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Abstract

Objectives—Carotid intima-media thickness (cIMT) is an independent predictor of cardiovascular
risk. Furthermore, ethnicity and gender-specific normative data are required to assess cIMT, which
are not available for Andean-Hispanics. In addition, data regarding correlates of subclinical
atherosclerosis in ethnic population are needed.

Methods—We studied 1448 adults enrolled in a population-based study in Peru. cIMT and carotid
plaque were measured with high-resolution ultrasonography. A healthy reference sample (n=472)
with no cardiovascular disease, normal weight and normal metabolic parameters was selected to
establish normative cIMT values. Correlates of abnormal cIMT and carotid plaque were assessed in
the entire population.

Results—In the reference sample, 95M-percentile cIMT values were both age and gender-
dependent. In stepwise regression, selected predictors of increasing cIMT were: older age, impaired
fasting glucose, diabetes mellitus, higher systolic blood pressure, higher LDL-cholesterol, smoking
and male gender. Predictors of carotid plaque included older age, male gender, higher systolic blood
pressure, lower diastolic blood pressure and higher LDL-cholesterol. HDL-cholesterol and C-
reactive protein were not associated with cIMT or carotid plaque. The lack of association with HDL-
cholesterol was confirmed using high performance liquid chromatography.
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Conclusions—We present ethnic-specific cutoffs for abnormal cIMT applicable to Andean-
Hispanics and correlates of subclinical atherosclerosis in this population. Pending longitudinal
studies, our data supports several risk associations seen in other populations and can be used to
identify Andean-Hispanics at increased risk for atherosclerotic cardiovascular disease. The lack of
association between HDL-C and cIMT or carotid plaque in this population requires further
investigation.
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Introduction

Methods

Cardiovascular disease (CVD) has emerged as a leading cause of death in Latin America (1).
The early identification of subjects at risk for cardiovascular disease is important because
prevention strategies instituted early are likely to have the highest impact in cardiovascular
outcomes at the population level and these should be tailored to individual risk. Various
cardiovascular risk stratification schemes have been developed using prospective data derived
predominantly from Caucasian populations. These are largely based on individual risk factors
that independently predict the risk of atherosclerotic cardiovascular disease. Given the ethnic
diversity in the profile of CVD, varied risk associations and different levels of genetic—
environmental interactions in different populations, such studies performed in Caucasian
populations cannot be directly applied to Latin-American populations. Until prospective
studies are available, the assessment of markers of subclinical atherosclerosis represents a
useful approach to assess the correlates of atherosclerotic risk in Latin-American populations
and individuals.

High-resolution carotid ultrasonography can determine the presence or extent of
atherosclerosis in situ. Carotid artery intima—media thickness (cIMT) independently predicts
the risk of cardiac (myocardial infarction, angina pectoris, coronary intervention) and
cerebrovascular events (stroke or transient ischemic attack)(2-13), the involvement of other
arterial beds with atherosclerosis (14-16) and is well suited for use in large-scale population
studies as a marker of subclinical disease due to the relative simplicity and noninvasive nature
of the technique. Appropriate interpretation of individual cIMT should be based on gender,
age- and population-specific normative data (17). However, such data are not available for
Hispanic populations.

Andean populations represent an important proportion of South American Hispanics. Andean
countries have important similarities, including related native Amerindian populations and
historical patterns of colonization, which have influenced the patterns of genetic admixture
and the cultural characteristics of their inhabitants. Although previous important studies have
described cIMT and associated cardiovascular risk factors in Latin-American populations
(18-20), studies assessing correlates of cIMT and the presence of carotid plaque in Andean
adults are needed. In this study, we aimed to: (1) Establish normative data for cIMT suitable
for use among Andean-Hispanics; (2) Assess the correlates of subclinical atherosclerosis
assessed by cIMT and the presence of carotid plaque in this population.

Study population and Sampling Design

The objectives and design of the PREVENCION study have been previously published (21).
PREVENCION is a population-based study undertaken in the second largest city in Peru, with
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a population that is comparable to other urban populations in Peru and resembles urban
populations in Andean countries such as Bolivia and Ecuador. This population consists largely
of Mestizos (“Mixed”), with the degree of admixture being predominantly Andean-Amerindian
(autochthonous Quechua and Aymara), with small contributions from Spanish Whites and
minimal contributions from West-African populations. The sampling frame was based on the
most recent population and household National Census (21) and the sampling strategy was
probabilistic, multistage, clustered and stratified according to geographic location and
socioeconomic status. Following initial contact with participants at their household, a
comprehensive evaluation was performed at the study headquarters (21-23). We used data
from 1448 participants with available carotid ultrasound data [687 (47.4%) men].

For the assessment of normative cIMT values, we selected a healthy reference sample by
excluding subjects with any of the following conditions: (1) History of coronary heart disease,
heart failure, stroke, peripheral vascular disease, or evidence of previous myocardial infarction
in a 12-lead resting electrocardiogram; (2) hypertension (systolic blood pressure [SBP]>140
mm Hg, diastolic blood pressure [DBP]>90 mm Hg, or drug treatment for hypertension); (3)
diabetes mellitus (fasting blood glucose>126 mg/dL or pharmacologic treatment for diabetes);
(4) low-density lipoprotein cholesterol (LDL-C)>130 mg/dL or pharmacologic therapy for
dyslipidemia; (5) current smoking; (6) body mass index>30 kg/m?2. The healthy reference
sample consisted of 472 subjects [258 women (54.7%)] aged 20-80 years. The study was
approved by the Santa Maria Catholic University Human Research Committee and all
participants gave informed consent.

Laboratory measurements

Samples of venous blood were obtained after at least 8 hours of fast and serum was used for
biochemical measurements. Total cholesterol, LDL-C, serum glucose, and triglycerides were
measured enzymatically by automated methods (Cobas Mira Assay; Roche, Basel,
Switzerland). HDL-C was measured after precipitation of apoB-containing lipoproteins (22).
Since we did not find a relationship between HDL-C measured by the precipitation method
and cIMT or carotid plaque, sensitivity analyses were performed using a different method.
Therefore, serum lipoproteins were additionally analyzed by HPLC. Serum samples were
frozen at —80 degrees and shipped to Skylight Biotech laboratories (Tokyo, Japan) where HPLC
was performed as previously described (24 25). Briefly, 10 ul of serum was injected into 2
connected columns (300x7.8 mm) of TSKgel LipopropakXL (Tosoh) and eluted by 0.05 mol/
| Tris-buffered acetate (TBA, pH 8.0) containing 0.3 mol/l sodium acetate and 0.005% Brij-35.
The effluent from the columns was continuously monitored at 550 nm after an online enzymatic
reaction with a commercial kit, Determiner L TC (Kyowa Medex). The cholesterol
concentration in low-density and high-density lipoproteins was calculated based on the
complex chromatograms with the modified Gaussian curve fitting for resolving the overlapping
peaks by mathematical treatment as previously described in detail (24 25).

Measurements of cIMT and carotid plaque

High-resolution B-mode carotid ultrasonography was performed with a linear-array, 10-MHz
transducer (Sonosite Titan; Sonosite; Bothell, WA). With the subject in the supine position,
images were obtained bilaterally from anterior, posterior and lateral views. Both carotid arteries
were examined. The transducer was manipulated so that the near and far walls of the common
carotid artery (CCA) were parallel to the transducer footprint, and the lumen diameter was
maximized in the longitudinal plane. A region 1.0 cm proximal to the carotid bulb was
identified, and cIMT of the near and far walls were evaluated as the distance between the lumen-
intima interface and the media-adventitia interface. If plaques were present in this area, these
were included in the measurements. Measurements of cIMT were performed using the
Sonocalc software (Sonosite Titan; Sonosite; Bothell, WA), which performs multiple
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automated or semi automated measurements along 1 cm and averages them, therefore
increasing the accuracy of measurements. The presence of carotid plaque was defined as at
least one localized echo structure encroaching into the vessel lumen for which the distance
between the media-adventitia interface and the internal side of the lesion was >1 mm.
Quantification of plaque thickness was made at the site of the maximal encroachment
perpendicularly to the vessel wall by measuring the distance between the media-adventitia
interface and the lesion surface facing the lumen using digital calipers. All measurements were
performed offline in a blinded fashion.

Definitions of abnormal cIMT

We defined age-specific cut points for high cIMT among men and women by generating curves
based on 95"-percentile values for each decade of life. These curves were generated by
empirical curve estimation procedures in which various regression models were constructed
and the model with the highest coefficient of determination (R%) was used. R? values for models
used to determine cut-points for cIMT were 0.96 in women and 0.95 in men.

Statistical Analysis

Results

Data for continuous variables are presented as means. Proportions are presented as frequencies
and percentages. We evaluated the effect of traditional risk factors on cIMT (as a continuous
variable) using linear regression both with and without adjustment for age and gender.
Variables were selected by a stepwise strategy applied to the following variables (with P=0.10
necessary to enter a variable into the model): age, gender, systolic and diastolic pressure,
impaired fasting glucose (fasting glucose 100 to 125 mg/dL ), diabetes mellitus (fasting glucose
>126 mg/dL or use of antidiabetic medications), current smoking, triglycerides, C-reactive
protein (CRP), LDL-C and HDL-C levels. CRP was log-transformed in all statistical analyses
because of a positive skew distribution. A variable that was entered into a model was kept in
both models (unadjusted and adjusted for age and gender) in order to permit a direct comparison
between models. Interactions between gender, height and weight, and cIMT were tested in all
models.

Logistic regression was used to identify independent predictors of a high cIMT or the presence
of carotid plaque. All tests were two-sided and a<0.05 was considered to be statistically
significant. STATA-10 for Windows (STATA CORP, TX, USA) and SPSS for Windows-v17
(SPSS Inc., Chicago,IL) were used for analyses.

The study population comprised 1448 participants [687 (47.4%) men] aged 20-87 years (mean
age 52.4 years), of whom 472 (214 [45.3%] men) were found to be healthy. Important
demographic, clinical and laboratory characteristics of the study population are shown in Table
1.

Distribution of cIMT values in the healthy reference sample

In the reference sample, men demonstrated higher cIMT than women (0.63 vs. 0.57; P<0.001).
A significant correlation was observed between increasing age and mean cIMT for both men
(R=0.53; P<0.001) and women (R=0.64; P<0.001). The gender difference in cIMT in the
reference sample persisted after adjustment for age (0.61 vs. 0.59 mm; P=0.01). Therefore, the
distribution of cIMT according to age was analyzed separately in men and women.

Mean (95% CI) values of cIMT (in mm) observed at CCA for healthy participants aged 20 to
29, 30 to 39, 40 to 49, 50 to 59, 60 to 69 and 70 to 80 were: 0.50 (0.49-0.53), 0.52 (0.50-0.53),
0.58 (0.55-0.61), 0.63 (0.61-0.65), 0.68 (0.66—0.70), 0.76 (0.70-0.80). Curves representing
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percentile distributions according to age in men and women are shown in Figure 1. The 95th
percentiles (95% CI) among men (Figure 1A) in these age groups were 0.67 (0.59-1.09), 0.67
(0.59-0.85), 0.75 (0.68-0.92), 0.82 (0.75-1.07), 0.81 (0.74-0.86) and 0.98 (0.88-1.17),
respectively (range=0.32 to 1.17). Corresponding values among women (Figure 1B) were 0.58
(0.56-0.62), 0.61 (0.58-0.64), 0.69 (0.64-0.91), 0.76 (0.72-0.91), 0.86 (0.77-1.06) and 0.91
(0.78-0.92), respectively (range=0.35 to 1.06).

Predictors of cIMT and carotid plaque

In the entire sample, linear regression showed an association between increasing cIMT and
age, male gender, SBP, DBP, LDL-C, triglycerides, C-reactive protein, current smoking, body
mass index, impaired fasting glucose and diabetes mellitus. All of the associations persisted
after adjustment for age and gender except for triglycerides and C-reactive protein (Table 2).

In stepwise regression, selected predictors of increasing cIMT were: age, impaired fasting
glucose, diabetes mellitus, SBP, LDL-C (all P<0.001), current smoking (P=0.015) and gender
(P=0.016) (Table 3).

Figure 2A shows independent predictors of high cIMT by logistic regression. Independent
predictors of high cIMT were age, SBP, diabetes mellitus, impaired fasting glucose and LDL-
C (top panel; model c-statistic=0.702).

Figure 2B shows independent predictors of carotid plaque by logistic regression, which
included age, male gender, SBP, DBP and LDL-C (bottom panel; model c-statistic=0.697).
Higher SBP was independently associated with an increased risk of carotid plaque (OR=1.22;
95%CI=1.08-1.38; P=0.002), whereas higher DBP was independently associated with a lower
risk of carotid plaque (OR=0.71; 95%CI1=0.57 to 0.90; P=0.005).

Additional analyses regarding the association between HDL-C and cIMT/carotid plaque

Given the lack of association between HDL-C and either cIMT or the presence of carotid
plaque, we performed additional analyses using data derived from HPLC, which were available
from 782 subjects. HDL-C measured by HPLC was not associated with cIMT or after
adjustment for age, gender, SBP, DBP, diabetes mellitus, current smoking, LDL-C, CRP (8
per 10 mg/dL-increase= 0.005; 95%CI=—0.006 to 0.015; Standardized =0.025; P=0.37). In
contrast, LDL-C measured by HPLC was an independent predictor of cIMT (B per 10 mg/dL-
increase=0.009; 95%CI=0.004 to 0.014; Standardized $=0.11; P<0.001). HDL-C measured by
HPLC was not predictive of cIMT even when only subjects not taking lipid-lowering therapy
(n=750) were analyzed (B per 10 mg/dL-increase=0.005; 95%CI=—0.005 to 0.016;
Standardized $=0.03; P=0.31). HDL-C did not predict carotid plaque (OR=0.91; 95%CI1=0.78-
1.06; P=0.23), even when subjects taking lipid-lowering therapy were excluded from the
analysis (OR=0.92; 95%CI=0.79-1.08; P=0.31). Results were consistent in gender-stratified
analyses.

Discussion

We report on the cross-sectional associations between carotid atherosclerosis and classic
cardiovascular risk factors in a large population-based sample of Andean-Hispanics. We also
provide, for the first time, normative data for this population, which can be used to define
abnormally high cIMT values in Andean-Hispanic adults aged 20-80 years. We show that
cIMT inthis population is associated with age, gender, SBP, LDL-C, current smoking, impaired
fasting glucose and diabetes mellitus, but not with C-reactive protein or HDL-C levels. Carotid
plaque is associated with age, male gender, SBP, DBP and LDL-C but not HDL-C.
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Various studies have explored the relationship between cardiovascular disease and cIMT in
different ethnic populations (2-13), but few in Latin America (18-20). We showed that cIMT
is directly correlated with increasing age even among healthy individuals. This is in line with
previous data, indicating that cIMT is a useful marker of arterial aging. Our normative data
can be used to estimate the “arterial age” of individual subjects by comparing individual
measurements with the percentile distributions described herein. This is an intuitive and
promising approach for risk stratification, which requires further validation.

Pending prospective data from Hispanic populations, our findings demonstrate that various
classic cardiovascular risk factors are associated with carotid atherosclerosis (and presumably,
cardiovascular risk) in Andean-Hispanic adults and support risk stratification schemes based
on these classic cardiovascular risk factors in this population. Risk factors associated with
cIMT in our study included age, gender, SBP, LDL-C, current smoking, impaired fasting
glucose and diabetes mellitus. Because cIMT may be affected both by atherosclerosis and wall
hypertrophy, we also assessed the predictors of focal plaque, which may be more representative
of atherosclerosis than cIMT and more informative for predicting cardiovascular risk (26).
Predictors that included older age, male gender, a higher SBP and a higher LDL-C. In contrast,
a higher DBP was associated with a decreased prevalence of carotid plaque (i.e., lower DBP
was independently associated with plaque). This reflects a relationship between higher pulse
pressure (difference between systolic and diastolic blood pressure) and carotid plaque. Pulse
pressure is a marker of large artery stiffness; therefore, our findings provide further support
for an association between atherosclerosis and large artery stiffness. This is likely to be related
to shared pathogenic mechanisms and risk factors, since large artery stiffness is more closely
related to arteriosclerosis (a medial wall process) than atherosclerosis per se (27).

It should be noted that an important proportion of the variability in cIMT and presence of
carotid plague remains unexplained by conventional risk factors in this population, highlighting
the importance of identifying novel risk factors for atherosclerosis in this population. The c-
statistics of our logistic regression models to detect plaque and high-cIMT (treated as a
dichotomous variable) were similar, but the determinants of plaque and cIMT were not
identical. Further studies are required to assess the value of plaque versus cIMT for
cardiovascular risk prediction in this population and potential ethnic differences regarding the
role of classic versus novel risk factors as determinants of carotid atherosclerosis and
cardiovascular risk.

Interestingly, HDL-C levels were not associated with cIMT or carotid plaque in this population,
in contrast with what has been consistently reported in other populations (28). This was true
for HDL-C measured by the precipitation method and for HDL-C measured by HPLC. We, as
well as others, have consistently reported a surprisingly high prevalence of low HDL-C in
Andeans (22 29), particularly among younger women. In our population, a strikingly high
prevalence of low HDL-C was observed despite a relatively low prevalence of diabetes
mellitus. The metabolism of HDL-C is complex and it is possible that genetic or environmental
factors in Amerindian populations uniquely influence measured serum HDL-C and its
association with atherosclerosis. For instance, genetic polymorphisms in apolipoprotein E,
hepatic lipase, and cholesteryl-ester transfer protein, apoprotein A-1V and several other
candidate genes have been shown or proposed to impact HDL-C levels in other populations.
Various environmental factors (such as diet) may be responsible for the high prevalence of low
HDL-C in this population, but do not explain the apparent lack of association with cIMT
observed in our study despite our large sample size. It is possible that specific sub-fractions of
HDL lipoprotein particles have an association with cIMT in this population and this will be
addressed in future studies. Clearly, more studies regarding the role of HDL-C on
cardiovascular risk are needed in Andean populations are also needed before it can be
confidently assumed that the risk associations observed in other studies apply to this population.
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In addition to the clinical and epidemiologic implications of our reported associations, the
normative data provided for cIMT in our study will allow the application of this simple, non-
invasive technique in individual subjects from this ethnic group. Importantly, the American
Society of Echocardiography recommends population-specific normative data according to
age, gender, and ethnicity (17), and our study provides this important normative data for
Andean-Hispanic adults since data from Caucasian populations cannot be directly applied to
Andean-Hispanics.

Strengths of our study include our large sample size, our population-based sampling strategy
and the fact that a single physician conducted the carotid ultrasonic examination since it is
generally accepted that the intersonographer variability for B-mode measurements is greater
than the intrasonographer variability (17). Our study is limited by its cross-sectional nature. In
addition, our examination was limited to the CCA, which may not have detected the presence
of atherosclerosis in other vascular beds or more distal segments of the carotid artery. Finally,
we did not have referent participants from other ethnic groups (such as a comparable Caucasian
population evaluated with identical methods to specifically assess the effect of ethnicity).
However, pending prospective data, our findings provide important insights into the
determinants of subclinical vascular disease in this population. A longitudinal study is needed
for a better evaluation of the relationships between cardiovascular risk factors, subclinical
atherosclerosis and the risk of cardiovascular events in this population.
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Carotid intima-media thickness by percentiles in females (n=252)
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Figure 1.
Percentile distributions for carotid intima-media thickness among men (1A) and women (1B)
included in the reference sample according to age.
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Independent predictors of abnormal cIMT (2A) or carotid plaque (2B) by logistic regression
in the entire study population. Odds ratios and 95%Cls are shown.
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Table 1

Mean age of study participants and age-standardized™ population estimates (95% Cls) for important
characteristics of the study population

Men
(n=687)

Women
(n=761)

Age, years

Current Smoking (%) t

Current alcohol consumption (%)Jr
Body Height, cm t

Body Weight, Kg t

Body Mass Index, kg/m? T

Waist Circumference, cm t
Use of hormonal contraceptives (%)

Use of hormone-replacement therapy (%)
Systolic Blood Pressure, mmHg T

Diastolic Blood Pressure, mmHg t

Total Cholesterol, mg/dL
HDL-Cholesterol, mg/dL T

Low HDL-Cholesterol (%)'1t
LDL-Cholesterol, mg/dL
Triglycerides, mg/dL f

C-reactive protein, mg/dL **
Impaired fasting glucose (%) T4
Diabetes mellitus (%)¢
Antihypertensive medication use (%)
Cholesterol-lowering medication use (%)
Hypertension (%)

Hypercholesterolemia (%6)

52.7 (51.4-53.9)
30.1 (26.1-34.1)

56.6 (52.3-60.9)
169.8 (169.1-170.4)
76.2 (75.0-77.3)
26.4 (26.0-26.7)

93.0 (92.2-93.8)

115.6 (114.6-116.7)
775 (76.8-78.2)

194.6 (191.4-197.9)
455 (44.7-46.2)

28.7 (24.7-32.6)

115.2 (112.5-117.9)
185.6 (177.9-193.3)

129.0 (116.7-142.6)
4.1 (2.4-5.7)
4.5 (3.0-5.9)

8.4 (6.6-10.2)
45(2.8-6.3)
18.0 (15.1-21.0)
15.9 (12.8-19.0)

52.1 (51.0-53.3)
13.6 (10.7-16.5)

22.1 (18.4-25.8)
156.6 (156.1-157.1)
63.0 (62.0-63.9)
25.7 (25.4-26.1)
84.9 (84.0-85.7)

7.2 (4.8-9.5)
2.8 (1.8-3.8)
113.4 (112.3-114.4)

74.9 (74.2-75.6)

197.2 (194.4-200.1)
48.7 (48.0-49.5)

56.5 (52.4-60.6)

117.2 (115.0-119.3)
141.9 (136.8-146.9)

127.7 (115.6-142.6)
2.4 (1.6-3.3)
4.1 (2.7-5.5)

11.2 (9.6-12.7)
1.8 (1.1-2.5)
17.9 (15.9-18.8)
15.2 (12.9-17.6)

*
According to World Health Organization estimates on standard world population between 2000-2025

+

P<0.001 for difference between men and women.

Page 14

¢Low HDL-cholesterol was defined as <40 mg/dL in men and <50 mg/dL in women; impaired fasting glucose was defined as fasting blood

glucose=100-125 mg/dL; diabetes mellitus was defined as fasting blood glucose >126mg/dL or antidiabetic pharmacologic treatment.

*%k
geometric mean

HDL= High-density lipoprotein; LDL=Low-density lipoprotein;
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Table 3
Risk factors associated with increasing carotid intima-media thickness selected on stepwise linear regression
(n=1407)"
B Coefficient Standardized § P value
(95% ClI)
R2=0.44
Age (per 10 years) 0.056 (0.050-0.060) 0.531 <0.001
Sex (men vs. women) 0.017 (0.003-0.031) 0.050 0.016
Systolic blood pressure (per 10 mmHg)  0.012 (0.007-0.016) 0.127 <0.001
LDL-cholesterol (per 10 mg/dL) 0.004 (0.002-0.006) 0.077 <0.001
Smoking (current yes or no) 0.023 (0.004-0.042) 0.050 0.015
Impaired fasting glucose T 0.062 (0.031-0.093) 0.079 <0.001
Diabetes mellitus ¥ 0.063 (0.034-0.091) 0.089 <0.001

*
Analyses are standardized according to World Health Organization estimates on standard world population between 2000-2025.

TFasting blood glucose 100-125 mg/dL;

¢Fasting blood glucose >126 mg/dL or use of antidiabetic medications.

Cl= Confidence Interval; LDL = low-density lipoprotein.
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