Fig 3:- Correlational analysis among study variables. 
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