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La consommation quotidienne de viande bovine non transformée n'a pas d'effet significatif sur la plupart 

des lipides sanguins, des apolipoprotéines ou de la pression artérielle, à l'exception d'une légère augmentation 

du cholestérol LDL par rapport aux régimes contenant moins ou pas de viande bovine. Cette étude a été 

publiée une première fois dans la revue « Current developments in nutrition en novembre 2024 » 
https://pubmed.ncbi.nlm.nih.gov/39649475 et reprise ici dans le cadre de la licence CC BY license. 

 

 
 

Résumé 
Les résultats d'études d'observation suggèrent des associations entre la consommation de viande rouge et un risque accru de maladie 

cardiovasculaire (MCV). Cependant, les essais contrôlés randomisés (ECR) n'ont pas clairement démontré un lien entre la consommation de 

viande rouge et les facteurs de risque de MCV. En outre, les effets spécifiques avec de la viande bovine (la viande rouge la plus consommée 

aux États-Unis), n'ont pas fait l'objet d'études approfondies. Ainsi, cette étude visait à réaliser une revue systématique et une méta-analyse 

des données d'essais contrôlés randomisés évaluant les effets de la consommation de viande bovine peu ou pas transformée sur les facteurs 

de risque de MCV chez les adultes. Une recherche documentaire a été effectuée dans les bases de données PubMed et CENTRAL. Les essais 

contrôlés randomisés menés auprès d'adultes dont l'alimentation comportait de la viande bovine fraîche ou peu transformée ont été inclus. 

Les données ont été extraites et les estimations regroupées à partir de modèles à effets aléatoires ont été exprimées sous forme de différences 

moyennes standardisées (SMD) entre une intervention avec de la viande bovine et une intervention de comparaison avec moins ou pas de 

viande bovine. Des analyses de sensibilité et de sous-groupes ont également été réalisées. Vingt essais contrôlés randomisés pertinents 

répondant aux critères ont été inclus. La consommation de viande bovine n'a pas eu d'impact sur la pression artérielle ni sur la plupart des 

variables liées aux lipoprotéines, notamment le cholestérol total, le cholestérol HDL, les triglycérides, le cholestérol non-HDL, 

l'apolipoprotéine A ou B et le cholestérol VLDL. La consommation de viande bovine a eu un effet faible mais significatif sur le cholestérol 

LDL, ce qui correspond à une augmentation du cholestérol LDL d'environ 2,7 mg/dL dans les régimes contenant plus de viande bovine que 

dans les régimes de comparaison pauvres en viande bovine ou sans viande bovine. Les analyses de sensibilité montrent que cet effet a disparu 

lorsque l'on a supprimé une étude ayant une forte influence. En conclusion, la consommation quotidienne de viande bovine non transformée 

n'a pas d'effet significatif sur la plupart des lipides sanguins, des apolipoprotéines ou de la pression artérielle, à l'exception d'une légère 

augmentation du cholestérol LDL par rapport aux régimes contenant moins ou pas de viande bovine. Il se peut donc que d'autres facteurs 

expliquent l'association entre la viande rouge ou la viande bovine d’une part, et le risque de MCV d’autre part, et ces facteurs méritent d'être 

étudiés plus avant. 
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Abstract: Beef Consumption and Cardiovascular Disease Risk Factors: A Systematic Review and Meta-analysis of Randomized 

Controlled Trials. 

Results from observational studies suggest associations of red meat intake with increased risk of cardiovascular disease (CVD); however, 

Randomized Controlled Trials (RCT) have not clearly demonstrated a link between red meat consumption and CVD risk factors. Further, 

the specific effects of beef, the most consumed red meat in the United States, have not been extensively investigated. This study aimed to 

perform a systematic review and meta-analysis of Randomized Controlled Trials data evaluating the effects of minimally or un- processed 

beef intake on CVD risk factors in adults. A search of the literature was conducted using PubMed and CENTRAL databases. Randomized 

Controlled Trials in adults that provided diets with fresh or minimally processed beef were included. Data were extracted, and pooled 

estimates from random-effects models were expressed as standardized mean differences (SMDs) between the beef intervention and 

comparator intervention with less or no beef. Sensitivity and subgroup analyses were also performed. Twenty relevant Randomized 

Controlled Trials that met the criteria were included. Beef intake did not impact blood pressure or most lipoprotein-related variables, 

including total cholesterol, HDL-cholesterol, triglycerides, non–HDL-cholesterol, apolipoprotein A or B, and VLDL-cholesterol. Beef 

consumption had a small but significant effect on LDL-cholesterol, corresponding to ~2.7 mg/dL higher LDL-cholesterol in diets containing 

more beef than that in low-beef or -o beef comparator diets. Sensitivity analyses show this effect was lost when 1 influential study was 

removed. Daily unprocessed beef intake does not significantly affect most blood lipids, apolipoproteins, or blood pressures, except for a 

small increase in LDL-cholesterol compared with diets with less or no beef. Thus, there may be other factors influencing the association of 

red meat and beef on CVD risk that deserve further investigation. 

This study was registered at INPLASY as 202420013. 
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I. INTRODUCTION 

Red meat collectively refers to beef, goat, lamb, 

pork, veal, and game meats (Dietary Guidelines for 

Americans, 2020-2025), and these are termed red 

meat due to their higher myoglobin content, which 

provides these meats with a deeper pink or red hue 

(Beef from farm to table. 2024). Although these 

meats vary in animal source and nutritional 

composition, they are frequently clustered together in 

studies assessing the effects of dietary components 

and/or patterns on cardiometabolic outcomes. As a 

result, generalizations of their effects on 

cardiometabolic health are collectively attributed to 

all red meat. Specifically, higher red meat intake has 

been associated with adverse cardiovascular disease 

(CVD) outcomes including CVD mortality in the 

United States (Micha et al., 2012 and Schwingshackl 

et al., 2017) and risk of total stroke and ischemic 

stroke (Yang et al., 2016), although not all studies 

report an association (Vernooij et al., 2019 and 

Zeraatkar et al., 2019). The authors of a recent 

prospective study concluded that modeled 

replacement of 0.5 servings/d of red meat with 0.5 

servings/d of nuts, whole grains, or skimmed milk 

was associated with 14%, 7% and 4% lower estimated 

risks for CVD, respectively (Wang et al., 2024). 

Dietary patterns lower in red meat intake, such as 

a Mediterranean-style diet, have been associated with 

favorable effects on CVD markers such as 

triglycerides (TG), total cholesterol (TC), LDL-

cholesterol, HDL-cholesterol, and systolic and 

diastolic blood pressures (Papadaki et al., 2020). 

However, the authors of a 2022 meta-analysis 

assessing the effect of red meat intake on serum lipids 

and inflammatory markers concluded that red meat 

intake increased serum TG but had no effect on TC, 

LDL-cholesterol, HDL-cholesterol, C-reactive 

protein, and high-sensitivity C-reactive protein (Sun 

et al., 2022). In addition, the authors of a 2019 meta-

analysis concluded that the effects of red meat intake 

on CVD risk factors, including TC, LDL-cholesterol, 

HDL-cholesterol, and TG, was inconclusive 

compared with combined comparator diets (e.g., plant 

protein-based, chicken-based, fish-based, poultry-

based, mixed protein–based, and carbohydrate-based 

diets) (Guasch-Ferr'e et al., 2019). 

Further confounding the effect of clustering all red 

meat into a singular group when assessing its effects 

on cardiometabolic disease risk factors is that a 

number of dietary studies take an additional step and 

aggregate the already-collective red meat with 

processed meat, a type of meat product that is defined 

by its preparation, for example, curing, salting, and/or 

the addition of chemical preservatives such as nitrates 

(O’Connor et al., 2022). Processed meat can be either 

white meat, for example, chicken, duck, and fish, 

and/or red meat in origin (O’Connor et al., 2022). 

Findings from some studies indicate that processed 

red meat intake is associated with greater risk of CVD 

than unprocessed red meat (Micha et al., 2012 and 

Wang et al., 2024). 

Some authoritative bodies and health 

organizations recommend dietary patterns lower in 

red and processed meats (Dietary Guidelines for 

Americans, 2020-2025 and Lloyd-Jones et al., 2022), 

although the most recent Dietary Guidelines for 

Americans noted that dietary patterns higher in lean 

meats (which could include lean cuts of red meat) are 

associated with positive health out- comes (Dietary 

Guidelines for Americans, 2020-2025). Additionally, 

the American Heart Association and the National 

Lipid Association both recommend dietary patterns 

that allow for lean meat intake (The American Heart 

Association diet and lifestyle recommendations, 

2021). However, the American Heart Association still 

penalizes red meat intake, even lean, unprocessed 

varieties, in the dietary component of “Life’s 

Essential 8”, a metric designed to assess an 

individual’s or a population’s cardiovascular health 

(Lloyd-Jones et al., 2022). 

Beef is the most frequently consumed type of red 

meat in the United States and, as a source of high-

quality protein, zinc, iron, and vitamin B-12, could 

contribute to diet quality, particularly lean 

unprocessed beef. In fact, An et al. (2019) reported 

that consumption of beef is associated with greater 

intake of protein, B vitamins, iron and zinc but is also 

associated with higher saturated fat intake. Lean, 

unprocessed beef is often used as a source of red meat 

in clinical trials evaluating CVD risk factors, and 

these studies often report no or little effects on CVD 

risk factors. Yet, the data from these trials have not 

been systematically reviewed as has been done with 

other red meats, such as pork (Penkert et al., 2021, 

Murphy et al., 2012). Therefore, the objective of this 

investigation was to perform a systematic review and 

meta-analysis of results from RCTs evaluating the 

effects of fresh, unprocessed beef intake on selected 

CVD risk factors, specifically lipoprotein-related 

variables and systolic and diastolic blood pressures, 

and to assess whether the observed effects differ by 

study quality. 
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II. METHODS 

 
1  Literature search 

This systematic review and meta-analysis 

followed the guidelines of PRISMA (Moher et al., 

2009). Potentially relevant articles were identified 

through a literature search using PubMed and 

CENTRAL databases through January 2024. The 

search criteria were designed to identify RCTs that 

evaluated the impact of beef intake on the CVD risk 

factors of lipoprotein-related variables and blood 

pressures.  

 

2 Inclusion and exclusion criteria 

Study inclusion criteria included English language 

RCTs in adults aged 18 y or older who were 

apparently healthy or who had overweight/obesity, 

type 2 diabetes mellitus, metabolic syndrome, 

hyper/dyslipidemia, or hypertension. Trials in 

participants with other chronic diseases at baseline 

(e.g., cancer) were excluded. Interventions included 

fresh, unprocessed, or minimally processed beef 

compared with a control diet without beef or with a 

lower amount of beef. Exclusion criteria included 

cross-sectional, retrospective, and prospective cohort 

studies or any other observational study design. 

Studies in children (<18 y), pregnant/lactating 

females, and animal studies were excluded, as well as 

any studies examining a mixture of red meats, or 

where the type of red meat was not specified. 

Additionally, interventions with only processed beef, 

beef components in the form of dietary supplements, 

or beef administered nonorally were also excluded. 

 

3  Screening, data extraction, and study quality assessment 

Screening of titles and abstracts was conducted by 

two independent reviewers (OMP, LMS). Potentially 

eligible publications were obtained for full-text 

review by the same independent re- viewers (OMP, 

LMS). Any questions regarding eligibility were 

resolved by discussion with the research team. 

Reference lists from eligible publications and recent 

systematic reviews on red meat and cardiometabolic 

health were reviewed to determine any additional 

studies not identified in the search. Population, 

intervention, comparator, and outcome (PICO) data 

were extracted from eligible full-text publications by 

2 independent reviewers (OMP, LMS) and 

crosschecked. Discrepancies were resolved by 

referring to the original article and discussion within 

the research team. Data contained in graphs were 

quantified using Engauge Digitizer software version 

4.1 (https://markummitchell.github.io/engauge-

digitizer/). The Cochrane Risk of Bias (RoB) tool was 

used to evaluate RoB for each study using the 

appropriate versions for parallel or crossover studies 

(Sterne et al., 2019). Data extracted included study 

design; location; sample size; population age, sex, 

health, and weight status; amount and description of 

beef consumed; background diet; comparator diet; 

trial duration; funding source; attrition and reason for 

withdrawal; and outcomes measured. When 

available, outcome data for the intention-to-treat 

population were used to minimize bias due to 

attrition. 

4  Statistical analysis 

Where sufficient published results were available 

(>3 comparisons in RCTs), meta-analyses were 

completed using Comprehensive Meta-Analysis 

software version 3 (Biostat). 

 Initially, the intention was to calculate weighted 

mean differences to retain the use of units in the 

analyses; however, the use of geometric means ± 1 

SD in some of the results precluded our ability to use 

weighted differences, resulting in the use of 

standardized mean difference (SMD). The primary 

analysis used pooled SMD estimates and 95% CIs for 

blood lipid–related and blood pressure outcomes. 

Statistical significance for individual studies and 

pooled SMD was confirmed when the 95% CI did not 

include the null value of 0 (i.e. P < 0.05). Studies were 

weighted according to the inverse of the variance of 

each study’s effect using random-effect models. 

Random-effect models were chosen based on 

heterogeneity in the study length, intervention and 

comparator, populations, and study designs. SMDs 

and corresponding standard errors for individual 

studies were computed by the software using methods 

https://markummitchell.github.io/engauge-digitizer/
https://markummitchell.github.io/engauge-digitizer/
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for independent groups and matched groups 

described by Borenstein et al. (2009) with an imputed 

between-treatment correlation of 0.50 for matched 

groups. To avoid potential bias from using a single 

imputed correlation value, sensitivity analyses using 

correlation values of 0.3 and 0.7 were conducted as 

recommended by Balk et al. (2013) 

Neither analysis was markedly different from the 

main analysis, so only results using a between-

treatment correlation of 0.5 are presented. For 

multiple comparisons within a study that shared a 

common active or control, individual effect sizes and 

variances were computed for all comparisons, and a 

pooled effect size estimate was computed as the 

weighted average of the individual effect size 

estimates. The corresponding variances were 

computed as the mean of 2 or more effect size 

estimates using between-comparison correlations 

equivalent to the weighted average of the between-

active correlation (beef) and the between control 

correlation (Borenstein et al., 2009). For studies with 

multiple comparisons, forest plot representations 

include each comparison separately, but a single 

pooled effect size estimate and variance was used in 

the analysis. Heterogeneity across studies was 

determined using Cochran Q and I2 statistic. An I2 

value of :40% was used to designate moderate or 

higher heterogeneity as defined by the Cochrane 

Handbook (Deeks et al., 2019). 

Sensitivity analyses included removal of 1 study at a 

time and removal of weight loss studies. Subgroup 

analyses included study design (crossover and 

parallel), weight status (healthy, healthy/ overweight, 

overweight/obese, and mix of all weights), health risk 

(healthy and :1 indicator of impaired cardiometabolic 

health or type 2 diabetes), sex (male/female), amount 

of beef consumed (≤median or >median of included 

studies), length of intervention (≤median or >median 

of included studies), attrition (<25% or :25%), study 

quality as determined by Cochrane RoB analysis (low 

and high/some concerns), funding source (beef 

organizations and nonbeef organizations), 

comparator diet (plant protein, animal protein, 

carbohydrate, and mix of proteins), and year of 

publication (before 2000, 2000–2010, and after 

2010). No pooled effect sizes were calculated for 

subgroups when <3 comparisons were available. The 

magnitude of each effect size was interpreted as <0.40 

¼ small, 0.40–0.70 ¼ moderate, and >0.70 ¼ large 

(Schünemann et al., 2019). Publication bias was 

assessed through visual examination of funnel plots, 

as well as Egger regression method when there were 

≥10 studies.

 

 

III. RESULTS 

 
The results of the literature search process are 

shown in Figure 1. Following title and abstract 

review, 44 articles were determined eligible for full-

text review. Thirty-five of these publications were 

excluded from the meta-analysis, primarily due to 

inclusion of other red meats (e.g., pork and lamb) or 

lack of specificity on the type of red meat included in 

the diet. One additional publication was identified 

during review of references. Quantitative data were 

extracted from 20 full-text publications for inclusion 

in the meta-analysis (Beauchesne-Rondeau et al., 

2003 and Wiebe et al., 1984). 

The average amount of beef in the higher beef 

treatments was 161 g/d or ~2 servings/d. Most 

comparator diets provided 0 g of beef, but comparator 

diets that allowed for small amounts of beef averaged 

24 g/d or <1 serving/d. Beef intake did not impact 

circulating lipoprotein lipids or lipoproteins assessed, 

including TC, HDL-cholesterol, TG, non–HDL-

cholesterol, apolipoprotein A or B, VLDL-

cholesterol, and cholesterol ratios, with the exception 

of LDL-cholesterol in the beef diet compared with 

that in comparator diets consisting of less or no beef 

(Figures 1–5). Beef consumption had a small but 

significant effect on LDL-cholesterol (SMD: 0.11; 

95% CI: 0.008, 0.20; P = 0.03), indicating modestly 

higher levels with greater intake of beef (Figure 3). A 

1-study-removed sensitivity analysis indicated that 

the study by Magkos et al. (2022) influenced these 

results because its removal attenuated the effect of 

dietary beef on LDL-cholesterol (SMD: 0.08; 95% 

CI: -0.02, 0.18; P ¼ 0.11) . 
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Figure 1: Prisma flow chart of the study selection process. 

Magkos et al. (2022) provided a very low–calorie 

diet (VLCD) of 600–770 kcal/d for an 8-wk weight 

loss lead in, followed by a 12-wk weight maintenance 

diet with 25 g beef/d or 150 g beef/d. The reported 

mean ± SE baseline values for LDL-cholesterol in 

this study were higher in the group consuming less 

beef (125.3 ± 4.6 mg/dL) than those in the group 

consuming more beef (112.9 ± 4.6 mg/dL). By the 

end of the study, both groups had comparable mean 

LDL-cholesterol (112.5 ± 3.5 mg/dL compared with 

112.9 ± 3.5 mg/dL, respectively) but the reduction 

was larger in the group consuming less beef due to the 

higher baseline value. This meta-analysis also used 

the reported baseline LDL-cholesterol values taken 

prior to the commencement of the VLCD, rather than 

the LDL-cholesterol values reported after the weight 

loss phase and just prior to the commencement of the 

12-wk, weight maintenance diet containing beef. 

Thus, a post hoc sensitivity analysis was conducted 

using the LDL-cholesterol values re- ported at the end 

of the VLCD weight loss phase as baseline values. 

The sensitivity analysis resulted in a reduction in the 

pooled effect size for LDL-cholesterol (SMD: 0.09; 

95% CI: -0.01, 0.19; P = 0.08). 
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Figure 2: Effect of higher beef intake on total cholesterol. 

 

 

Values are standardized mean differences (SMDs) of total cholesterol between the beef diet and diets with less or no beef. 

Effect sizes for correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.49. BOLD, 

Beef in an Optimal Lean Diet; CHO, carbohydrate; CWL, controlled weight loss; DASH, dietary approaches to stop 

hypertension; FWL, free living weight loss; LFD, low-fat diet; WL, weight loss; WM, weight maintenance. 

 
One study removed sensitivity analyses for other 

outcomes showed no significant influence of 

individual studies on the effect size. Similarly, 

removal of weight loss studies did not significantly 

alter the results. Visual inspection of funnel plots and 

Egger regression showed no evidence of publication 

bias for any outcomes. Subgroup analyses show no 

significant effects of beef diets compared with 

comparator diets on any assessed lipid profile 

parameters with the exception of study quality for 

LDL-cholesterol and sex for TG (Table 1). Studies 

with low RoB showed a small but significant (P = 

0.03) effect for less beef to be associated with lower 

LDL-cholesterol. This effect may be the result of the 

study of Magkos et al. (2022) being categorized as a 

low RoB study, and when a post hoc subgroup 

analysis was conducted using the alternate, post 

VLCD, 8-wk weight loss LDL-cholesterol baseline, 

the impact of study quality on LDL-cholesterol 

outcomes was no longer significant. For females, but 

not males, TG levels were lower with greater beef 

intake (SMD: -0.19; 95% CI: -0.36, -0.01; P = 0.04) 

(Table 1). 

Beef intake had no significant impact on blood 

pressure measures, including systolic (Figure 6) and 

diastolic blood pressures (Figure 7). Sensitivity 

analyses of removal of 1 study at a time and removal 

of weight loss studies also revealed no significant 

effects. No significance was found for any blood 

pressure measure in any of the subgroups analysed 

(Table 2).
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Figure 3: Effect of higher beef intake on LDL-cholesterol. 

 
Values are standardized mean differences (SMDs) of LDL-cholesterol between the beef diet and diets with less or no beef. 

Effect sizes for correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.03. See 

Supplemental Figure 8 for sensitivity analysis. BOLD, Beef in an Optimal Lean Diet; CHO, carbohydrate; CWL, controlled 

weight loss; DASH, Dietary Approaches to Stop Hypertension; FWL, free living weight loss; LFD, low-fat diet; WL, weight 

loss; WM, weight maintenance. 

Figure 4: Effect of higher beef intake on HDL-cholesterol. 

 
Values are standardized mean differences (SMDs) of HDL-cholesterol between the beef diet and diets with less or no beef. 

Effect sizes for correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.99. BOLD, 

Beef in an Optimal Lean Diet; CHO, carbohydrate; CWL, controlled weight loss; DASH, Dietary Approaches to Stop 

Hypertension; FWL, free living weight loss; LFD, low-fat diet; WL, weight loss; WM, weight maintenance. 
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Figure 5: Effect of higher beef intake on triglycerides (TGs). 

 
Values are standardized mean differences (SMDs) of TG between the beef diet and diets with less or no beef. Effect sizes for 

correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.86. BOLD, Beef in an 

Optimal Lean Diet; CHO, carbohydrate; CWL, controlled weight loss; DASH, Dietary Approaches to Stop Hypertension; 

FWL, free living weight loss; LFD, low-fat diet; WL, weight loss; WM, weight maintenance. 

DISCUSSION 

 
This systematic review and meta-analysis of RCTs 

evaluating the effects of beef intake on CVD risk 

factors found no effect of beef intake on circulating 

lipids, apolipoproteins, and blood pressures, with the 

exception of a small effect on LDL-cholesterol levels 

favoring lower dietary beef intake. The effect size of 

0.11 corresponds to ~2.7 mg/dL difference between 

diets with more and those with less beef. This effect 

is partially attributable to 1 study, as removal of this 

study attenuated the effect on LDL- cholesterol 

(Magkos et al., 2022). 
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Table1 : Subgroup analysis for effect of beef, compared with less or no beef intake, on total cholesterol, 

LDL-cholesterol, HDL-cholesterol, and triglycerides. 
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Although a single study may have partially 

influenced the significant effect on LDL-cholesterol, 

it is also plausible that beef intake may mildly affect 

LDL-cholesterol levels due to its dietary cholesterol 

content. It is less likely that saturated fat from beef is 

an important driver of an increase in LDL-cholesterol 

because the fatty acid profile of unprocessed beef 

includes more cholesterol- lowering or neutral fatty 

acids than cholesterol-raising fatty acids (Baum et al., 

2012, Yu et al., 1995). According to USDA Food 

Data Central, a serving of 80% lean ground beef has 

almost twice the content of cholesterol-lowering fatty 

acids (monosaturated and poly- unsaturated fatty 

acids; 9.4 g/serving) as cholesterol-raising saturated 

fatty acids (12:0 þ 14:0 þ 16:0; 4.9 g/serving) 

(FoodData Central, 2019). More than half of the 

studies included in the meta-analysis also attempted 

to match saturated fat content between the test and 

comparator diet.  

 

Figure 6 : Effect of higher beef intake on systolic blood pressure. 

 

Values are standardized mean differences (SMDs) of systolic blood pressure between the beef diet and diets with less or no 

beef. *Effect sizes for correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.73. 

BOLD, Beef in an Optimal Lean Diet; CHO, carbohydrate; CWL, controlled weight loss; DASH, Dietary Approaches to Stop 

Hypertension; FWL, free living weight loss; WL, weight loss; WM, weight maintenance. 

Figure 7 : Effect of higher beef intake on diastolic blood pressure. 

 

Values are standardized mean differences (SMDs) of diastolic blood pressure between the beef diet and diets with less or no 

beef. *Effect sizes for correlated comparisons within study were pooled prior to running the model. Pooled effect P ¼ 0.38. 

BOLD, Beef in an Optimal Lean Diet; CHO, carbohydrate; CWL, controlled weight loss; DASH, Dietary Approaches to Stop 

Hypertension; FWL, free living weight loss; WL, weight loss; WM, weight maintenance. 
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Table 2: Subgroup analysis for effect of beef, compared with less or no beef intake, on systolic and diastolic 

blood pressure values. 
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Animal-based foods, including beef, are also a 

source of dietary cholesterol, and a meta-regression 

completed by Vincent et al. (2019) demonstrated an 

increase of 3.27 mg/dL in LDL-cholesterol for each 

100-mg/d increase in dietary cholesterol (linear 

model for intake ≤ 400 mg/d). A serving of beef 

contains 75–85 mg dietary cholesterol, which would 

be expected to raise LDL-cholesterol by 2.5 to 2.8 

mg/dL compared with a cholesterol-free comparator. 

In these studies, the average difference in dietary 

cholesterol between beef-based and plant-based diets 

was 82 mg/d, approximating a serving of beef. 

Studies have also shown lean beef intake to shift 

LDL-cholesterol toward larger, more buoyant LDL 

particles, which may explain the observed increase in 

LDL-cholesterol compared with no significant effect 

on ApoB (pooled SMD: 0.05; 95% CI: -0.08, 0.18), 

the main structural protein in LDL particles (Maki et 

al., 2020, and Adams et al., 2010; Sniderman  et al., 

2019). 

The results presented in this study are generally 

consistent with those from previous meta-analyses 

assessing the effects of beef or red meat intake on 

blood lipids (Zeraatkar et al., 2019 ; Sun et al., 2022; 

Guasch-Ferr'e et al., 2019; Maki et al., 2012; 

O’Connor et al., 2017). Specifically, a dose–response 

meta-analysis found no significant effects of red meat 

intake on blood lipids or apolipoproteins for intake 

levels ≤ 500 g/d (17.6 oz/d) compared with 

comparator control diets, although they concluded 

that substituting red meat with high-quality plant 

protein sources can reduce LDL-cholesterol by ~7.7 

mg/dL (Guasch-Ferr'e et al., 2019). The authors of a 

2017 systematic meta-analysis of 24 RCTs assessing 

the effect of :0.5 servings/d of red meat, compared 

with <0.5 servings/d, on blood lipoprotein lipids and 

blood pressures also reported no effects (O’Connor et 

al., 2017). A meta-analysis of 20 RCTs reported that 

compared with white meat or whole grain-based 

diets, red meat diets modestly increased LDL-

cholesterol (~4.4 mg/dL), but this did not reach 

significance (Sun et al., 2022). Specific to beef, a 

previous analysis indicated that beef intake has a 

similar effect on lipoprotein lipids as fish and/or 

poultry intake (Maki et al., 2012). 

Although the evidence from RCTs and meta-

analyses have not consistently reported a causal 

relationship of red meat intake and increased blood 

lipids, observational studies have reported positive 

associations of red meat intake and adverse CVD 

outcomes including CVD mortality and risk of total 

and ischemic stroke (Micha et al., 2012 ; et al., 2016). 

The difference in these findings could be due to 

residual confounding in such studies. For example, 

people that regularly consume red meat also tend to 

be more inactive and eat fewer fruits, vegetables and 

whole grains, which may contribute to increased risk 

of CVD risk or mortality (Micha et al., 2012; Pan et 

al., 2011). Although intake of other foods or physical 

activity is often adjusted for in cohort studies, the 

measurement tools used for assessment are often 

imprecise. Alternatively, there could be mechanisms 

other than changes in traditional cardiometabolic 

disease risk factors measured in this meta-analysis 

that mediate an adverse effect of red meat intake on 

cardiometabolic outcomes, such as increased levels of 

trimethylamine oxide (Wang et al., 2022) or heme 

iron (Qi et al., 2007). Finally, some observational 

studies include processed and unprocessed red meat 

exposure together when assessing the relationship to 
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CVD risk (Vernooij et al., 2019; Zeraatkar et al., 

2019), whereas this meta-analysis included only 

RCTs with lean, unprocessed beef. 

Bias can influence the findings of meta-analyses 

that pool results from clinical trials; therefore, we 

evaluated several sources of potential bias, including 

study quality, attrition, publication bias, and funding 

source. Study quality, as deter- mined by the 

Cochrane RoB tool, did not have a substantial impact 

on the results, with the exception of LDL-cholesterol, 

which is likely attributable to 1 influential study with 

low RoB as discussed previously (Magkos et al., 

2022). Similarly, attrition rates did not impact the 

results for any outcomes, although 5 studies (pre-

dominantly weight loss studies) reported attrition 

rates ≥25%. One study (Magkos et al., 2022), 

reported a greater proportion of individuals withdrew 

from the intervention with less beef (25 g/d) than 

those from that with more beef (125 g/d), suggesting 

possible challenges in the feasibility of reducing red 

meat intake over the long term in the diets of 

individuals from industrialized countries. No 

publication bias was detected based on funnel plots 

and Egger regression, and subgroup analyses revealed 

no bias based on funding source. In fact, 71% of 

studies funded by the beef industry had low RoB 

compared with 40% of studies not funded by the beef 

industry. 

The inclusion of multiple subgroup and sensitivity 

analyses strengthen this report, as does the 

assessment of multiple sources of potential bias. 

Including only beef is both a strength of this study 

because beef accounts for the largest fraction of red 

meat intake in the United States, and a limitation 

because the results cannot be extrapolated to other 

meat sources. These results are also limited to 

unprocessed beef consumption and do not include 

processed beef, which may be contain additional 

ingredients that could influence CVD risk, such as 

nitrates, nitrites, and sodium. In fact, several meta-

analyses of cohort studies consistently report positive 

associations of processed meat intake and CVD-

related mortality, but the associations are less 

consistent with unprocessed red meat (Rohrmann S & 

al, 2016). Another limitation is that this meta-analysis 

examined only blood lipids, apolipoproteins, and 

blood pressures; other cardiometabolic risk factors, 

such as inflammatory markers, functional markers, 

measures of subclinical atherosclerosis, or insulin 

resistance were not assessed (Powell-Wiley et al., 

2021). There were very few studies assessing 

outcomes such as non–HDL-cholesterol or 

cholesterol ratios, which are determined by 

calculation and should be easy to include in studies. 

Most research suggests that non- –HDL-cholesterol is 

a better predictor on coronary atheroscle- rosis than 

LDL-cholesterol, and future studies should consider 

including this outcome (Zhang et al., 2016). 

In summary, the results of this analysis showed no 

meaningful effect of daily unprocessed beef intake, 

compared with diets with less or no beef, on 

circulating lipoprotein lipids, apolipoproteins, and 

blood pressures, except for a small effect to increase 

the LDL- cholesterol concentration by ~2.7 mg/dL. 

Given that unprocessed beef has minimal to no 

impact on these CVD risk factors but is a significant 

source of highly bioavailable protein as well as iron, 

zinc, and selenium, its inclusion in the diet may help 

improve dietary nutrient profiles without significantly 

affecting lipids or blood pressures. Future studies and 

meta-analyses should examine how beef affects other 

cardiometabolic disease risk factors, including insulin 

resistance, glucose intolerance, and inflammatory 

markers, to provide clearer guidelines on beef 

consumption and cardiometabolic health. 
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