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Abstract

Objective—We prospectively evaluated the Haptoglobin (Hp)-stroke association in type 1

diabetes and hypothesized that despite increasing the risk for coronary artery disease, the presence

of the Hp 2 allele would lower stroke incidence.

Methods—Participants from the Epidemiology of Diabetes Complications study without

prevalent stroke and Hp available were evaluated (n=607; mean age, 27.6 and duration, 19.3

years).

Results—During 22 years of follow-up, stroke incidence did not differ by Hp genotype (p=0.49).

Restricting analyses to those diagnosed with diabetes ≥1965 (13% mortality versus 40% in the

<1965 cohort) to diminish potential survival bias, the adjusted HR for Hp 1-1 was 3.08 (95%

CI=0.81-11.77, p=0.10). Further stratifying by hypertension prevalence, an increased stroke

incidence was observed with Hp 1-1 only in those with hypertension (HR=7.03, 95%

CI=1.42-34.89, p=0.02).

Conclusions—Despite the protective effect against vascular diabetes complications, a

borderline increased risk for stroke was observed with Hp 1-1 in type 1 diabetes. This mixed Hp

effect on cardiovascular risk by outcome studied merits further investigation and cautions against

the universal application of preventive therapies across all Hp genotypes.
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Introduction

Data on cerebrovascular disease in type 1 diabetes are scarce. The few existing reports

suggest that, as in the general population, stroke in type 1 diabetes is largely ischaemic and

usually not preceded by either coronary artery disease (CAD) or transient ischaemic attack
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(1-4). However, stroke incidence is highly increased in type 1 diabetes and occurs at least 20

years earlier than in the general population (1). Moreover, survival following an incident

event is remarkably low and estimated at 45% five years after stroke (1).

Diabetes duration has been shown to be the strongest predictor of stroke in type 1 diabetes

(1), although modifiable risk factors such as poor glycemic control, hypertension and

dyslipidemia were also shown to play a role (1-2, 4). Recently, studies in the general

population showed a lower prevalence of the Haptoglobin (Hp) 2 allele among individuals

with cerebrovascular disease (5-7), a surprising observation given consistent prospective

findings of an increased cardiovascular and end-stage renal disease (8) risk associated with

the Hp 2 allele in diabetes.

A major role of Hp, an acute phase α2-glycoprotein, is to bind free hemoglobin and remove

it from circulation either with the aid of hepatocytes or by attaching to CD163 monocyte/

macrophage scavenger receptor (9). This hemoglobin binding property of Hp has led to its

classification as an antioxidant, since it serves to inhibit heme iron release and, thus, reduces

hemoglobin-induced oxidative tissue damage (9). In humans, two classes of alleles exist at

the Hp locus (the 5-exon class 1 allele and the class 2 allele, which arose from duplication of

exons 3 and 4 of the Hp 1 allele), giving rise to three genotypes: Hp 1-1, Hp 2-1 and Hp 2-2

(9). The Hp 1 protein allele has been described as having greater antioxidant capacity

(10-12) and inflammatory down-regulation activity (13). Conversely, although Hp 2 has

greater angiogenic potential (9), it has been associated with impaired HDL function (14).

These functional differences, which are thought to be exaggerated in the presence of

diabetes (8), may potentially explain the evidence linking the Hp genotype to vascular

complication outcomes only in those with diabetes or in the presence of hyperglycemia

(15-17).

It is also important to note that although numerous trials have shown no, or even a harmful,

effect of antioxidant treatment in terms of cardiovascular outcomes, three clinical trials have

provided evidence for a protective effect of vitamin E therapy against CVD among

individuals with diabetes and the Hp 2-2 genotype (18-20). Taken together, these findings

suggest an adverse effect of vitamin E therapy in carriers of the Hp 1 allele, which could be

due to exacerbation of a potential stroke susceptibility in the Hp 1-1 group, should findings

in the general population (5-7) hold true also in diabetes. To our knowledge, however, such

assessments in diabetes have yet to be conducted. We, thus, aimed to prospectively evaluate

the presence of an association between the Hp genotype and incident cerebrovascular

disease in a type 1 diabetes cohort, hypothesizing that, as in the general population, the Hp 2

allele would be inversely related to stroke incidence.

Research Design and Methods

The EDC study was based on a historical cohort of incident, childhood-onset (<17 years),

type 1 diabetes cases, diagnosed or seen within one year of diagnosis (1950-1980) at

Children’s Hospital of Pittsburgh. This cohort has been shown to be representative of the

Allegheny County, Pennsylvania, type 1 diabetes population (21). The first participant

assessment occurred in 1986-1988, when mean participant age and duration of diabetes were
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28 and 19 years, respectively. Subsequently, biennial examinations were conducted for 10

years and additionally at 18 years. Demographic, health-care, diabetes self-care and medical

history information was assessed using questionnaires. The University of Pittsburgh IRB

approved the study protocol.

Weight was measured on a balance beam scale with participants barefoot and in light

clothing and height using a stadiometer. Body mass index (BMI) was calculated as weight

(kg) divided by height (m2). Waist to hip ratio was calculated as the ratio of waist (measured

at the midpoint between the highest point of the iliac crest and the lowest part of the costal

margin in the midaxillary line) to hip (measured at the widest point of the glutei, usually at

the level of the greater femoral trochanter) girth. An ever smoker was defined as a person

who had smoked ≥100 cigarettes over their lifetime. Blood pressure was measured with a

random zero sphygmomanometer after a five minute rest (22) and hypertension was defined

as ≥130/80 mmHg or antihypertensive medication use. Stroke incidence was determined

through biennial surveys or physician interviews. When possible, medical or autopsy records

were obtained to verify the occurrence and type of stroke. Confirmatory medical or autopsy

records were obtained for 77% of the events. Stroke was defined as a neurological deficit of

acute onset lasting ≥24 hours without other evident cause.

Stable glycosylated hemoglobin (HbA1) was measured by ion exchange chromatography

(Isolab, Akron, OH) and subsequently by automated high-performance liquid

chromatography (Diamat, BioRad, Hercules, CA). The two assays were highly correlated

(r=0.95). HDL cholesterol was determined by a precipitation technique (23). Cholesterol and

triglycerides were measured enzymatically (24-25). Non-HDL was calculated as total minus

HDL cholesterol. White blood cell count was obtained using a counter S-plus IV. Urinary

albumin was measured by immunonephelometry (26) and creatinine was assayed by an

Ectachem 400 Analyzer (Eastman Kodak Co., Rochester, NY). Glomerular filtration rate

(eGFR) was estimated using the Chronic Kidney Disease Epidemiology Collaboration

equation (CKD-EPI) (27). For 486 participants who provided DNA, Hp was genotyped by

an amplification method (28) as previously described (29) while for 129 participants without

DNA but with stored blood samples available, Hp phenotype was assessed using an Elisa

test (30). Of 615 participants with DNA available, four individuals (one Hp 1-1, one Hp 2-1

and two Hp 2-2) with prevalent cerebrovascular disease and an additional four missing

clinical information were excluded from the analyses.

Statistical analysis

Univariate associations were determined using parametric or non-parametric tests for

continuous variables and the Χ2 or Fisher’s exact test for categorical variables, as

appropriate. Cox proportional hazards models with backward elimination were constructed

to assess the presence of an independent association between the Hp genotype and

cerebrovascular disease incidence. Models allowed for baseline variables found to be

univariately (crudely) associated with cerebrovascular disease incidence (diabetes duration

in years, having ever smoked (% yes/no), HbA1c (%), hypertension (% yes/no), HDL

cholesterol (mg/dL), non-HDL cholesterol (mg/dL), albumin excretion rate (μg/min), eGFR

(mL/min/1.73 m2) and white blood cell count (x 103/mm2)) and were based on participants
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with complete data on all covariates included in the models. Survival time was defined as

the time in years from study entry to an incident event or censorship during the 22 year

follow-up. Hazard ratios were reported per one unit increment for continuous variables.

Statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC).

Results

During 22 years of follow-up, incident cerebrovascular disease occurred in 5.4% (33/607).

Table 1 presents baseline demographic and clinical participant characteristics by subsequent

stroke occurrence. As expected, incident cases were more likely to have been older, with

longer diabetes duration, to have ever smoked and to have hypertension. Incident cases also

had higher concentrations of non-HDL cholesterol, white blood cell count and albumin

excretion rate and lower eGFR. No differences were observed in stroke incidence by gender

or race/ethnicity; however, as the majority of study participants (98%) were non-Hispanic,

no conclusions can be drawn from this study on the association between race/ethnicity and

cerebrovascular disease incidence in type 1 diabetes.

Generally, with the exception of younger age among those with the Hp 2-2 compared to the

Hp 2-1 genotype, participant characteristics did not differ by Hp genotype (Supplemental

Table S1). A non-significant trend toward lower systolic blood pressure from the Hp 1-1 to

the Hp 2-2 genotype was, however, noted.

Overall, the proportion of incident stroke cases did not differ by Hp genotype or Hp allele

frequency (Table 2). To examine the possibility that mortality prior to an individual’s

baseline assessment affected the distribution of the Hp genotype in this cohort and that

survival bias has distorted the true association between Hp and stroke incidence, we

conducted stratified analyses by diabetes diagnosis year before or after 1965. This cut off

point was used given available data suggesting that 40% of those diagnosed with type 1

diabetes prior to 1965 and eligible to partake in the EDC study died before the baseline

assessment whereas only 13% of those diagnosed after 1965 died before study initiation.

Although no significant differences were observed in stroke incidence by Hp in either

diagnosis cohort, rates were three times higher with Hp 1 homozygosity in the more recent

diagnosis cohort (p=0.27). Combining carriers of any Hp 2 allele did not alter findings.

When analyses were repeated further stratifying the two cohorts by hypertension status

(Figure 1), similar rates were observed by Hp in the earlier diagnosis cohort regardless of

hypertension status (Figure 1A). However, incidence was significantly increased with Hp

1-1 in those diagnosed ≥1965 who had hypertension (Figure 1B, p=0.006), while no

differences were observed by Hp genotype among normotensive individuals.

We further evaluated the participants’ age at the time the incident stroke event occurred by

Hp genotype. Compared to incident cases carrying at least one Hp 2 allele, those

homozygous for Hp 1 were younger at stroke occurrence (36.8 vs. 44.2 yrs, p=0.06).

In assessing differences in the type of cerebrovascular event by Hp genotype, we noted that

although the incidence of both ischemic and hemorrhagic stroke appeared higher with the

Hp 1-1 genotype compared to having at least one Hp 2 allele, results did not reach statistical
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significance (p-value=0.73 and 0.51 for ischemic and hemorrhagic stroke, respectively).

Comparing Hp 1-1 versus the presence of any Hp 2 allele did not alter these findings (p-

value=0.52 and 0.31 for ischemic and hemorrhagic stroke, respectively).

In multivariable Cox models, the increased risk associated with Hp 1 allele homozygosity

did not reach significance in the overall cohort, whereas diabetes duration, non-HDL

cholesterol and albumin excretion rate directly predicted stroke incidence (Table 3). In

models stratifying by diabetes diagnosis year, Hp 1-1 was associated with over a threefold

increased risk of stroke (p=0.10) in the most recent and a non-significant 27% risk reduction

in the earlier diagnosis cohort. Other factors that were directly related to stroke incidence in

the most recent diagnosis cohort were duration of diabetes, HbA1c, hypertension whereas in

the earlier diagnosis cohort significant predictors comprised non-HDL cholesterol and

albumin excretion rate (having ever smoked, HDL cholesterol, eGFR and white blood cell

count were not significantly related to stroke incidence in any analysis). Further stratifying

analyses by hypertension prevalence suggested a significantly increased stroke risk with Hp

1-1 (HR=7.03, 95% CI=1.42-34.89, p=0.02) for the ≥1965 diagnosis cohort with

hypertension, while no incident events occurred among Hp 1-1 carries in normotensive

individuals. However, assessing whether the effect of Hp differed by hypertension status in a

model that included an interaction term (Hp*hypertension, p=0.99) in addition to lower

order terms, did not confirm the presence of effect modification, though this was likely due

to the small sample size. Repeating all multivariable analyses adjusting for age instead of

diabetes duration did not significantly alter results.

Conclusions

In this cohort of long duration, childhood-onset, type 1 diabetes, we failed to see any

protection against cerebrovascular disease with Hp 1 allele homozygosity, and indeed

observed a borderline significant increased risk. This observation was particularly apparent

in the cohort more recently (after 1965) diagnosed with type 1 diabetes, where survival bias

was less likely to have affected the distribution of the Hp genotype and Hp’s association

with stroke occurrence. In this sub-cohort, the increased risk of stroke associated with the

Hp 1-1 genotype appeared restricted to those with hypertension.

Our present findings are in striking contrast to the previously reported prospective

associations between the Hp genotype and incident cardiovascular disease in both type 1

(16, 29) and type 2 diabetes (30-33) or hyperglycemia (15), where the Hp 2-2 genotype was

shown to confer greater disease risk. However, earlier studies did not specifically evaluate

the Hp-stroke association. Interestingly, in type 1 diabetes, the number of Hp 2 alleles has

also been associated with a linearly increased risk of decreased kidney function in the

present population (34), a finding which was recently replicated within the DCCT/EDIC

study (35).

The elevated risk of cardiovascular and kidney complications associated with the Hp 2 allele

in diabetes has generally not been observed in the general population. Indeed, a recent

analysis (15) confirmed the presence of effect modification in the Hp - coronary heart

disease risk association by increased glucose levels. Thus, the Hp 2-2 genotype was
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significantly associated with increased coronary heart disease risk only in those with HbA1c

levels above 6.5%.

Notwithstanding the lack of an association with coronary heart disease or kidney function in

the general population, recent data from Europe suggest a direct relationship between the Hp

1 allele frequency and stroke, consistent with our results in type 1 diabetes. Specifically,

compared to healthy volunteers, a greater frequency of the Hp 1 allele was found among

patients with a first symptomatic small vessel lacunar stroke and Hp 1 was also related to

white matter lesions (5). Similarly to our findings, the direct effect of the Hp 1 allele

appeared more pronounced among those with hypertension, while an association was absent

in normotensive individuals. Interestingly, Hp 1-1 patients were more likely to have

hypertension, and the authors suggested the presence of high blood pressure as one potential

mechanism by which the Hp 1 allele related to lacunar stroke, given the importance of

hypertension in the pathophysiology of cerebral small vessel disease.

In our type 1 diabetes population, the prevalence of hypertension did not differ by Hp

genotype although systolic blood pressure increased slightly with the number of Hp 1

alleles. Whether the Hp 1 allele is generally associated with hypertension, however, is

unclear. Indeed, reports of both elevated blood pressure readings with Hp 1 allele

homozygosity (36) and no difference by Hp (35, 37) have been published. Interestingly,

previous research also suggested that among patients with hypertension, the Hp 2-2

genotype is associated with a requirement for more complex antihypertensive regimen; the

presence of more severe vascular complications (38); and an increased risk of developing

refractory hypertension compared to other Hp phenotypes (39). Whether these associations

relate to our observation that the increased Hp 1-1 stroke risk is seen only in those with

hypertension, is unclear.

In a separate study of 42 lacunar stroke cases (6), patients with Hp 1-1 were shown to have

impaired endothelial progenitor cell cluster formation compared to carriers of at least one

Hp 2 allele. In vitro experiments conducted by these investigators provided further data that

the addition of Hp 1-1 to endothelial progenitor cell clusters, produced lower cluster

numbers than the addition of other Hp types, suggesting that Hp 1 may relate to cerebral

small vessel disease via its decreased endothelial repair potential (6). Indeed, among 152

hypertensive patients without symptomatic vascular disease, carrying the Hp 1-1 type was

associated with larger deep cerebral white matter lesion volumes but not with periventricular

white matter lesion volumes (7). As the majority of patchy and diffuse white matter lesions

in the deep white matter are thought to relate to cerebrovascular disease, it was hypothesized

that this Hp 1-1 effect may be attributed to a lower regenerating power of the Hp 1 allele

against endothelial injury.

As previously proposed (5, 7), it is indeed conceivable that functional differences across Hp

genotypes are responsible for these discrepancies in its association with atherosclerosis or

kidney dysfunction versus cerebrovascular disease. Thus, excessive angiogenesis, more of a

characteristic of Hp 2-2 than Hp 1-1 (9), may lead to increased atherosclerosis and kidney

disease risk, but be relatively protective for cerebrovascular complications. Conversely, the

greater antioxidant and anti-inflammatory capacity of Hp 1-1 (9) may account for the
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observed protection it confers against CAD and kidney dysfunction. Furthermore, the

diverse effects of Hp genotype on CAD and cerebrovascular disease may relate to the

observation that vitamin E protects against CAD only in those with diabetes carrying the Hp

2 allele but may have little or even a harmful effect in the non-Hp 2-2 individuals (18-20,

40). Administration of vitamin E may thus exacerbate the risk of stroke, especially in the Hp

1-1 group.

A major limitation of the present study is the small number of events, which prohibited a

more refined classification of type of cerebrovascular event and assessment of the role of Hp

specifically on lacunar strokes, as previously suggested in the general, non-diabetes,

population. A strength, however, is the evaluation of this association prospectively in a

generally young type 1 diabetes population. Nevertheless, even in this cohort of relatively

young adults with type 1 diabetes, survival bias could not be excluded, although this was

addressed by stratified analysis by diabetes diagnosis year.

In conclusion, despite the previously reported protective effect against CAD and kidney

dysfunction, no protection and even an increased risk of cerebrovascular disease,

particularly in those with hypertension, was observed with the Hp 1-1 genotype in this

childhood-onset type 1 diabetes cohort. This mixed effect of the Hp genotype on

cardiovascular risk according to outcome studied in diabetes merits further investigation and

underscores the need for caution in the universal application of preventive therapies across

all Hp genotypes.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Stroke incidence by Hp genotype, hypertension status, and diagnosis cohort

A. Diabetes diagnosis <1965. White bars = Hp 1-1; black bars = Hp 2-1; bars with stripes =

Hp 2-2.

B. Diabetes diagnosis ≥1965. White bars = Hp 1-1; black bars = Hp 2-1; bars with stripes =

Hp 2-2.
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Table 1

Baseline participant characteristics by stroke incidence (n=607)

No Stroke (n=574) Stroke (n=33)* p-value

Age (years) 27.2 (7.8) 33.4 (7.3) <0.0001

Age at onset (years) 8.3 (4.1) 7.8 (4.0) 0.50

Duration (years) 19.0 (7.5) 25.6 (6.5) <0.0001

Follow-up (years) 18.6 (5.8) 9.5 (7.0) <0.0001

Females (%, n) 48.1 (276) 48.5 (16) 0.96

Race / Ethnicity (%, n)

 Non-Hispanic white 97.9 (562) 100.0 (33)

 African-American 2.1 (12) 0.0 (0) 1.00

Body mass index (kg/m2, n=572;33) 23.6 (3.2) 23.9 (3.3) 0.57

Waist to hip ratio (n=569;33) 0.82 (0.07) 0.85 (0.09) 0.15

Smoking, ever (%, n) 36.1 (207) 54.5 (18) 0.03

HbA1c (%) 8.7 (1.5) 9.0 (1.7) 0.38

HbA1c (mmol/mol) 72 75

Systolic blood pressure (mmHg) 112.8 (15.3) 126.1 (18.0) <0.0001

Diastolic blood pressure (mmHg) 72.4 (10.8) 78.2 (13.7) 0.02

Hypertension (%, n) 29.3 (168) 57.6 (19) 0.0006

HDL cholesterol (mmol/L, n=571;32) 1.4 (0.3) 1.3 (0.3) 0.49

Non-HDL (mmol/L, n=571;32) 3.5 (1.1) 4.2 (1.2) <0.0001

Albumin excretion rate (μg/min,
n=570;32)

14.1 (7.2-104.4) 377.5 (17.8-1186.3) <0.0001

eGFR (mL/min/1.73 m2, n=573;33) 103.2 (31.8) 80.6 (37.0) <0.0001

White blood cell count × 103/mm2

(n=570;33)
6.5 (1.8) 7.6 (2.4) 0.01

*
9 hemorrhagic and 23 ischemic strokes
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