Epidemiology/Health Services Research

ORIGINAL ARTICLE

Haptoglobin 1-1 Genotype Is Associated
With Poorer Cognitive Functioning
in the Elderly With Type 2 Diabetes

RAMIT RAVONA-SPRINGER, Mp!
ANTHONY HEYMANN, MD?>

JAMES SCHMEIDLER, PHD

EL1zABETH GUERRERO-BERROA, PHD>
MARY SANO, PHD

1
KEerReN KOIFMAN, BA .
Hapas HOFFMAN, BA
ANDREW LEvy, MD>

JEREMY M. SILVERMAN, PHD>

MICHAL SCHNAIDER-BEERI>®

RACHEL PrEIsS, B’

OBJECTIVE—Haptoglobin (Hp) genotype (Hp 1-1, 1-2, or 2-2) is associated with risk for type
2 diabetes complications, but its relationship with cognitive compromise, a growing concern in
type 2 diabetes, has rarely been studied. This study investigated whether Hp genotype is asso-
ciated with cognitive function in cognitively normal elderly diabetic subjects.

RESEARCH DESIGN AND METHODS —Relationships of Hp genotype with episodic
memory, semantic categorization, attention/working memory and executive function, and an
overall cognitive score were examined in subjects from the Israel Diabetes and Cognitive Decline
(IDCD) study.

RESULTS —In the present analysis, 812 subjects participated (84 with Hp 1-1, 335 with Hp
1-2, and 393 with Hp 2-2 genotypes). Average was 72.9 years of age (SD 4.7), and Mini-Mental
State Exam (MMSE) was 28.0 (SD 1.8). Compared with subjects with Hp 1-2 genotype, Hp 1-1
subjects performed significantly worse in semantic categorization (F = 7.03; P = 0.008) and the
overall cognitive score (F = 5.57; P = 0.02). A separate stepwise multiple regression analysis dem-
onstrated that compared with subjects with Hp 2-2 genotype, Hp 1-1 subjects performed signifi-
cantly worse in semantic categorization (F = 4.18; P = 0.04) and the overall cognitive score (F =4.70;
P = 0.03). The contribution of cardiovascular risk factors to cognition was significantly higher in
subjects with Hp 1-1 genotype compared with Hp 2 carriers (Hp 1-2 and Hp 2-2) in the semantic
categorization (P = 0.009) and attention/working memory (P = 0.002) cognitive domains.

CONCLUSIONS —Compared with Hp 2 carriers, those with Hp 1-1 genotype present lower
cognitive performance. Stronger relationships between cardiovascular risk factors and cognition
in the latter group may suggest an underlying vascular mechanism.
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steadily rising in the Western world,

reaching 40% by 85 years of age (1).
Type 2 diabetes, and even prediabetic
stages, (2) has consistently been shown
to be a risk factor for cognitive decline,
mild cognitive impairment (MCI) (3),
and dementia (4), both vascular dementia
(5,6) and Alzheimer disease (5,6). Yet,
strategies for prevention of dementia in

The prevalence of type 2 diabetes is

type 2 diabetes are not available since it
is still unknown what factors and under-
lying mechanisms within type 2 diabetes
cause the increased risk.

The haptoglobin (Hp) genotype has
been associated with cardiovascular
complications in numerous studies (7-11)
in type 2 diabetes but less so in type 2
diabetes—free individuals (12). Hp is a
glycoprotein synthesized in the liver and
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found in abundance in the plasma. There
are two classes of functional alleles (1 and
2) that form three possible phenotypes
(1-1, 1-2, and 2-2). Hp binds to free hemo-
globin (Hb) released from blood cells as
part of red cell turnover (13), thus inhib-
iting the considerable oxidative tissue
damage resulting from free Hb (through
heme iron) (14). The Hp-Hb complex is
rapidly cleared from the bloodstream by
the CD163 scavenger receptor expressed
in monocytes/macrophages (15). Hp phe-
notypes differ in chemical and clinical
properties (16). For example, Hp alleles
differ in their ability to clear free Hb from
the plasma; Hp(2-2)-Hb complexes are
cleared less efficiently from the plasma
than non-Hp(2-2)-Hb complexes (14).
Thus, subjects with Hp 2-2 are more prone
to oxidative stress (17).

Previous case-control and longitudinal
studies have demonstrated that the differ-
ent Hp genotypes are associated with
clinical advantages or disadvantages de-
pending on specific diseases and the body
system involved (16). Hp 2-2 phenotype is
associated with an increased incidence of
micro- (7) and macrovascular (8) compli-
cationsin type 2 diabetic subjects, such that
compared with non—Hp 2-2 subjects, those
with Hp 2-2 suffer from higher rates of car-
diovascular disease (CVD) (8) and nonfatal
myocardial infarction (MI) (9-11).

The role of the Hp type in cerebrovas-
cular disease and cognitive decline with
aging is presently unclear. No consistent
or significant relationship has been pre-
viously shown between clinically evident
large watershed or hemorrhagic stroke
and the Hp type in type 2 diabetic sub-
jects. Recent studies (18,19), however,
suggest that the Hp 1-1 type may be asso-
ciated with an increased prevalence of
small lacunar strokes, identified as cere-
bral deep white matter lesions (WMLs).
Therefore, in this study, we examined
the relationship of Hp type with cognitive
function in a large cohort of the elderly
with type 2 diabetes participating in the
Israel Diabetes and Cognitive Decline
(IDCD) study and hypothesized that the
cognitive profile of Hp 1-1 would be in-
ferior to that of Hp 2 allele carriers based
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on the recent evidence of the disadvanta-
geous brain microvascular profile (18,19).

RESEARCH DESIGN AND
METHODS —This study was approved
by the Sheba Medical Center and Maccabi
Healthcare Services (MHS) institutional
review board committees.

Sample

This study consists of elderly (=65 years
of age) type 2 diabetic subjects who are
engaged in the IDCD, a longitudinal in-
vestigation assessing the relationship of
long-term type 2 diabetes characteristics
and cognitive decline. The study is ongo-
ing. Longitudinal follow-up began re-
cently, so the present results are based
on baseline data only. Subjects were ran-
domly selected from the ~11,000 type 2
diabetic individuals that are in the diabetes
registry of MHS. MHS is the second largest
HMO in Israel. The MHS diabetes registry
is an integral part of the MHS electronic
patient record system and was established
in 1999 to facilitate disease management
and to improve treatment. Entry criteria
to the registry are any of the following:
1) HbA,. >7.25%, 2) glucose >200
mg/dL on two exams >3 months apart,
3) purchase of diabetic medication twice
within 3 months supported by an HbA .
>6.5% or glucose >125 mg/dL within
halfa year, or4) diagnosis of type 2 diabetes
(ICD-9 code) by a general practitioner, in-
ternist, endocrinologist, ophthalmologist,
or type 2 diabetes advisor, supported by a
HbA,. >6.5% or glucose >125 mg/dL
within half a year. These criteria have
been validated by 20 physicians in MHS
against their own practice records (20). Ad-
ditionally, age-specific prevalence rates
were similar to those of a diabetes registry
of another large HMO in Israel (21). The
diabetes registry has collected detailed lab-
oratory, medication, and diagnosis infor-
mation since 1998 (20).

Eligibility criteria for the study

Subjects are eligible for the study if they
are listed in the MHS diabetes registry,
live in the central area of Israel, are di-
agnosed as suffering from type 2 diabetes,
are 65 years of age or above, are diagnosed
as cognitively normal at baseline (based
on a multidisciplinary weekly consensus
conference), do not suffer from major
medical, psychiatric, or neurological con-
ditions that affect cognitive performance,
have three or more HbA;. measurements
in the diabetes registry, and speak Hebrew
fluently and have contact with an informant

for at least 10 h per week. The latter crite-
rion was implemented to ensure obtaining
of data regarding the existence of func-
tional impairments secondary to cognitive
changes as well as information on changes
in behavior, both of which are important
for diagnosis of cognitive status, espe-
cially in cases that are on the border be-
tween normal cognition and MCI or early
dementia.

Subject recruitment process

The MHS team performs a thorough
screening of the diabetes registry and the
MHS electronic patient record in order to
identify potential subjects, excluding any-
one with an ICD code for dementia or its
subtypes, treated with prescribed cholin-
esterase inhibitors, or with a major psy-
chiatric or neurological condition (such
as schizophrenia or Parkinson disease) that
could affect cognitive performance (Fig. 1).
After random selection of subjects, letters
are sent by MHS to the primary care physi-
cians, asking for permission to contact each
patient regarding the study. If the doctors
agree, letters are sent to the subjects briefly
describing the study and saying that they
will be contacted by phone in the following
2-week period. Then the MHS team calls
the subjects and asks for their participation
after determining that they are fluent in
Hebrew and have a family member or care-
giver whom they see at least 10 h per week
who is willing to be an informant for the
study. Subjects who are willing to partici-
pate in the study are assessed at their resi-
dence (or they come to the Sheba Medical
Center Memory Clinic, according to their
preference) in two phases. First, the subject
isvisited by a study physician who, after the
subject signs the informed consent form,
performs medical, neurological, geriatric,
and nutritional assessments (food fre-
quency questionnaire) and draws blood
for inflammatory markers (IL-6 and CRP)
and Hp and apolipoprotein E (APOE) geno-
types. In the second phase (optimally 2
weeks after the physician visit), the subject
is visited by a neuropsychologist who
administers a cognitive battery (described
below) and questionnaires to the subject
and informant for cognitive and functional
impairment and for depression and behav-
ioral disturbances characteristic of demen-
tia. All subject cognitive data are discussed
by a multidisciplinary consensus confer-
ence team in order to define the subject’s
cognitive status (as cognitively normal,
MCI, or dementia and their subtypes). If
the subject is cognitively normal at base-
line, the IDCD has follow-up interviews

at 18-month intervals. If the subject has
dementia, there is no additional follow-
up. Subjects who are diagnosed as MCI
at baseline are not included in the study;
however, subjects who convert from cog-
nitive normal status to MCI during follow-
up continue their participation in the
study until conversion to dementia.

Cognitive assessment

The Clinical Dementia Rating scale.
The Clinical Dementia Rating scale assesses,
through an interview with the subject and
an informant, the severity of cognitive and
functional impairment in six domains:
memory, orientation, judgment and prob-
lem solving, community affairs, home and
hobbies, and personal care (22).
Mini-Mental State Exam. The Mini-
Mental State Exam (MMSE) is a 30-item
questionnaire assessing orientation, con-
centration, memory, and language (23).
Outcome measures. The outcome mea-
sures were based on a comprehensive
neuropsychological battery. All neuropsy-
chological test scores were transformed
into gz scores. Factor analysis revealed four
cognitive domains, which were then scored
as totals of z scores: episodic memory factor
(included word list immediate and delayed
recall and recognition from the Consor-
tium to Establish a Registry for Alzheimer’s
Disease [CERAD] neuropsychological bat-
tery) (24), semantic categorization factor
(25) (included the letter [26] and category
fluency [24] and similarities [27]), attention/
working memory factor (included the dia-
mond cancellation and digit span forward
and backward tests) (28), and an executive
factor (included the Trail Making Test,
Parts A and B [24] and the Digit Symbol
Test [27]). Finally, we computed an overall
measure summing the scores of all four do-
mains (overall cognitive score).

Diagnosis of MCI and dementia
Diagnosis of MCI was based on the
Peterson criteria (21). Dementia diagnosis
was based on the DSM criteria (29).

Hp typing

Blood samples for Hp typing were taken
during the physician assessment. Imme-
diately after the bloods were drawn into
an EDTA-containing vacutainer tube, the
tubes were placed in an ice box until
handling at Sheba Medical Center. Within
up to 6 h from phlebotomy (as recom-
mended), the bloods were centrifuged
and serum was stored at —70°C until de-
termination. Hp typing was performed on
stored plasma samples by polyacrylamide
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Figure 1—Study flowchart. IC, informed consent.

gel electrophoresis as previously described
(30). Inbrief, 10 nL of Hb-enriched plasma
was subjected to electrophoresis in a non-
denaturing gel, and the gel was subse-
quently immersed in solution containing a
congener of benzidine with a precipitate
forming in the gel corresponding to the lo-
cation of Hb-Hp complexes. The Hp type of
the sample was determined by the banding
pattern of the Hp-Hb complexes with each
of the three Hp types having a character-
istic banding fingerprint. Previous work

established a 1:1 correspondence between
this method and a PCR-based method for
Hp genotyping (30).

Covariates

The sociodemographic covariates were age
at the time of cognitive assessment, years of
education, sex, and number of follow-up
years in the registry. The cardiovascular
covariates were BMI, creatinine, total cho-
lesterol, triglycerides, diastolic and sys-
tolic blood pressure, and HbA;.. For the

Ravona-Springer and Associates

cardiovascular covariates, we used the av-
erage of all the subject’s measurements
available in the MHS diabetes registry.

Additional data from the MHS
diabetes registry

Microalbumin levels in the urine were used
to reflect microvascular disease, whereas
diagnosis of MI was used to reflect macro-
vascular disease.

Statistical analyses

Our a priori hypothesis was that Hp 1-1
would have lower cognitive performance;
we therefore compared this group to each
of the other two genotypes (Hp 1-2 and
Hp 2-2). For each of the five cognitive
measures separately, ANCOVA com-
pared Hp 1-1 to Hp 1-2 and Hp 1-1 to
Hp 2-2, controlling for demographic
factors (age, years of education, sex, and
number of follow-up years in the registry)
and cardiovascular factors (BMI, creati-
nine, total cholesterol, triglycerides, di-
astolic and systolic blood pressure, and
HbA, .

RESULTS —One thousand two hun-
dred and eighty-eight subjects passed
the preliminary screening, expressed con-
sent to participate, were approached by a
study physician, and signed informed
consent. Of these 1,288 subjects, 282
(21.1%) were excluded from the study
due to incompatibility with eligibility
criteria (based on physician assessment),
109 (8.5%) refused to continue their
participation in the study, and 897 re-
mained active participants. The present
analysis consists of 850 subjects who had
an Hp genotype available, 87 with Hp 1-1,
350 with Hp 1-2, and 413 with Hp 2-2.
Of these, 84, 335, and 393, respectively,
had full data on demographic, cardiovas-
cular, and cognitive data to allow com-
parisons. Table 1 describes the sample by
Hp type. The entire sample’s average was
72.9 years of age (SD 4.7) and 39% were
women. Average education was 13.1
years (SD 3.4). Subjects were in the dia-
betes registry for 10.5 years (SD 1.4) on
average, and their MMSE score was 28.0
(SD 1.8), consistent with a cognitively
normal status in a sample with a broad
education range. The mean HbA,. was
6.8% (SD 0.8), consistent with good di-
abetes control. The three groups of Hp
genotypes did not differ significantly in
any characteristic except for the MMSE,
for which the Hp 1-1 had poorer perfor-
mance (P = 0.02).
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Cognitive function by Hp genotype
As depicted in Table 2, compared with Hp
1-2 and Hp 2-2, cognitive function (pre-
sented as z scores) of Hp 1-1 genotype
was lower in all categories. Compared
with subjects with the Hp 1-2 genotype,
Hp 1-1 subjects performed significantly
worse in semantic categorization (F =
7.03; P = 0.008) and overall cognition
(F = 5.57; P = 0.02) (Table 3). Similarly,
compared with subjects with Hp 2-2 geno-
type, Hp 1-1 subjects performed signifi-
cantly worse in semantic categorization
(F =4.18; P = 0.04) and overall cognition
(F=4.70; P = 0.03) (Table 3).

Since the results of the comparisons
of Hp 1-1 with each of the Hp 2 carriers
on cognitive functions were substantially
similar (Tables 2 and 3), and in order to
minimize multiple comparisons, in a sec-
ondary analysis, examining the relation-
ship of cardiovascular risk factors and
cognition by Hp genotype, we compared
Hp 1-1 to Hp 2 carriers (Hp 1-2 and Hp 2-
2). For each of the cognitive domains and
overall cognition, for Hp 1-1 and Hp 2
carrier groups separately, stepwise multi-
ple regressions evaluated the collective as-
sociation with the seven cardiovascular risk
factors, controlling for the demographic
predictors. Since the sample sizes of Hp
1-2 and Hp 2-2 were at least eight times
as large as the sample size for the Hp 1-1
group, the difference in power makes P val-
ues inappropriate when comparing the
usefulness of cardiovascular predictors to
cognition in the two Hp groups. A condi-
tional r showed the proportion of variation
not explained by the demographic predic-
tors that was explained by the cardiovascu-
lar predictors. The distribution of each
conditional r was approximately normal
(31), so a Student ¢ test (for normal distri-
butions with different SDs) was used to
compare them. For descriptive purposes,
ANOVA and x* were used to compare
the three Hp groups to describe demo-
graphic and cardiovascular characteristics.
Table 4 shows the conditional r (the pro-
portion of variation not explained by the
demographic predictors that was ex-
plained by the cardiovascular predictors)
in the two groups. In the Hp 1-1 group,
the association of cardiovascular risk factors
with cognition was significant for seman-
tic categorization (P = 0.008), attention/
working memory (P = 0.002), executive
function (P = 0.05), and overall cognitive
score (P = 0.05). In the Hp 2 carrier
group, the association of cardiovascular
risk factors with cognition was significant
for semantic categorization (P = 0.03),

Table 1—Sample characteristics

Variable Hp 1-1 Hp 1-2 Hp 2-2 P value
n 87 350 413

Current age 73.4 (5.0) 729 (4.8) 72.7 (4.5) 0.47
Years of education 12.8 (3.6) 13.0 3.4) 13.3(3.4) 0.36
Sex (% females) 43 37 40 0.43
Follow-up years 10.5 (1.6) 104 (1.4) 10.5(1.3) 0.89
MMSE score 27.5(.0) 28.1 (1.9 28.0 (1.6) 0.02
BMI (kg/mz) 28.5 (4.6) 284 (4.4) 28.8 (10.6) 0.74
Creatinine (mg/dL) 1.0 (0.2) 1.0 (0.3) 1.0 (0.2) 0.06
Total cholesterol (mg/dL) 182.7 (21.8) 179.8 (25.6) 180.5 (24.9) 0.61
Triglycerides (mg/dL) 152.3 (57.9) 156.1 (71.4) 159.9 (56.9) 0.61
Diastolic blood pressure (mmHg) 83.0 (14.9) 83.9(15.4) 83.1(15.2) 0.73
Systolic blood pressure (mmHg)  164.6 (8.9) 166.4 (9.0) 165.7 (10.0) 0.28
HbA,., % [mmol/mol] 6.7 (0.8) [49.7] 6.8(0.7) [50.8] 6.8(0.8)[50.8] 0.74
MI, n (%)* 5(5.8) 36 (10.3) 49 (11.9) 0.26
Microalbumin, mean 11.1% 19.4% 12.0% 0.13

Data are mean (SD) unless otherwise indicated. *MI per medical chart; fmicroalbumin in urine (percent

subjects with at least two measurements >30 mg/L).

executive function (P < 0.0005), and
the overall cognitive score (P = 0.001).
Compared with Hp 2 carriers, the condi-
tional r was significantly higher in subjects
with Hp 1-1 genotype for the semantic cat-
egorization (P = 0.009), attention/working
memory (P = 0.002), and overall cognitive
score (0.05). Cardiovascular risk factors
were not associated with the episodic mem-
ory domain in either genotype.

CONCLUSIONS—The current study
reveals two important findings. First, com-
pared with Hp 2 carriers (both Hp 1-2 and
Hp 2-2), subjects with Hp 1-1 genotype
performed significantly worse in the se-
mantic categorization domain and the
overall cognitive score (reflecting lower
performance in the summary of all cogni-
tive domains). Second, in both Hp 1-1 and
the Hp 2 carriers, cardiovascular risk fac-
tors were associated with cognition with
significantly stronger associations in the
Hp 1-1 group for semantic categorization,

attention/working memory, and overall
cognition. Cardiovascular risk factors were
not associated with the episodic memory
domain in either group.

To the best of our knowledge, this is
the first study to report an association
between Hp type and cognition in type 2
diabetic subjects. In subjects with post-
traumatic brain injury, a similar association
was demonstrated, such that subjects with
Hp 1-1 genotype had lower scores on verbal
1Q and motor tests at 1 and 12 months after
injury (32).

Previous studies have shown that Hp
2-2 genotype is associated with a less
favorable cardiovascular profile. Since the
latter is associated with cognitive function
(33), Hp 2 allele could be expected to be
associated with lower cognitive perfor-
mance. However, the role of Hp in vascu-
lar pathology may differ according to the
vascular bed (brain vs. periphery); the fre-
quency of Hp 1-1 genotype was signifi-
cantly higher and frequency of Hp 2 allele

Table 2—Means and SDs of z scores of cognitive performance by cognitive domain and by

Hp genotype

Cognitive domain Hp 1-1 Hp 1-2 Hp 2-2

n 87 350 413
Episodic memory —0.34 (2.24) —0.03 2.27) 0.08 (2.25)
Semantic categorization —0.68 2.41) 0.08 (2.35) 0.03 (2.40)
Attention/working memory —0.45 (2.05) 0.001 (2.10) 0.06 (2.19)
Executive —0.59 (3.24) —0.03 (2.90) 0.07 (3.10)
Summary —2.06 (7.66) 0.01 (7.37) 0.25 (7.39)
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Table 3—Comparison of cognitive function in Hp genotypes

Comparison of 1-1 and 1-2

Comparison of 1-1 and 2-2

Cognitive domain F; P F; P

Memory 1.40; 0.24 2.46;0.12
Semantic categorization 7.03; 0.008 4.18; 0.04
Attention/working memory 2.07;0.15 1.75;0.19
Executive 2.18;0.14 1.36; 0.24
Summary 5.57;0.02 4.70;0.03

was significantly lower in a cohort of sub-
jects with first symptomatic lacunar stroke
due to small vessel disease compared with
their frequency in healthy controls (18).
Consistent with this finding, in hyperten-
sive subjects with asymptomatic small ves-
sel disease, Hp 1-1 was associated with
larger volumes of deep WMLs when adjust-
ing for age, sex, brain volume, 24-h mean
arterial pressure, duration of hypertension,
and previous antihypertensive treatment
(19). Lacunar strokes and WML have
been consistently associated with compro-
mised cognitive functioning (34). These
studies are consistent with the present
neuropsychological findings and may ex-
plain the different role of Hp genotype in
the brain compared with its role in the
periphery.

Several mechanisms have been sug-
gested to underlie the pathogenesis of
small vessel disease (which includes WML
and lacunar infarcts) (35) in the brain of Hp
1-1 carriers. Among these are endothelial
damage, compromised ability to form new
blood vessels, and ineffective functioning
of the blood-brain barrier (18). These hy-
potheses are based on findings pointing to
the association of Hp 1-1 with decreased
activity of epithelial progenitor cells, which
are involved in endothelial repair (35), a
process that may attenuate the trajectories
of damaged epithelium (35). In contrast,
Hp 2-2 has been demonstrated in vitro to
be superior in the promotion of new blood
vessel formation compared with other Hp
phenotypes (36).

An alternative explanation for our
findings is a possible interaction of Hp
genotype with hypertension, a risk factor
for dementia by itself (37). Though
groups stratified by Hp genotype did
not differ in mean systolic or diastolic
blood pressure values, the negative asso-
ciation between cardiovascular risk fac-
tors (including blood pressure) and
cognition was consistently stronger in
Hp 1-1 compared with Hp 2 carriers. In
line with our findings, higher levels of Hp
in hypertensive men were associated in a
previous study with higher risk for stroke
(38) and other sequelae of cardiovascular
risk factors (39). These levels vary by ge-
notype, with Hp 1-1 values being highest
(39). The mechanisms for these associa-
tions are not fully understood.

The interaction of Hp genotype and
cardiovascular risk factors was associated
with lower cognitive performance in se-
mantic categorization, attention/working
memory, and overall cognitive score, with a
similar trend for the executive function
but not episodic memory domains. These
findings may suggest that in type 2 di-
abetic subjects, a vascular mechanism
(34) is involved in cognition rather than a
hippocampal-related mechanism, which
manifests typically in episodic memory im-
pairment (40). Accordingly, the association
of diabetes with performance for executive
functions and overall cognition, but not ep-
isodic memory, has been demonstrated by
some (41,42), but not all (43), previous
studies.

Table 4—Associations of cardiovascular risk factors with cognitive domains by Hp genotype

Hp 1-1 (n=87) Non-Hp 1-1 (n = 763)
Cognitive domain Conditional r P Conditional r p P of difference
Memory 0.10 1.0 0.08 0.78 0.810
Semantic categorization 0.47 0.0080 0.15 0.03 0.0090
Attention/working memory 0.51 0.0020 0.12 0.20 0.0020
Executive 0.41 0.050 0.23 <0.0005 0.100
Summary 0.41 0.05 0.18 0.001 0.050

Ravona-Springer and Associates

This report is based on cross-sectional
data; thus, we cannot rule out that the
present results reflect an artifact of the
selection of subjects. Hp 2 carriers, who
tend to have more CVD (8,44), might have
had higher mortality, morbidity, or cogni-
tive impairment that precluded their par-
ticipation in the study. Some previous
cross-sectional studies have also demon-
strated higher prevalence of CVD in Hp
1-1 carriers, but in longitudinal follow-up,
Hp 2-2 was consistently associated with
more incident events (44). The longitudinal
follow-up of this sample is essential to shed
light on this potential limitation and the in-
terpretation of the current results.

Strengths of this study include the
large sample, validated diabetes diagnosis
for each subject, strong validity for risk
factor levels and medical diagnosis, and
thorough cognitive evaluation. The main
limitation of this study is lack of brain
imaging, thus limiting our ability to distin-
guish the vascular contribution to the
association of Hp with cognition. The Hp
phenotype is not available for subjects
from the MHS diabetes registry who were
excluded from the study, and the results
reported here are cross-sectional (44). An
additional limitation is lack of measure-
ment of crystallized intelligence, prevent-
ing the evaluation of the contribution
of this factor to our results. Nevertheless,
we did control for education, which is a
major contributor to crystallized intelli-
gence. Women are slightly underrepre-
sented in the study, potentially affecting
generalizability of the results. Israel has a
strong family-oriented culture, so a major
role in grandparenting has been the pri-
mary reason of refusal of women to par-
ticipate in the study. Subjects who do not
have contact with a caregiver for 10 weekly
hours were excluded to optimize diagnosis
of cognitive status. This exclusion, how-
ever, may limit applicability.

In summary, in our sample of sub-
jects with type 2 diabetes, cognitive func-
tion is associated with Hp genotype, being
worse for Hp 1-1 compared with Hp 2-2
and Hp 1-2 genotypes. The cognitive do-
mains affected are semantic categorization
and overall cognitive score. Episodic mem-
ory is not affected. Furthermore, cardio-
vascular risk factors are associated with
cognitive function in different domains
(but not episodic memory) in all geno-
types, but more strongly in the Hp 1-1.

Acknowledgments—This study was sup-
ported by the American Federation for Aging

care.diabetesjournals.org

DiaBETES CARE, VOLUME 36, OcTOBER 2013

3143



L _________________________________________________________________________________________|
Haptoglobin genotype and cognition in diabetes

Research (Young Investigator Award 2011 to
R.R.-S.), the Alzheimer’s Association (NIRG-
11-205083 to R.R.-S.), the National Institute on
Aging (R01-AG-034087 to M.S.-B. and P50-
AG-05138 to M.S.), the Helen Bader Founda-
tion, and the Irma T. Hirschl Scholar Award (to
M.S.-B.). AL received a grant from the National
Institutes of Health (RO1-DK085226).

No potential conflicts of interest relevant to

this article were reported.

R.R.-S. and M.S.-B. collaborated in study de-

sign, data collection, data research, and manu-
script writing. A.H. researched the data and
contributed to the discussion. J.S. performed
statistical analysis and reviewed the manuscript.
E.G.-B. reviewed the manuscript. M.S. reviewed
the manuscript and contributed to the discus-
sion. R.P., K. K., and H.H. searched the data. A.L.
and J.M.S. reviewed the manuscript and con-
tributed to the discussion. R.R.-S. is the guar-
antor of this work and, as such, had full access to
all the data in the study and takes responsibility
for the integrity of the data and the accuracy of
the data analysis.

References

1.

Thomas VS, Darvesh S, MacKnight C,
Rockwood K. Estimating the prevalence of
dementia in elderly people: a comparison of
the Canadian Study of Health and Aging
and National Population Health Survey
approaches. Int Psychogeriatr 2001;13
(Suppl. 1):169-175

. Cavalieri M, Ropele S, Petrovic K, et al.

Metabolic syndrome, brain magnetic res-
onance imaging, and cognition. Diabetes
Care 2010;33:2489-2495

. Luchsinger JA, Reitz C, Patel B, Tang MX,

Manly JJ, Mayeux R. Relation of diabetes
to mild cognitive impairment. Arch Neurol
2007,64:570-575

. Schnaider Beeri M, Goldbourt U, Silverman

JM, et al. Diabetes mellitus in midlife and
the risk of dementia three decades later.
Neurology 2004;63:1902-1907

. Ahtiluoto S, Polvikoski T, Peltonen M,

et al. Diabetes, Alzheimer disease, and vas-
cular dementia: a population-based neuro-
pathologic study. Neurology 2010;75:
1195-1202

. PeilaR, Rodriguez BL, Launer LJ; Honolulu-

Asia Aging Study. Type 2 diabetes, APOE
gene, and the risk for dementia and re-
lated pathologies: the Honolulu-Asia Aging
Study. Diabetes 2002;51:1256-1262

. Costacou T, Ferrell RE, Ellis D, Orchard TJ.

Haptoglobin genotype and renal function
decline in type 1 diabetes. Diabetes 2009;
58:2904-2909

. Levy AP, Hochberg I, Jablonski K, et al.;

Strong Heart Study. Haptoglobin pheno-
type is an independent risk factor for
cardiovascular disease in individuals with
diabetes: The Strong Heart Study. ] Am
Coll Cardiol 2002;40:1984-1990

. Levy AP, Gerstein HC, Miller-Lotan R, et al.

The effect of vitamin E supplementation on

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

cardiovascular risk in diabetic individuals
with different haptoglobin phenotypes.
Diabetes Care 2004;27:2767

Roguin A, Koch W, Kastrati A, Aronson D,
Schomig A, Levy AP. Haptoglobin geno-
type is predictive of major adverse cardiac
events in the 1-year period after percuta-
neous transluminal coronary angioplasty
in individuals with diabetes. Diabetes Care
2003;26:2628-2631

Suleiman M, Kapeliovich MR, Roguin A,
et al. Haptoglobin type and 30-day mor-
tality in diabetic individuals presenting
with acute myocardial infarction. Diabetes
Care 2003;26:2699-2700

Lioupis C, Barbatis C, Drougou A, et al.
Association of haptoglobin genotype and
common cardiovascular risk factors with
the amount of iron in atherosclerotic ca-
rotid plaques. Atherosclerosis 2011;216:
131-138

Bowman BH, Kurosky A. Haptoglobin:
the evolutionary product of duplication,
unequal crossing over, and point mutation.
Adv Hum Genet 1982;12:189-261, 453~
454

Bamm VV, Tsemakhovich VA, Shaklai M,
Shaklai N. Haptoglobin phenotypes differ
in their ability to inhibit heme transfer
from hemoglobin to LDL. Biochemistry
2004;43:3899-3906

Vardi M, Levy AP. Is it time to screen for
the haptoglobin genotype to assess the
cardiovascular risk profile and vitamin E
therapy responsiveness in patients with
diabetes? Curr Diab Rep 2012;12:274-279
Langlois MR, Delanghe JR. Biological and
clinical significance of haptoglobin poly-
morphism in humans. Clin Chem 1996;
42:1589-1600

Asleh R, Blum S, Kalet-Litman S, et al.
Correction of HDL dysfunction in in-
dividuals with diabetes and the hapto-
globin 2-2 genotype. Diabetes 2008;57:
2794-2800

Staals J, Pieters BM, Knottnerus IL, et al.
Haptoglobin polymorphism and lacunar
stroke. Curr Neurovasc Res 2008;5:153—
158

Staals J, Henskens LH, Delanghe JR, et al.
Haptoglobin phenotype correlates with
the extent of cerebral deep white matter
lesions in hypertensive patients. Curr Neu-
rovasc Res 2010;7:1-5

Heymann AD, Chodick G, Halkin H, et al.
The implementation of managed care for
diabetes using medical informatics in a
large Preferred Provider Organization. Di-
abetes Res Clin Pract 2006;71:290-298
Petersen RC. Mild cognitive impairment
as a diagnostic entity. J Intern Med 2004;
256:183-194

Fillenbaum GG, Peterson B, Morris JC.
Estimating the validity of the clinical De-
mentia Rating Scale: the CERAD experi-
ence. Consortium to Establish a Registry for
Alzheimer’s Disease. Aging (Milano) 1996;
8:379-385

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Folstein MF, Folstein SE, McHugh PR.
“Mini-mental state”. A practical method
for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975;12:
189-198

Beeri MS, Schmeidler J, Sano M, et al. Age,
gender, and education norms on the
CERAD neuropsychological battery in the
oldest old. Neurology 2006;67:1006-1010
Fernaeus SE, Almkvist O. Word produc-
tion: dissociation of two retrieval modes of
semantic memory across time. J Clin Exp
Neuropsychol 1998;20:137-143

Spreen O, Benton AL. Neurosensory Center
Comprehensive Examination for Aphasia:
Manual of instructions (NCCEA). Rev. ed.
Victoria, BC, University of Victoria, 1977
Wechsler D. Wechsler Adult Intelligence
Scale-Revised Manual. San Antonio, The
Psychological Corporation, 1981
Wechsler D. Wechsler Memory Scale-
Revised Manual. San Antonio, The Psycho-
logical Corporation, 1987

American Psychiatric Association, Ed.
Diagnostic and Statistical Manual of Mental
Disorders IV. Washington, DC, American
Psychiatric Association, 2010

Koch W, Latz W, Eichinger M, et al.
Genotyping of the common haptoglobin
Hp 1/2 polymorphism based on PCR. Clin
Chem 2002:48:1377-1382

Olkin I, Finn JD. Correlations redux.
Psychol Bull 1995;118:155-164
Anderson GD, Temkin NR, Dikmen SS,
et al. Haptoglobin phenotype and apoli-
poprotein E polymorphism: relationship
to posttraumatic seizures and neuro-
psychological functioning after traumatic
brain injury. Epilepsy Behav 2009;16:501—
506

Wang S, Jacobs D, Andrews H, et al.
Cardiovascular risk and memory in non-
demented elderly women. Neurobiol Ag-
ing 2010;31:1250-1253

Jokinen H, Gouw AA, Madureira S, et al ;
LADIS Study Group. Incident lacunes in-
fluence cognitive decline: the LADIS study.
Neurology 2011;76:1872-1878

Rouhl RP, van Oostenbrugge R]J,
Damoiseaux JG, et al. Haptoglobin phe-
notype may alter endothelial progenitor
cell cluster formation in cerebral small
vessel disease. Curr Neurovasc Res 2009;
6:32-41

Cid MC, Grant DS, Hoffman GS, Auerbach
R, Fauci AS, Kleinman HK. Identification
of haptoglobin as an angiogenic factor in
sera from patients with systemic vasculitis.
J Clin Invest 1993;91:977-985

Shah NS, Vidal JS, Masaki K, et al. Midlife
blood pressure, plasma B-amyloid, and the
risk for Alzheimer disease: the Honolulu
Asia Aging Study. Hypertension 2012;59:
780-786

Engstrom G, Lind P, Hedblad B, Stavenow L,
Janzon L, Lindgarde F. Long-term effects
of inflammation-sensitive plasma pro-
teins and systolic blood pressure on

3144

DiaBETES CARE, VOLUME 36, OcTOBER 2013

care.diabetesjournals.org



39.

40.

incidence of stroke. Stroke 2002;33:2744—
2749

Van Vlierberghe H, Langlois M, Delanghe
J. Haptoglobin polymorphisms and iron
homeostasis in health and in disease. Clin
Chim Acta 2004;345:35-42

Henneman W], Sluimer JD, Barnes J, et al.
Hippocampal atrophy rates in Alzheimer
disease: added value over whole brain volume
measures. Neurology 2009;72:999-1007

41.

42.

Spauwen PJ, Kohler S, Verhey FR,
Stehouwer CD, van Boxtel MP. Effects
of type 2 diabetes on 12-year cognitive
change: results from the Maastricht Aging
Study. Diabetes Care 2013;36:1554—
1561

Pedersen M, Pedersen KK, Bruunsgaard
H, et al. Cognitive functions in middle
aged individuals are related to meta-
bolic disturbances and aerobic capacity:

43.

44,

Ravona-Springer and Associates

a cross-sectional study. PLoS ONE 2012;7:
e51132

Okereke OI, Kang JH, Cook NR, et al.
Type 2 diabetes mellitus and cognitive
decline in two large cohorts of community-
dwelling older adults. ] Am Geriatr Soc
2008;56:1028-1036

Levy AP, Asleh R, Blum S, et al. Hapto-
globin: basic and clinical aspects. Antioxid
Redox Signal 2010;12:293-304

care.diabetesjournals.org

DiaBETES CARE, VOLUME 36, OcTOBER 2013

3145



