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It is well-recognized that there is a need for medicine to migrate to a platform of
delivering preventative care based on an individual’s genetic make-up. The US National
Research Council, the National Institute of Health and the American Heart Association all
support the concept of utilizing genomic information to enhance the clinical management
of patients. It is believed this type of precision healthcare will revolutionize health
management. This current attitude of some of the most respected institutes in healthcare
sets the stage for the utilization of the haptoglobin (Hp) genotype to guide precision
management in type 2 diabetics (DM). There are three main Hp genotypes: 1-1, 2-1, 2-2.
The Hp genotype has been studied extensively in (DM) and from the accumulated data it
is clear that Hp should be considered in all DM patients as an additional independent
cardiovascular disease (CVD) risk factor. In DM patients Hp2-2 generates five times
increased risk of CVD compared to Hp1-1 and three times increased risk compared
to Hp2-1. Data has also shown that carrying the Hp2-2 gene in DM compared to
carrying an Hp1-1 genotype can increase the risk the microvascular complications of
nephropathy and retinopathy. In addition, the Hp2-2 gene enhances post percutaneous
coronary intervention (PCl) complications such as, in stent restenosis and need for
additional revascularization during the first-year post PCI. Studies have demonstrated
significant mitigation of CVD risk in Hp2-2 DM patients with administration of vitamin E
and maintaining tight glycemic control. CVD is the leading cause of death and disability
in DM as well-representing a huge financial burden. As such, evaluating the Hp genotype
in DM patients can enhance the predictability and management of CVD risk.

Keywords: haptoglobin, diabetes, stroke, cardiovascular disease, inflammation, precision healthcare, genetics,
vitamin E

INTRODUCTION

The Hp genotype has been studied extensively in type II diabetes (DM). The current number
of Americans diagnosed with DM is approximately 21 million (1). It was demonstrated
years ago that DM patients carry the same risk for a heart attack as a non-DM
patient who have already suffered a heart attack (2). Over 50% of all DM patients die
from coronary heart disease (CHD). This knowledge provided the basis for aggressive
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management of cardiovascular (CV) risk factors in all DM
patients (3). CVD represents the most deadly and costliest
complication of DM (4). Treatment of CVD in DM patients is
one of the most significant financial burdens on the healthcare
system of the United States (5). Current evidence suggests that
the Hp2-2 genotype in DM patients independently increases
CV risk. A case- controlled study from a 6-year longitudinal
population based study of DM patients examined 206 cases
of CVD and 206 matched non-CVD cases for association of
increased CV risk with Hp2-2 genotype. Multivariate analyses
was performed adjusting for the following CV risk factors:
HbAlc, fasting glucose and insulin, and family history of DM,
low-density lipoprotein and high-density lipoprotein cholesterol,
triglycerides, cigarette use, systolic blood pressure, body mass
index, and family history of CVD. The results demonstrated
that patients with Hp2-2 DM carried five times increased risk of
CVD compared to Hpl-1 and three times increased risk of CVD
compared to Hp2-1 DM patients with respective p-values of 0.002
and 0.010 (6). A more recent meta-analysis of studies confirmed
the increased CVD risk in DM patient who are Hp2-2 compared
to being non-Hp2-2. Three case controlled studies including the
above study demonstrated a significant odds ratio of 2.2 for CV
events; five cohort studies showed a significant odds ratio of
1.3 for CV events; three retrospective analysis of randomized
controlled trials (RCT) indicated a significant odds ratio of 1.6
for CV events. The overall odds ratio for a CV event being an
Hp2-2 DM compared to a non-Hp2-2 DM was a significant
1.44. These studies combined involved DM patients of which
6,161 were non-Hp2-2 and 4,684 were Hp2-2. They provide
strong evidence that Hp2-2 genotype is a risk factor for CVD
in DM (7). Data has also shown that carrying the Hp2-2 gene
in DM compared to being an Hpl-1 DM increases the risk the
microvascular complications of nephropathy and retinopathy. In
addition, the Hp2-2 gene enhances post percutaneous coronary
intervention (PCI) complications such as, in stent restenosis and
need for additional revascularization during the first-year post
PCI (8). Evaluating the Hp genotype in a DM patient can provide
a more precise evaluation of the patient’s CV risk.

Despite the above evidence, the associated increased
CV risk of being an Hp2-2 diabetic is not without
controversy. The large genome wide association study (GWAS)
CARDIoGRAMplusC4D consortium called into question this
association as none of the Hp single-nucleotide polymorphisms
(SNPs) showed any increased risk of CAD in DM (9). However,
Hp2 is a bi-allelic copy number variant (CNV). It is not a SNP
and cannot be identified in the current SNP-Based GWA studies.
Therefore, GWA studies cannot be used to assess the association
of Hp2 with CV risk (10).

HAPTOGLOBIN BASIC SCIENCE

The biochemical and physiologic properties of Hp were described
more than 75 years ago (11-13). The chromosomal location for
the human Hp gene is 16q22.2 (Figure 1) and gene products
are represented by three structural alleles; Hp1F, Hp1S, and Hp2
(14). Structural composition of HplF and HplS differs by one
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FIGURE 1 | Chromosomal location of haptoglobin. Haptoglobin is found on
chromosome 16 at position g22.2.

amino acid at position 54 (lysine vs. glutamic acid) (15), the
Hp?2 allele results from a fusion of the Hp1F and Hp1S structural
alleles.

Haptoglobin is an acute phase a,-glycoprotein produced in
the liver with a major function in the physiological recycling of
free hemoglobin (HDb). Biologically, Hp has high affinity to Hb in

Frontiers in Cardiovascular Medicine | www.frontiersin.org

October 2018 | Volume 5 | Article 141


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Bale et al.

Precision Medicine in the Management of Type 2 Diabetes

Hp1

Hp2

2 3 a 5
2 3 a s 6 7
A A A

Exonduplication of Exons3and 4

i f

FIGURE 2 | Exonic structure of the haptoglobin 1 and 2 alleles. Hp polymorphism is only seen in the human. Polymorphism resulted from a crossover gene
duplication event involving exons 3 and 4. The resulting gene structure creates a 5 exon Hp1 and 7 exon Hp2.

order to promote iron conservation following hemolysis (16, 17)
and to eliminate the risk of hemoglobin-mediated renal injury
(18-20). As a clearance protein, Hp has a principal function in
the elimination of free iron oxidative potential.

Haptoglobin is found in all mammalian serum, however,
polymorphism has only been noted in humans (21). It is generally
believed that polymorphism was an adaptive advantage in years
past against pathogens. The polymorphism seen in humans arose
from a crossover duplication of exons 3 and 4; that has resulted in
an Hp1 molecule with 5 exons and an Hp2 molecule containing
7 exons (Figure 2) (22). Three multimeric genotypes have been
described and identified by gel electrophoresis as Hp1-1, Hp2-
1, and Hp2-2 (23, 24). Hpl and Hp2 alleles in humans result in
the production of several structural multimers that include Hp1-
1 dimers, Hp2-1 heterodimers and Hp2-2 dimers (Figure 3).
The general frequency of each genotype in the United States is
15-18% Hpl-1, 46% Hp2-1 and 36% Hp2-2 (25), however, the
frequency of Hp2-2 among various ethnic and racial groups has
been found to be significantly higher than 36% (26).

Haptoglobin has a principal function in the clearance of
hemoglobin (Hb) from the vasculature and intravascular spaces.
Free Hb is routinely released into tissues as result of intravascular
hemolysis following the destruction and recycling of senescent
red blood cells (RBC), this process occurs at a rate of 2 x 10°
RBC per second (27, 28). Severe complications result from
intravascular hemolysis when accompanied by pathologies such
as cancer, infectious disease, trauma, and diabetes (29, 30).
Haptoglobin binds to Hb to form strong non-covalent complexes
that facilitate removal via CD163 receptor-mediated endocytosis
on hepatocytes, Kupffer cells and tissue macrophages through
the reticuloendothelial system (31-34). Concentrations of Hp
within the body are sufficient to bind and clear 3 grams of Hb
(38-208 mg/dL), effectively eliminating free Hb from circulation
(35). The binding of Hp to free Hb represents one of the highest
protein-protein affinities found in nature (17, 36, 37). This high
affinity observation highlights the importance of this biological
process to the protection of the organism from oxidative damage.
Significant deleterious consequences arise within tissues when

free iron remains in circulation. It is well-established in the
literature that iron overload contributes to the exacerbation and
development of CVD and DM (38-41). The pathophysiology of
iron derives from the generation of hydroxyl radical and other
reactive oxygen species (42). The ability of Hp to reduce the
tissue damaging effects from free radicals is genotype dependent
and critical to organismal homeostasis. Molecular differences in
Hp structures act as mechanism that can exclude the entry of
Hp molecules into the intravascular spaces where the molecules
can engage and neutralize the effect of free iron; as a result,
in individuals with the Hp2-1 or Hp2-2 genotypes Hb remains
in the circulation for extended periods of time resulting in
heightened oxidative stress to the vasculature (43). The loss of
antioxidant capacity resulting from Hp polymorphism in the
diabetic patient is important to clinically assess. In particular,
the reduced antioxidant capacity of the Hp2-2 genotype has
been shown to be a susceptibility marker for DM patients that
contributes to complications (44).

CLINICAL PERSPECTIVE OF
HAPTOGLOBIN POLYMORPHISM

Including Hp testing into the clinical arena allows for precision
based healthcare decisions on the CVD vulnerability of the
DM patient. These patients have complex CV health issues
that require individualized attention. High-density lipoprotein
(HDL) particle is a modifiable CV risk in the management of
patients with DM. The levels of HDL are generally low in DM
and functionality diminished (45). Patients with DM and Hp2-2
genotype are at increased risk for the Hp-Hb complex attaching
to HDL particles. Hp2-2 has an altered binding affinity for CD163
on monocytes, which is 8 times less than the affinity for Hp1-
1. In addition, Hp2-2 DM patients have about half the amount
of CD163 ligands on monocytes as compared to Hp2-2 non-DM
patients. These two factors result in greater amounts of the Hp-
Hb complex in the serum with the ability to bind to HDL. Binding
of Hp-Hb complex to HDL particles results in oxidative stress
and dysfunctional HDL particles. It has been demonstrated that
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FIGURE 3 | Structural arrangement of Hp1 and Hp2 oligomers. Haptoglobin
can be found in a variety of structural conformations resulting from
combinations of Hp1 and Hp2 subunits that mediate the accessibility to the
tissue spaces. Oligomers that are too large cannot enter into the tissue space
and effect neutralization of free heme molecules. Hp1 homodimers have
greater binding efficiency and easier access than do Hp2-1 heterodimers or
Hp2-2 oligomers.

treating Hp2-2 DM patients with 400IU natural source d-alpha
tocopherol (Vitamin E) for 2 months significantly improved HDL
particle efflux capacity (46). Demonstrated in a separate trial,
treatment with supplemental 400IU of natural source d-alpha
tocopherol for 3 months improved HDL particle functionality in
Hp2-2 DM patients, but decreased functionality in Hp2-1 DM
patients (7, 47). These findings may help explain evidence from
two studies indicating a substantial reduction in CV risk with the
use of supplemental vitamin E in Hp2-2 DM, but no benefit in
Hpl-1 or Hp2-1 DM patients (48, 49). A randomized, placebo
controlled, double-blinded trial of 2,967 DM patients with 48%
being Hp2-2 was performed. Half of the Hp2-2 DM patients were
randomized to 400IU of natural source d-alpha tocopherol and
the other patients received placebo. The trial was stopped after 18
months due to the significant drop in CV risk in the DM Hp2-2
patients receiving vitamin E. The intent to treat arm, significantly
demonstrated a reduced risk by over 200% and in the patients
taking the vitamin, the risk was reduced almost 300% (50). When
this study was recently included in a meta-analysis with two other
RCTs of DM Hp2-2 patients, the number of patients receiving
vitamin E therapy was 1,094 and 1.016 receiving placebo. The
dose of vitamin E was 400 IU a day in 948 of the patients and 600
IU every other day in 146 patients. Those treated with vitamin E
had a significant 34% reduction in incidence of CV events. In two
of those RCTs 541 non-Hp2-2 DM patients received therapy with
vitamin E and 582 who received placebo. The dose of vitamin
E was 400 IU in 326 patients and 600 IU every other day in
215 patients. Those treated had a non-significant 11% increased
risk of CV events. These studies indicate vitamin E may be a
cost effective therapy to reduce CV risk in DM (7). In alliance
with these studies, it was recently demonstrated that vitamin E is
decreased in the HDL particle of Hp2-2 individuals (51).
Managing CVD in DM patients drives around $200 billion of
annual healthcare costs in USA. Vitamin E appears to provide
significant benefit for the high CV risk in Hp2-2 DM patients
(7). This therapy is widely available and inexpensive. Embracing

this opportunity for precision based health care decisions, makes
sense to reduce the mortality, morbidity, and financial burden of
DM (52).

The latest guidelines for glycemic control issued in March
of 2018 call for a softening of glucose control (53). The new
guidelines state that achieving an HbAlc goal in most DM
patients of between 7 and 8% should be the target and the
intensity of glycemic intervention be reduced in DM patients
with an HbAlc < 6.5% (54). The evidence indicates this may
be detrimental advice for Hp2-2 DM patients. A nested case-
control study from the Health Professional Follow-up Study
(HPES) involving 695 heart attack patients and 696 non-heart
attack patients during 16-years of follow-up was evaluated for
increased risk due to Hp2-2 genotype in DM and HbAIc values
>6.5% vs. <6.5%. Risk was adjusted for alcohol intake, diet,
body mass index (BMI), hypertension, hypercholesterolemia,
family history of CHD and medications. After this multivariate
adjustment the relative risk for heart attack was 3.07 times greater
for Hp2-2 DM with a HbAlc >6.5% (55). A similar nested
case control study was performed with data from the Nurses’
Health Study (NHS), which involved 404 heart attack patients
and 400 controls during a 14-year follow-up (55). The relative
risk for a heart attack in Hp2-2 DM patients with an HbAlc
>6.5% was 10.59 times greater. This relative risk was found to
be significant and dramatic during the first 8 years of the 14-16-
year follow-up with a relative risk over 28 times higher. During
the remaining 6-8 years of follow-up, there was an insignificant
5 times increased risk. When Hp2-2 DM patients with HbAlc <
6.5% were compared to non-Hp2-2 DM patients with a HbAlc
< 6.5%, there was no significant increased risk in the Hp2-2
patients. No relationship to glycemic control and heart attack
risk was demonstrated in non-Hp2-2 DM patients. These results
should be tested in a randomized trial.

Mechanistically, the relationship between Hp2-2 status and
glycemic control is believed to involve heightened oxidative
stress. Glycosylation of Hb is an additional factor that reduces
the effectiveness of Hp2-2 to perform as an antioxidant.
Therefore, when the Hp-Hb complex attaches to HDL particles
it generates oxidation of HDL-particles and its components, such
as glutathione and apolipoprotein A. This modification creates
an HDL particle, which is proatherogenic and prothrombotic.
Obtaining the Hp genotype of the DM patient would allow
for precision glycemic management. This is a clear example of
entering an age where we can render care to an individual patient
based on their biological uniqueness. Guidelines treat patients
as averages of the study populations. Personalized and precision
care through genotyping should promote better outcomes. Hp
genotyping would assist in establishing glycemic control goals in
DM patients (55).

ARTERIAL DAMAGE AND
CARDIOVASCULAR RISK

Hp2-2 is structurally too large to enter the intimal space of the
artery wall. This can be particularly detrimental in a patient
with DM who presents with active arterial disease. Progression
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of atherosclerosis in DM has been demonstrated to involve
neovascularization and intra-plaque hemorrhage, leading to
the further release of Hb (56). Because the Hp2-2 oligomer
cannot enter the arterial wall to bind and neutralize the Hb,
oxidative stress increases. Evidence demonstrates that since
Hp2-2 cannot penetrate into the intimal space, increased levels
of myeloperoxidase ensues, which can destabilize plaque and
result in an atherothrombotic event (57). Identifying a DM
patient with Hp2-2 genotype can alert the clinician of the
critical importance of assessing and optimally managing the
myriad of conditions that inflame the artery and drive an active
atherosclerotic disease process. It has been demonstrated that a
clinically based comprehensive CVD risk reduction program can
halt atherosclerosis and de-lipidate arterial plaque (58). Three
prospective studies have now demonstrated a direct relationship
between lipid richness in a plaque and risk of a CV event (59—
61). Discovering that the DM patient is Hp2-2 identifies a patient
in need of comprehensive and precision-based CV risk factor
management.

It is becoming clearer that Hp2-2 genotype is a risk factor
for the development of atherosclerosis, aneurysm, and carotid
stenosis that is independent of other classical risk factors
such as smoking, hypertension, high cholesterol, diabetes, and
hyperhomocystenemia (20, 62, 63). Lioupis et al. demonstrated
higher concentrations of iron in the atherosclerotic plaque
of male diabetic patients with the Hp2-2 genotype (50). The
suggestion from this work is that increased intraplaque iron may
be responsible for an elevation in oxidative stress and further
destabilization of the plaque (64). As pertains to the development
of refractory hypertension, Hp2-2 genotype is an additional risk
factor to be considered in patients with existing hypertension
(65, 66). Patients identified with the Hp2-2 genotype require
additional antihypertensive therapy when compared to patients
of other genotypes. Hp2-2 patients require additional, directed
medical support, and follow-up than do patients with other Hp
genotypes (65, 66). The rate of complication in patients with
Hpl1-1 is lower than the rate for hypertensive patients with other
Hp genotypes (66).

The hypothesis that patients with Hp2-2 genotype are far
more vulnerable to oxidative damage in arteries with existing
atherosclerotic plaques is supported by the literature and testing
patients for Hp2-2 genotype will be of clinical merit and its
utility is likewise supported by the literature. Data and literature
accumulated over the past two decades clearly illustrates that Hp
genotyping should be considered as a predictor of cardiovascular
complication and a measure of future patient prognosis and
outcome.

BEST PRACTICES AND THERAPEUTIC
INTERVENTION

As noted by Cheng et al. personalized medicine involves
the “coupling of established clinical and pathological indexes
with state-of-the-art molecular profiling to create diagnostic,
prognostic, and therapeutic strategies precisely tailored to each
patient’s requirements—hence the term precision medicine” (67).

Treating patients as unique individuals allows for optimal care
and improved outcomes (68). Appreciating our most vulnerable
population in the CVD community, the DM individuals, have
a >50% risk of dying from CHD. The current number of
Americans diagnosed with DM is approximately 21 million.
Incorporating Hp genotype testing with this group of patients,
allows for a more precise and calculated assessment and
treatment plan.

In terms of assessing for CV risk, it now appreciated
that identifying subclinical coronary, carotid or femoral
atherosclerosis has bearing on risk for heart attack, stroke
and CV death. Discovering such disease can enhance patient
management and increase compliance (69, 70) Such testing can
better define the presence, extent and location of atherosclerosis
which has more bearing on CV risk than simply the stenosis
of disease (71). Due to the substantially heightened risk of CV
events in Hp2-2 DM patients, it would seem reasonable to do
imaging for subclinical disease. Finding such disease would
confirm their high risk and enhance management decisions.

Inflammation is the cause of arterial disease and the trigger for
CV events (72, 73). Therefore, it would be reasonable to measure
biomarkers of arterial inflammation in Hp2-2 DM patients.
The markers of endothelial inflammation and dysfunction,
namely, hsCRP, fibrinogen and microalbumin-creatinine ratio,
could be assessed (74, 75). Lipoprotein-associated phospholipase
A2 activity should be measured at baseline to assess intimal
atherosclerotic activity (76). This biomarker could then be
monitored for changes to indicate CV event risk (77). Urine F2
isoprostane could be measured to evaluate the degree of oxidative
stress and patient compliance with lifestyle issues (78). These
biomarkers of inflammation would indicate the patient’s current
risk for a CV event and potential need for additional therapies.

In terms of therapy, the current guidelines for DM do an
excellent job addressing blood pressure goals and lipid goals
however, the event rates and recidivistic rates of CVD in DM
continue to create substantial financial and personal loss (53).
It was reported from a prospective analysis of 8,970 women
and 2,557 men recently diagnosed with DM that compliance
with lifestyle can significantly reduce CVD risk. These patients
were followed just over 13 years. A multivariate adjustment
for the following CV risk factors was performed: age, sex,
ethnicity, body mass index at diabetes diagnosis, menopausal
status, family history of diabetes, family history of myocardial
infarction, current aspirin use, current multivitamin use, and
diabetes duration. Four lifestyle elements were assessed: alcohol,
diet, physical activity, and smoking. The analysis demonstrated
for each lifestyle element in place there was a 12% lower risk
of CHD, a 21% lower risk of stroke and a 27% lower risk of
CVD death (79). This information would need to be convincingly
conveyed to all Hp2-2 DM.

In addition to the above strategies to mitigate CVD risk,
clinicians should strive to optimally manage other known CV
risk factors in the high risk Hp2-2 DM population. These
factors include: sleep, psychosocial issues, periodontal disease,
endodontic disease, and other inflammatory diseases (80-84).
Applying this type of comprehensive management in a real
clinical practice has been shown to have a positive effect on the
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atherosclerotic disease process (68, 85). It has been proposed
that a paradigm shift needs to occur in healthcare placing more
emphasis on prevention management which will generate more
value for patients and most likely substantial cost effectiveness
(86). The high risk Hp2-2 DM population is a prime target
for such preventive care. Applying haptoglobin testing to all
DM patients creates an opportunity for precision based clinical
assessment and therapeutic decisions. This information provides
the clinician the precision opportunity to target this population
for intensive prevention services. These items could include
emerging technologies for imaging subclinical disease and
biomarkers of arterial inflammation. These patients deserve to be
educated on the importance of managing traditional known CV
risk factors and the importance of compliance with lifestyle. They
should also be educated on other emerging risk factors that can
generate arterial inflammation. Assessment for and management
of any of these risk factors should be undertaken. In addition,
given our current scientific knowledge, Hp2-2 DM patients
should be treated with a cost-effective treatment of 400IU natural
source d-alpha tocopherol. Such therapy has been shown to
enhance the ability to stabilize the atherogenic disease process in
this vulnerable group. This treatment goes beyond the guidelines
and allows for individualized therapeutic interventions. Also,
in light of our current evidence, these patients should strive to
maintain glycemic control with an HbAlc < 6.5%, which reaches
beyond the current overall guidelines for DM.

A randomized prospective study should be done in Hp2-2 DM
patients to assess the CV risk reduction achieved with the above
proposed comprehensive assessment and management vs. the
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