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Abstract
Background and aims: The haptoglobin (Hp) genotype (Hp 1-1, 1-2, or 2-2) is associated with type 2
diabetes complications. The Hp2-2 genotype has been linked to elevated CHD risk while the 1-1 genotype
has been recently related to cerebral small vessel disease. This study investigated whether Hp phenotype
is associated with carotid atherosclerotic structure and function among type 2 diabetes elderly patients
participating in the Israel Diabetes and Cognitive Decline (IDCD) study.

Methods: IDCD participants (n=472) underwent a battery of carotid atherosclerosis ultrasound
assessments with measurements of carotid intima media thickness (cIMT), distensibility, elastography,
and carotid plaque volume. Ordinal regression models adjusting for demographic and cardiovascular risk
factors assessed the associations of categorical measures of carotid plaque volume with Hp phenotype .
Logistic regression models were used to assess the association of Hp phenotype with impaired cIMT,
carotid distensibility and elastography.

Results: Participants averaged 76.4±4.4 years old, 42% were female, mean HbA1c was 6.7±0.7% (50±7.7
mmol/mol). Hp phenotype distribution was 46 (10.4%) Hp 1-1, 186 (40.7%) Hp 2-1 and 209 (45.7%) Hp 2-
2 carriers. Carotid plaque volume was categorized into 4 groups: including no plaque (n=128) and tertiles
of plaque volume: small plaque (volume ≤122 mm3, n=110), medium plaque (volume 122-273 mm3,
n=106) and large plaque (volume≥274 mm3, n=104). The prevalence of Hp 1-1 phenotype increased with
greater carotid plaque volume (6.5%, 10.6%, 8.8% and 16.5% in the no, small, medium, and large plaque
groups respectively; p=0.027). Compared to Hp-1 carriers, non-carriers (i.e. Hp 2-1 and Hp 2-2) had
approximately 30% lower risk for large carotid plaque volume, as estimated using ordinal regression (OR:
0.713 [0.496, 1.03], 0.694 [0.484, 0.997] for Hp 2-1, Hp 2-2 respectively). No associations were found
between Hp phenotype and level of carotid stenosis, cIMT, carotid distensibility and carotid elastography.

Conclusion: Our �ndings suggest that among non-demented elderly patients with type 2 diabetes, the
Haptoglobin 1-1 phenotype is associated with greater carotid atherosclerosis. These �ndings add
evidence for the involvement of the Hp 1-1 phenotype in the pathophysiology of cerebrovascular disease.

Background
Haptoglobin (Hp) is an acute phase protein that binds to freely circulating hemoglobin. Hp is encoded
from the haptoglobin gene which exists as two alleles, Hp-1 and Hp-2. The function of haptoglobin is
primarily to determine the fate of hemoglobin released from red blood cells after either intravascular or
extravascular hemolysis. There are functional differences between the Hp 1 and Hp 2 protein products in
protecting against hemoglobin-driven oxidative stress that appear to have important clinical
signi�cance1.

Hp genotype has been consistently associated with vascular diabetes complications, both acute
cardiovascular events and vascular deterioration. Type 2 diabetes patients with Hp 2–2 phenotype are at
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greater risk of increased carotid intima media thickness (cIMT)2,3, restenosis following stenting4 and
cardiovascular disease (CVD)5,6 and mortality2. In contrast, a lower prevalence of CVD in type 2 diabetes
patients with Hp 2 − 1 and Hp 2–2 genotype compared with Hp 1–1 genotype has been reported7.

Moreover, in recent years there is a growing line of evidence for the association of Hp 1–1 with
cerebrovascular disease8,9. In a case-control study Hp-1 frequency was higher among patients with �rst
symptomatic lacunar stroke due to small vessel disease compared with controls10. Increase in the
number of Hp-1 alleles was associated with a greater volume of cerebral white matter hyperintensities, a
marker for cerebral small vessel disease, in patients with hypertension9 and with type 1 diabetes8. On the
other hand patients with type 2 diabetes and Hp 2–2 phenotype were at higher risk for greater carotid
intima media thickness (cIMT) and for unstable carotid plaque3,5.

Recent ultrasound developments have allowed to investigate carotid plaque volume with high reliability
and repeatability 11,12. Carotid plaque volume was demonstrated as a superior marker compared to cIMT
and to carotid plaque area for prediction of CVD13 and cardiovascular events14,15. Additional innovative
markers for carotid atherosclerosis are carotid distensibility for the measurement of carotid artery
stiffness and carotid elastography for measurement of carotid artery wall properties. It was demonstrated
that carotid artery stiffness, as determined by distensibility coe�cient, is associated with atherosclerosis
and its outcome such as stroke, TIA and CVD16,17. In this study, we used a broad ultrasound assessment
including 3D sonography—carotid plaque volume, a marker of the extent of carotid atherosclerosis, cIMT,
carotid distensibility and strain ratio elastography for the evaluation of the association between Hp
phenotype and carotid atherosclerosis markers among elderly cognitively normal type 2 diabetes patients
from the Israel Diabetes and Cognitive Decline (IDCD) study18.

Methods
Study population

Participants are from the IDCD study, which investigates the effects of long-term type 2 diabetes-related
characteristics on cognitive decline. The IDCD study design has been previously described in detail18.
Brie�y, the IDCD recruited community-dwelling elderly 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 (HMO), treating
a representative cross-section of 2 million Israeli citizens. The MHS diabetes registry was established in
1998 to facilitate diabetes management and to improve treatment. Any of the following criteria were
su�cient for enrolment into the registry: (1) HbA1c >7.25% (55.7 mmol/mol); (2) glucose >11.10 mmol/l
on two exams more than 3 months apart; (3) purchase of diabetic medication twice within 3 months
supported by an HbA1c >6.5% (47.5 mmol/mol) or glucose >6.94 mmol/l within half a year; (4) diagnosis
of type 2 diabetes (ICD-9 code19 by a general practitioner, internist, endocrinologist, ophthalmologist or
type 2 diabetes advisor, supported by an HbA1c >6.5% (47.5 mmol/ mol) or glucose >6.94 mmol/l within
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half a year. These criteria have been validated by 20 physicians in the MHS against their own practice
records20. IDCD inclusion criteria were having type 2 diabetes; normal cognition at entry; being free of any
neurological (e.g., Parkinson’s disease, stroke), psychiatric (e.g., schizophrenia) or other diseases (e.g.,
alcohol or drug abuse) that might affect cognition; Hebrew �uency, and having an informant. Participants
were assessed by a physician experienced in assessment and diagnosis of dementia, and by a
neuropsychologist, who administered a neuropsychological battery. Carotid atherosclerosis was
assessed during the IDCD 36 months follow up. Four hundred seventy-two IDCD participants underwent
the carotid US assessments and had complete data on Hp and sociodemographic and cardiovascular
variables.

Covariates

Data on risk factors and possible confounders were obtained using two methods: the Maccabi Diabetes
Registry and data collection during the baseline visit of the IDCD cohort. Variables available through the
Diabetes Registry were computed as the average of all the measurements done in Maccabi since entry to
the Diabetes Registry and included time in the T2D registry (a good proxy of duration of T2D)21, BMI,
HbA1c, fasting glucose, total, HDL and LDL cholesterol, triglycerides, vitamin B-12, vitamin D, and folic
acid levels. Systolic and diastolic blood pressure was measured during the carotid US examination.
During the baseline visit of the IDCD study blood samples were obtained to evaluate CRP, IL-6 and the
phenotype of APOE and haptoglobin.

Ultrasound assessment procedures

All examinations were performed at the Department of Neurology, Sheba Medical Center by one of 2
quali�ed and experienced ultrasound technicians, after obtaining informed consent. Subjects were placed
in a supine position and rested for 5 minutes prior to assessing their vital signs. Carotid Ultrasound
Doppler was performed using the premium EPIQ 7 US system (Philips, Netherlands). The following
indices of carotid stiffness and atherosclerosis were assessed:

Carotid intima-media thickness (cIMT): IMT is de�ned as the distance between the media–adventitia
interface and the lumen–intima interface. Measurements were performed bilaterally at the far wall of the
common carotid artery (CCA) 1.0 cm proximal to the carotid bifurcation. The mean value of computer-
based points was used. For each individual, cIMT was determined as the average of 3 measurements for
each artery, as was automatically computed by the QLAB software (Philips, Netherlands).

3-D Carotid plaque volume: Patients with detectable plaques were assessed for plaque volume. In
standard optimized mode, using the mechanic volumetric VL13-5 broadband linear array transducer, 3D
plaque scanning volume data were obtained automatically. For each volume approximately 250 single
transverse images (frames) were obtained with an interval of 0.15 mm. Plaque volume was automatically
calculated using the Vascular Plaque Quanti�cation (VPQ) module (QLAB software), after selecting the
beginning and ending frame and selecting at least one key frame within the plaque region.
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Carotid Distensibility: Following static B-mode real-time imaging from a longitudinal section of the CCA
after 5 minutes of rest, dynamic CINE looped M-mode images of consecutive cardiac cycles were stored
for later o�ine analysis. Distensibility was assessed using the distension of both CCAs, measuring the
change in diameter in systole relative to diastolic during the cardiac cycle. The vessel lumen diameter
was assessed from the from the near wall to the far wall of the CCA. The maximal systolic lumen
diameter was determined visually and from the R-wave of the ECG-recording and the minimal lumen
diameter was used for the diastolic diameter. The end-diastolic diameter (Dd), the absolute stroke change
in diameter during systole (∆A), and the relative stroke change in diameter (∆A/Dd) were computed as
the mean of 10 cardiac cycles of one successive recording. Blood pressure was measured before and
after the measurement session and pulse pressure (∆P) was de�ned as the difference between the
systolic and diastolic blood pressure. The cross-sectional arterial wall distensibility coe�cient was
calculated according to the following equation:

Cross sectional distensibility coe�cient (DC) = 

Carotid Elastography: In the B-mode display, a midsection of straight CCA in longitudinal plane is chosen.
The shear wave elastographic mode was activated to show paired images of B-mode and elastography
at the same time. The probe was handed with standardized pressure in the 2nd – 4th quintile of the linear
pressure scale, as seen using standardized real-time measurement displayed on a linear scale.
Elastographic images are displayed with different color mapping for the softest, intermediate and hardest
components, according to the different levels of strain. On a representative static image, the relative
strain ratio (SR), between blood to carotid arterial wall were measured. The �rst region of interest (ROI) for
the arterial wall strain was manually placed at the midpoint of posterior wall of displayed carotid artery.
The second ROI for the blood strain was placed at the center of arterial lumen. SR was calculated
automatically by dividing strain value of the blood by that of carotid arterial wall, using the QLAB
software. Measurement were performed during 10 heart beats and an average of 3 images, preferably
consecutive, were used as the elastography index.

Haptoglobin genotyping:

Blood serum samples for Hp phenotype were drawn from subjects during the baseline visit. Genotyping
was determined using polyacrylamide gel electrophoresis method according to established methods22.

Statistical methods

All variables were reviewed for abnormal values, to assess skewedness and outliers. Characteristics of
study participants were compared using independent-samples T-test, Wilcoxon rank-test and ANOVA, as
appropriate for continuous variables, and χ2 test for categorical variables.

Total burden of carotid plaque volume was computed as the sum of plaques volume in the right and left
carotid arteries. Due to a non-normal distribution of carotid plaque volume, it was a-priori categorized into
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4 groups: no plaque group, and tertiles of the plaque volume: small plaque (volume ≤122 mm3) medium
plaque (volume 122.1-271 mm3) and large plaque (volume >271 mm3). Impaired cIMT, carotid
distensibility and elastography were de�ned as the worst quartile. cIMT worst quartile was determined as
higher or equal to 0.9 mm, carotid distensibility was determined as the lower or equal to 13.03 [kPa-3] and
carotid elastography was determined as higher or equal to 0.925 SR.

Haptoglobin phenotype was also used as an ordinal variable where 1-1 phenotype was the reference
group for the 2-1 and 2-2 phenotypes. Mantel-Haenszel linear by linear association was used for the trend
analysis between carotid plaque volume and haptoglobin phenotype. ANCOVA was used to estimate the
association of cIMT, carotid distensibility and elastography with Hp phenotype. Ordinal logistic regression
was used to estimate the odds ratio (OR) and 95% con�dence interval (CI) for the association between
carotid plaque volume with Hp phenotype. Binary logistic regression was used to estimate the odds ratio
(OR) and 95% con�dence interval (CI) for the association between impaired cIMT, carotid distensibility
and elastography with Hp phenotype. Primary covariates in all analyses were age and gender as they are
strongly associated with both predictors and outcomes. Secondary covariates were LDL cholesterol,
triglycerides, Il-6, eGFR, diabetes treatment (none, oral hypoglycemic, insulin, oral hypoglycemic+insulin),
duration of diabetes and smoking. Statistical analysis was performed using SPSS software version 24.

Results
Patient characteristics

Subjects were 42% female, mean age of 76.4 ± 4.4 years, mean HbA1c of 6.7 ± 0.7% (50 ± 7.7 mmol/mol).
The Hp allele frequency in our study was 10.1% (n = 46) Hp 1–1, 40.7% (n = 186) Hp 2 − 1 and 45.7 (n = 
209) with Hp 2–2, which is similar to the allele distribution in Israel and Europe23,24. The distribution of
the haptoglobin phenotypes in this cohort was consistent with the Hardy-Weinberg equation (Hp 1
frequency = 0.3099, Hp 2 frequency = 0.6901). As shown in Table 1, there were no signi�cant differences
between the Hp phenotypes in any of the sociodemographic or cardiovascular characteristics. Level of
stenosis, IMT, carotid distensibility and carotid elastography in the carotid artery bifurcation did not differ
among the 3 Hp phenotypes (Table 1). Plaque volume by the 3 Hp phenotypes was 223.47 ± 237.91 mm3,
171.69 ± 204.68 mm3, and 152.23 ± 166 mm3 for Hp 1–1, Hp 2 − 1 and Hp 2–2 respectively (p = 0.073).
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Table 1
Baseline demographics, clinical characteristics and carotid atherosclerosis by Hp phenotype.

  Hp 1–1

(n = 46)

Hp 1–2

(n = 186)

Hp 2–2

(n = 209)

P

Gender

Male

Female

31 (61.4%)

15 (32.6%)

111 (59.7%)

75 (40.3%)

120 (57.4%)

89 (42.6%)

0.773

Age [years] 72 ± 4 71 ± 4 71 ± 4 0.361

Years diagnosed 9.54 ± 4.59 9.2 ± 4.6 9.87 ± 4.27 0.323

Mean HbA1c [%]

(mmol/mol)

6.66 ± 0.77

(49 ± 7.9)

6.73 ± 0.72

(50 ± 7.7)

6.62 ± 0.7

(49 ± 7.7)

0.350

Triglycerides [mg/dL] 136.8 ± 50.53 155.78 ± 83.47 158.66 ± 57.98 0.153

LDL cholesterol [mg/dL] 104.35 ± 21.88 98.78 ± 18.78 101.95 ± 21.45 0.130

HDL cholesterol [mg/dL] 47.13 ± 9.88 48.98 ± 11.02 48.18 ± 11.2 0.544

BMI [kg/cm2] 28.35 ± 5.67 28.6 ± 4.39 28.51 ± 4.18 0.947

Systolic BP [mmHg] 146 ± 22 141 ± 19 145 ± 23 0.184

Diastolic BP [mmHg] 74 ± 9 73 ± 9 74 ± 11 0.768

eGFR [ml− 1 *min− 1 *1.73 m− 2]

≤45

45–60

≥ 60

0 (0%)

7 (15.6%)

38 (84.4%)

7 (4.0%)

30 (16.8%)

142 (79.3%)

4 (2%)

38 (19%)

158 (79%)

0.221

Diabetic Medications

No medication

Oral medication

Insulin

8 (21.6%)

25 (67.6%)

4 (10.8%)

20 (13.1%)

116 (75.8%)

17 (11.1%)

27 (15.0%)

139 (77.2%)

14 (17.8%)

0.737

Smoking

Never smoked

Smoked in the past

Smoking

21 (46.7%)

17 (37.8%)

7 (15.6%)

66 (36.1%)

98 (58.6%)

19 (10.4%)

81 (39.7%)

102 (50%)

21 (10.3%)

0.225
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  Hp 1–1

(n = 46)

Hp 1–2

(n = 186)

Hp 2–2

(n = 209)

P

Level of stenosis

No plaque

< 50%

50%- 69%

>70%

4 (9.1%)

27 (61.4%)

12 (27.3%)

1 (2.3%)

32 (18%)

86 (48.3%)

55 (30.9%)

5 (2.8%)

36 (17.9%)

99 (49.3%)

56 (27.9%)

10 (5%)

0.558

Carotid plaque volume 223.47 ± 237.91 171.69 ± 204.68 152.23 ± 166 0.073

Carotid plaque area [mm2] 17.82 ± 19.51 17.31 ± 18.75 16.25 ± 17.5 0.792

Common carotid IMT [mm] 0.82 ± 0.16 0.82 ± 0.16 0.81 ± 0.14 0.768

Carotid Distensibility [kPa− 3] 18.65 ± 7.81 17.67 ± 7.31 18.45 ± 7.04 0.567

Carotid Elastography [SR] 0.75 ± 0.28 0.78 ± 0.34 0.77 ± 0.29 0.907

The distribution of Hp phenotype by carotid plaque volume groups is depicted in Table 2. The prevalence
of Hp 1–1 phenotype increased with carotid plaque volume group (6.5%, 10.6%, 8.8% and 16.5% in the no,
small, medium, and large plaque respectively). The prevalence of Hp 2 − 1 did not change with the plaque
volume group, and the prevalence of Hp 2–2 decreased with the plaque volume group (48.8%, 52.9%,
45.1% and 43.7% in the no, small medium and large plaque respectively (p = 0.027 by the Mantel-
Haenszel linear by linear association).

Table 2
Distribution of plaque size groups by Hp phenotypes. P-value for trend was determined by Mentel-

Heanzel linear by linear test
Subject group Sample

size
Haptoglobin phenotype p-value

1–1 2 − 1 2–2  

No plaque, n(%) N = 123 8 (6.5%) 55 (44.7%) 60 (48.8%) P for trend = 
0.027

Small plaque, n(%) N = 104 11
(10.6%)

38 (36.5%) 55 (52.9%)

Medium plaque,
n(%)

N = 102 9 (8.8%) 47 (46.1%) 46 (45.1%)

Large plaque, n(%) N = 103 17
(16.5%)

41 (39.8%) 45 (43.7%)

Total, n(%) N = 488 45
(10.4%)

181
(41.9%)

206
(47.7%)
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Discussion

Table 3
estimation of the relative odds of experiencing an increased carotid plaque group or impaired cIMT,

carotid distensibility or elastography by ordinal logistic regression or binary logistic regression
respectively, model 1: unadjusted, model 2: adjusted for age and gender, model 3 adjusted for age,

gender, LDL cholesterol, triglycerides, Il-6, eGFR, diabetes treatment, years of diabetes and smoking.
carotid atherosclerosis outcome   Hp phenotype

1–1 2 − 1 2–2

Carotid plaque volume Model 1 CG 0.687 [0.510, 0.926]* 0.669 [0.499, 0.898]**

Model 2 CG 0.708 [0.505, 0.994]* 0.685 [0.490, 0.958]*

Model 3 CG 0.713 [0.496, 1.03] 0.694 [0.484, 0.997]*

cIMT Model 1 CG 2.579 [0.844, 7.881] 2.471 [0.818, 7.460]

Model 2 CG 2.666 [0.869, 8.172] 2.566 [0.847, 7.777]

Model 3 CG 2.828 [0.882, 9.063] 2.788 [0.878, 9.063]

Carotid distensibility Model 1 CG 0.536 [0.230, 1.251] 0.584 [0.255, 1.337]

Model 2 CG 0.519 [0.215, 1.255] 0.568 [0.240, 1.344]

Model 3 CG 0.518 [0.208, 1.290] 0.528 [0.216, 1.219]

Carotid elastography Model 1 CG 0.470 [0.198, 1.115] 0.638 [0.278, 1.484]

Model 2 CG 0.468 [0.197, 1.113] 0.633 [0.275, 1.458]

Model 3 CG 0.443 [0.181, 1.084] 0.624 [0.263, 1.481]

* - p < 0.05, ** - p < 0.001

Ordinal regression demonstrated an approximate 30% lower risk for higher plaque volume group for Hp 2 
− 1 and Hp 2–2 phenotypes compared with Hp 1–1 phenotype (OR: 0.687 [0.510, 0.926], 0.669 [0.499,
0.898] for Hp 2 − 1, Hp 2–2 respectively). This relationship persisted after adjustment to age and gender
(OR: 0.708 [0.505, 0.994], 0.685 [0.490, 0.958] for Hp 2 − 1, Hp 2–2 respectively) and cardiovascular risk
factors (OR: 0.713 [0.496, 1.03], 0.694 [0.484, 0.997] for Hp 2 − 1, Hp 2–2 respectively). Other carotid
atherosclerosis outcomes were not signi�cantly associated with Hp phenotype, although the same trend
for impaired carotid distensibility was demonstrated (OR: 0.518 [0.208, 1.290], 0.528 [0.216, 1.219] for Hp
2 − 1, Hp 2–2 respectively) and carotid elastography (OR: 0.443 [0.181, 1.084], 0.624 [0.263, 1.481] for Hp
2 − 1, Hp 2–2 respectively). Impaired cIMT also was also not signi�cantly associated with Hp phenotype,
yet showed an opposite relation (OR: 2.828 [0.882, 9.063], 2.788 [0.878, 9.063] for Hp 2 − 1, Hp 2–2
respectively).
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In this study of elderly non-demented type 2 diabetes patients, we found a signi�cant association
between greater number of Hp-1 alleles with a larger volume of carotid plaques. This observation
persisted when adjusting for numerous cardiovascular risk factors and diabetes related covariates. We
found that Hp 2 carriers have a 30% lower risk for larger carotid plaque volume compared to Hp 1–1
carriers. These results are consistent with recent literature of associations of Hp 1–1 with
cerebrovascular disease8,25. In contrast, we did not �nd signi�cant associations between Hp phenotype
and cIMT, carotid distensibility and elastography measures.

Our results together with those of others8,9 suggest that Hp may serve different functions in different
vascular beds depending on the underlying pathophysiological processes. Among type 1 diabetes
patients, haptoglobin 1–1 is associated with protection against coronary artery disease but with a greater
risk for stroke. Furthermore, Type 1 diabetes individuals carrying the Hp 1–1 genotype had a greater
volume of cerebral white matter hyperintensities8. Similarly, among hypertensive patients a correlation
between Hp1-1 phenotype and the extent of hypertensive deep white matter damage has been shown9.
The potential deleterious role of Hp 1–1 in the brain is also supported by our prior �ndings of poorer
cognitive function in Hp 1–1 genotype carriers25 and smaller hippocampal volume in Hp 1–1 carriers
with poor glycemic control in the IDCD study26. There is preliminary data that Hp-1 allele has poorer
regeneration after endothelial injury27,28, suggesting a different mechanism of haptoglobin in the
coronary arteries and the brain. Moreover, type 2 diabetes patients with Hp 2–2 phenotype were at greater
risk of thickened cIMT and with unstable carotid plaque3,5, yet this is the �rst study to systematically
investigate the association between the Hp phenotypes and carotid plaque volume. Whether Hp
phenotypes have different pathogenic roles on carotid plaque volume, plaque composition and plaque
location, requires further investigation.

Although the associations of Hp phenotype with carotid elastography and distensibility were not
signi�cant, their trend was similar to that of plaque volume, i.e. Hp 1–1 carriers had poorer elastography
and distensibility. Quanti�cation of plaque burden is superior to cIMT because the plaque burden
measures and their progression have been shown to strongly predict CVD events and can identify high
risk patients29 whereas meta-analysis results showed that cIMT without plaque thickness is a weak
predictor of CVD risk30 and its change over time does not predict CVD events31.

The study has several limitations that deserve consideration. There might be a survival bias where one of
the phenotypes is less represented because of early drop out due to morbidity or mortality or healthy
patient selection bias. For example, the HbA1c in the subsample that participated in the carotid
assessments was 6.6 ± 0.71%, which is lower than that of the full baseline IDCD study18 (HbA1c = 6.9 ± 
0.74). The distribution of the haptoglobin phenotypes in this cohort was, however, consistent with the
Hardy-Weinberg equation and similar to the distribution in Europe and Israel22,23. The study is cross
sectional, and investigation of the associations of Hp with changes over time in carotid structure and
function is warranted. Strengths of this study include a relatively large number of participants assessed
with a state of the art carotid battery including volumetric measurement of carotid plaque, the well
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validated diagnosis of T2D, and the broad range of directly measured (rather than self-reported)
covariates.

Conclusion
Our results suggest that among elderly patients with type 2 diabetes, the Hp phenotype is associated with
atherosclerotic carotid plaque volume adding and broadening the evidence to the involvement of the Hp
1–1 phenotype in the pathophysiology of cerebrovascular disease.
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Figures

Figure 1

Flow chart of the patients in the IDCD carotid cohort
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Figure 2

Distribution of Hp phenotype group by Plaque volume group.


