

  nutrients-16-03873




nutrients-16-03873







Nutrients 2024, 16(22), 3873; doi:10.3390/nu16223873




Review



Effect of Different Dietary Patterns on Cardiometabolic Risk Factors: An Umbrella Review of Systematic Reviews and Meta-Analyses



Christina Chatzi 1, Athanasios Basios 1, Georgios Markozannes 2,3, Evangelia E. Ntzani 2,4, Konstantinos K. Tsilidis 2,3, Kyriakos Kazakos 5, Aris P. Agouridis 6,7, Fotios Barkas 8, Maria Pappa 9, Niki Katsiki 6,10 and Evangelos C. Rizos 1,*





1



Department of Nursing, School of Health Sciences, University of Ioannina, 45500 Ioannina, Greece;






2



Laboratory of Hygiene and Epidemiology, Department of Medicine, School of Health Sciences, University of Ioannina, 45500 Ioannina, Greece;






3



Department of Epidemiology and Biostatistics, School of Public Health, Imperial College London, London SW7 2AZ, UK






4



Department of Health Services, Policy and Practice, School of Public Health, Brown University, Providence, RI 02912, USA






5



Department of Nursing, School of Health Sciences, International Hellenic University, 57001 Thessaloniki, Greece






6



Department of Medicine, School of Medicine, European University Cyprus, 2404 Nicosia, Cyprus






7



Department of Internal Medicine, German Oncology Center, 4108 Limassol, Cyprus






8



Department of Medicine, School of Health Sciences, University of Ioannina, 45500 Ioannina, Greece






9



Department of Rheumatology, Attikon University Hospital, 12462 Athens, Greece






10



Department of Nutritional Sciences and Dietetics, School of Health Sciences, International Hellenic University, 57400 Thessaloniki, Greece









*



Correspondence: vagrizos@gmail.com; Tel.: +30-2651007605







Citation: Chatzi, C.; Basios, A.; Markozannes, G.; Ntzani, E.E.; Tsilidis, K.K.; Kazakos, K.; Agouridis, A.P.; Barkas, F.; Pappa, M.; Katsiki, N.; et al. Effect of Different Dietary Patterns on Cardiometabolic Risk Factors: An Umbrella Review of Systematic Reviews and Meta-Analyses. Nutrients 2024, 16, 3873. https://doi.org/10.3390/nu16223873



Academic Editors: Areti Triantafyllou and Xenophon Theodoridis



Received: 6 September 2024 / Revised: 1 November 2024 / Accepted: 5 November 2024 / Published: 13 November 2024



Abstract

:

Background/Objectives: Lifestyle interventions such as dietary changes have been proposed to control the cardiometabolic risk factors and thus prevent cardiovascular (CV) disease (CVD). We performed an umbrella review to investigate whether different dietary patterns affect CV risk in individuals with at least one cardiometabolic risk factor (hypertension, dyslipidemia, obesity, diabetes, metabolic syndrome) but not established CVD. Methods: We systematically searched the PubMed and Scopus databases (up to August 2024) for the systematic reviews and meta-analyses of randomized controlled trials (RCTs). Articles should be written in English and refer to a specific dietary pattern (such as Mediterranean diet, etc.). The population studied referred to adults with at least one cardiovascular (CV) risk factor. Results: From 4512 records identified, we finally included 25 meta-analyses with a total of 329 associations. Strong evidence for a benefit was found for LCD with reductions in BW [MD: −4.79 (95% CI −5.85, −3.72) kg, p ≤ 0.001], SBP [MD: −6.38 (95% CI −7.84, −4.93) mmHg, p ≤ 0.001], TG [WMD: −5.81 (95% CI −7.96, −3.66) mg/dL, p ≤ 0.001], and fasting plasma insulin [MD: −15.35 (95% CI −19.58, −11.12) pmol/L, p ≤ 0.001], as well as for low-GI diet for the reduction of BW [SMD: −0.66 (95% CI −0.90, −0.43) kg, p ≤ 0.001]. Conclusions: Across many dietary patterns, LCD showed strong or highly suggestive evidence for a benefit on SBP, BW reduction, and lipid profile improvement. Secondarily, low-GI, DASH, and Portfolio and Nordic diets suggested beneficial effects on controlling CV risk.
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1. Introduction


Cardiovascular (CV) disease (CVD), accounts for 17 million deaths every year according to the World Health Organization (WHO) [1]. Among the traditional CV risk factors, dyslipidemia (increased levels of total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-c), decreased levels of high-density lipoprotein cholesterol (HDL-c) and, to a lesser extent, increased triglycerides (TG) levels), hypertension, obesity, metabolic syndrome (MetS), and type 2 diabetes (T2D) are closely related to each other [1,2,3,4,5,6,7].



Lifestyle interventions such as dietary changes, physical activity, smoking cessation and reduction of alcohol consumption have a positive effect on cardiometabolic risk factors, reducing the prevalence of hypertension, hyperlipidemia, obesity, and insulin resistance [1,4,7,8]. Meta-analyses and systematic reviews provide evidence for the adverse effect of unhealthy, non-balanced diets on health status [9,10]. However, factors such as modest effect sizes, limited number of studies, small number of assessed populations, and overall low-quality studies included in the meta-analyses are indications of the possibility of bias (publication or other selective reporting biases). The reported heterogeneity is usually high and is also related to different dietary interventions, a wide range of outcomes, and variety in the duration of diets, thus providing conflicting results for the effect of selected dietary patterns on specific outcomes [9,10]. Umbrella reviews in this field usually include mixed populations (healthy, individuals with CV risk factors, patients with established CVD) and meta-analyses of both observational and RCTs [11,12,13,14,15,16]. To assess the overall effect of various types of diets and diminish the likelihood of these biases, we performed an umbrella review approach of meta-analyses that included RCTs to investigate whether different dietary patterns affect CV risk in individuals with at least one cardiometabolic risk factor but not established CVD.




2. Materials and Methods


2.1. Literature Search—Data Extraction


We identified all relevant meta-analyses examining the association of different dietary patterns with cardiometabolic risk factors. We systematically searched PubMed and Scopus databases from their inception through October 2024 for systematic reviews and meta-analyses of RCTs. Two authors (C.C. and A.M.) separately extracted the data, and any discrepancy was resolved by a third author (G.M.). The Rayyan-AI Powered Tool for systematic literature review was used for screening. The Rayyan-AI Powered Tool is freely available, and the company had no involvement in any stage of our research. To double-check our search, we also used the traditional way of screening. At the meta-analysis level, we abstracted information on first author, year of publication, distinctive population characteristics, examined interventions, outcomes, number of included studies, and meta-analysis metric (risk ratio (RR), odds ratio (OR), or hazard ratio (HR) for dichotomous and mean difference (MD), weighted mean difference (WMD), and standardized mean difference (SMD)) for continuous outcomes. At the individual study level, we abstracted information on first author’s name, year of publication, study design, sample size, information on adjustment factors, number of events or number of cases, effect estimate, and its measure of variation (such as standard error (SE), 95% confidence interval (CI), p-value). This umbrella review is in accordance with the Preferred Reporting Items for Overviews of Reviews (PRIOR) statement [17], and the protocol has been registered in the Open Science Framework (OSF) (Registration DOI: https://doi.org/10.17605/OSF.IO/D9J8C, 25 October 2023).




2.2. Inclusion/Exclusion Criteria


Articles should be meta-analyses of RCTs, written in English, and refer to a certain dietary pattern (such as Mediterranean diet, LCD, or low-fat diet), but not to an individual food group. The population studied male and female adults (>18 years old) with one or more CV risk factors (such as dyslipidemia, high blood pressure, MetS, T2D, obesity) but not established CVD. Any article assessing medication, studies referring to animals or participants with chronic diseases such as liver failure, chronic kidney disease, human immunodeficiency virus (HIV), alcohol abuse, cancer, or organ transplants were excluded.




2.3. Quality Assessment


The online checklist called Assessing the Methodological Quality of Systematic Reviews (AMSTAR 2) was used to assess methodological quality and assign an overall rating for the reviews included [18].




2.4. Statistical Analysis


We graded the evidence of each association into 4 classes of evidence (strong, highly suggestive, suggestive, weak) using the established umbrella reviews criteria [19]. Strong evidence considered the associations having >500 cases, p value < 10−6 by the random-effects model, I2 < 50%, 95% PI excluding the null, no small-study effects, and no excess significance bias (to evaluate whether there was a relative excess of formally significant findings in the published literature for any reason) [19]. Highly suggestive evidence required number of cases >500, p < 10−6 by the random-effects model, largest study with a statistically significant effect, and class I criteria were not met. Suggestive evidence required >500 cases, p < 10−3 by the random-effects model and class I–II criteria were not met. Weak evidence (class IV) was considered when p < 0.05 and class I–III criteria were not met. Associations with a p-value > 0.05 in the random-effects meta-analysis were considered non-significant [9]. I2 describes the between-studies variation that can be attributed to heterogeneity rather than sampling error. It lies between 0% and 100%. I2 values of 25%, 50%, and 75% indicate low, moderate, and large heterogeneity, respectively [10,20,21]. An Egger’s regression asymmetry test p-value ≤ 0.1, along with an inflated random effects estimate compared with the point estimate of the largest and most precise study (smallest standard error) in the meta-analysis, was used as an indication of small-study effects bias [21]. The statistical analysis was performed with Statistics and Data (STATA) version 16.





3. Results


3.1. Main Results


In total, from 4512 records identified, we finally included 25 meta-analyses (Figure 1). Three of them assessed low-GI diet (population: individuals with T2D or type 1 diabetes (T1D) or gestational diabetes), five ketogenic diet (population: overweight/obese individuals with or without T2D, patients with T2D, or at least one cardiometabolic risk factor), five LCD (population: obese or T2D individuals), two Nordic diet (population: individuals with diabetes or at risk of diabetes, or individuals with at least one cardiometabolic risk factor), two vegan/vegetarian diet (population: overweight, or individuals with T2D/prediabetes, or individuals with at least one cardiometabolic risk factor), two Mediterranean diet (population: individuals with T2D), two HP diet (population: individuals with or without diabetes), one Portfolio dietary pattern (population: individuals with hyperlipidemia), one DASH diet (population: Individuals with at least one cardiometabolic risk factor), one comparing Mediterranean, LCD, low-GI, and HP diet (population: individuals with T2D) and one comparing Mediterranean, LCD, DASH, and Nordic diet. Twenty-two articles included exclusively RCTs, whereas the remaining three [22,23,24] included a mixed methodology of randomized and non-randomized articles in the systematic reviews. Overall, 26 outcomes were studied, with the most common being TC, TG, HDL-C, LDL-C (19 reviews), BW or BMI (16 reviews), SBP and DBP (15 reviews), HbA1c (14 reviews), as well as FPG or FPI (11 reviews). The included 25 meta-analyses had a total of 329 associations as each outcome is studied in more than one article. The male/ female ratio could not be estimated since the partial ratio is missing in 20 out of 25 meta-analyses. Study characteristics can be found in Table 1; Table 2 describes each dietary pattern and the overall outcomes, whereas Table 3. summarizes strong and highly suggestive evidence. The results (Supplementary Table S1) are categorized based on the dietary pattern they examine (Mediterranean, LCD, low-GI, ketogenic, HP, DASH, Portfolio, Nordic, vegetarian) and presented only if they offer strong, highly suggestive, or suggestive evidence. When the results are strong, highly suggestive, or suggestive for an outcome that is reported more than once, we report the result with the highest magnitude of effect. The overall quality assessment rated 7 articles as “Low”, whereas the remaining 18 were rated as “Critically Low” (Table 1).



3.1.1. Mediterranean Diet


Fourteen associations referred to the Mediterranean diet. Overall, none of the associations were claimed to be strong or highly suggestive. Three associations referring to HbA1c [MD: −0.30 (95% CI −0.46, −0.14) %, p value ≤ 0.001], BMI [MD: −0.29 (95% CI −0.45, −0.13) kg/m2, p value = 0.001], and FPI [MD: −9.91 (95% CI −14.53, −5.29) pmol/L, p value ≤ 0.001] were claimed as suggestive, whereas eleven associations were categorized as weaker or non-significant, all referring to adult males and females with T2D or at least one cardiometabolic risk factor.




3.1.2. Low-Carbohydrate Diet—LCD


In total, 82 associations were assessed for LCD. We found 4 associations referring to BW [MD: −4.79 (95% CI −5.85, −3.72) kg, p value ≤ 0.001], SBP [MD: −6.38 (95% CI −7.84, −4.93) mmHg, p value ≤ 0.001], FPI [MD: −15.35 (95% CI −19.58, −11.12) pmol/L, p value ≤ 0,001] in obese individuals, and TG [WMD: −5.81 (95% CI −7.96, −3.66) mg/dL, p value ≤ 0.001] in individuals with T2D, which were claimed as strong; 13 associations referring to BMI [MD: −2.03 (95% CI −2.62, −1.45) kg/m2,, p value ≤ 0.001], BW [MD: −7.44 (95% CI −9.07, −5.81) kg, p value ≤ 0.001], waist circumference (WC) [MD: −6.58 (95% CI −8.14, −5.02) cm, p value ≤ 0.001], HDL-c [MD: 6.71 (95% CI 4.80, 8.61) mg/dL, p value ≤ 0.001], TG [MD: −38.85 (95% CI −48.27, −29.43) mg/dL, p value ≤ 0.001], SBP [MD: −5.54 (95% CI −7.50, −3.57) mmHg, p value ≤ 0.001], and DBP [MD: −3.96 (95% CI −5.31, −2.60) mmHg, p value ≤ 0.001] in obese males and females as highly suggestive; 10 associations referring to BMI [MD: −1.41 (95% CI −2.15, −0.66) kg/m2, p value ≤ 0.001] and HbA1c [WMD: −0.43 (95% CI −0.63, −0.24) %, p value ≤ 0.001 ] in patients with T2D, WC [MD: −6.79 (95% CI −9.94, −3.64) cm, p value ≤ 0.001], HDL-C [MD: 2.24 (95% CI 1.11, 3.36) mg/dL, p value ≤ 0.001], TG [MD: −23.19 (95% CI −35.54, −10.84) mg/dL, p value ≤ 0.001], FPG [MD: −4.00 (95% CI −6.38, −1.62) mg/dL, p value = 0.001], SBP [MD: −4.12 (95% CI −6.11, −2.13) mmHg, p value ≤ 0.001], and DBP [MD: −2.93 (95% CI −4.35, −1.50) mmHg, p value ≤ 0.001] in obese individuals, which were claimed as suggestive; whereas 55 associations referring to overweight/obese individuals, individuals with T1D/T2D, or presenting with at least one other cardiometabolic risk factor were categorized as weak or non-significant.




3.1.3. Low-Glycemic Index (GI) Diet


We found 29 associations referring to low-GI diets. Only one association referring to BW [SMD: −0.66 (95% CI −0.90, −0.43) kg, p value ≤ 0.001] was claimed as strong; one association referring to FPG [SMD: −5.86 (95% CI −8.10, −3.62) mg/dL, p value ≤ 0.001] as highly suggestive; and two associations referring to HbA1c [SMD: −0.32 (95% CI −0.45, −0.19)%, p value ≤ 0.001] and LDL-c [−3.32 (95% CI −4.98, −1.66) mg/dL, p value ≤ 0.001], referring to adult individuals with T1D or T2D as suggestive. There were 25 associations referring to individuals with T1D or T2D that were categorized as weak or non-significant.




3.1.4. Ketogenic Diet


Overall, 121 associations referred to the ketogenic diet. No association was claimed as strong or highly suggestive. Only 1 association referring to TG in patients with T2D [SMD: −0.42 (95% CI −0.64, −0.19) mg/dL, p value ≤ 0.001] was claimed as suggestive, whereas 120 associations referring to patients with T2D, or overweight/obese individuals with or without T2D, or with at least one cardiometabolic risk factor, were categorized as weak or non-significant.




3.1.5. High-Protein Diet


Sixteen associations referred to the HP diet. We did not find any association claimed as strong, highly suggestive, or suggestive. All associations referring to individuals with or without T1D or T2D were categorized as weak or non-significant.




3.1.6. DASH Diet


Sixteen associations referred to the DASH diet. No association was claimed as strong, one association referring to SBP [MD: −3.94 (95% CI −5.24, −2.64) mmHg, p value ≤ 0.01] was claimed as highly suggestive, and four associations referring to DBP [MD: −2.44 (95% CI −3.44, −1.45) mmHg, p value ≤ 0.01], BW [MD: −1.59 (95% CI −2.27, −0.90) kg, p value ≤ 0.01], BMI [MD: −0.63 (95% CI −0.92, −0.35) kg/m2, p value ≤ 0.01], and WC [MD: −1.93 (95% CI −2.80, −1.07) cm, p value ≤ 0.01] as suggestive, whereas eleven associations were categorized as weak or non-significant. All associations refer to individuals with at least one cardiometabolic risk factor.




3.1.7. Portfolio Dietary Pattern


Eleven associations referred to the Portfolio dietary pattern. We did not find any association claimed as strong; three associations referring to apolipoprotein B (Apo B) [SMD: −18.13 (95% CI −22.74, −13.51) mg/dL, p value ≤ 0.001], LDL-c [SMD: −13.05 (95% CI −16.04, −10.06) mg/dL, p value ≤ 0.001], and non-HDL-c [SMD: −14.99 (95% CI −18.43, −11.55) mg/dL, p value ≤ 0.001] were claimed as highly suggestive, two associations referring to TG [SMD: −5.04 (95% CI −7.51, −2.58) mg/dL, p value ≤ 0.001] and TC [SMD: −13.64 (95% CI −19.94, −7.33) mg/dL, p value ≤ 0.001] as suggestive, and six associations were categorized as weak or non-significant. All associations assessed adult patients with dyslipidemia. Of note, all associations derive from a meta-analysis which, besides RCTs, included non-RCTs articles.




3.1.8. Nordic Diet


Twenty-three associations referred to the Nordic diet. No association was claimed as strong, three associations referring to stroke incidence [MD: 0.87 (95% CI 0.78, 0.96)%, p value ≤ 0.001], CV mortality [MD: 0.80 (95% CI 0.70, 0.90)%, p value ≤ 0.001] and T2D [MD: 0.95 (95% CI 0.85, 1.05)%, p value ≤ 0.001] were claimed as highly suggestive, and two associations referring to CVD [MD: 0.80 (95% CI 0.59, 1.02)%, p value ≤ 0.001] and coronary heart diseases (CHD) incidence [MD: 0.83 (95% CI 0.64, 1.02)%, p value ≤ 0.001] referring to individuals with diabetes or at risk for diabetes were claimed as suggestive. Of note, all these associations were derived from a meta-analysis which, besides RCTs, included non-RCTs articles. Eighteen associations referring to individuals with diabetes, or at risk for diabetes, or at least one cardiometabolic risk factor, were categorized as weak or non-significant.




3.1.9. Vegetarian/Vegan Diet


In total 17 associations were found for a vegetarian diet. We did not find any association claimed as strong, one association referring to HDL-c [WMD: −1.84 (95% CI −2.41, −1.28) mg/dL, p value ≤ 0.001] claimed as highly suggestive, and one association referring to TC [WMD: −6.64 (95% CI −9.96, −3.33) mg/dL, p value ≤ 0.001] as suggestive both in individuals with at least one cardiometabolic risk factor; meanwhile 15 associations referring to overweight or individuals with T2D or prediabetes or at least one cardiometabolic risk factor were categorized as weak or non-significant.






4. Discussion


We found that specific types of diet such as LCD exert a beneficial effect on blood pressure (BP) levels, BW and lipid profile, and low-GI diet induces weight reduction and improves fasting glucose levels. Probable benefits of BP reduction are noticed from the DASH diet, LDL-c reduction from the Portfolio diet, and CV events from the Nordic diet. In contrast, other extremely popular diets such as ketogenic, HP, Portfolio, and vegetarian, which are believed to be beneficial across a variety of CV risk factors, failed to show any strong or even highly suggestive evidence for a clear benefit.



4.1. Mediterranean Diet


The Mediterranean diet is based on dietary patterns followed by people living around the Mediterranean Sea. It is characterized by high consumption of monounsaturated fatty acids based on olive oil, high consumption of polyphenols deriving from everyday consumption of fruits, vegetables, whole grain cereals, legumes and low-fat dairy products, and moderate alcohol consumption mostly with meals, as well as weekly consumption of fish, poultry, nuts, and a twice a month consumption of red meat [4].



We found only suggestive evidence that the Mediterranean diet lowers BMI (approximately −30%), HbA1c (approximately −30%), and FPI levels (approximately −10 pmol/L. Previous reports show BW and thus BMI reduction in patients following a diet high in monounsaturated fatty acids such as the Mediterranean diet [6,42]. Moreover, reductions in HbA1c and FPI are attributed to the antioxidant and anti-inflammatory properties of the Mediterranean diet due to consumption of polyphenols and fibers included specifically in olives, fruits, vegetables, whole grains, fish, and red wine [4,7]. It should be noted that adherence to the Mediterranean diet is linked to reduced risk for developing MetS, non-alcoholic fatty liver disease, or CVD [43,44,45,46,47], as well as decreased systemic inflammation [16,30]. Naturally, the effectiveness and acceptability of the Mediterranean diet interventions in non-Mediterranean countries is of concern.




4.2. Low-Carbohydrate Diet—LCD


LCD is based on low carbohydrate (especially refined) intake and restrictions to high GI carbohydrates, with a carbohydrate consumption range of ≤15% to <40% per daily intake [2,27,34,41,44,45,46,48].



We found strong evidence that LCD lowers SBP (with a clinically meaningful reduction of 6 mmHg), TG (by 6 mg/dL), BW (by 5 kg), and improves insulin resistance. Highly suggestive evidence shows improvement in lipid profile, BP, and BMI and WC reduction. Our findings are in accordance with the latest guidelines for CV risk reduction, where LCD is reported to reduce BW by 2–3 kg and TG by 23 mg/dL, with an increase in HDL-c by 5 mg/dL [35]. In contrast, previous reports fail to show a benefit on weight management in T2D individuals when LCD is compared with higher-carbohydrate diets, HP, Mediterranean, vegetarian, low-GI diets [12].




4.3. Low-Glycemic Index (GI) Diet


GI is a measure of the postprandial glycemic response to carbohydrate consumption and is expressed in comparison with a reference food (commonly glucose or white bread) [40]. A GI of ≤55 is considered low, 56–69 is medium, and ≥70 is high based on a glucose scale [30].



We found strong evidence for an improvement in BW and highly suggestive evidence for a decrease in FPG levels, which explains why low-GI diets are so popular for glucose control in people with diabetes [30,40]. Similar reductions in fasting glucose levels are previously reported [30,42] and are attributed to the reduction of hyperglycemia, hyperinsulinemia, and free fatty acids levels, resulting to suppression of the inflammatory response [5].




4.4. Ketogenic Diet


The ketogenic diet is characterized by low carbohydrate consumption and moderate protein intake, whereas fat intake is unrestricted. Usually, carbohydrates and protein account for 10% and 20% of daily intake, respectively, and fat consumption approximately for 70% [25,26]. The ketogenic diet is one of the dietary interventions employed by individuals to achieve rapid weight loss, but with a concomitant reduction in muscle mass (although the opposite was initially believed due to the protective effect of ketones on muscle tissue and the increased growth hormone secretion stimulated by low blood glucose, which results in an increase in muscle protein synthesis) [49].



Although we examined 114 associations, we failed to find any association claimed as strong or highly suggestive. Likewise, previous publications show controversial findings that might be explained by the high-fat nature of ketogenic diets, which are often characterized by high cholesterol intake [50]. The latest umbrella review reports a decrease in TG levels but an increase in LDL-c levels [14].




4.5. High-Protein Diet


HP diets are characterized by a protein intake of 1.2–1.6 g per kg of body weight per day [8].



Although HP diets are popular for improving muscle mass, enhancing weight loss, glucose control, and reducing CV risk [6,8,51], we failed to show any strong, highly suggestive or even suggestive evidence for a specific benefit. Of note, the avoidance of excess fat and sugar are previously related to unfavorable cardiometabolic status [8].




4.6. DASH Diet


The DASH diet was described in the 1990s and consists of 7 servings of carbohydrates, 2 servings of low-fat dairy products, ≤2 servings of lean red meat, 5 servings of vegetables, and 5 servings of fruits daily, with 2 or 3 servings of nuts and seeds per week [1].



Although we failed to show any strong evidence for a specific benefit, the reduction in SBP levels was claimed as highly suggestive. Similarly, in a recent overview, the DASH diet reduces SBP by 9 mmHg, whereas the latest umbrella review shows reductions in both SBP and DBP, related to the consumption of specific components such as fruits and vegetables, whole grains, legumes and pulses, nuts and seeds, total red meat, and poultry intake [11]. The latest European Guidelines for CVD prevention recommend the DASH diet as a beneficial lifestyle intervention for BP reduction [44,45,52,53,54]. In this context, the DASH diet is recommended for an overall improvement in CV risk prevention and management [46]. The increased fiber intake of the DASH diet delays gastric emptying and thus improves serum lipids levels by decreasing macronutrient absorption. This also results in an improvement in insulin sensitivity as well as BP decrease due to insulin association with sodium retention [1].




4.7. Portfolio Dietary Pattern


Known as the dietary portfolio or Portfolio diet, it was introduced in the early 2000s as a plant-based dietary pattern. It consists of 42 g of tree nuts or peanuts, 50 g of plant protein (soy products or dietary pulses such as beans and peas), 20 g of viscous soluble fiber (oats, barley, eggplant, apples, oranges, berries) and 2 g of plant sterols from a plant sterol-enriched margarine [22].



We failed to show any strong evidence for a specific benefit, and an improvement in lipid profile was the only benefit claimed as highly suggestive. A similar improvement in lipid profile was previously reported with reductions in LDL-c by 13 mg/dL, TC by 15 mg/dL, and TG by 5 mg/dL [48]. The high content of fibers, sterols, and plant proteins of the Portfolio diet are the components believed to favorably affect the lipid profile (non-HDL-c, ApoB, TC and TG), the inflammatory markers (C-reactive protein (CRP)), and blood pressure levels [22,55,56].




4.8. Nordic Diet


Also known as the Baltic Sea diet, the Nordic diet is developed in the Nordic or Northern European region and is characterized by the consumption of whole grain cereals, fruits (mostly berries but also apples and pears), vegetables, legumes (such as oat and barley), rapeseed oil, fatty fish (such as salmon), shellfish, seaweed, low-fat meat choices (such as poultry and game), low-fat dairy products, and the restriction of salt and sugar [33].



We failed to show any strong evidence for a specific benefit, whereas highly suggestive evidence showed a benefit on atherosclerosis-related outcomes. The European Food Safety Authority (EFSA), as well as the latest European Society of Cardiology (ESC) guidelines, also emphasize the benefits on CV risk by the consumption of long chain omega-3 fatty acids [particularly eicosapentaenoic acid (EPA)] included in fatty fish. Although the diet appears to be more beneficial among individuals with MetS or increased BP, it is important to notice that almost every study with the Nordic diet is coupled with BW reduction, which by itself exerts benefits in many CV risk factors such as SBP/DBP levels [24,33,57].




4.9. Vegetarian Diet


Vegetarian diet excludes all animal flesh and differentiates to vegan diets (exclude all foods from animal sources), raw vegan, ovovegetarian, lactovegetarian, lacto-ovovegetarian, and pescovegetarian. Vegetarian diets are rich in fibers, magnesium, folic acid, vitamins A and E, omega-6 polyunsaturated fatty acids, and antioxidants but low in total fat and saturated fatty acids, EPA, sodium, zinc, and vitamin B12 [3,29].



We did not find strong evidence for any benefit. Traditionally, high consumption of fruits, vegetables, and generally dietary fiber is commonly recommended for controlling BW and improving the lipid profile, as well as for CV risk reduction [49,52]. The main argument for a potential benefit is related to the high content of phytosterols and flavonoids that characterizes this dietary pattern. Phytosterols compete with cholesterol for a place in the micelles and thus reduce intestinal cholesterol absorption. Flavonoids and saponins also disrupt cholesterol micelle solubility and inhibit LDL-C oxidation, which is also beneficial for CV health [3]. The latest umbrella review [15] shows a potential benefit on cerebrovascular disease, which is hampered by the limited number of studies and moderate overall quality of evidence.





5. Conclusions


Dietary patterns vary, and most of them reflect different cultures, everyday needs, and current trends of modern lifestyle. In the present umbrella review, we found strong or highly suggestive evidence for a benefit on BP, BW reduction, as well as improvement lipid profile. Moreover, low-GI, DASH, Portfolio, and Nordic diets suggest beneficial effects for controlling the traditional CV risk factors and reducing atherosclerosis-related events.
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Figure 1. Flow chart of the umbrella review. 
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Table 1. Characteristics of the included meta-analyses.
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	Author, Year
	Country/Region
	Design of Included Studies
	Intervention
	Comparison
	Outcomes
	Population
	Total Sample (N)
	Age (Years)
	Duration/Follow-Up
	Quality Assessment

AMSTAR 2





	Amini et al.

(2024) [25]
	USA, Israel, Swede, Australia, New Zealand, Canada, Italy, Netherlands, Spain, Norway, Japan
	RCTs
	Ketogenic diet (≥45% daily intake from fat and ≤50g carbohydrate daily intake)
	Any diet
	SBP

DBP
	Adult males and females with at least one cardiovascular risk factor
	1664

M: ΝA

F: ΝA
	25–63 (mean age)
	-
	Low



	Choy and Louie

(2023) [26]
	Australia, USA, UK, South Africa, Spain, Israel, Germany
	RCTs
	Ketogenic diet
	Any diet
	TC, HDL-C, LDL-C, TG

HbA1c, FPG

BW, BMI, WC,

FPI, HOMA

SBP, DBP
	Adult males and females with T2D
	541

M: ΝA

F: ΝA
	51–65 (mean ages)
	-/3–52 weeks
	Critically low



	Luo et al.

(2022) [27]
	USA, Norway, Greece, Spain, Italy, Columbia, China, UK, Serbia
	RCTs
	Ketogenic diet
	Non-HP diet
	TC, HDL-C, LDL-C, TG

BW, BMI

WC, Body Fat Volume

HbA1c, FPG, FPI, HOMA

SBP, DBP

Uric acid

Creatinine
	Adult males and females overweight or obese with or without T2D
	1074

M: ΝA

F: ΝA
	21–65 (mean ages)
	-/0.6–48 weeks
	Low



	Massara et al.

(2022) [24]
	Denmark, Sweden, Iceland, Finland
	RCTs or prospective cohort studies
	Nordic diet
	Usual diet
	CV mortality

CVD/CHD/Stroke incidence

HDL-C, LDL-C, Non-HDL-C, TG, Apo B

WC, BW, BMI

HbA1c, FPG, FPI,

SBP, DBP

CRP
	Adult males and females:

a. diabetes, no CVD

b. no diabetes

c. diabetes or risk factors for diabetes
	1774

M: ΝA

F: ΝA
	49–57 (prospective); 48–54 (RCTs)
	-/14–18 years (prospective),

12–48 weeks (RCTs)
	Critically low



	Rafiullah et al. (2022) [28]
	USA, Spain, Australia, Israel
	RCTs
	LCD
	Usual diet
	HbA1c, BW, TG, LDL-c
	Adult males and females with T2D
	797

M: 352

F: 445
	53–99.7 (mean ages)
	3–24 months/-
	Low



	Termannsen et al.

(2022) [29]
	USA, Canada, Korea, New Zealand
	RCTs
	Vegan

(no foods from animal sources) diet
	Omnivorous diet
	TC, HDL-C, LDL-C, TG

BW, BMI

HbA1c

SBP, DBP
	Adult males and females overweight or T2D, or prediabetes
	1510

M: 386

F: 1124
	48–61 (mean ages)
	12–26 weeks/-
	Critically low



	Chiavaroli et al.

(2021) [30]
	Canada, Australia, France, USA, Israel, Mexico, and other European and Asian countries
	RCTs
	Low-GI diet
	Usual diet
	HDL-C, LDL-C, Non-HDL-C, TG, Apo B

BW, WC, BMI

SBP, DBP

FPI, HbA1c, FPG,

CRP
	Adult males and females with T2D or T1D
	1617

M: ΝA

F: ΝA-
	54–59 (mean ages)
	-
	Low



	Espinoza-Lopez et al. (2021) [31]
	Spain, UK, Australia, Germany, Norway
	RCTs
	Ketogenic diet
	Low energy or LFD
	BMI, TG, TC, HDL-c, LDL-c
	Adult males and females obese
	943

M: ΝA

F: ΝA
	43–60 (mean ages)
	4–24 months/-
	Critically low



	Lari et al.

(2021) [1]
	USA, Poland, China, Pakistan, Mexico, Greece, Iran, Australia, Croatia, Korea, Iran, Brazil
	RCTs
	DASH diet
	Other dietary patterns
	TC, HDL-C, LDL-C, VLDL-C, TG

BW, BMI, WC

FPG, FPI,, HOMA

SBP, DBP

CRP
	Adult males and females, with at least one cardiovascular risk factor
	9488

M: NA

F: NA
	23–65 (mean ages)
	2–52 weeks/-
	Low



	Smith et al. (2020) [32]
	NA
	RCTs
	Ketogenic diet
	Low energy or LFD
	BW
	Adult males and females with at least one cardiometabolic risk factor
	3340

M: ΝA

F: ΝA
	-
	3–24 months/3–24 months
	Critically low



	Ojo et al.

(2019) [5]
	Brazil, Canada, China, USA, Malaysia, Greece
	RCTs
	Low-GI diet
	High-GI diet
	TC, HDL-C, LDL-C, TG
	Adult T2D males and females OR females with gestational diabetes
	782

M: NA

F: NA
	30–63 (mean ages)
	-
	Critically low



	Ramezani-Jolfaie et al.

(2019) [33]
	Europe
	RCTs
	Nordic diet
	Usual diet
	TC, LDL-C, HDL-C, TG

SBP, DBP
	Adult males and females with at least one cardiovascular risk factor
	513

M: ΝA

F: ΝA
	39–60 (mean ages)


	2 weeks–6 months/-
	Low



	Chiavaroli et al.

(2018) [22]
	Canada
	Randomized or non-randomized controlled trials
	Portfolio dietary pattern
	Any dietary pattern not providing components of the Portfolio diet
	CHD risk

TC, HDL-C, LDL-C, Non-HDL-C, TG, Apo B

BW

SBP, DBP

CRP
	Adult males and females, with hyperlipidemia
	439

M: 192

F: 247
	55–65 (mean ages)
	-/2–24 weeks
	Critically low



	Sainsbury et al. (2018) [34]
	UK, USA, Australia, Sweden, Israel, Japan, New Zealand, Czech Republic, Austria, Canada
	RCTs
	LCD
	HCD
	HbA1c
	Adult males and females withT1D or T2D
	2405

M: ΝA

F: ΝA
	38–54
	-/3–24 months
	Critically low



	Zhao et al.

(2018) [6]
	Australia, USA, New Zealand, Greece, Sweden, UK
	RCTs
	HP diet
	Low-protein diet
	TC, HDL-C, LDL-C, TG

BW, BMI

Fat Mass, Free-fat Mass

HbA1c

FPG, FPI,

SBP, DBP
	Adult males and females with diabetes
	1099

M: ΝA

F: ΝA
	47–64 (mean ages)
	2–24 weeks/-
	Critically low



	Meng et al.

(2017) [35]
	Australia, USA, Sweden, UK, Israel, Japan
	RCTs
	LCD (≤26% daily carbohydrate intake) diet
	Usual diet
	TC, HDL-C, LDL-C, TG

BW

HbA1c, FPG
	Adult T2D males and females
	734

M: ΝA

F: ΝA
	-
	-/3–24 months
	Critically low



	Ndanuko et al. (2016) [36]
	USA, Italy, Brazil, Iceland, Sweden, Denmark, Finland, Australia, France, Spain, Iran, Germany
	RCTs
	Mediterranean diet

LCD

DASH

Nordic diet
	Usual diet
	SBP, DBP, HbA1c
	Adult males and females with at least one cardiometabolic risk factor
	1957

M: ΝA

F: ΝA
	18–80
	-
	Critically low



	Nissensohn et al. (2016) [37]
	Italy, Israel, Spain, North America
	RCTs
	Mediterranean diet
	Usual diet
	SBP, DBP
	Adult males and females with at least one cardiometabolic risk factor
	7987

Μ: ΝA

F: ΝA
	20–80
	24–48 months/-
	Critically low



	Wang et al.

(2015) [3]
	USA, Finland, Sweden, Czech Republic, Australia
	RCTs
	Vegetarian diet
	Omnivorous diet
	TC, LDL-C
	Adult males and females with at least one cardiovascular risk factor
	832

M: 200

F: 632
	28–56 (mean age)
	3 weeks–19 months/-
	Critically low



	Huo et al.

(2015) [7]
	USA, Greece, Israel, Italy, Spain, Australia
	RCTs
	Mediterranean diet
	Usual diet
	HDL-C, LDL-C, TC, TG

BMI, BW

HbA1c, FPI
	Adult T2D males and females
	1178

M: ΝA

F: ΝA
	26–77 (range)
	4 weeks–4 years/-
	Critically low



	Ajala et al.

(2013) [23]
	ΝA
	RCTs and systematic reviews
	Mediterranean diet,

LCD,

Low-GI diet, and

High-protein diet
	Other dietary patterns
	HbA1c
	Adult T2D males and females
	3073

M: ΝA

F: ΝA
	-
	6 months–4 years/-
	Critically low



	Bueno et al.

(2013) [38]
	Australia, Israel, USA, UK, New Zealand
	RCTs
	LCD
	LFD
	BW, TAG, HDL-c, LDL-c, SBP, DBP
	Adult males and females overweight or obese
	1577

M: ΝA

F: ΝA
	39–53 (mean ages)
	12–24 months/-
	Critically low



	Schwingshackl and Hoffmann

(2013) [39]
	ΝA
	RCTs
	HP diet
	Low-protein diet
	HDL-C

FPI
	Adult males and females with or without T2D
	1990

M: ΝA

F: ΝA
	35–60 (mean ages)
	12–24 months/-
	Low



	Fleming and Codwin

(2013) [40]
	ΝA
	RCTs
	Low-GI diet
	High-GI diet
	TC, LDL-C, TG
	Adult males and females with or without diabetes
	224

M: 51

F: 173
	18–60 (range)
	-
	Critically low



	Santos et al.

(2012) [41]
	ΝA
	RCTs
	LCD (≤26% daily carbohydrate intake) diet
	Usual diet
	HDL-C, LDL-C, TG

SBP, DBP

BW, BMI, WC

FPI, HbA1c, FPG,

CRP
	Adult obese males and females
	3647

M: ΝA

F: ΝA
	-
	-/12 weeks–12 months
	Critically low







USA: United States of America; UK: United Kingdom; Apo B: apolipoprotein B; BMI: body mass index; BW: body weight; CRP: C-reactive protein; DBP: diastolic blood pressure; HbA1c: glycated hemoglobin A1c; FPG: fasting plasma glucose; HDL-C: high-density lipoprotein cholesterol; HOMA: homeostatic model assessment; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; TC: total cholesterol; TG: triglycerides; T2D: type 2 diabetes; WC: waist circumference, NA: Not available.













 





Table 2. Main characteristics of each dietary pattern alongside their overall outcomes.






Table 2. Main characteristics of each dietary pattern alongside their overall outcomes.





	Dietary Pattern
	Dietary Pattern Food Characteristics
	Overall Outcomes





	Mediterranean Diet
	Olives, olive oil, fruits, vegetables, whole grain cereals, legumes, fish, poultry, low-fat dairy products nuts, wine and red meat
	HDL-c, LDL-c, TC, TG, BMI, BW, HbA1c, FPI



	LCD
	Low carbohydrate (especially refined) intake
	HDL-c, LDL-c, TC, TG, BW, HbA1c, FPG, SBP, DBP, BMI, WC, FPI, CRP



	Low-GI Diet
	Meat, vegetables, legumes, grain cereals, dairy products

and most fruits
	HDL-c, LDL-c, non-HDL-c, TG, Apo B, BW, WC, BMI, SBP, DBP, FPI, HbA1c, FPG, CRP, TC



	Ketogenic Diet
	Tuna, sardine, prawns,

shrimps, lobster, salmon, kababs, sausages, minced, ham, chicken, eggs, full-fat cheese, mozzarella cheese, cheddar cheese, non-starchy and

green-leafy vegetables (e.g., spinach, watercress, eggplant, parsley, mulberry, coriander, mint, artichoke, okra, cabbage, mushroom, avocado,

leek, carrot, radish, celery,

cauliflower, green pepper, lettuce, cucumber, tomato, olives, lemon, strawberry, avocado, berries
	SBP, DBP, TC, HDL-c, LDL-c, TG, HbA11c, FPG, BW, BMI, WC, FPI, HOMA, Body Fat Volume, Uric Acid, Creatinine



	HP Diet
	Daily protein (animal and plant origin) intake of 1.2–1.6 g per kg of body weight
	TC, HCL-c, LDL-c, TG, BW, BMI, HbA1c, FPG, FPI, SBP, DBP, Fat Mass, Free Fat Mass



	DASH DIET
	Carbohydrates, low-fat dairy products, lean red meat, vegetables, fruits, nuts, and seeds
	TC, HDL-c, LDL-c, VLDL-c, TG, BW, BMI, WC, FPG, FPI, HOMA, SBP, DBP, CRP



	Portfolio Diet
	Tree nuts or peanuts, plant protein (soy products or dietary pulses such as beans and peas), viscous soluble fiber (oats, barley, eggplant, apples, oranges, berries), plant sterols from a plant sterol-enriched margarine
	TC, HDL-c, LDL-c, non-HDL-c, TG, Apo B, BW, SBP, DBP, CRP, CHD risk



	Nordic Diet
	Whole grain cereals, fruits (mostly berries but also apples and pears), vegetables, legumes (such as oat and barley), rapeseed oil, fatty fish (such as salmon), shellfish, seaweed, low-fat meat choices (such as poultry and game), low-fat dairy products and restriction of salt and sugar
	HDL-c, LDL- c, non-HDL-c, TC, TG, Apo B, WC, BV, BMI, HbA1c, FPG, FPI, SBP, DBP, CRP, CV mortality, CVD/CHD/stroke incidence



	Vegetarian Diet
	Excludes all animal flesh and/or animal products. Rich in fibers, magnesium, folic acid, vitamins A and E, omega-6 polyunsaturated fatty acids and antioxidants, but low in total fat and saturated fatty acids, EPA, omega-3 polyunsaturated fatty acids, sodium, zinc, and vitamin B12
	TC, HDL-c, LDL-c, TG, BW, BMI, HbA1c, SBP, DBP










 





Table 3. Results for strong and highly suggestive evidence according to diet type.
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Author

	
Year

	
Intervention

	
Outcome

	
Meta-Analysis Metric

	
Random Effect

	
Prediction Intervals

	
Egger’s Test






	
Strong evidence (grade 500)




	
Chiavaroli et al. [30]

	
2021

	
Low-GI diet

	
BW (T2D)

	
SMD

	
−0.66 (−0.90, −0.43)

	
−0.91, −0.41

	
0.709




	
Meng et al. [35]

	
2017

	
LCD (≤26% daily carbohydrate intake)

	
TG

	
WMD

	
−5.81 (−7.96, −3.66)

	
−8.40, −3.21

	
0.540




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BW, 24 months

	
MD

	
−4.79 (−5.85, −3.72)

	
−8.57, −1.00

	
0.709




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
SBP, 6 months

	
MD

	
−6.38 (−7.84, −4.93)

	
−10.04, −2.73

	
0.018




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
FPI, 6–11 months

	
MD

	
−15.35 (−19.58, −11.12)

	
−24.64, −6.06

	
0.597




	
Highly suggestive evidence (grade 500)




	
Chiavaroli at al. [30]

	
2021

	
Low-GI diet

	
Glucose (T2D)

	
SMD

	
−5.86 (−8.10, −3.62)

	
−12.48, 0.76

	
0.004




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BW, 6 months

	
MD

	
−5.76 (−7.10, −4.41)

	
−10.69, −0.83

	
0.472




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BW, 6–11 months

	
MD

	
−7.44 (−9.07, −5.81)

	
−13.42, −1.46

	
0.073




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BW, 12–23 months

	
MD

	
−6.45 (−8.73, −4.16)

	
−14.58, 1.69

	
0.999




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BMI, 6 months

	
MD

	
−1.72 (−2.28, −1.15)

	
−8.88, 5.45

	
0.039




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
BMI, 6–11 months

	
MD

	
−2.03 (−2.62, −1.45)

	
−4.67, 0.61

	
0.822




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
Waist circumference, 6 months

	
MD

	
−4.94 (−6.82, −3.05)

	
−27.75, 17.88

	
0.129




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
Waist circumference, 6–11 months

	
MD

	
−6.58 (−8.14, −5.02)

	
−12.35, −0.80

	
0.628




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
SBP, 6–11 months

	
MD

	
−5.54 (−7.50, −3.57)

	
−11.88, 0.81

	
0.594




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
DBP, 6 months

	
MD

	
−3.96 (−5.31, −2.60)

	
−8.14, 0.22

	
0.425




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
DBP, 6–11 months

	
MD

	
−3.56 (−4.78, −2.34)

	
−7.50, 0.38

	
0.380




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
HDL-C, 24 months

	
MD

	
6.71 (4.80, 8.61)

	
NA

	
NA




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
TG, 6 months

	
MD

	
−38.85 (−48.27, −29.43)

	
−74.41, −3.28

	
0.756




	
Santos et al. [41]

	
2012

	
LCD (≤26% daily carbohydrate intake)

	
TG, 6–11 months

	
MD

	
−27.61 (−37.38, −17.83)

	
−60.19, 4.98

	
0.613




	
Lari et al. [1]

	
2021

	
DASH diet

	
SBP

	
MD

	
−3.94 (−5.24, −2.64)

	
−9.41, 1.53

	
0.106




	
Chiavaroli et al. [22]

	
2018

	
Portfolio dietary pattern

	
LDL-C

	
SMD

	
−13.05 (−16.04, −10.06)

	
−22.01, −4.09

	
0.006




	
Chiavaroli et al. [22]

	
2018

	
Portfolio dietary pattern

	
Non-HDL-C

	
SMD

	
−14.99 (−18.43, −11.55)

	
−24.92, −5.06

	
0.018




	
Chiavaroli et al. [22]

	
2018

	
Portfolio dietary pattern

	
ApoB

	
SMD

	
−18.13 (−22.74, −13.51)

	
−30.99, −5.27

	
0.091




	
Massara et al. [24]

	
2022

	
Nordic diet

	
Stroke incidence (extreme quintiles)

	
MD

	
0.87 (0.78, 0.96)

	
0.68, 1.07

	
0.148




	
Massara et al. [24]

	
2022

	
Nordic diet

	
T2D (extreme quintiles)

	
MD

	
0.95 (0.85, 1.05)

	
0.67, 1.23

	
0.221




	
Massara et al. [24]

	
2022

	
Nordic diet

	
CVD mortality (extreme quintiles)

	
MD

	
0.80 (0.70, 0.90)

	
0.56, 1.04

	
0.815




	
Wang et al. [3]

	
2015

	
Vegetarian vs. omnivorous diet

	
HDL-C

	
WMD

	
−1.84 (−2.41, −1.28)

	
−2.52, −1.16

	
0.999








Apo B: Apolipoprotein B, BMI: body mass index, BW: body weight, CVD: cardiovascular disease, DBP: diastolic blood pressure, HbA1c: glycated hemoglobin A1c, FPG: fasting plasma glucose, HDL-C: high-density lipoprotein cholesterol, HP: high protein, LCD: low-carbohydrate diet, LDL-C: low-density lipoprotein cholesterol, LGI: low-glycemic index, MD: mean difference, NA: not applicable, SBP: systolic blood pressure, SMD: standardized mean difference, TC: total cholesterol, TG: triglycerides, T2D: type 2 diabetes, WC: waist circumference, WMD: weighted mean difference.
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