









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













G Model ATH-12080; No. of Pages 6



ARTICLE IN PRESS Atherosclerosis xxx (2011) xxx–xxx



Contents lists available at ScienceDirect



Atherosclerosis journal homepage: www.elsevier.com/locate/atherosclerosis



Carotid plaque, compared with carotid intima-media thickness, more accurately predicts coronary artery disease events: A meta-analysis Yoichi Inaba a,∗ , Jennifer A. Chen b , Steven R. Bergmann b a b



Division of Cardiovascular Medicine, Oregon Health and Science University, Portland, OR 97239, USA Division of Cardiology, Beth Israel Medical Center, New York, NY 10003, USA



a r t i c l e



i n f o



Article history: Received 16 March 2011 Received in revised form 17 June 2011 Accepted 22 June 2011 Available online xxx Keywords: Carotid intima-media thickness Carotid ultrasound Coronary artery disease Plaque



a b s t r a c t Objectives: We conducted the meta-analysis to compare the diagnostic accuracies of carotid plaque and carotid intima-media thickness (CIMT) measured by B-mode ultrasonography for the prediction of coronary artery disease (CAD) events. Methods: Two reviewers independently searched electronic databases to identify relevant studies through April 2011. Both population-based longitudinal studies with the outcome measure of myocardial infarction (MI) events and diagnostic cohort studies for the detection of CAD were identiﬁed and analyzed separately. Weighted summary receiver-operating characteristic (SROC) plots, with pertinent areas under the curves (AUCs), were constructed using the Moses–Shapiro–Littenberg model. Meta-regression analyses, using parameters of relative diagnostic odds ratio (DOR), were conducted to compare the diagnostic performance after adjusting other study-speciﬁc covariates. Results: The meta-analysis of 11 population-based studies (54,336 patients) showed that carotid plaque, compared with CIMT, had a signiﬁcantly higher diagnostic accuracy for the prediction of future MI events (AUC 0.64 vs. 0.61, relative DOR 1.35; 95%CI 1.1–1.82, p = 0.04). The 10-year event rates of MI after negative results were lower with carotid plaque (4.0%; 95% CI 3.6–4.7%) than with CIMT (4.7%; 95% CI 4.2–5.5%). The meta-analysis of 27 diagnostic cohort studies (4.878 patients) also showed a higher, but non-signiﬁcant, diagnostic accuracy of carotid plaque compared with CIMT for the detection of CAD (AUC 0.76 vs. 0.74, p = 0.21 for relative DOR). Conclusions: The present meta-analysis showed that the ultrasound assessment of carotid plaque, compared with that of CIMT, had a higher diagnostic accuracy for the prediction of future CAD events. © 2011 Elsevier Ireland Ltd. All rights reserved.



1. Introduction Carotid intima-media thickness (CIMT), as measured by B-mode ultrasound of carotid arteries, is a simple and non-invasive imaging test assessing structural changes in the arterial wall and has been widely used as a surrogate marker of atherosclerotic disease. CIMT has been usually measured in the common carotid artery (CCA), rather than the carotid bulb (CB) or internal carotid artery (ICA), because CCA is easily visualized perpendicular to the ultrasound



Abbreviations: AUC, denotes area under the curve; CAD, coronary artery disease; CCA, common carotid artery; CI, conﬁdence interval; CIMT, carotid intima-media thickness; FN, false-negatives; FP, false-positives; ICA, internal carotid artery; LR, likelihood ratio; SROC, summary receiver operating characteristic; TN, truenegatives; TP, true-positives. ∗ Corresponding author at: Division of Cardiovascular Medicine, Oregon Health and Science University, UHN62, 3181 SW Sam Jackson Park Rd., Portland, OR 97239, USA. Tel.: +1 503 494 8750; fax: +1 503 494 8550. E-mail address: [email protected] (Y. Inaba).



beam and provides more accurate, reproducible, and quantitative measurement [1]. However, the accuracy of CIMT as a marker of atherosclerosis has been questioned by the fact that main predictors of medial hypertrophy or intimal thickening of CCA are age and hypertension, which do not necessarily reﬂect the atherosclerotic process [2]. In contrast, carotid plaque has been shown to be more closely related to coronary artery disease (CAD) and to predict coronary events than CIMT [3,4] S6, S10, S11. Carotid plaque predominantly occurs at sites of nonlaminar turbulent ﬂow such as in the CB and the proximal ICA, but rarely in the CCA except in advanced atherosclerotic disease [5]. Thus, a thorough scan of all carotid arteries, including plaque assessment, may increase sensitivity for identifying subclinical vascular disease. At present, there is no clear consensus on which CIMT assessment constitutes the best measurement of atherosclerosis assessment [1]. We hypothesized that the incorporation of plaque assessment into CIMT measurement signiﬁcantly improves diagnostic values of carotid ultrasound. We conducted the present
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Fig. 2. The diagnostic accuracies of carotid ultrasound for the prediction of coronary artery disease events. CAD denotes coronary artery disease; CIMT, carotid intimamedia thickness; MI, myocardial infarction; and SROC, summary receiver operating characteristic.



Fig. 1. Summary receiver operating characteristic (SROC) curves of carotid ultrasound for the prediction of coronary artery disease events. CIMT denotes carotid intima-media thickness; and SROC, summary receiver operating characteristic. The size of each study corresponds to the inverse variance of the log-transformed diagnostic odds ratio, and thus, is related to the statistical weight of the study.



meta-analysis to compare the diagnostic accuracies of carotid plaque and CIMT for the prediction of CAD events. 2. Methods Two reviewers (YI, JAC) independently searched Ovid MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews and conference proceedings from the American College of Cardiology and the American Heart Association through April 2011 using Medical Subject Headings (MeSH)



and text words. The reference lists of the retrieved articles were also reviewed to identify for additional studies. There were no language restrictions. The exact search terms used are listed in Supplement Table 1. Both population-based studies and diagnostic cohort studies were included in the analysis if absolute numbers of true-positives (TP), false-positives (FP), false-negatives (FN), and true-negatives (TN) were available or extractable from the data presented for the prediction of CAD events. Population-based, longitudinal studies were included if they underwent carotid artery ultrasound at baseline and reported a cardiovascular event outcome. Diagnostic cohort studies were included if all subjects with clinically suspected CAD underwent carotid artery ultrasound followed by a reference standard of coronary angiography. If studies included duplicate data from previous publications, only one report was used in the analysis to avoid potentially overlapping data. Two reviewers (YI, JAC) independently abstracted data and disagreement was resolved by consensus. The primary outcome measures of the meta-analysis were myocardial infarction events for population-based studies and the presence of coronary artery disease for diagnostic cohort studies. Data collected included characteristics of the study population, methodological details, and the diagnostic performance of carotid ultrasound. The methodological quality of the included studies was evaluated according to a check-
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Table 1 The diagnostic accuracies of carotid ultrasound for the prediction of coronary artery disease events. Carotid plaque



CIMT



(a) Population-based studies for the prediction of future myocardial infarction AUC 0.64 (0.61–0.67) Sensitivity 65.2% (63.2%–67.1%); 12 96.5% Speciﬁcity 56.4% (55.9%–56.9%); 12 99.8% 1.55 (1.33–1.80); 12 95.5% Positive LR Negative LR 0.64 (0.57–0.71); 12 60.0% 2.41 (1.97–2.94); 12 68.7% Diagnostic OR Carotid plaque



0.61 (0.59–0.64) 41.9% (40.0%–43.8%); 12 60.8% 73.0% (72.6%–73.4%); 12 99.1% 1.60 (1.44–1.77); 12 71.4% 0.79 (0.75–0.82); 12 33.1% 2.06 (1.78–2.38); 12 56.8%



CIMT Overall



(b) Diagnostic cohort studies for the detection of coronary artery disease 0.74 (0.72–0.76) AUC 0.76 (0.73–0.80) Sensitivity 70.0% (66.9%–72.8%); 12 46.3% 67.7% (65.4%–70.0%); 12 90.7% Speciﬁcity 59.4% (55.3%–63.5%); 12 91.7% 65.0% (62.3%–67.6%); 12 85.6% 1.96 (1.75–2.19); 12 28% 2.01 (1.84–2.20); 12 73.5% Positive LR 0.39 (0.34–0.46); 12 79.3% 0.49 (0.45–0.53); 12 88.4% Negative LR Diagnostic OR 5.75 (4.47–7.39); 12 46.3% 4.58 (3.88–5.39); 12 70.5%



Common CIMT alone



CIMT involving CB or ICA



0.68 (0.65–0.71) 61.9% (58.7%–65.1%); 12 94.0% 62.9% (59.3%–66.4%); 12 90.1% 1.69 (1.51–1.89); 12 56.7% 0.61 (0.55–0.67); 12 87.1% 3.21 (2.59–3.98); 12 61.0%



0.79 (0.77–0.81) 74.4% (72.3%–76.5%); 12 85.2% 69.1% (65.6%–72.4%); 12 73.7% 2.54 (2.24–2.87); 12 65.8% 0.35 (0.32–0.39); 12 68.5% 7.40 (6.03–9.08); 12 53.7%



The results were shown as summary estimates (95% conﬁdence interval); 12 statistics (%). AUC denotes areas under the curve of summary receiver-operating characteristic plot; CB, carotid bulb; CIMT, carotid intima-media thickness; ICA, internal carotid artery; LR, likelihood ratio; and OR, odds ratio.



list designed by Downs and Black for population-based studies [6], and the QUADAS for diagnostic cohort studies [7]. For each study, we calculated the sensitivity as TP/(TP + FN), the speciﬁcity as TN/(TN + FP), the positive likelihood ratio (LR) as (TP/[TP + FN])/(FP/[TN + FP]), the negative LR as (FN/[TP + FN])/(TN/[TN + FP]), and the diagnostic odds ratio (DOR) as (TP/FP)/(FN/TN) with their 95% conﬁdence intervals (CIs). DOR is a global measure of test performance. The comparison of diagnostic accuracy between carotid plaque and CIMT were performed by constructing the summary receiveroperating characteristic (SROC) curves with pertinent areas under the curve (AUCs). AUC presents an overall summary of test performance. Perfect tests have AUCs close to 1, whereas poor tests have AUCs close to 0.5. The SROC plots were constructed using the Moses–Shapiro–Littenberg model [8]. In addition, multivariate meta-regression analyses were conducted to compare the diagnostic performance between carotid plaque and CIMT after the adjustment of other study-speciﬁc covariates [8]. The resulting parameter estimates of covariates are relative DORs which indicate the diagnostic performance in studies with the chosen covariate, relative to the performance in studies without it. If the relative DOR is larger than 1, studies with the covariate yield the larger estimates of the DOR than studies without it. Covariates included in the analysis were mean age, number of participants, publication year, follow-up length, and study quality. Statistical pooling was performed according to a randomeffect model to account for heterogeneity across studies. Binary outcomes from individual studies were combined with the DerSimonian–Laird random effect model [9]. Continuous variables were pooled with a random-effect generic-inverse-variance method [10]. The pooling of prevalence rates was conducted using the formula of logit event rate [11]. Annualized event rates for each study were calculated as the number of events over the lengths of follow-up. Subgroup analyses were conducted to examine the effect of different CIMT measurement sites on diagnostic accuracy. Statistical pooling was performed depending on (1) CIMT measurement was performed in the CCA alone or (2) CIMT measurement involved the CB or the ICA in addition to the CCA. Heterogeneity between studies was examined with the 12 statistics which quantiﬁes the amount of between-study variability attributable to heterogeneity rather than chance [12]. 12 values



of 25%, 50%, and 75% indicate low, moderate, and high degrees of heterogeneity, respectively. Publication bias was examined by visual inspection for funnel plot asymmetry and the Egger’s linear regression test [10]. Adjustment for publication bias was performed using the “trim and ﬁll” imputation method estimating the number of missing negative studies from the funnel plot [13]. Two-sided p < .05 was considered to be statistically signiﬁcant. All calculations were performed using Meta-DiSc (version 1.4) software [14] and STATA version 10 software (STATA Corporation, College Station, Texas, USA). We conformed to MOOSE (The Metaanalysis Of Observational Studies in Epidemiology) guidelines in the report of this meta-analysis [15]. 3. Results The electronic database search identiﬁed 2064 citations. After title and abstract screening, we retrieved 167 articles for full paper evaluation, of which 11 population-based studies S1−S11 and 27 diagnostic cohort studies S12−S38 met our eligibility criteria (Supplement Fig. 1) (Supplement Reference). Baseline characteristics of included studies are shown in Supplement Table 2. Forrest plots of the sensitivity, speciﬁcity, positive LR, and negative LR are shown in Supplement Figs. 2–5. The scanning protocols of carotid ultrasound were different between studies. Twenty two out of 35 studies (63%) used maximal CIMT values for CIMT measurements. Fifteen studies (42%) measured CIMT in the CCA alone whereas 20 studies (57%) measured CIMT in the CB or ICA in addition to the CCA. Among 20 studies which performed plaque assessment, 12 studies (60%) assessed presence or absence of plaque whereas 8 studies (40%) assessed plaque thickness, plaque area, or plaque score. 3.1. Population-based studies for the prediction of future myocardial infarction A total of 11 studies (54,336 patients) were included in the metaanalysis (Supplement Table 2). Mean follow up was 8 years (range; 2.5–15.1). The mean prevalence of carotid plaque was 44% (range; 14–77%). Eight studies reported event rates of myocardial infarction alone where 3 studies S3, S7, S11 reported only combined event rates of cardiovascular death, hospitalization, or revascularization
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Table 2 Multivariate meta-regression analyses to compare the diagnostic performance between carotid plaque and CIMT after the adjustment of other study-speciﬁc covariates. Relative DOR (a) Population-based studies for the prediction of future myocardial infarction 1.35 (1.03–1.82), p = 0.046 Carotid plaque vs. CIMT Follow up length 0.97 (0.93–1.02), p = 0.17 Mean age 0.91 (0.72–1.14), p = 0.35 Study quality 0.97 (0.84–1.11), p = 0.61 Study year 1.00 (0.95–1.06), p = 0.90 Number of participants 1.00 (0.94–1.07), p = 0.95 Relative DOR (b) Diagnostic cohort studies for the detection of coronary artery disease 1.35 (0.83–2.18), p = 0.21 Carotid plaque vs. CIMT Study year 1.04 (0.97–1.11), p = 0.23 0.97 (0.92–1.02), p = 0.23 Number of participants 1.09 (0.86–1.37), p = 0.47 Study quality 1.01 (0.94–1.09), p = 0.73 Mean age CIMT denotes carotid intima-media thickness; and DOR, diagnostic odds ratio; and MI, myocardial infarction. The results were shown as summary estimates (95% conﬁdence interval), p-value.



in addition to myocardial infarction. The cutoff for normal CIMT value was deﬁned as below 75th percentile adjusted for age and sex in 7 studies, whereas 4 studies S1, S3, S5, S9 used CIMT cutoff values of 1 mm, median, or 67th percentile. Overall, eight studies (73%) were determined to have low risk of bias, two studies (18%) moderate risk, and one study (9%) high risk (Supplement Table 3). The pooled results of population-based studies showed that ultrasound assessment of carotid plaque had a higher diagnostic accuracy for the prediction of future myocardial infarction than that of CIMT (Table 1) (Fig. 2). The AUC for carotid plaque (0.64; 95% CI 0.61–0.67) was higher than that for CIMT (0.61; 95% CI 0.59–0.64) (Fig. 1). Multivariate meta-regression analysis showed that the higher diagnostic accuracy of carotid plaque was signiﬁcant even after adjusting covariates (Table 2). Statistical heterogeneity was present for all estimates (12 > 25%) (Table 1). In addition, the negative predictive values of carotid plaque for future myocardial infarction over 10 years was higher (96.0%; 95%CI 95.3–96.4%) than that of CIMT (95.2%; 95%CI 94.5–96.0%). The corresponding annualized event rates of myocardial infarction after negative results were 0.40% (0.36–0.47%) for carotid plaque and 0.47% (0.42–0.55%) for CIMT, respectively. In order to assess the robustness of meta-analysis, we conducted four post hoc sensitivity analyses to assess whether results were altered by excluding certain studies. First, we excluded a study S1 with high risk of bias. Second, we excluded two studies S1, S4 in which the length of follow up period was less than 5 years. Third, we excluded three studies S3, S7, S11 in which outcome measures included future cardiovascular death, hospitalization, or revascularization in addition to myocardial infarction. Finally, we exclude four studies S1 S3 S5 S9 in which IMT cutoff for normal values were not 75th percentile. The results of these analyses were similar to those of the overall analysis (Table 3). Subgroup analyses depending on CIMT measurement sites were not conducted due to a limited number of available populationbased studies. A funnel plot was symmetrical and Egger’s test was negative for publication bias (Supplement Fig. 7). 3.2. Diagnostic cohort studies for the prediction of coronary artery disease A total of 27 diagnostic cohort studies were included in the meta-analysis (Supplement Table 2). Among the 4787 patients included in the analysis, 3495 patients (66%) were found to have



CAD by coronary angiogram. CAD was deﬁned as 50% coronary artery stenosis in most studies but was deﬁned as 70% in ﬁve studies S13, S20, S27, S29, S31. The mean CAD prevalence was 66% (range; 26–87%). The mean cutoff CIMT value was 0.89 mm (range, 0.75–1.2 mm). Overall, eighteen studies (62%) were determined to have high study quality (QUADAS scores > 10) (Supplement Table 3). The pooled results of diagnostic cohort studies showed that ultrasound assessment of carotid plaque had a higher diagnostic accuracy (AUC 0.76; 95%CI 0.73–0.80) for the prediction of coronary artery disease than that of CIMT (AUC 0.74; 0.72–0.76) (Table 1) (Figs. 1 and 2). However, multivariate meta-regression analysis showed that the higher diagnostic accuracy of carotid plaque was not signiﬁcant after adjusting covariates (Table 2). Statistical heterogeneity was present for all estimates (12 > 25%) (Table 1). Pre-speciﬁed subgroup analyses showed that CIMT measurement involved the CB or ICA (AUC 0.79; 95%CI 0.77–0.81) had a higher diagnostic accuracy than when CIMT was measured only in the CCA (AUC 0.68; 95%CI 0.65–0.71) (Table 1). In order to assess the robustness of meta-analysis, we conducted four post hoc sensitivity analyses to assess whether results were altered by excluding certain studies. First, we excluded six studies S13, S14, S15, S17, S22, S31 which included patients with known CAD. Second, we excluded ﬁve studies S13, S20, S27, S29, S31 in which CAD was deﬁned as 70% coronary stenosis. Finally, we exclude seven studies S14, S17, S22, S33, S35, S37 which had a high risk of bias (QUODAS score < 10). The results of these analyses were similar to those of the overall analysis (Table 3). Funnel plot analysis revealed asymmetry, suggesting the presence of publication bias (Egger’s test: p = 0.10) (Supplement Fig. 7). The “trim-and ﬁll” method showed that six studies needed to be imputed to make the plot symmetrical. The adjusted positive and negative LRs after imputing the hypothetical studies were similar to our original risk estimates, suggesting that the inﬂuence of publication bias was minimal in our meta-analysis.



4. Discussion The present meta-analysis of population-based studies and diagnostic cohort studies showed that the ultrasound assessment of carotid plaque, compared with that of CIMT, had higher diagnostic accuracies for the prediction of future myocardial infarction and for the detection of CAD. The ultrasound screening for the presence of carotid plaque is simple, non-invasive imaging test and may be particularly useful in a general population given the higher negative predictive values. The absence of carotid plaque provides greater assurance with 10-year myocardial infarction event rates of 4.0% (95% CI 3.6–4.7%). In contrast, the application of CIMT as a screening tool may be more challenging as normal CIMT values should be deﬁned on the basis of age, sex, and ethnicity. Pathological studies indicate that CIMT mainly represents hypertensive medial hypertrophy or thickening of smooth muscles in the media, [3] whereas atherosclerosis is largely an intimal process. Age-related thickening of intimal and medial layers of CCA also occurs in the absence of overt atherosclerosis [2]. In contrast, carotid plaques probably represent a later stage of atherogenesis related to inﬂammation, endothelial dysfunction, oxidative stress, and smooth muscle cell proliferation [14]. Thus, CIMT is biologically distinct from plaque, not really atherosclerosis, but represent an indicator for cardiovascular risk. In contrast, carotid plaque is a distinctive phenotype of atherosclerosis, not a simple continuum of CIMT progression, and predicts the cardiovascular disease better than CIMT [13,15]. The present meta-analysis suggests that many studies reporting the diagnostic performance of CIMT actually incorporated carotid
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Table 3 Sensitivity analyses to assess the impact of speciﬁc studies on overall results. Sensitivity analysis



Carotid plaque DOR



(a) Population-based studies for the prediction of future myocardial infarction 2.41 (1.97–2.94) Overall (n = 11) 2.37 (1.94–2.92) Studies with high or intermediate quality (n = 10) 2.38 (1.94–2.92) Studies with follow up >5 years (n = 9) Studies with primary outcome of MI (n = 8) 2.28 (1.83–2.84) Studies with CIMT cutoff of 75th percentile (n = 6) 2.46 (1.91–3.16) Sensitivity analysis



CIMT AUC



DOR



AUC



0.64 (0.61–0.67) 0.64 (0.61–0.67) 0.64 (0.61–0.67) 0.63 (0.60–0.67) 0.65 (0.61–0.68)



2.06 (1.79–2.38) 2.05 (1.77–2.30) 1.94 (1.72–2.18) 2.13 (1.77–2.57) 2.21 (1.90–2.57)



0.61 (0.59–0.64) 0.61 (0.59–0.64) 0.60 (0.58–0.62) 0.62 (0.59–0.65) 0.62 (0.60–0.65)



Carotid plaque DOR



(b) Diagnostic cohort studies for the detection of coronary artery disease 5.75 (4.47–7.39) Overall (n = 27) 8.62 (5.97–12.4) Studies without known CAD (i = 21) 5.75 (4.47–7.39) Studies in which CAD was deﬁned as 50% stenosis (n = 22) 6.53 (4.88–8.75) Studies with high or intermediate quality (n = 21)



CIMT AUC



DOR



AUC



0.76 (0.73–0.80) 0.81 (0.77–0.85) 0.76 (0.73–0.80) 0.78 (0.75–0.82)



4.58 (3.88–5.39) 5.79 (4.85–6.90) 5.25 (4.41–6.24) 4.92 (4.20–5.76)



0.74 (0.72–0.76) 0.76 (0.74–0.78) 0.75 (0.73–0.77) 0.74 (0.72–0.76)



AUC denotes areas under the curve of summary receiver-operating characteristic plot; CAD, coronary artery disease; CIMT, carotid intima-media thickness; DOR, diagnostic odds ratio; and MI, myocardial infarction.



plaque into CIMT measurement. Twenty seven out of 35 studies (77%) did not explicitly state whether plaque thickness was incorporated in CIMT measurements. In addition, twenty two out of 35 studies (63%) used maximal CIMT values for CIMT measurement, not mean IMT value. It should be noted that the maximal CIMT reﬂects more advanced stages with focal thickening towards plaque formation whereas mean CIMT values as averaged across the entire distance are less susceptible to outliers [1]. Thus, the frequency of plaques in a study population could inﬂuence the author’s decision to choose mean or maximal IMT, depending on how well either measurement accounted for plaques [13]. We, therefore, conducted the subgroup analysis to compare the diagnostic accuracies of CIMT measurement depending on anatomic landmarks in diagnostic cohort studies. The results showed that CIMT measurement had a higher diagnostic accuracy when the measurement involves the CB or ICA in addition to the CCA than when CIMT was measured only in the CCA. There are recognized differences in the distribution of atherosclerosis relative to intimal thickening and plaque, which is likely related to the different hemodynamics of carotid arteries. CIMT develops in the distal CCA where wall sheer stress is high, reﬂecting a hypertensive response of the medial cells [2]. In contrast, carotid plaques are almost always located in the CB and the ICA, at areas of nonlaminar turbulent ﬂow, and rarely in the CCA [5]. The major limitation of the meta-analysis was the presence of signiﬁcant heterogeneity. First, there was a signiﬁcant difference in methodological quality. The inclusion of low quality studies in a meta-analysis could yield biased results. Therefore, we conducted sensitivity analysis by excluding low quality studies, which did not show a signiﬁcant difference in test performance. Second, there was a signiﬁcant publication bias in the meta-analysis of diagnostic cohort studies. We used the “trim-and ﬁll” method for the adjustment of publication bias and demonstrated that the inﬂuence was minimal. Third, the meta-analysis using aggregate data as reported in published articles may fail to detect confounding factors or methodological problems within primary studies. Finally, the scanning protocols of carotid ultrasound for the assessment of carotid plaque and CIMT were different between studies. The metaanalysis of individual patient would be needed to appropriately examine these issues. 5. Conclusion In conclusion, the present meta-analysis of population-based studies and diagnostic cohort studies showed that the ultrasound
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