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Haptoglobin Typing Test  
in Diabetes

Predictive marker  Hp 2-2: 

	 Reliable identification of diabetes patients with a high risk of cardiovascular 
complications (about 1/3 of all diabetics !)   

		Simple, effective prevention is available: Vitamin E supplementation has been 
shown to reduce the cardiovascular risk by up to 50 %

Reliable determination of 
cardiovascular risk

Prevention by vitamin E  
supplementation 

ELISA for the qualitative determination of the Haptoglobin 
(Hp) phenotypes: Hp 1-1, Hp 2-1, Hp 2-2

DIABETES



Clinical Relevance of the Haptoglobin Genotype

Diabetes Mellitus (DM), "the Epidemic of the 21st Century"
Diabetes has become one of the most prevalent and costly chronic diseases worldwide. The global burden has risen from 
30 to 382 million patients between 1985 and 2014 and current trends suggest that it will only continue to rise (global forecast 
for 2035: 592 million DM patients!) 1. In Germany alone, about 20 % of all statuary health insurance expenses are allocated to the 
treatment of diabetes and its secondary diseases.

Most Pressing Medical Need: Reduction of the Cardiovascular Risk
Despite all improvements in the management of the primary risk factors hyperglycemia and dyslipidemia as well as life style 
modifi cations, the life expectancy of DM patients is still substantially reduced. Coronary vascular diseases (CVD) represent the 
predominant cause of morbidity and premature mortality in diabetic patients. Therefore the primary goal of diabetes treatment 
should be a reduction of the risk of cardiovascular complications. 

Haptoglobin 2-2 – a Predictive Marker for Cardiovascular Complications

Haptoglobin is an abundant acute-phase protein. Its major function, the neutralization of free haemoglobin, is essential 
for the prevention of oxidative tissue damage. Due to a polymorphism in the Hp gene, there are three diff erent genotypes 
in humans. Multiple clinical studies clearly documented: DM patients with the Hp 2-2 genotype – in Europe 1/3 of all 
diabetics – have a 2-3-fold increased risk for cardiovascular events as compared to Hp 1-1 und Hp 2-2 DM individuals 
(a correlation which was not observed in control groups without DM) 2, 3.   

Vitamin E Supplementation Reduces Cardiovascular Mortality in Hp 2-2 DM Patients
In several clinical studies it has been shown that high dose vitamin E supplementation in Hp 2-2 DM patients can reduce the 
risk for myocardial infarction and cardiovascular death of up to 50 %  4-6,8, 9. The physiological reason might be an improvement 
of the HDL function. Reliable Hp typing is vital, as only DM patients of the Hp 2-2 genotype may benefi t from a therapy with 
vitamin E.

antioxidant compared with the Hp 1 protein and that these
differences are accentuated in DM.16 –18 The antioxidant
function of Hp is attributable to its ability to neutralize
hemoglobin which is capable of generating the highly
reactive hydroxyl radical.31 Micro-hemorrhages resulting
in liberation of extravascular extracorpuscular hemoglobin
are of increased frequency and severity in diabetic athero-
sclerosis.32 The Hp 1-1 protein is superior to the Hp 2-2
protein in protecting against extracorpuscular hemoglobin
as a result of its better ability to prevent release of heme
from the Hp-hemoglobin complex and to promote uptake
of the Hp-hemoglobin complex via the macrophage CD163
receptor.17–19

The choice not to include Hp 1-1 and Hp 2-1 individuals in
this study was similarly based on prior epidemiological and
animal studies. In HOPE vitamin E was not found to provide
benefit to Hp 1-1 or Hp 2-1 DM individuals but may have
provided benefit to Hp 2-2 DM individuals.25 In mice
antioxidant therapy did not provide protection against myo-
cardial ischemic-reperfusion injury in Hp 1-1 DM mice but
benefit was provided to Hp 2-2 DM mice.28

There exists prior support that antioxidant therapy may
be beneficial in specific subgroups with increased oxida-
tive stress. SPACE,33 a trial of vitamin E in hemodialysis
patients who have very high levels of oxidative stress,

demonstrated significant cardiovascular benefit from vita-
min E. However, the choice of antioxidant may be critical.
Many studies have used a combination of vitamin E and
vitamin C4,5 to boost antioxidant protection, but vitamin C
may offset the beneficial affects of vitamin E. Vitamin C
has been associated with increased mortality in DM
individuals in a large longitudinal study.34 The toxicity of
vitamin C in DM may be the result of the increased amount
of redox-active iron in DM which can convert vitamin C
into a prooxidant.35 Vitamin C may therefore be particu-
larly harmful in Hp 2-2 DM individuals who have excep-
tionally high levels of redox-active iron,18,36 which may
account for the apparent acceleration of lesion progression
in a small study of vitamin C administration with vitamin
E to DM Hp 2-2 subjects.36

The present study has limitations. First, this was a primary
care “real-life” study. No attempt was made to optimize or
manage the administration of medications that the primary
care physician prescribed for study participants. Second, a
large number of Hp 2-2 individuals who were randomized to
vitamin E or placebo did not receive this intervention.
Nonetheless, the apparent large benefit of vitamin E to those
individuals who did receive the allocated intervention was
sufficient to permit the demonstration of a benefit from
vitamin E in an intention to treat analysis.

Figure 3. Kaplan-Meier plot of the compos-
ite end point in Hp 1-1 and Hp 2-1 DM indi-
viduals compared with Hp 2-2 DM individu-
als receiving vitamin E or placebo. Events
are cardiovascular death, myocardial infarc-
tion, or stroke. The abscissa is as described
in Figure 2. The total number of events in
the 4 groups as well as unadjusted and
adjusted Cox regression models are pre-
sented in Table 3.

Table 3. Unadjusted and Adjusted Cox Regression Models According to Hp Genotype and
Treatment Assignment*

Hp genotype n
Events

(%)

Unadjusted Adjusted

Hazard Ratio
(95% CI)

P
Value

Hazard Ratio
(95% CI)

P
Value

Hp 2-1 1248 25 (2.0) 1.0 1.0

Hp 1-1 285 6 (2.1) 1.0 (0.4–2.5) 0.93 1.0 (0.4–2.5) 0.92

Hp 2-2 Vitamin E 726 16 (2.2) 1.1 (0.6–2.1) 0.74 1.1 (0.6–2.0) 0.81

Hp 2-2 Placebo 708 33 (4.7) 2.4 (1.4–4.0) 0.001 2.3 (1.4–3.9) 0.001

*The model adjusted for age, gender, prior MI, prior stroke, HDL levels, LDL levels, and smoking. Hp 2-1 was used
as the reference group for calculating hazard ratios.
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Hp 2-2 correlates with a higher risk of severe 
cardiovascular events (myocardial infarction, 
stroke or cardiovascular death) in DM patients  

Vitamin E supplementation signifi cantly reduces mortality 
and the risk for myocardial infarction and stroke in DM 
patients (more than 1,400 patients were randomized to 
either vitamin E treatment, 400 IU/d, or placebo) 

ICARE6 Study, with > 3000 DM Patients Enrolled, Clearly Documents:

p = 0.003



Scientific Facts 8

Haptoglobin – an Important Vascular Antioxidant
The major role of haptoglobin is to bind free haemoglobin, released 
daily from intravascular haemolysis ("haptein" is Greek and means to 
bind). The haemoglobin-binding function of this glycoprotein is crucial 
for the prevention of oxidative tissue damage as free haemoglobin is 
extremely toxic. The formed Hp–haemoglobin complex is then cleared 
from circulation by the monocyte/macrophage CD163 receptor.

Pathophysiology of Vascular Complications in DM  
Related to Hp 2-2 
Increased oxidative tissue damage: 
•  Enhanced release of highly oxidative haem iron due to the 

reduced binding capacity of Hp 2-2 for haemoglobin 
•  The larger Hp 2-2 molecule is limited in its capability of advan-

cing into microvascular areas
•  Slower clearance of the Hp 2-2 haemoglobin complex from the 

circulation by the monocyte/macrophage CD163 receptor

Enhanced formation of atherosclerotic plaques:
• Structural and functional modification of HDL
• Less vasodilatation due to reduced availability of NO

The first ELISA suitable for routine determination of the Hp phenotype has excellent performance data and provides great  
advantages compared to the standard techniques that have been applied in research so far.
 

Advantages
	Easy:   No toxic substances, no need for additional  

expensive devices

	Rapid:  92 tests within 1.5 h

	Reliable: High sensitivity and specificity

	Clear: Simple interpretation of test results

	Versatile: Only 15 µl serum or plasma needed

	Automated: e. g. for Dynex DSX and ETI-Max3000 

Advantages over Gel Electrophoresis
• Faster
• More efficient
• Less labour intensive
• More sensitive
• Less starting material required
• No toxic substances

Advantages over Standard ELISA
Only the Haptoglobin Typing ELISA allows for clear differentiation between the three phenotypes of haptoglobin: Hp 1-1, Hp 2-1 
and Hp 2-2. Standard ELISAs primarily determine the overall Hp concentration in a sample.

Haptoglobin Typing ELISA – Evaluation of Results
Signal ratio for the different Hp phenotypes Hp 2-2, Hp 2-1, Hp 1-1: 22 / 10 / 1

Based on the cut off, determined by means of the Hp 2-2 control, test results can be evaluated as follows:

Hp type of the sample OD

Hp 1-1 < 0.2

Hp 1-2 0.2 – Cut-off

Hp 2-2 > Cut-off
   

Reliability of Test Results:
• Safe interpretation
• Three internal quality controls: Hp 1-1, Hp 2-1 and Hp 2-2
• 99 % sensitivity at a specificity of 98 %

Haptoglobin Typing ELISA, a Comparison

High Sensitivity and Specificity

Validated with over 8000 patients’ samples in comparison 
to the gold standard (polyacrylamide gel electrophoresis or 
TaqMan PCR)  7

Advantages over PCR
• Higher sensitivity
• Higher specificity
•  Simple – no risk of DNA contamination, sterile 

sample preparation not required
• No additional devices needed (real time PCR)

Haptoglobin Typing ELISA   

Sample volume 15 µl
Matrix  Serum, Plasma
Test principle  Sandwich ELISA
Cat. No. KSA71001

 not availabe in Portugal and Spain
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