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Haptoglobin 2-2 Genotype is Not Associated With Cardiovascular Risk
in Subjects With Elevated Glycohemoglobin—Results From the
Bruneck Study
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Background—Haptoglobin (Hp) is an abundant plasma protein with antioxidant properties. The Hp 2-2 genotype has previously
been linked to coronary heart disease risk in individuals with elevated glycosylated hemoglobin (HbA;;). We investigated the
association of Hp and HbA ., with cardiovascular disease (CVD) in the longitudinal, population-based Bruneck Study.

Methods and Results—Hp genotype was determined by polymerase chain reaction according to standard procedures and HbA
concentration by a Diabetes Control and Complications Trial-aligned assay. HbA;. was measured in 1995, 2000, and 2005.
Occurrence of the combined CVD endpoint of myocardial infarction or stroke was recorded between 1995 and 2010. Outcome
analyses employed the Cox proportional hazards model with HbA . category as time-varying covariate. At baseline in 1995, 806
subjects (male sex, 49.3%; age, meantstandard deviation, 62.704+-11.08 years) were included. During follow-up, 123 subjects
experienced at least 1 CVD event (48 suffered myocardial infarction, 68 stroke, and 7 both). Among subjects with HbA;.>6.5%
(>48 mmol/mol), those with the Hp 2-2 genotype did not show an elevated risk of incident CVD compared with those with other
genotypes (age- and sex-adjusted hazard ratio [95% Cl], 0.47 [0.19, 1.13], P=0.092) and a null association was also observed in
subjects with HbA.<6.5% (1.10 [0.75, 1.62], P=0.629) (P for interaction=0.082).

Conclusions—Subjects with the Hp 2-2 genotype and elevated HbA;. compared with subjects with other Hp genotypes and
elevated HbA . did not show increased CVD risk. (/ Am Heart Assoc. 2014;3:e000732 doi: 10.1161/JAHA.113.000732)
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H aptoglobin (Hp) is a plasma protein that binds extra-
corpuscular hemoglobin (Hb) and prevents it from
inflicting iron-mediated oxidative tissue damage.' The Hp
gene has 2 major alleles, Hp1 and Hp2. Of these, the latter is
a mutated version of the former and unique to humans.? This
common polymorphism (rs72294371) leads to 3 structurally
and functionally distinct proteins, Hp 1-1, 2-1, and 2-2, with
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reported genotype frequencies in subjects of Western Euro-
pean descent of 16%, 48%, and 36%.%° While Hp 1-1 forms
dimers, Hp 2-1 and Hp 2-2 form larger linear and cyclic
polymers, respectively.? Hp 2-2 was reported to be less
efficient than Hp 1-1 in binding Hb and preventing oxidation
by stabilizing heme iron within Hb, thereby displaying lower
antioxidant activity.*°

Based on these biological mechanisms, it has been
suggested that the Hp 2-2 genotype may confer an elevated
risk of developing cardiovascular diseases (CVD). Epidemio-
logical studies conducted in general populations, however,
have shown contradictory results. On one hand, Hp 2-2 was
linked to the severity of myocardial infarction® and to more
frequent (but less severe) peripheral arterial occlusive
disease.” On the other hand, a large longitudinal population-
based survey has reported a ~2-fold risk for coronary artery
disease (CAD) death in people with the Hp 1-1 genotype.® Two
smaller case-control studies found that the Hp 1 allele was
more frequent in patients with CAD? and lacunar stroke,'®
compared with healthy controls.

In the past years the focus has shifted towards the role of
Hp genotype in CVD of diabetic patients. Because diabetes is
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featured by a high level of oxidative stress, relevance of the
antioxidant Hp may be considerably higher in diabetic
patients.'' Actually, in a meta-analysis of 5 studies involving
1829 patients with diabetes, the pooled odds ratio (95% Cl)
for CVD was 2.03 (1.46, 2.81) in a comparison of the Hp 2-2
genotype with other genotypes.'? In line with this finding, Hp
2-2 was associated with incident CVD in type 2 diabetes
mellitus patients (odds ratio [95% Cl], 4.96 [1.85, 13.33]). In
conflict with these findings, the Framingham Offspring Study
reported that Hp 2-2 was associated with significantly lower
CAD prevalence among diabetic patients than Hp 1-1 (odds
ratio [95% Cl], 0.43 [0.21, 0.90])."*

As a potential explanation for the substantial heterogeneity
in the Hp - CVD association between the various studies
effect modification by levels of HbA;. has been proposed.'*
Indeed, the reported dysfunction of Hp 2-2 in preventing Hb-
mediated oxidative damage was found to be accentuated with
glycosylated Hb (HbA,,) in cell culture experiments.* Testing
this hypothesis in humans, Cahill and colleagues'* reported
the Hp 2-2 genotype to be associated with elevated CAD risk
among subjects with elevated HbA;. in the Nurses’ Health
Study (odds ratio [95% CI], 10.12 [1.08, 94.97]) and validated
their finding in a cohort of type 2 diabetic subjects (hazard
ratio [95% Cl], 7.55 [2.79, 20.47]). Based on this and earlier
studies, Hp genotyping among diabetic patients and antiox-
idant treatment in diabetic patients with the Hp 2-2 genotype
has been propagated %' but further confirmatory data are
required to change clinical routine. Given its potentially large
impact on diabetes management, we investigated the asso-
ciation of Hp genotype with CVD conditional on elevated
HbA . in the prospective, population-based Bruneck Study.

Methods
Study Population and Data Collection

The Bruneck Study is a prospective, population-based survey
on the epidemiology and pathogenesis of atherosclerosis and
cardiovascular disease.'® '® At baseline in 1990 the study
population comprised an age- and sex-stratified random
sample of all inhabitants of Bruneck (125 men and 125
women from each of the fifth through eighth decades of age,
for an age- and sex-stratified random sample of n=1000, all of
western European descent). No subjects were enrolled after
study initiation. In 1995, 826 subjects participated in the first
quinquennial re-examination and DNA samples for genotyping
were available in 816 individuals. During follow-up from 1995
to 2010, detailed information about fatal and nonfatal new-
onset CVD was carefully collected. Follow-up was 100%
complete for clinical endpoints, which was made possible by
the extremely low population mobility of 0.2% in the Bruneck
area. The study protocol was approved by the ethics

committees of Bolzano and Verona and conformed to the
Declaration of Helsinki. All study subjects provided written
informed consent. Risk factors were assessed by means of
validated standard procedures as described previously.'>'®

At the baseline and follow-up examinations in 1995, 2000,
2005, and 2010, venous blood was sampled in the morning
after an overnight fast for laboratory measurements, including
fasting plasma glucose and HbA,. (Diabetes Control and
Complications Trial-aligned assay; equipment and reagents
from BioRad, Milan, Italy, at both baseline and follow-up
examinations). In accordance with the study of Cahill et al,
HbA;. was dichotomized according to a cut-off of 6.5%
(48 mmol/mol, International Federation of Clinical Chemistry
units).

Diabetes mellitus was coded present for subjects with
fasting glucose levels >7 mmol/L (=126 mg/dL) or a medical
record confirmed prediagnosis of definite disease status.
Based on the literature'* we anticipated few subjects with the
Hp 1-1 genotype and, to maximize statistical power, decided
prior to analysis to pool the Hp 1-1 and 2-1 genotypes,
forming a group of Hp1 allele carriers, which is a common
approach.

We ascertained leisure time-related physical activity by a
standardized questionnaire?® rating the intensity of activities
according to the compendium of physical activities®' and
calculated average metabolic equivalent hours per week to
estimate long-term physical activity. We assessed food intake
by a standardized food-frequency questionnaire (FFQ) based
on the gold standard Harvard FFQ by Willett and colleagues
and adapted the FFQ to the dietary peculiarities in the survey
area. We validated our FFQ with a dietician-supervised short-
term assessment of food intake. Validity was high and similar
to that previously found for the same FFQ in other popula-
tions.?* The Alternative Healthy Eating Index (AHEI) was
calculated from these data as a quantitative measure of
healthy dietary behavior.?® Body mass index (BMI) was
calculated as weight in kilograms over height in meters
squared.

Haptoglobin Genotyping

The Haptoglobin genotype was determined by PCR as
described previously?* with slight modifications. In brief,
20 pL reactions contained 20 ng genomic DNA, 2 units
Qiagen Taq Polymerase (Qiagen), 1x Qiagen PCR buffer
(Qiagen, Hilden, Germany), 1x Q solution (Qiagen),
200 pmol/L of each dNTP (Peglab) and 0.25 pmol/L of each
primer (A/B or C/D). Oligonucleotide primers A and B were
used for amplification of a 1757-bp Hp 1 allele-specific
sequence and a 3481-bp Hp 2 allele-specific sequence.
Primers C and D were used to amplify a 349-bp Hp 2 allele-
specific sequence. The primers A (5’-GAGGGGAGCTTGCCTTT

DOI: 10.1161/JAHA.113.000732

Journal of the American Heart Association 2

HDOYVIASHY TVNIDIYO



Haptoglobin, HbA ., and Cardiovascular Risk Pechlaner et al

CCATTG-3'), B (5-GAGATTTTTGAGCCCTGGCTGGT-3'), C (5'-
CCTGCCTCGTATTAACTGCACCAT-3') and D (5’-CCGAGTGCTC-
CACATAGCCATGT-3') were purchased from Microsynth. The
amplification reactions were conducted on a DNA Engine
Cycler (BioRad) under the following conditions: initial dena-
turation 3 minutes 94°C; 94°C 30 seconds, 57°C (primers A/
B) and 62°C (primers C/D) 30 seconds, 72°C 2 minutes, 35
cycles; final extension 10 minutes 72°C. After amplification
8 uL PCR product A/B and 2 pL PCR product C/D were
mixed and separated together on a 1% agarose gel.

Endpoints

The composite CVD endpoint included incident fatal and non-
fatal myocardial infarction and stroke. Presence of myocardial
infarction was assessed by World Health Organization criteria
(definite disease status),?® while stroke was classified accord-
ing to the criteria of the National Survey of Stroke.?® Events
were ascertained by careful review of medical records provided
by general practitioners, death certificates, and Bruneck
Hospital files. A major advantage of the Bruneck Study is that
virtually all inhabitants of Bruneck are referred to 1 local
hospital that cooperates closely with the general practitioners.
This allows retrieval of complete medical information.

Subjects who had experienced CVD events before the
study baseline in 1995 were included in the main analysis and
observed for recurring incident CVD between 1995 and 2010,
and excluded in a sensitivity analysis.

Statistical Analysis

Hardy-Weinberg equilibrium was tested by a permutation-
based chi-squared test. Associations with incident CVD were
assessed by Cox proportional hazards regression with HbA .
or diabetes status (present/absent) as time-varying covari-
ates in a granularity of 5 years. This approach relates the
most current measure of glycemic exposure to incident CVD
and avoids potential confounding due to reliance on a single
baseline measurement. Effect modification of Hp 2-2 by HbA .
category was tested using an appropriate interaction term. To
simultaneously obtain marginal effects of Hp genotype for
both HbA,. groups as well as the interaction effect, a linear
combination of model parameters was made. The proportional
hazards assumption was tested by computing the correlation
coefficient of survival time with scaled Schoenfeld residuals
and was met. Base models were adjusted for age and sex
(model 1) and 2 multivariable models with progressive
adjustment were employed (model 2: additionally for current
smoking, systolic blood pressure, low-density lipoprotein
(LDL) cholesterol, and high-density lipoprotein (HDL) choles-
terol; model 3: additionally for metabolic equivalent hours,
alternative healthy eating index, statin use, and body mass

index). Last observation carried forward or next observation
carried backward imputation reduced the proportion of
missing HbA . values from 5.9% to 0.4%.

Sensitivity analyses excluded subjects with missing HbA .
values, used age as the time scale and focused on individual
disease endpoints. All tests were 2-sided and P values smaller
than 0.05 were considered significant. All analyses were
performed using the R statistical package.

Results

Characteristics of the study population are shown in Table 1.
Hp genotyping resulted in unambiguous results for 810 of 816
subjects for which DNA samples were available (Call rate,
99.3%). Of these, 4 had missing values in HbA ;. concentration,
which resulted in a baseline study size of 806 subjects.
Duplicate measurement of 24 DNA samples yielded concordant
findings in all cases. Genotypes were distributed as follows: Hp
1-1, 10.3% (n=83), Hp 2-1, 41.7% (n=336), Hp 2-2, 48.0%
(n=387) and were in Hardy-Weinberg equilibrium overall
(P=0.46), in subgroups of subjects with diabetes (P=0.13) and
without (P=0.79), and subjects younger than 65 (P=0.52) and
subjects at least 65 years old (P=0.80). There were no
significant differences in prevalent diabetes (1995 baseline)
or in incident diabetes (follow-up 1995-2010) between dichot-
omized Hp genotypes (P=0.71 and 0.92, respectively). For
repeated measurements of HbA;. concentration we found an
intra-class correlation coefficient [95% CI] of 0.60 [0.56, 0.63].
The analyses reported in the following were adjusted for
age and sex, unless specified otherwise, and utilize updates of
HbA . levels during follow-up (time-varying covariate). From
1995 to 2010, 123 subjects experienced at least 1 CVD event
(48 suffered myocardial infarction(s), 68 stroke(s), and 7
both). Only the first CVD event was considered in the main
analysis. No significant differences emerged when examining
the risk of CVD by Hp genotype (hazard ratio [HR] [95% Cl] for
Hp 2-2 versus Hp 2-1/1-1: 0.98 [0.69, 1.40]; P=0.912).
However, when taking into consideration HbA;. category, Hp
2-2 subjects with HbA.>6.5% showed a non-significant trend
towards lower CVD risk than Hp 1 carriers (Hp 2-1/1-1
subjects) with HbA{:>6.5% (HR [95% Cl], 0.47 [0.19, 1.13],
P=0.092) (Figure). This result did not materially change upon
progressive adjustment for HDL and LDL cholesterol, systolic
blood pressure, and smoking (model 2 HR [95% CI], 0.48
[0.18, 1.26], P=0.136) and metabolic equivalent hours,
alternative healthy eating index, statin use, and body mass
index (model 3 HR 0.52 [0.19, 1.39], P=0.189) (Figure). No
risk differences were detected among subjects with
HbA{,<6.5% (HR [95% CI], 1.10 [0.75, 1.62], P=0.629; Hp 2-
2 versus other) resulting in a near significant interaction
between dichotomized Hp genotype and HbA . category (P for
interaction=0.082) as illustrated in the Figure.
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Table 1. Characteristics of the Study Population According to

Haptoglobin Genotype

Pechlaner et al

Haptoglobin genotype
1-1 2-1 2-2 P Value

Measurements taken in 1995

n (%) 83 (10.3) 336 (41.7) 387 (48.0)

Age, y 63.6+12.6 | 62.1+10.3 | 63.0+11.4 0.417

Male sex, 40 (48.2) 175 (52.1) 180 (46.5) 0.342
n (%)

HbA+¢, % 53 (.11 54 (5110 54 (5.1 to 0.496

5.7) 5.8) 5.8)

HbA;>6.5%, 3(3.6) 15 (4.5) 23 (5.9 0.575
n (%)

Diabetes, 12 (14.5) 31 (9.2 44 (11.4) 0.481
n (%)

Hemoglobin, 14.1+£1.3 14.3+£1.2 14.3£1.3 0.122
g/dL

Glucose, 98.0 (91.0 97.0 (90.0 98.0 (91.0 to | 0.140
mg/dL t0 109.5) to 104.0) 107.0)

Current 13 (15.7) 68 (20.7) 74 (19.5) 0.714
smoking,
n (%)

Total 227.7+41.3 | 225.6+38.9 | 23444455 | 0.036
cholesterol,
mg/dL

HDL 57.44+13.9 58.5+15.7 | 59.3+17.0 0.623
cholesterol,
mg/dL

Systolic BP, 145.34+21.4 | 148.1+20.3 | 149.004-20.9 | 0.225
mm Hg

Current 70 (84.3) 268 (79.8) 311 (80.4) 0.707
smoking,
n (%)

Body mass 26.0+4.4 25.9+3.6 25.44+3.9 0.214
index, kg/m?

AHEI, score 40.64+9.00 39.2+8.8 39.24+8.6 0.317

MET, h/wk 42.0 (30.4) | 42.0 (35.6) | 42.0(38.3) 0.782

Statin use, 1(1.2 7(2.1) 16 (4.2) 0.170
n (%)

Prior CVD, 8 (9.6) 21 (6.2 19 (4.9) 0.304
n (%)

Measurements taken in 2000

n (%) 68 (9.7) 300 (42.8) 333 (47.5)

Age, y 60.7+11.5 | 60.74+9.7 61.1+10.6 0.895

Male sex, 27 (39.7) 154 (51.3) 144 (43.2) 0.067
n (%)

HbA;¢, % 57 (5510 5.7 (5.5 10 57 (5.5 1t0 0.155

5.9) 6.0) 6.0)

HbA:>6.5%, 3 (4.4 17 (5.7) 34 (10.2) 0.064

n (%)
Continued

Table 1. Continued

Haptoglobin genotype
1-1 2-1 2-2 P Value
Diabetes, 8 (11.8) 33 (11.0) 39 (11.7) 0.952
n (%)
Measurements taken in 2005
n (%) 61 (10.1) 256 (42.6) | 284 (47.3)
Age, y 59.6+10.9 59.74+9.5 59.3+9.7 0.826
Male sex, 25 (41.0) 124 (48.4) 122 (43.0) 0.327
n (%)
HbA;c, % 5506410 | 56 (.4t | 56 (5410 0.539
5.7) 5.9) 5.9)
HbA;>6.5%, | 3 (4.9) 20 (7.8) 28 (9.9) 0.328
n (%)
Diabetes, 6 (9.8) 34 (13.3) 36 (12.7) 0.787
n (%)

Values are presented as mean-+standard deviation, median (interquartile range), or
count (percentage). P values are for tests of any difference between the 3 groups under
adjustment for age and sex. AHEI indicates alternative healthy eating index; BP, blood
pressure; CVD, cardiovascular disease; HbA ., glycosylated hemoglobin; HDL, high-
density lipoprotein; MET, metabolic equivalent.

Finally, Hp 2-2 was not associated with CVD risk in
subjects with diabetes (P=0.944) nor in those without
(P=0.950), and no statistical interaction existed between
diabetes and Hp genotype (P=0.927).

Sensitivity analyses excluding subjects with missing HbA ;.
values, excluding subjects with prior CVD or using age as the
time scale (instead of time-on-study) yielded similar findings
(Table 2) as did analyses on individual disease endpoints (HR
[95% CI] for stroke: 0.48 [0.16, 1.47], P=0.198; HR [95% ClI]
for myocardial infarction: 0.59 [0.16, 2.20], P=0.433; Hp 2-2
versus other). Subgroup analyses according to sex and age
(Table 2) should be interpreted cautiously given limited
sample sizes in these groups.

Finally, among those with HbA.>6.5%, risk estimates were
almost identical for Hp 2-1 compared with Hp 1-1 subjects
(HR [95% Cl], 0.97 [0.25, 3.76], P=0.964) providing a post-hoc
justification for the dichotomization of Hp genotypes applied
in the current study (Hp 2-2 versus 2-1/1-1).

We also investigated differences in blood lipids by Hp
genotype. Total cholesterol and LDL cholesterol were higher
in Hp 2-2 subjects than in those with other genotypes when
adjusting for age, sex, and body mass index (P=0.008 and
P=0.016, respectively). These results are shown in Table 3.

Discussion

Our data do not confirm the recent report of Cahill and
colleagues that identified the Hp 2-2 genotype as a cardio-
vascular risk factor among subjects with elevated HbA ;. '
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Sub Group  Adjustment

.

HbA, <6.5%

Model 1

HbA, 26.5%

HbA, <6.5%

Model 2
[
! |

HbA, 26.5%

HbA, <6.5%

LT

Model 3

HbA, 26.5%

0.25 0.50 1.00 2.00 4.00

Hazard ratio (95% CI) P value P value for interaction
1.10[0.75, 1.62] 0.629
] 0.082
0.47 [0.19, 1.13] 0.092
1.11[0.74, 1.66] 0.623
:| 0.117
0.48 [0.18, 1.26] 0.136
1.13 [0.75, 1.69] 0.563
] 0.149
0.52[0.19, 1.39] 0.189

protective harmful

Hazard ratio of CVD, Hp 2-2 vs. other genotypes (log scale)

Figure. Association of Hp genotype with cardiovascular disease (CVD) risk by glycosylated hemoglobin
(HbA¢) level under progressive adjustment. No. of person-years of follow-up/cases was 9250/102 for
subjects with HbA;.<6.5% (4323/50 in the Hp 2-2 and 4927 /52 in the Hp 2-1/1-1 group) and 613/21 for
subjects with HbA.>6.5% (375/8 in the Hp 2-2 and 238/13 in the Hp 2-1/1-1 group). Model 1 was
adjusted for age and sex, model 2 additionally for current smoking, systolic blood pressure, LDL cholesterol,
and HDL cholesterol, and model 3 additionally for metabolic equivalent hours, alternative healthy eating
index, statin use, and body mass index. HbA;. indicates glycosylated hemoglobin; HDL, high-density
lipoprotein cholesterol; LDL, low-density lipoprotein cholesterol.

Part of this discrepancy may derive from differences in study
design and population. Cahill used a nested case-control
design with 1:1 matching in female nurses with 14-year
follow-up for their main analysis, and data from a clinical trial
with 18 months of follow-up performed in type 2 diabetic
patients for confirmation, whereas we used a 15-year
prospective observational design on a random sample of the
general population. Importantly, Cahill excluded participants
with prior CVD, which we did not, and used a coronary heart
disease (CHD) endpoint, while we used a compound of
myocardial infarction and stroke in the main analysis. Another
potential explanation for the discrepancy between our and
Cahill’s results is survival bias. However, we observed a higher
frequency of Hp 2-2 genotype (48%) than most previous
studies in Caucasians did (36 to 40%),>>'*?” which is the
opposite of what would be expected in the presence of a
survival disadvantage. Furthermore, genotypes were in Hardy-
Weinberg equilibrium overall as well as in the younger and
older half of our sample separately, which argues against the
existence of significant survival bias.

Our results are unexpected because Hp 2-2 as a risk
genotype among diabetic subjects would be backed by a
biologically plausible rationale based on its weaker antioxi-
dant properties.??®3° However, not all aspects of this

rationale are fully consistent. In particular, the Hp 2-2-Hb
compared with the Hp 1-1-Hb complex has been reported to
be taken up into macrophages via the CD163 scavenger
receptor at higher®' as well as at lower” rates. No differences
in Hb binding and antioxidant potency between purified
human Hp 1-1 and Hp 2-2 were recently found in an animal
model of hemolysis.*? In addition, Hp has numerous functions
apart from Hb clearance, taking part in inflammatory
pathways (prostaglandin synthesis, cathepsin B activity,
endothelium-dependent vasodilation)>*® and interfering with
the functions of immune cells.***®> Hp phenotypes differ in
some of these functions.® Notably, Hp 2-2 is the most
angiogenic phenotype,®® which was discussed as an explana-
tion for longer walking distance in Hp 2-2 peripheral vascular
disease patients (P<0.05),” and Hp 1-1 was linked to
decreased endothelial repair potential in lacunar stroke
patients.®’

In this study, subjects with the Hp 2-2 genotype had
elevated total and LDL cholesterol (Table 3), which has been
reported previously.*®3? This finding may be explained by
the close genetic linkage between Hp genotype and a single
nucleotide polymorphism in the gene encoding haptoglobin-
related protein, which is associated with levels of total
but not HDL cholesterol via apolipoprotein L.2” However,
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Table 3. Blood Lipid Levels (mg/dL) by Haptoglobin Genotype

Hp 1-1 Hp 2-1 Hp 2-2 Pany difference Piip 2-2 vs other
n 83 336 387
Lipid parameter
Total cholesterol 227.7+41.3 225.6+38.8 234.44+45.5 0.028 0.008
HDL 57.4+13.9 58.5+15.7 59.3+17.0 0.788 0.970
LDL 144.1+35.6 141.6+35.7 148.5+40.3 0.053 0.016
Triglycerides 143.8+116.1 126.7+66.7 133.3+80.6 0.075 0.189

Values are presented as mean+standard deviation. P values are adjusted for age, sex, and body mass index. HDL indicates high-density lipoprotein cholesterol; Hp, Haptoglobin; LDL, low-

density lipoprotein cholesterol.

adjusting for LDL levels did not appreciably change risk
estimates (Table 2), which argues against the possibility that
CVD risk differences due to Hp genotype are mediated by
LDL levels.

Strengths of the present study include the virtually
complete, long-term follow-up, detailed characterization of
the study population and repeated measurements of HbA;..
Another major strength of the Bruneck Study is its high
representativity for the general population. It comprises
predominantly low- and medium-risk individuals, which are
of the foremost public health interest since most CVD events
happen in such individuals.*® One downside of this is a
comparatively low prevalence of elevated HbA,., which
precludes more complex analyses like 3-way interactions
between HbA;., diabetes, and Hp genotype. It merits
attention that while we found a trend towards protective
effects of the Hp 2-2 genotype among subjects with elevated
glycohemoglobin, this result was statistically not significant,
and hazardous effects would also be compatible with our
data. The largest hazardous effect that we cannot refute at
the 0=0.05 level is a risk elevation of ~26% (multivariable
model 2, Figure). Larger studies are required to draw definite
conclusions.

In summary, this study does not confirm that the Hp 2-2
genotype is associated with a higher CVD risk in subjects with
elevated HbA ..
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