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Abstract
Aims—Individuals with both diabetes mellitus (DM) and the Haptoglobin (Hp) 2-2 genotype are at
increased risk of cardiovascular disease. As the antioxidant function of the Hp 2-2 protein is impaired,
we sought to test the pharmacogenomic hypothesis that antioxidant vitamin E supplementation would
provide cardiovascular protection to Hp 2-2 DM individuals.

Materials & methods—We determined the Hp genotype on DM participants from two trials
(HOPE and ICARE) and assessed the effect of vitamin E by Hp genotype on their common
prespecified outcome, the composite of stroke, myocardial infarction and cardiovascular death. Data
was analyzed with a fixed-effect model. These results were input into a simulation model, the
Evidence Based Medicine Integrator, in order to estimate their long-term implications in a real-world
population from Kaiser Permanente (CA, USA).

Results—Meta-analysis of the two trials demonstrated a significant overall reduction in the
composite end point in Hp 2-2 DM individuals with vitamin E (odds ratio: 0.58; 95% CI: 0.40–0.86;
p = 0.006). There was a statistically significant interaction between the Hp genotype and vitamin E
on the composite end point. In these trials, Hp typing of 69 DM individuals and treating those with
the Hp 2-2 with vitamin E prevented one myocardial infarct, stroke or cardiovascular death. Lifelong
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administration of vitamin E to Hp 2-2 DM individuals in the Kaiser population would increase their
life expectancy by 3 years.

Conclusion—A pharmacogenomic strategy of screening DM individuals for the Hp genotype and
treating those with Hp 2-2 with vitamin E appears to be highly clinically effective.

Keywords
antioxidants; cardiovascular disease; diabetes mellitus; haptoglobin; hemoglobin;
pharmacogenomics; vitamin E

Cardiovascular disease (CVD) is the leading cause of death in individuals with diabetes
mellitus (DM) [1]. The oxidative modification hypothesis of atherosclerosis would suggest
that the increased burden of CVD in individuals with DM is the result of an increased
production of reactive oxygen species that produce structural changes in lipoproteins that
markedly increase their atherogenic potential [2]. While preclinical and observational studies
at one time motivated more than 40% of all cardiologists to prescribe the antioxidant vitamin
E, particularly in DM [3], clinical trials have demonstrated that vitamin E supplementation
does not provide any measure of cardiovascular protection in genetically unselected
populations with DM [4–11].

However, a total rejection of the oxidation modification hypothesis may be premature. Benefit
from high-dose antioxidant therapy may only be demonstrable when delivered to a population
that suffers from particularly high levels of oxidative stress owing to, for example, a
dysfunctional allelic polymorphism (mutation) in a gene encoding an antioxidant protein. One
such polymorphism may exist at the haptoglobin (Hp) genetic locus [12]. The primary function
of Hp is to prevent extracorpuscular hemoglobin (Hb) from mediating oxidative injury. There
exist two classes of alleles at the Hp locus, 1 and 2, defined by the presence or absence of
intragenic duplication [12]. The Hp 1 allele has five exons and is remarkably conserved over
the animal kingdom (the exonic structure of the Hp 1 allele is entirely conserved and there is
over 90% homology at the amino acid level between murine and human Hp 1). The Hp 2 allele
is present only in man and is believed to have originated from the Hp 1 allele by an inframe
duplication of exons 3 and 4 of the Hp 1 allele approximately 100,000 years ago, early in human
evolution. The importance of SNPs in this genomic region and whether or not they are in linkage
disequilibrium (LD) with the absence or presence of the intragenic duplication giving rise to
the Hp 1 or Hp 2 alleles is not known. As a result of the duplication event the biophysical
properties of the Hp 1 and Hp 2 alleles are remarkably different [12]. Specifically, the Hp 2
protein provides inferior antioxidant protection against Hb compared with the Hp 1 protein
[13,14]. Hp polymorphism is common, with the prevalence of Hp genotypes in Western
populations being 16% Hp 1-1, 36% Hp 2-2 and 48% Hp 2-1 [12]. We and others have
demonstrated in five longitudinal studies that Hp 2-2 DM individuals have a markedly
increased risk of incident CVD as compared with non-Hp 2-2 DM individuals [15–19]. In the
present study we sought to directly test the pharmacogenomic hypothesis that the antioxidant
vitamin E selectively provides cardiovascular protection to Hp 2-2 DM individuals.

Materials & methods
Clinical trials examined & analysis of blood specimens

We assessed the relationship between Hp type, vitamin E supplementation and cardiovascular
end points in DM participants from two clinical trials that investigated the role of vitamin E
on cardiovascular end points – the Heart Outcomes Prevention Evaluation (HOPE) [4], and
the Israel Cardiovascular Events Reduction with Vitamin E (ICARE) trial [18]. All of the
participants from ICARE were included in this study. In ICARE only the Hp 2-2 participants
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(n = 1434) were randomized to vitamin E or placebo; Hp 1-1 and Hp 2-1 participants were
followed concurrently for the prespecified study end points. For HOPE, a Hp type was obtained
for 1078 DM HOPE participants (all of whom had been randomized to vitamin E or placebo)
representing approximately 30% of the HOPE DM cohort. The HOPE DM participants who
were used in this study were all those for whom serum had been stored at the initiation of the
HOPE study (Canadian cohort only). Hp type was determined from serum by gel
electrophoresis, which provides a signature banding pattern for each of the three Hp types (1-1,
2-1 or 2-2) [12]. We previously demonstrated a 100% correspondence between Hp genotype
determined by gel electrophoresis and PCR [20].

Meta-analysis investigating the predictive value of Hp typing on CVD risk & the interaction
between Hp type & vitamin E on CVD events

We combined data from the HOPE and ICARE studies. Both HOPE and ICARE used the same
predefined clinical end points of nonfatal myocardial infarction (MI), stroke and CVD death
and the composite of these events. Both trials and analyses were conducted according to the
intention-to-treat principle. The studies did not differ with regard to type or dosage of vitamin
E used (natural source 400 IU per day), type of DM (Type 2), or age of participants at enrollment
(aged over 55 years). A third of the participants in HOPE and a half of the participants in
ICARE were women. A prior history of MI existed in 14% of ICARE participants and 35% of
HOPE participants. The prevalence of CVD in the ICARE study cohort at baseline was
approximately 25% and in the HOPE cohort was approximately 65%.

Body fat and physical activity were not measured in HOPE or ICARE. Published data from
ICARE has shown that there were no differences in any demographic variable by Hp type or
treatment allocation [18]. Moreover, adjusted Cox regression models of the ICARE data have
shown that none of the measured demographic variables had any effect on the study results
[18]. Therefore, a randomization-based analysis of ICARE is justified. We did not have access
to baseline demographic data segregated by vitamin E status and Hp genotype from the HOPE
participants used in this analysis. Furthermore, while incidence rate (as well as cumulative
incidence as used in this analysis) was available from ICARE data, only the cumulative
incidence of major cardiovascular events was available from HOPE.

The primary end point used in this analysis was the same as that used in HOPE and ICARE,
neither of which corrected for multiple comparisons. Moreover, we have not queried the
interaction between vitamin E and multiple SNPs in searching for one that yielded a significant
interaction. Our a priori hypothesis and the only polymorphism that we assessed in our analysis
was the Hp polymorphism defined by the duplication of exons 3 and 4.

Heterogeneity between the studies was assessed using the formal χ2 test, with a p-value of less
than 0.10 considered statistically significant. We analyzed the data with a fixed-effect model.
I2 provides the percentage of the variability in effect estimates between subgroups that is due
to heterogeneity between the subgroups rather than due to sampling error (chance). In general
a high I2 reflects higher heterogeneity between studies. Dichotomous data (events per
population) were analyzed with Mantel–Haenszel methods in order to calculate the odds ratio
with a 95% CI. In order to normalize for differences in duration of the studies (1.5 years for
ICARE and 4.5 years for HOPE), data were also adjusted for years of patient treatment with
results reported as the number of events per 1000 patient-years. Mean differences between
groups in numbers of events per 1000 patient-years were calculated using the Inverse Variance
method. We performed these analyses using Review Manager (RevMan) Version 5.0 (Nordic
Cochrane Centre, Copenhagen, Denmark, Cochrane Collaboration, 2008).
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Simulation of long-term effects of vitamin E in Hp 2-2 DM
Long-term extrapolation of meta-analytic findings was carried out using version 7.0.1 of the
Evidence-Based Medicine Integrator, an opensource discrete-event person-level simulator of
DM and its treatment, as more fully described in ONLINE APPENDIX A
(www.futuremedicine.com/doi/suppl/10.2217/pgs.10.17/suppl_file/
Online_Appendix_A.doc). Evidence-Based Medicine Integrator combines interacting event-
risk equations estimated from data describing the population to which the model is applied,
with estimates of treatment effects taken directly from systematic reviews and randomized trial
results. Version 7.0.1 is optimized to predict clinical events and medical expenditures in the
membership of the Kaiser Permanente (CA, USA) Northwest region (KPNW) health system.
Subjects for the simulation were all 8632 KPNW members on 1 January 2005 and aged 55
years or over with Type 2 DM and sufficient historical data. Model simulated individuals
(simulands) could experience up to 25 kinds of microvascular and macrovascular adverse
events, procedures and death over a period of 50 years of in silico follow-up. To minimize
stochastic variation, ten lives were simulated for each subject. Subjects were simulated to
receive standard DM related and other medical care, which in KPNW is evidence driven and
includes aggressive use of aspirin, statins and blood pressure medications, as well as blood
glucose control. We set up the model to assume the same effects of vitamin E and Hp genotype
as those that emerged from the meta-analysis. We assumed that 65% of simulated death was
caused by CVD.

Results
Risk of CVD death, MI & stroke is increased in Hp 2-2 DM

In a meta-analysis of the participants of ICARE who did not receive vitamin E with the
participants of HOPE who did not receive either vitamin E or ramipril (double placebo group)
the composite end point was significantly increased in Hp 2-2 DM as compared with non-Hp
2-2 DM (odds ratio [OR]: 2.29; 95% CI: 1.57–3.34; p < 0.0001) (Table 1). Analysis of the
components of the composite end point showed that the incidence of CVD death (OR: 3.52;
95% CI: 1.72–7.20; p = 0.0006) and MI (OR: 1.95; 95% CI: 1.23–3.10; p = 0.004) were
significantly increased in Hp 2-2 DM study participants, with a trend towards an increased
incidence of stroke in Hp 2-2 DM (OR: 1.79; 95% CI: 0.96–3.31; p = 0.07).

Vitamin E reduces CVD death, MI & stroke in Hp 2-2 DM
Meta-analysis of the 1833 HOPE and ICARE Hp 2-2 DM study participants randomized to
vitamin E or placebo demonstrated a significant overall reduction in the composite end point
in Hp 2-2 DM individuals who received vitamin E (OR: 0.58; 95% CI: 0.40–0.86; p = 0.006)
(Table 2). In the 679 non-Hp 2-2 DM HOPE participants randomized to vitamin E or placebo
there was no significant benefit with vitamin E (OR: 1.02; 95% CI: 0.69–1.50; p = 0.93). There
was a statistically significant interaction (p = 0.05) between Hp type (yes or no Hp 2-2) and
vitamin E on the composite end point. As derived in ONLINE APPENDIX B
(www.futuremedicine.com/doi/suppl/10.2217/pgs.10.17/suppl_file/
Online_Appendix_B.doc), the results from the meta-analysis indicate that only 31 Hp 2-2 DM
individuals would need to be treated with vitamin E in order to prevent one MI, stroke or CVD
death. As the prevalence of the Hp 2-2 genotype in this pooled analysis was 45%, this implies
that only 69 DM individuals would need to be Hp typed (and those with Hp 2-2 treated with
vitamin E) in order to prevent one MI, stroke or CVD death.

Normalization of the studies for events per 1000 patient-years was also performed to take into
account differences in the duration of the trials (Table 3). In this normalized analysis vitamin
E was associated with a significant reduction in the number of CVD events in Hp 2-2 (reduction
of 15.98; 95% CI: 15.52–16.45; events per 1000 patient-years [p < 0.0001]).
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Meta-analysis of individual components of the composite end point demonstrated that vitamin
E had a significant benefit in Hp 2-2 individuals in reducing MI (OR: 0.49; 95% CI: 0.30–0.80;
p = 0.004) and CVD death (OR: 0.46; 95% CI: 0.24–0.88; p = 0.02) with a trend towards benefit
on stroke (OR: 0.82; 95% CI: 0.42–1.59; p = 0.56) (Tables 4–6). In all these analyses no
significant heterogeneity between trials was observed.

Incidence of MI increased 4.5-fold in Hp 2-2 DM ICARE participants after vitamin E
discontinuation

At the conclusion of the treatment phase of ICARE the study drug (placebo or vitamin E) was
terminated but surveillance for CVD events was continued for an additional 18 months
(clinicaltrials.gov NCT00448487) as described in ONLINE APPENDIX B
(www.futuremedicine.com/doi/suppl/10.2217/pgs.10.17/suppl_file/
Online_Appendix_B.doc). For individuals who had been previously treated with vitamin E the
rate of MI was 4.5-fold higher in the post-treatment phase (0.4% on vitamin E vs 1.8% after
discontinuation of vitamin E, p = 0.03) (Figure 1). There was no change in the rate of MI in
individuals who had been treated with placebo after the placebo was discontinued (2.7% on
placebo vs 2.1% after placebo discontinuation, p = 0.55).

Simulated lifetime treatment of Hp 2-2 DM with vitamin E
Simulation of these meta-analytic results over 50 years in the KPNW population demonstrated
that Hp typing all DM individuals and then only treating Hp 2-2 DM individuals with vitamin
E would add 1.09 years/person and 0.89 qualityadjusted life-years/person in the population as
a whole, and 3.04 life-years and 2.49 quality-adjusted life-years in Hp 2-2 DM individuals
(Figure 2a & 2b). Per 1000 Hp 2-2 DM individuals, treatment would prevent 75 MI admissions
(Figure 2C), 31 cardiac surgical procedures and 19 percutaneous coronary interventions; and
in the total population screened for Hp 2-2, 27 MI admissions, 11 cardiac surgical procedures,
and seven percutaneous coronary interventions per 1000 persons. For details and sensitivity
analyses see ONLINE APPENDIX A
(www.futuremedicine.com/doi/suppl/10.2217/pgs.10.17/suppl_file/
Online_Appendix_A.doc).

Discussion
This study provides strong evidence that vitamin E provides significant clinical benefit to DM
individuals with the Hp 2-2 genotype. In metaanalysis of two independent placebo controlled
clinical trials Hp 2-2 DM individuals (representing approximately 36% of all DM individuals)
derived significant cardiovascular protection from vitamin E supplementation, with an overall
reduction of over 40% in the combined end point of stroke, MI and CVD death. Simulation of
the meta-analytic results over 50 years in a nonresearch population predicted an exceptionally
large improvement in life expectancy that would be achieved by treating Hp 2-2 DM individuals
with vitamin E, comparable to the benefits predicted from smoking cessation [21] and much
larger than the lifetime benefits of statin therapy in very high-risk patients [22,23], and of blood
pressure and glucose control in DM [24]. While recognizing the limitations of this simulation
analysis, these simulation results illustrate the public health implications from a very
inexpensive treatment approach using pharmacogenomics. We hope that the implications will
be recognized to be of sufficient importance to justify a large prospective clinical trial to refute
or confirm the current study.

Epidemiological studies have established that the Hp gene is a determinant of CVD risk in
DM. Including the present analysis, six longitudinal studies assessing incident CVD in DM
individuals stratified by Hp genotype have shown an increased rate of CVD in Hp 2-2 as
compared with non-Hp 2-2 individuals [15–19]. This epidemiological association between Hp
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genotype and CVD risk is supported by transgenic studies showing dysfunctional
proatherogenic high-density lipoprotein (HDL) and atherosclerotic plaque instability in Hp 2-2
mice [25,26].

Mechanistic studies have provided an explanation for the interaction between Hp genotype and
DM on CVD risk. Hb is continuously released into the bloodstream as a result of the turnover
of red cells. Hp rapidly binds to extracorpuscular Hb and reduces the ability of Hb to mediate
oxidative injury [12]. The Hp– Hb complex is rapidly cleared from the blood by the monocyte/
macrophage scavenger receptor CD163 [27]. However, the Hp–Hb complex can also bind to
circulating HDL via a specific association between Hp and ApoA1 [26,28]. CD163-mediated
clearance of Hp–Hb is delayed in Hp 2-2 DM, resulting in an increase in the amount of Hp–
Hb associating with HDL [26,29,30]. As the Hp 2-2 protein is inferior to the Hp 1–1 protein
at blocking Hb-induced oxidation [13,14], Hb tethered to the HDL of Hp 2-2 DM individuals
mediates an increased oxidative modification of HDL and an impairment in HDL function
[26,31]. A major factor accounting for the interaction between Hp genotype and DM is the
synergy between DM and the Hp 2-2 genotype in down regulating CD163 leading to increased
Hb content in HDL [26,29,30].

Interventional studies with vitamin E assessing HDL oxidation and function have provided a
mechanism for the pharmacogenomic interaction between Hp type and vitamin E on CVD
outcomes. In both Hp 2-2 DM humans and mice, supplementation with vitamin E rapidly
reduced HDL oxidation and corrected HDL dysfunction [26]. Notably, no effect of vitamin E
was found in non-Hp 2-2 DM on HDL oxidation or function [26]. The restorative effect of
vitamin E on HDL oxidation and function in Hp 2-2 DM individuals was reversible with a
return of HDL to its prior oxidized and dysfunctional state within two months of its
discontinuation [26]. These data are consistent with the experience of Hp 2-2 DM participants
of ICARE, who experienced a rapid increase in the rate of MI soon after vitamin E was
discontinued.

While vitamin E provides protection to Hp 2-2 DM individuals, vitamin C appears to be harmful
to this population. The Women’s Angiographic Vitamin Estrogen (WAVE) study investigated
the effect of high-dose vitamin C and vitamin E on coronary artery plaque progression using
serial angiography [6]. WAVE participants were Hp typed and angiographic progression was
greater in Hp 2-2 DM individuals who received vitamin C and vitamin E [32]. Vitamin C and
vitamin E promote or inhibit oxidative stress mediated by iron, respectively [33], which is the
key oxidant in Hp 2-2 DM [34]. In vitro vitamin C promotes the reduction–oxidation cycling
of iron while vitamin E does not [33]. Vitamin C increases the oxidative activity of Hp 2-2–
Hb bound to HDL, thereby not only increasing HDL oxidation but also resulting in an HDL
particle that is pro-oxidative, pro-inflammatory and proatherogenic [26]. Vitamin E, on the
other hand, blocks Hb-mediated oxidation and prevents the oxidation of HDL by Hp 2-2–Hb.
Finally, vitamin C supplementation to Hp 2-2 DM mice does not improve HDL function and
blocks the ability of vitamin E to correct their HDL dysfunction [35]. Our meta-analytical
results do not demonstrate that vitamin E is harmful to non-Hp 2-2 DM individuals. However,
because trials of vitamin E in DM have generally shown no benefit overall, there remains the
possibility that vitamin E is harmful to some individuals, while helping Hp 2-2 DM individuals.
Therefore, additional pharmacogenomic outcomes studies prospectively designed to assess not
only clinical efficacy but also cost–effectiveness will be needed to determine whether a
pharmacogenomic strategy of typing all individuals for Hp and then giving vitamin E only to
those with the Hp 2-2 genotype is superior to providing all DM individuals with vitamin E
without testing for Hp type.
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Conclusion
In conclusion, Hp typing represents a once in a lifetime test that identifies those DM individuals
at exceptionally high risk of CVD. The Hp type may be used to more effectively focus the
attention of the clinician and the utilization of healthcare resources on those DM individuals
for whom more aggressive risk factor modification is most needed. The Hp genotype also
appears to identify a very large subgroup of DM individuals who may receive marked clinical
benefit from an extremely inexpensive therapy. We hope that the public health implications of
this study will be recognized to be of sufficient importance to warrant a large prospective
clinical trial that could constitute the basis for conclusive treatment guidelines.

Executive summary

Haptoglobin genotype & diabetic cardiovascular disease

■ The haptoglobin (Hp) genotype is an independent determinant of susceptibility
to cardiovascular disease in individuals with diabetes mellitus (DM).

■ Individuals with the Hp 2-2 genotype and diabetes have an increased risk of
myocardial infarction (MI), cardiovascular death and stroke.

Pharmacogenomic application of the Hp genotype

■ Vitamin E has not been shown to provide benefit to genetically unselected
populations of individuals with diabetes, and may have increased mortality.

■ Retrospective analysis of the Heart Outcomes Prevention Evaluation (HOPE)
study demonstrated a significant reduction in cardiovascular disease (CVD)
death and MI in individuals with the Hp 2-2 genotype who received vitamin E.

■ Israel Cardiovascular Events Reduction with vitamin E (ICARE), a prospective
study in which Hp 2-2 DM individuals were randomized to vitamin E or placebo,
demonstrated a significant reduction in CVD death, MI and stroke in Hp 2-2 DM
individuals who received vitamin E.

■ Combined analysis of ICARE and HOPE demonstrates a significant interaction
between the Hp genotype and vitamin E on CVD.

■ Extrapolation of the results of the ICARE and HOPE studies to a real-life
population over 50 years demonstrates that a pharmacogenomic algorithm of
administering vitamin E to Hp 2-2 DM individuals would prolong life by
approximately 3 years in these individuals.

Conclusion

■ The Hp genotype identifies those DM individuals at exceptionally high risk of
CVD.

■ The Hp genotype appears to identify very large subgroups of DM individuals (~a
third of the DM population) who may receive great clinical benefit from an
extremely inexpensive therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Discontinuation of vitamin E was associated with a 4.5-fold increase in the incidence of
myocardial infarction in Hp 2-2 diabetes mellitus individuals in ICARE
In the Tx phase of Israel Cardiovascular Events Reduction with Vitamin E (ICARE), Hp 2-2
diabetes mellitus (DM) individuals who received vitamin E had a significantly lower rate of
MI as compared with Hp 2-2 DM individuals who received placebo (* denotes comparison by:
2.7% on placebo vs 0.4% on vitamin E, p = 0.003). At the conclusion of the ICARE study the
study drug (placebo or vitamin E) was D/C in all Hp 2-2 DM individuals, but surveillance of
all participants for cardiovascular disease events was continued for an additional 18 months.
The rate of MI was 4.5-fold higher in the post-treatment phase for those individuals who had
been previously treated with vitamin E (** denotes comparison by: 0.4% on vitamin E vs 1.8%
after discontinuation of vitamin E, p = 0.03). There was no change in the rate of MI in
individuals who had been treated with placebo after the placebo was discontinued (2.7% on
placebo vs 2.1% after discontinuation of placebo; p = 0.55).
D/C: Discontinued; MI: Myocardial infarction; Tx: treatment.
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Figure 2. Simulation of the long-term effects of Hp typing all diabetes mellitus individuals and
providing vitamin E to those with the Hp 2-2 genotype in Kaiser Permanente (CA, USA) Northwest
region
All subjects were simulated for 50 years of treatment or until death. 50-year simulation results
are shown for Hp 2-2 individuals only. Results when treated with vitamin E are shown in black
and results when not treated with vitamin E are shown in gray. For survival (A) the incremental
benefit of vitamin E therapy was ascertained by determining the area between the two survival
curves. For cumulative qualityadjusted life-years (QALYs) per person (B) and for cumulative
MI admissions per 1000 starting persons (C), differences between policies are summarized by
the differences in the values at year 50. (A) Percentage survival. The cumulative gain in life
expectancy in Hp 2-2 individuals treated with vitamin E was 3.04 years (gray) as compared
with Hp 2-2 individuals who were not treated with vitamin E (black). (B) Cumulative QALYs.
Total QALYs were increased 2.49 years in Hp 2-2 individuals treated with vitamin E (gray)
as compared with Hp 2-2 individuals who were not treated with vitamin E (black). (C)
Cumulative hospital admissions for MI. For every 1000 Hp 2-2 diabetes mellitus individuals
treated with vitamin E, for up to 50 years, 75 hospital admissions for MI would be prevented
(gray) as compared with not treating with vitamin E (black).
MI: Myocardial infarction.
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