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Abstract

Objective—The haptoglobin (Hp) genotype has been associated with cognitive function in type 2
diabetes. Because ethnicity/culture has been associated with both cognitive function and Hp
genotype frequencies, we examined whether it modulates the association of Hp with cognitive
function.

Methods—This cross-sectional study evaluated 787 cognitively normal older individuals (>65
years of age) with type 2 diabetes participating in the Israel Diabetes and Cognitive Decline study.
Interactions in two-way analyses of covariance compared Group (Non-Ashkenazi versus
Ashkenazi Jews) on the associations of Hp phenotype (Hp 1-1 versusnon- Hp 1-1) with five
cognitive outcome measures. The primary control variables were age, gender, and education.

Results—Compared with Ashkenazi Jews, non-Ashkenazi Jews with the Hp 1-1 phenotype had
significantly poorer cognitive function than non-Hp 1-1 in the domains of Attention/Working
Memory (p=0.035) and Executive Function (p=0.023), but not in Language/Semantic
Categorization (p=0.432), Episodic Memory (p=0.268), or Overall Cognition (p=0.082). After
controlling for additional covariates (type 2 diabetes-related characteristics, cardiovascular risk
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factors, Mini-mental State Examination, and extent of depressive symptoms), Attention/Working
Memory (p=0.038) and Executive Function (p=0.013) remained significant.

Conclusions—Older individuals from specific ethnic/cultural backgrounds with the Hp 1-1
phenotype may benefit more from treatment targeted at decreasing or halting the detrimental
effects of Hp 1-1 on the brain. Future studies should examine differential associations of Hp 1-1
and cognitive impairment, especially for groups with high prevalence of both, such as African—
Americans and Hispanics.

Keywords
cognitive function; cognitive domains; diabetes; haptoglobin; ethnicity/culture; older adults

Introduction

Older individuals with type 2 diabetes tend to perform more poorly on some
neuropsychological tests, especially those assessing the domains of attention, executive
function, and psychomotor speed, compared with controls (Nandipati et a/., 2012). Cognitive
deficits in type 2 diabetes have been associated with brain abnormalities such as white
matter lesions, lacunar infarcts, and cortical atrophy (van Harten 2006b; Nelson et a/., 2009);
they may also be indicators of further decline and dementia. Indeed, there is increased risk
for dementia (Luchsinger, 2001; Schnaider Beeri et al.,, 2004) in patients with type 2
diabetes, and those carrying the apolipoprotein E-epsilon 4 allele may have even higher risk
(Peila et al., 2002). The latter suggests that genetic factors may be contributing to this
association.

In type 2 diabetes, the haptoglobin (Hp) gene has received much attention. Hp produces a
hemoglobin binding protein that prevents oxidative tissue damage (Langlois and Delanghe,
1996). It has been linked to lacunar stroke (Staals, 2008) and dementia (Mattila, 1994), in
the general population and to cardiovascular disease in type 2 diabetes (Levy, 2004).
However, there is scarcity of research examining the association of Hp with cognitive
function, and only one study in type 2 diabetes—we recently reported that Israeli older
individuals with type 2 diabetes with the Hp 1-1 phenotype had poorer performance on
several cognitive domains compared with non-Hp 1-1 phenotype participants (Ravona-
Springer, 2013).

Moreover, despite evidence showing ethnic/cultural discrepancy in normal cognitive
function (Byrd, 2004), as well as ethnic/cultural differences in Hp distribution (Goldschmidt,
1962; Langlois and Delanghe, 1996), to our knowledge, there is no investigation on the
potential impact that ethnicity/culture may have on the association of Hp with cognition in
type 2 diabetes. Thus, in this cross-sectional study, we sought to examine whether prior
findings on the association of Hp 1-1 with cognition in Israeli older individuals with type 2
diabetes (Ravona-Springer, 2013) differed by ethnicity/culture, that is, by being from Non-
Ashkenazi versus Ashkenazi descent. Non-Ashkenazi Jews are descended groups from the
Middle East and North Africa, in contrast to Ashkenazi descendants of those from Central
and Eastern Europe (Kwon, 1999). These two groups differ not only by ethnic and socio-
cultural characteristics but also by genetic, disease frequency, and disease complications
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(Wolak, 2007; Feder et al., 2008). This study builds on the Israel Diabetes and Cognitive
Decline (IDCD) study, an investigation of the effects of long-term type 2 diabetes-related
characteristics on cognitive decline in initially non-demented older individuals with type 2
diabetes.

The IDCD study design has been previously described in detail (Beeri, 2014). Briefly, the
IDCD recruited community-dwelling older individuals with type 2 diabetes (65+ years old)
living in central Israel, from approximately 11,000 clients enrolled in the diabetes registry of
the Maccabi Healthcare Services (MHS). MHS is the second largest health maintenance
organization, treating a representative cross section of two million citizens. The MHS
diabetes registry was established in 1998 to facilitate diabetes management and to improve
treatment. Any of the following criteria is sufficient for enrollment into the registry: (1)
hemoglobin Alc (HbAlc) >7.25%; (2) glucose >200 mg/dL on two exams more than 3
months apart; (3) purchase of diabetic medication twice within 3 months supported by an
HbA1c >6.5% or glucose >125 mg/dL within half a year; (4) diagnosis of type 2 diabetes
(ICD9 code) by a general practitioner, internist, endocrinologist, ophthalmologist, or type 2
diabetes advisor, supported by an HbAlc >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
record (Heymann et al., 2006). IDCD inclusion criteria were having type 2 diabetes, normal
cognition at entry, being free of any neurological (e.g., Parkinson’s disease and stroke),
psychiatric (e.g., schizophrenia), or other diseases (e.g., alcohol or drug abuse) that might
affect cognition, and having an informant. Participants were assessed by a physician
experienced in assessment and diagnosis of dementia and by a neuropsychologist, who
administered the broad neuropsychological battery.

The electronic medical records of potential participants were screened by the MHS team for
diagnosis of dementia, and its subtypes, and for cholinesterase inhibitors. Then, MHS
personnel asked potential participants, on the phone, whether a doctor had ever told them
that they have a memory problem, or if they had ever been treated for a memory problem.
Those who responded positively were excluded from the study, and those who passed this
screen were then assessed for dementia by the study physicians, and were administered the
Clinical Dementia Rating (CDR) scale (Hughes, 1982), described in the succeeding text.
Those with a CDR >0 (reflecting questionable or increasing levels of dementia severity)
were excluded from the IDCD study and referred back to their primary physician. It is
important to note that the neuropsychological battery was not used in the process of
screening for normal cognition because it was used to calculate the cognitive outcome
measures. For descriptive purposes, global assessment of cognitive function was assessed
with the Mini-mental State Examination (MMSE) (Folstein, 1975). All participants were
discussed by a diagnostic consensus conference that included neurologists, psychiatrists, and
neuropsychologists experienced with dementia, with at least two specialties present.

The CDR scale assesses the severity of cognitive and functional impairment in six domains
(memory, orientation, judgment and problem solving, community affairs, home and hobbies,
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and personal care) through an interview with the participant and an informant. A score of 0
represents normal cognition (an inclusion criterion for the IDCD study), 0.5 represents
questionable dementia, and scores of 1 through 3 reflect increasing severity of dementia
(Hughes, 1982; Fillenbaum, 1996). The MMSE, which assesses various areas of cognitive
functions (orientation, concentration, memory, language, and visual construction), is widely
used as a cognitive screening instrument for dementia.

Analyses include prospective historical diabetes-related data from the Maccabi Health
Services and the baseline cognitive data collected by the IDCD study.

The sample for this study consisted of 787 IDCD participants (80 with the Hp 1-1 phenotype
and 707 with the non-Hp 1-1 phenotype) with normal cognitive function as described
previously. All participants had complete data on Hp genotyping, cognitive domains,
demographic characteristics (age, gender, education, and ethnic/cultural background, that is,
non-Ashkenazi and Ashkenazi Jews), type 2 diabetes-related characteristics (HbAlc,
number of follow-up years in the registry, and a surrogate for duration of disease (West et
al., 2015.) and whether medication for type 2 diabetes was taken: no medication,
hypoglycemic medication, and insulin or insulin + hypoglyceemic medication), and
cardiovascular risk factors (BMI, creatinine, total cholesterol, triglycerides, and diastolic and
systolic blood pressure).

Table 1 describes the region of origin for the participants. They were referred to as non-
Ashkenazi (7= 343) or Ashkenazi (/7= 444) Jews based on their reported birth region and
country; this information was also confirmed by an informant.

The study was approved by the Icahn School of Medicine at Mount Sinai, Sheba Medical
Center, and MHS IRB committees.

Cognitive function/outcomes

Cogpnitive function at entry was assessed using 12 neuropsychological tests, grouped into
cognitive domains according to the factor with the highest loading: Episodic Memory: Word
List Memory, Word List Recall, and Word List Recognition from the Consortium to
Establish a Registry for Alzheimer’s disease (CERAD) neuropsychological battery (Welsh et
al., 1994; Beeri et al., 2006); Attention/Working Memory: Shape Cancellation and Digit
Span (forward and backward) from the Wechsler Memory Scale-Revised (WMS-R)
(Wechsler, 1987); Language/Semantic Categorization:; Similarities (Godeau et a/., 1981),
Letter Fluency (Spreen and Spreen and Benton, 1977), and Animal Fluency (Newcombe,
1969); and Executive Function: Trail Making Test (A and B) (Reitan, 1958), CERAD-
Constructional Praxis, and Digit Symbol from the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) (Godeau et al., 1981). Raw scores were converted to z scores using
participants’ means and SDs. A composite measure of global cognitive function (Overall
Cognition) was created by averaging all the z scores. Scores for the four cognitive domains
were calculated as averages of z scores.
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Statistical analyses

Results

Two-way analyses of covariance (ANCOVASs) were performed in order to compare group
(non-Ashkenazi versus Ashkenazi Jews) and Hp phenotype (Hp 1-1 versusnon-Hp 1-1
phenotype) differences on the outcome measures, the four cognitive domains and Overall
Cognition. These analyses evaluated the interaction of Hp phenotype with Group (i.e., Were
the differences in the outcome measures for the two Hp phenotypes discrepant between non-
Ashkenazi and Ashkenazi participants?). The primary control variables were age, gender,
and education. Results with p <.05 were considered significant.

Differences in demographic and clinical characteristics by Hp phenotype were assessed for
non-Ashkenazi and Ashkenazi Jews (Table 2). Non-Ashkenazi Jews with the Hp 1-1
phenotype had significantly lower MMSE scores than non-Ashkenazi Jews with the non-Hp
1-1 phenotype. Table 2 (last column) also presents overall ethnicity/culture Group
differences: Non-Ashkenazi Jews were younger and less educated than Ashkenazi Jews and
had lower MMSE scores. Similarly to previously reported results (Goldschmidt, 1962), the
proportion of the Hp 1-1 phenotype did not differ substantially between non-Ashkenazi
(11.4%) and Ashkenazi Jews (9.2%).

As shown in Table 3, the two-way ANCOVAs, which compared non-Ashkenazi and
Ashkenazi Jews, showed significant Group effects, after controlling for demographic
variables, for three of the cognitive outcomes, with non-Ashkenazi performing more poorly
than Ashkenazi Jews in Attention/Working Memory (p <0.001), Executive Function (p
<0.001), and Overall Cognition (p <0.001) with Language/Semantic Categorization (p=
0.056) approaching significance, but not Episodic Memory (0 =0.827). However, there were
not significant main effects for Hp phenotype. There were significant Groupx Hp phenotype
interaction effects for two of the outcome measures, Attention/Working Memory (o =
0.035), and Executive Function (p= 0.023), with Overall Cognition approaching
significance (p = 0.082); Episodic Memory (p=0.268) and Language/Semantic
Categorization (p = 0.432) were not significant. The interactions showed that the extent to
which Hp 1-1 phenotype participants performed more poorly on the outcome measures than
non-Hp 1-1 phenotype participants depended on the ethnic/cultural background of the
participants. Specifically, the discrepancy in cognitive performance between the two
phenotypes was significant only in non-Ashkenazi Jews.

Table 4 shows that in non-Ashkenazi Jews, performance in the Hp 1-1 phenotype was
significantly poorer than that in the non-Hp 1-1 phenotype in Attention/Working Memory (p
= 0.032) and Overall Cognition (p= 0.026), with Executive Function approaching
significance (p = 0.059). In contrast, in Ashkenazi Jews, the differences in performance
between the phenotypes were not significant.

In supplementary analyses, in addition to controlling for demographics, we also controlled
for variables that can be potential confounders because they have been associated with
cognitive function (Wilson, 2002; Ravona-Springer, 2013) and may account for some of the
variance in cognition: type 2 diabetes-related characteristics, cardiovascular risk factors, and
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MMSE (described in the research design and Section on Methods). We also controlled for
extent of depressive symptoms (associated with both type 2 diabetes and cognition), as
measured by the 15-item Geriatric Depression Scale (Sheikh and Yesavage, 1986). After
taking into account all these covariates in the analyses, results were generally similar to
those from the main analyses. There were significant Group effects for Attention/Working
Memory [F (1, 767)=16.023, p <0.001] and Executive Function [F (1, 767)=27.773, p
<0.001]. However, in contrast to Table 3 result, the Group effect for Overall Cognition only
approached significance [F (1, 767)= 3.395, p=0.066]. Similar to Table 3 results, there were
also significant Groupx Hp phenotype interaction effects for Attention/Working Memory [F
(1, 767)=4.309, p=0.038] and Executive Function [F (1, 767)=6.195, p=0.013].

Discussion

To our knowledge, this study represents the first examining of the modulating effects of
ethnicity/culture on the relationship of Hp phenotype with cognitive function. This study
extends our previous findings (Ravona-Springer, 2013) by showing that the poor
performance observed in Hp 1-1 phenotype participants with diabetes is modified by
ethnicity/culture, after controlling for demographics. Compared with Ashkenazi Jews, whose
performance on the cognitive outcomes was not significantly affected by Hp phenotype
status, non-Ashkenazi Jews with the Hp 1-1 had significantly poorer cognitive function than
non-Ashkenazi Jews with the non-Hp 1-1 phenotype in the domains of Attention/Working
Memory and Executive Function.

One explanation for these results is the possibility that non-Ashkenazi Jews have poorer
management of type 2 diabetes than Ashkenazi older individuals. Ashkenazi Jews have been
reported to have genetic factors that are protective against type 2 diabetes complications
(Feder et al., 2008). Poorer cognitive function is another complication of type 2 diabetes,
which may be less impacted in Ashkenazi Jews, as reflected in our results. In this vein, when
we also controlled for diabetes-related characteristics such as HbAlc, results remained
essentially unchanged.

The interaction effects between ethnicity/culture and Hp suggest that Hp 1-1 may be one
possible biological mechanism explaining the susceptibility of specific conditions (impaired
cognition) in some ethnic groups, but not others. Although other investigators have found
that having a particular Hp phenotype is associated with specific disease outcomes (Langlois
and Delanghe, 1996), the potential modulating effects of ethnicity remain to be investigated.
Similarly, Jewish populations differ in prevalence of diseases and in the involvement of
genetic factors associated with disease complications (Wolak, 2007; Feder et a/., 2008). For
instance, Beeri and colleagues reported on the higher risk of dementia in non-Ashkenazi
Jews compared with Ashkenazi Jews (Beeri, 2008), but it is unknown whether this
heightened risk is affected by Hp phenotype. Thus, our findings should encourage
investigations to examine whether differential prevalence of dementia, in different
ethnicities/cultures, is affected by Hp phenotype.

It is noteworthy that Episodic Memory [the primary cognitive function affected by
Alzheimer’s disease (AD)] was not affected by the interaction effects of Group and Hp, thus
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suggesting possible involvement of non-AD-type pathology, such as cerebrovascular-related
pathology. Cerebrovascular disease pathology such as cerebral small vessel disease (van
Harten, 2006a; Nelson, 2009) is consistently associated with both type 2 diabetes and
increased risk of dementia. Cerebral small vessel disease may be a mechanism through
which Hp 1-1 exerts its deleterious effects on the brain. Compared with other phenotypes,
Hp 1-1 has poorer angiogenic effects (Langlois and Delanghe, 1996), which could explain
susceptibility to vascular disease. Hp 1-1 has deleterious effects on endothelial progenitor
cells, compromising endothelial repair and affecting proper functioning of the endothelium
(Rouhl et al., 2009; Rouhl et al., 2012). Endothelial dysfunction leads to a deficiency in
forming of new blood vessels and functioning of the blood brain barrier and is one of the
first steps in the progression of cerebral small vessel disease (e.g., lacunar infarcts and white
matter lesions). The latter has a negative impact on cognitive functioning, and in particular,
attention/working memory domains (e.g., working memory and processing speed) (O’Brien,
2002; Viana-Baptista, 2008; Eilaghi, 2013), the cognitive domain with significant interaction
effect in our study.

This study had several limitations, including its cross-sectional design. Longitudinal studies
are needed to examine whether ethnicity/culture modulates the relationship of Hp phenotype
with cognitive decline and incident dementia. The lack of a control group without type 2
diabetes prevents the generalizability of these findings to all the older population. Of note,
however, Hp phenotype effects are found primarily in individuals with diabetes and less so
in those without diabetes (Levy, 2002; Levy, 2004). Neuroimaging data were not available,
thus, impeding examination of potential contribution of cerebral small vessel disease to Hp
1-1 effects on cognition. To the extent that cerebrovascular disease may be a biological
mechanism linking the associations found in this study, excluding participants with stroke
(an eligibility criterion in the IDCD study), could have diminished the significance of our
results. Although we controlled for demographic variables, it is important to note that, as a
whole, non-Ashkenazi Jews were, on average, significantly younger than Ashkenazi Jews
(71.1 versus 72.5, respectively) and with fewer years of formal education (12.0 vs. 14.1,
respectively). Future studies of Hp phenotype can be aimed at examining potential
confounders such as quantity and quality of education, socioeconomic status, and diet,
which may help explain the association of ethnicity/culture with cognitive performance. In
this context, even after matching groups on important demographic characteristics, group
differences in test performance, favoring advantaged groups, have been reported (Jacobs,
1997). It is important to note that although participants in this study resided in Israel for at
least 40years and spoke He-brew fluently, the extent to which prior language experience
influenced cognitive performance is unknown (Boone, 2007). Moreover, the non-Ashkenazi
Jews were mainly from three different regions, so the extent to which our results can be
generalized to specific non-Ashkenazi subgroups remains unknown. Because of the small
sample size of Hp 1-1, we did not perform additional stratifications such as region of origin.

Strength of this study included a well-characterized diagnosis of type 2 diabetes, a plethora
of potential confounders, and a comprehensive neuropsychological battery, which elucidated
Attention/Working Memory and Executive Function as important cognitive domains in the
context of the relationships of Hp with ethnicity/culture.
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Studies in the USA have consistently reported that compared with White people, minority
older individuals perform more poorly in neuropsychological tests (Stricks et al., 1998;
Byrd, 2004), have higher prevalence of both type 2 diabetes (Harris, 2011) and dementia,
including AD (Gurland et a/., 1999; Tang et al., 2001), and have poorer glycemic control
(Suh, 2010). In non-Jewish populations, the distribution of Hp differs by ethnicity: The Hp
1-1 phenotype is more frequent in Africans and Hispanics than White people, thus
suggesting that it may be a potential risk factor for type 2 diabetes complications, including
compromised cognitive function and dementia, in these ethnic groups. Thus, future studies
should examine the association of Hp with cognition in minority older groups with type 2
diabetes. To the extent that effective clinical interventions become available, because there is
high prevalence of diabetes, Hp 1-1, and cognitive impairment in the minority population
(Langlois and Delanghe, 1996; Gurland et a/., 1999; Harris, 2011), treatment targeted at
decreasing or halting the detrimental effects of Hp 1-1 on the brain may be of particular
benefit to individuals from this ethnic/cultural group.
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Key points

. In older Israelis with type 2 diabetes, the association of the haptoglobin 1-1
phenotype with poorer cognitive function differed according to the ethnic/
cultural background.

. Our results emphasize the relevance of investigating the contribution of
differences in ethnicity/culture to the relationship of risk factors with poor
cognitive function.
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