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ARTICLE INFO SUMMARY
Article history: Background & aims: The role of red meat in cardiovascular risk remains controversial. The aim of this
Received 18 December 2024 systematic review and Bayesian network meta-analysis (NMA) of randomized controlled trials (RCTs)

Accepted 3 September 2025 was to investigate the effects of red meat consumption on cardiovascular risk factors concerning

different comparison foods.

Key"‘{ords-' ) Methods: A systematic search of RCTs was conducted from the inception to April 2024. Studies

Cardiovascular disease compared diets containing red meat to those replacing red meat with various foods. Comparison diets

Meta-analysis . . . . . . . . . .
were classified into high-quality plant protein sources, animal protein, mixed animal and plant protein

Red meat . . . .
Blood lipids and carbohydrates. The effects of the dietary interventions on cardiovascular parameters were evaluated
Blood pressure using a random-effects NMA, with an analysis of interactions between the intervention and control

groups. The outcomes were the mean changes in blood lipids, blood pressure, and C-reactive protein

(CRP) in the red meat group compared to the comparator group.

Results: Thirty-six RCTs were included in the analysis. Consuming plant proteins resulted in a greater

reduction in total cholesterol (TC) levels (mean difference (MD) = —0.14; 95 % credible interval

(CrI): —0.28 to —0.001, p < 0.05) and low-density lipoprotein cholesterol (LDL-C) levels (MD = —0.19;

95 % Crl: —0.36 to —0.03, p < 0.05) compared to red meat interventions. In contrast, interventions

combining animal and plant proteins increased TG levels more than red meat interventions (MD = 0.21;

95 % Crl: 0.06 to 0.34, p < 0.05). The certainty of the evidence for all outcomes ranged from very low to

low.

Conclusion: The findings of this NMA indicate that the effect of red meat on cardiovascular risk factors

depends on the comparison food. Replacing red meat with plant protein sources was associated with

favorable changes in TC levels and LDL-C.

Registry and registry number for systematic reviews or meta-analyses: CRD42024537865 https://www.crd.

york.ac.uk/prospero/display_record.php?ID=CRD42024537865.

© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cardiovascular disease (CVD) is the leading cause of mortality
worldwide, representing a significant public health challenge [1].
One of the topics of considerable debate in this context is the as-
sociation between the consumption of red meat and an increased
risk of CVD [2]. The nutritional benefits of red meat, such as its
high protein, iron and essential nutrient content have been
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reported, which makes it an important dietary source in many
cultures. Nevertheless, the role of red meat in the development of
CVD remains uncertain, particularly when considering unpro-
cessed red meat in comparison to processed meat, which has been
more consistently linked to adverse health effects [3].

A systematic review and meta-analysis indicated that higher
red meat consumption is associated with poorer cardiovascular
health outcomes [4]. Conversely, another meta-analysis of ran-
domized controlled trials (RCTs) concluded that consuming > 0.5
servings of total red meat per day does not significantly affect
blood lipids, lipoproteins or blood pressure [5]. Several studies in
recent years have suggested that red meat consumption may
have a positive impact on cardiovascular health [6,7]. Due to
these disparate outcomes, different studies have questioned the
advisability of limiting red meat consumption for car-
diometabolic health [8-10]. A meta-analysis of RCTs by Guasch-
Ferré et al. [4] reported that the effect of unprocessed red meat on
various cardiovascular risk factors depended on the food included
in the comparator group. In this way, the consumption of red
meat did not result in a significant change in cholesterol levels
compared to interventions based on the consumption of animal
protein, including poultry and/or fish. However, when the
comparator group consumed high-quality plant foods, higher
effect sizes were observed for total cholesterol (TC) and low-
density lipoprotein cholesterol (LDL-C), indicating a potentially
higher risk of CVD [4].

In previous meta-analyses, multi-arm studies were included as
many times as there were possible comparisons [4,5]. Due to the
unaddressed correlation between the estimated intervention ef-
fects from multiple comparisons, this situation introduces a unit of
analysis error. One approach to overcoming a unit-of-analysis er-
ror for a study that could contribute to several correlated com-
parisons is to conduct a network meta-analysis (NMA) [11]. Those
earlier meta-analyses also included non-RCTs [12-14]. Moreover,
given that the previous publication did not incorporate the
methodological suggestions proposed by Cochrane, and consid-
ering that additional RCT publications on this topic have been
published after the review by Guasch-Ferré et al., [4] the results of
this work could prove valuable in more accurately delineating the
impact of unprocessed red meat consumption on cardiometabolic
health outcomes. [ 11]. Therefore, the aim of this systematic review
and Bayesian NMA of RCTs was to investigate the impact of red
meat consumption on cardiovascular risk factors (lipid profile,
blood pressure, and C-reactive protein (CRP)) in comparison with
different foods consumed in the comparator group. The hypothesis
proposed is that the impact of red meat on CVD risk factors would
vary according to the comparison diet, suggesting a potential
advantage of consuming high-quality plant protein sources.

Table 1
PICOS criteria used to define the research question.
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2. Methods
2.1. Review design

A pre-established protocol-based systematic review with
meta-analysis was conducted and reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [15]. It was registered in the International
Prospective Register of Systematic Reviews (PROSPERO) with the
code CRD42024537865.

2.2. Definitions of red meat

The World Health Organization considers red meat to be the
one derived from beef, veal, pork, lamb, mutton, horse, and goat
that has not undergone any form of preservation other than
refrigeration or freezing. As in a previous systematic review in this
matter, this criterion was also considered in the present study to
evaluate RCTs comparing the effects of red meat intake with other
comparator groups in relation to CVD [16].

2.3. Search strategy and eligibility criteria

The following search strategy was used in MEDLINE, and
adapted to other two databases (the Cochrane Library and Scopus):
(“Meat”[MESH] OR “Meat Products”[MESH] OR “Red meat” OR
“Beef” OR “Pork”) AND (“Hypertension”[MESH]| OR “Cholesterol,
LDL"[MESH] OR *“Cholesterol, HDL”[MESH] OR “Blood Pressur-
e”[MESH] OR “lipoproteins”[MESH] OR “Apolipoprotein B-
100"[MESH] OR “C-reactive protein”[MESH]). The search strategy
for each database is outlined in Table S1. There were no restrictions
for any specific language, as recommended by international
criteria [17]. The literature search was done from database
inception up to 29 April 2024. Inclusion criteria are reported in
Table 1.

2.4. Study selection and data extraction

Articles matching the above-mentioned criteria were selected
based on a 2-level screening procedure (Fig. 1). After excluding
duplicates, two researchers (MLM and ARR) independently con-
ducted a screening selection based on title and abstract to deter-
mine their eligibility attending to selection criteria. Full text
screening of research passing the previous level were then inde-
pendently analyzed by the same researchers. At this point, infor-
mation including authors’ names, publication year, study location,
study design, sample size, follow-ups, age means, comparator in-
terventions and key outcome measures (TC, LDL-C, high-density

Parameter Inclusion Criteria

Patientpopulation Adults (> 18 years old), not pregnant
(P)
Intervention (I)
Comparators (C)
Outcomes (O)
systolic and diastolic blood pressure or C-reactive protein)
Study design (S)

Dietary interventions prescribing different amounts of red meat
Dietary interventions substituting red meat consumption with different comparator foods
> 1 cardiovascular risk factors (i.e., total blood cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, triglycerides,

Randomized controlled trials with parallel or crossover designs
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Identification of studies via databases and registers

)
5 Records identified from:
= Databases (n = 3)
© - MEDLINE (n = 525)
b3 - Cochrane (n = 1443)
< -
g - Scopus (n=693) Records removed before screening:
= Registers (n = 3) Duplicate records removed
(n=510)
) |
V]
Records screened
(n=2106)
Records excluded
(n =2015)
- Review and meta-analysis
= Epidemiological studies
5 Editorials, commentaries or conference
0 Animal trials
® Reports assessed for eligibility Populations was < 18y age or pregnant
(n=91)
Reports excluded (n = 55):
No clinical trial
Red meat intake not reported
Acute trial
— Comparison with non-read meat
groups
Studies included in review Red and processed meat intervention
(n=36) Type of meat not specified
k-]
3
=
1 I S N S S SN
Total LDL-C HDL-C Triglycerides SBP DBP C reactive
cholesterol 30 31 3% grtic]es 17 17 protein
33 articles articles articles articles articles 10 articles
~—

Fig. 1. Scheme of study selection. DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood

pressure.

lipoprotein cholesterol (HDL-C), triglycerides (TG), systolic blood
pressure (SBP), diastolic blood pressure (DBP) and CRP were
collected. This data can be found in Table 2. Additionally, reference
lists of the included articles were also reviewed to potentially
identify additional studies that met the reported criteria. Dis-
crepancies in eligibility procedures at each stage were resolved by
consensus within the research team (MLM, ARR, GB).

2.5. Methodological quality

The methodological quality of the included clinical trials was
assessed using the PEDro scale, which evaluates the internal and
external validity of individual studies [18]. It was originally
developed by the Institute for Musculoskeletal Health at the Uni-
versity of Sydney and consists of 11 items that cover external
validity (item 1 - specified study eligibility criteria), internal val-
idity (items 2 - random allocation of patients, 3 - concealed allo-
cation, 4 - measure of similarity between groups at baseline, 5 -
patient blinding, 6 - therapist blinding, 7 - assessor blinding, 8 -
fewer than 15 % dropouts, 9 -intention-to-treat analysis), and
statistical reporting (items 10 - intergroup statistical comparisons,
and 11 - point measures and variability data). The quality of studies
was classified using the following cut-off points: excellent (9-10);
good (6-8); fair (4-5); poor (< 4). Reliability on the independent
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use of the PEDro scale by two researchers (MLM and GB) was
measured by inter-rater agreement and Cohen's kappa. Any lack of
consensus was resolved through discussion between the two re-
searchers (MLM and GB). Inter-rater reliability of 86 %, Scott's Pi of
0.814 and Cohen's kappa of 0.814 were found, considered almost
perfect agreement.

2.6. Risk of bias and quality of evidence assessment

The risk of bias for the studies included was evaluated using
the Cochrane risk of bias tool for RCTs or cluster RCTs (RoB 2.0)
[19]. The risk of bias assessment was independently conducted by
two researchers (GB and AR), and any discrepancies were
resolved through consensus with a third investigator (MLM). This
tool assesses five domains: the randomisation process, deviations
from intended interventions, missing outcome data, outcome
measurement, and selection of the reported outcome. Subse-
quently, the studies were categorized into three distinct groups:
(1) low risk of bias: all domains were judged to have a low risk of
bias; (2) some concerns: at least one domain raised some con-
cerns, but no domain was rated as having a high risk of bias; (3)
high risk of bias: at least one domain was rated as having a high
risk of bias, or there were multiple domains with some concerns
[19].
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Table 2

Summary characteristics of the included studies.
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Study Country Study design Duration Population/health status Red meat intervention Comparator intervention
Wiebe et al, Canada Crossover 6 wk 8 healthy men with normal lipid Diet with 55 % of beef protein Diet without beef protein (replaced
1984 [61] randomized profile (21y) by plant protein)
controlled
trial
Wolmarans  South Crossover 12 wk 28 healthy adults (16 women/12 men) Red meat diet (300 g/d in males Fatty fish diet (280 g/d in males and
et al,, 1991 African randomized (358 £5.5Yy) and 225 g/d in females) 216 g/d in females)
[51] controlled
trial
Scott et al., USA Randomized 5 wk 38 men with hypercholesterolemia Beef diet (85 g of beef/d) Chicken diet (85 g of chicken/d)
1994 [40] controlled (20-55y)
trial
Davidson USA Randomized 32wk 191 adults with hypercholesterolemia Lean red meat diet (170 g/d) Lean white meat diet (170 g/d of
et al, 1999 controlled (84 women/107 men) poultry or fish)
[41] rrial
Wolmarans  South Crossover 12 wk 52 adults with hypercholesterolemia  Lean beef (5 times/wk) and lean Skinless chicken (5 times/wk) and fish
et al,, 1999 Africa randomized (34 women, 36 men), (31.54+9.6y mutton (2 times/wKk) (2 times/wk)
[53] controlled women; 35.1 + 7.8 y men)
trial
Ashton et al., Australia Crossover 8 wk 42 healthy men (45.8 y) Lean red meat diet (150 g/d) Tofu diet (290 g/d) in an isocaloric and
2000 [56] randomized isoprotein substitution
controlled
trial
Beauchesne- Canada Crossover 11 wk 17 men with hypercholesterolemia Lean beef diet Lean fish diet, p
Rondeau randomized (50.1 + 3.3 years)® oultry diet
et al,, 2003 controlled
[42] trial
Melanson USA Randomized 12wk 61 women with overweight Hypocaloric lean beef Hypocaloric chicken diet and walking
et al,, 2003 controlled (43.3+7.8Yy) diet and walking program program
[43] trial
Haub etal, USA Randomized 12wk 21 men with overweight Lacto-ovo vegetarian diet and beef Lacto-ovo vegetarian diet and soy
2005 [57] controlled (65 £ 5 years) (0.6 g protein/kg/d) protein (0.6 g protein/kg/d)
trial
Mamo et al.,, Australia Randomizedc 6 wk 20 adults with dyslipidemia (8 women/ High protein diet (25 % of total Low protein diet (14 % of total energy
2005 [73] ontrolled trial 12 men) energy intake) derived from lean  intake) with compensatory
beef, veal and lamb adjustments in carbohydrate
De Mello Brasil Crossover 12 wk 17 adults with diabetes type 2 and Red meat diet Chicken diet
et al., 2006 randomized macroalbuminuria (3 women/14 men)
[45] controlled (59 +11y)
trial
Hodgson Australia Randomized 8 wk 60 participants (22 females and 38 Lean red meat diet (200 g/d) Control diet (red meat replaced by
et al., 2006 controlled males) with hypertension (> 20 y) carbohydrate)
[70] trial
Hodgson Australia Randomized 8 wk 60 adults with hypertension (22 Lean red meat diet (200 g/d) Control diet (red meat replaced by
et al., 2007 controlled women/38 men) carbohydrate)
[95] trial
Mahon et al.,, USA Randomized 9 wk 54 women in the postmenopausal Lacto-ovo vegetarian Lacto-ovo vegetarian
2007 [44] controlled stage (58 + 2 y)* diet and 250 kcal/d of beef diet and 250 kcal/d of (1) chicken or
trial (2) non-meat carbohydrate
Nowson et al., Australia Randomized 14wk 95 women in the postmenopausal Low-sodium DASH type diet Reference healthy diet red (meat
2009 [63] controlled stage with hypertension (Vitality Diet ) with 810 g/wk of raw replaced by breads/cereals and dairy
trial lean red meat products)
Navas- Spain Crossover 16 wk 25 young women with iron deficiency Red meat diet (5 portions/wk) Oily fish diet (5 portions/wk)
Carretero randomized (18-30y)
et al., 2009 controlled
[52] trial
Mateo- Spain Crossover 10wk 36 women (71 [33-79] y)® Red meat diet (lean breed lamb 3  Lean white meat (chicken 3 times per
Gallego randomized times per wk) wk)
etal, 2011 controlled
[46] trial
Murphy et al., Australia Randomized 24 wk 144 adults with overweight or obesity Pork diet (7 servings/wk in men and Habitual diet (< 100 g of fresh pork
2012 [47] controlled (48 +12y) 5 servings/wk in women) per wk)
trial
Roussell et al., USA Crossover 20 wk 36 adults with hypercholesterolemia Beef in an Optimal Lean Diet plus  DASH diet with 28 g beef/d,
2012 [7] randomized (21 women/15 men) (50 + 1.4 y)* protein (153 g beef/d) beef in an Optimal Lean diet with 28 g
controlled beef/d, and
trial Healthy America diet
Poddar et al., Australia Randomized 48 wk 73 adults with obesity (64 women/9 Standard diet group (lean ground  Mushroom diet group (8 oz for meat
2013 [62] controlled men) beef 3 meals/wk) at 3 meals/wk)
trial (484 +14y)
Daly et al., Australia Randomized 16 wk 100 healthy older women (73 y) Progressive resistance training with Progressive resistance training with
2014 [68] controlled lean red meat diet (~160 g/ control diet (1 serving of pasta or rice)
trial d consumed 6 d/wk)
Germany 6 wk Red meat diet (200 g/d) Whole grain diet
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Table 2 (continued )
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Red meat intervention

Comparator intervention

Study Country Study design Duration Population/health status

Foerster et al., Crossover 20 healthy adults (10 women/10 men)
2014 [67] randomized (40 £ 11.6y)

controlled
trial

Hill et al., USA Randomized 23 wk 62 adults with overweight or
2015 [64] controlled obesity (34 women/28 men)

trial

Hosseinpour- Iran Crossover 16 wk 31 adults with type 2 diabetes (24
Niazi et al., randomized women/7 men) (58.2 + 6.0 y)

2015 [60] controlled
trial

Sayer et al., USA Crossover 12 wk 19 adults with hypertension (13
2015 [100] randomized women/6 men)

controlled (61 £2y)
trial

Sayer et al., USA Randomized 16 wk 120 adults with overweight or obesity
2017 [55] controlled adults (99 women/21 men)

trial (376 £8.1y)

Hematdar Iran Randomized 8 wk 64 adults with diabetes type 2 (46
et al, 2018 controlled women/18 men)

[59] trial (40-65y)

O'Connor USA Crossover 10 wk 41 adults with overweight or obesity
et al.,, 2018 randomized adults (28 women/13 men) (46 + 2 y)*
[48] controlled

trial

Bergeron USA Crossover 12 wk 113 healthy adults (69 women/44
et al, 2019 randomized men) (43.5+ 12y)

[49] controlled
trial

Porter Starr  USA Randomized 24 wk 80 adults with obesity (72 women/8
et al.,, 2019 controlled men)

[54] trial (64+8y)

Wade et al,  Australia Crossover 16 wk 33 adults with hypertension,

2019 [69] randomized hypercholesterolemia and impaired
controlled glucose (23 women/10 men) (61 +7.1y)
trial

Formica et al., Australia Randomized 24 wk 154 adults with severe obesity
2020 [71] controlled (BMI > 40 (kg/m?))

trial (96 women/58 men)
(70.7 £ 4.1 y)

Maki et al., USA Crossover 8 wk 33 adults with overweight or obesity,

2020 [72] randomized prediabetes and/or metabolic
controlled syndrome (26 women/7 men)
trial (444 +24y)

Fleming et al., USA Crossover 16 wk 59 healthy adults (31 women/28 men)
2021 [66] randomized (49 £1.6y)"

controlled
trial

Hassanzadeh- Iran Randomized 8 wk 64 adults with type 2 diabetes (46
Rostami controlled women/19 men)
etal, 2019 trial
[58]

Wang et al, USA Crossover 9 wk 19 young healthy adults (8 women/11
2023 [50] randomized men)

controlled (26 £4y)
trial

Beef in an Optimal Lean plus protein DASH diet with 12 g beef/d, b

(196 g beef/d)
Legume-free Therapeutic Lifestyle

Change

DASH diet with lean pork (55 % of
total protein intake from lean pork)

High protein with > 4 weekly
servings of lean beef

eef in an Optimal Lean with 139 g
beef/d

Legume-based Therapeutic Lifestyle
Change (two servings of red meat
replaced with non-soy legume)

DASH diet with pork (55 % of total
protein intake from chicken and fish)

High protein restricted in red meats

Red meat diet (two servings 3 d/wk) Soybean group (a cup of soybeans 3 d/

Mediterranean patterns with
~500 g/wk of lean, unprocessed
beef or pork

High saturated fatty acid diet
enriched with red meat

High protein diet (enriched with
beef and pork)

Mediterranean diet supplemented
with 2-3 serves of fresh, lean pork

Exercise plus lean meat group (two
80 g servings of red meat)

USDA Healthy US-Style Eating
Pattern with an additional 150 g/
d lean beef

Fatty acid-matched Mediterranean
diet with 156 g/d lean beef, 71 g/
d lean beef 14 g/d lean beef

Red meat diet (2 servings 3 ds/wk)

Healthy lacto-ovo vegetarian diet
plus 3 oz/d of unprocessed lean red
meat

wk),l

egumes group (a cup of non-soy
legumes 3 d/wk)

Mediterranean patterns with poultry

Low saturated fatty acid diet enriched
with white meat or nonmeat protein

Normal protein diet

Low-fat control diet

Exercise plus carbohydrate group
(~225 g of rice or pasta or potato)

USDA Healthy US-Style Eating Pattern
with isocaloric replacement for
carbohydrate

American diet with 71 g/d of beef

Soybean diet (2 servings 3 d/wk), n
on-soy legume (2 servings 3 days/wk)

Healthy lacto-ovo vegetarian diet, h
ealthy lacto-ovo vegetarian diet plus 3
oz/d of processed lean red meat

2 Mean and standard error.

b Median and interquartile range. BMI, body mass index; CRP, C-reactive protein; DASH, Dietary Approaches to Stop Hypertension; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; USDA, United States Department of Agriculture; VLDL, very low-density

lipoprotein.

2.7. Data collection process and data items

The main objective of this Bayesian NMA was to determine the
pre-post intervention changes in TC, LDL-C, HDL-C, TG, SBP, DBP
and CRP when comparing red meat interventions with comparator
diets. Thus, the reported effects result from the following equa-
tion: red meat change (post-pre) — comparator group change
(post—pre). If necessary, TC, LDL-C, HDL-C and TG were converted
to mmol/L dividing the reported mg/dL data by 38.67 (TC) and by
88.57 (TG), as previously conducted [4]. Additionally, change value
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in standard deviation (SD) was calculated by using the reported
correlation factor representative of the change value SD in a pre-
vious systematic review, depending on intervention/comparator
groups and the studied main outcome: TC: intervention = 0.79,
control = 0.72; LDL-C: intervention = 0.76, control = 0.69; HDL-C:
intervention = 0.87, control = 0.67; and TG = 0.67, control = 0.78)
[4]. Concerning the other key outcome measures, blood pressure
and CRP, a standardized 0.8 and 0.75 correlation factor was
employed, respectively [21,22]. Furthermore, when the 95 % con-
fidence interval (CI) was reported instead of SD, SD was calculated
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with the following equation: “SD = [(upper limit CI / lower limit CI)
| 2 x Z] x y/n”; being Z = critical value of the standard normal
distribution (1.96 as standard value). In the same manner, when
the interquartile range (IQR) was reported instead of SD, SD was
estimated by “SD = (Q3 - Q1) / 1.35”. Similarly, when a standard
error (SE) was reported instead of SD, SD was calculated with this
estimation: “SD = SE x 4/n”. Concerning the data of pre-post SD
difference, it was reported as “SD = \/[(A2 +B?)-(2 x CF x A x B)]",
being A = pre SD; B = post SD; and CF = correlation factor (0.7 was
used as standard value for TC, LDL-C, HDL-C and TG; 0.8 for blood
pressure and 0.75 for CRP) [21,22]. Finally, to estimate means when
medians and IQRs were reported, we used the equation described
by Wan et al. [23] as “mean = [first quartile (Q1) + median + third
quartile (Q3)] / 3”.

On the other hand, crossover studies were interpreted as fol-
lows: if washout periods were described and outcome measures
were reassessed after them, those values were used as baseline
data for the following intervention arm. When this was not re-
ported, general given baseline data was also used as pre-values for
the interventions following the first arm.

2.8. Network meta-analysis

Prior to the implementation of the NMA, an assessment was
carried out of three basic assumptions following previous litera-
ture [24]: (i) to prevent potential bias in comparative analyses and
to avoid the occurrence of heterogeneity and inconsistencies, a
comprehensive assessment of the similarity and comparability of
the studies included in the NMA was carried out; (ii) to corroborate
the homogeneity of conditions across studies, a thorough check
was made for the absence of heterogeneity within the results of
pairwise comparisons. The magnitude and clinical significance of
heterogeneity were quantified using the 2 statistic, classifying its
impact as: low clinical relevance (< 0.04), moderate (0.04-0.14) or
substantial (0.14-0.40); (iii) to verify that there were no significant
inconsistencies between direct and indirect evidence, a consis-
tency and transitivity check was performed. The side-splitting or
node-splitting methodology was used to assess the validity of the
similarity assumption or the presence of incoherence [25,26].

All statistical analyses were performed using R statistical soft-
ware (version 4.4.0) from the R Core Team in Vienna, Austria, and
RStudio (version 2024.04.1 + 748) from Posit in Boston, MA, USA.
“BUGSnet” (Bayesian inference Using Gibbs Sampling to conduct
NETwork meta-analysis) package is a comprehensive R tool for
conducting Bayesian NMA according to best practice and reporting
guidelines [27]. Mean differences (MD) and SD were calculated to
assess the effect of the red meat intervention and control groups
independently for each RCT [28]. For analyses within the NMA,
they were then combined into their respective groups (red meat,
animal protein, plant protein, animal + plant protein and carbo-
hydrate). The comparative evaluation of the effects of the in-
terventions on TC, HDL-C, LDL-C, TG, SBP, DBP and CRP was
conducted using NMA, with analysis of interactions between the
intervention and control groups. For multi-arm studies, all
experimental intervention groups within each study were com-
bined into a single group, and all relevant comparator intervention
groups were combined into a single comparator group [11]. Rela-
tive standardized mean differences (SMD) below —0.8 were
considered clinically significant. The range between +0.8 was
defined as the “range of equivalence”, indicating clinically insig-
nificant differences between interventions [28]. In addition, data
were converted to the same unit of measurement before re-
analysis to assess the clinical impact on % TC, HDL-C, LDL-C, TG,
SBP, DBP and CRP using MD. Similarly, and in line with previous
reports, the effect size was interpreted based on known or
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estimated minimal clinically important difference (MCID)
thresholds [29]. Inconsistency was assessed using the I? statistic,
which ranges from 0 % to 100 %. The resulting I*> values were
classified as follows: not important (0-30 %), moderate (30-60 %),
substantial (60-75 %) and significant (75-100 %) [30]. Finally,
although the number of studies in the meta-analysis was below
the recommended threshold of at least 10 per outcome [31], we
still performed exploratory meta-regressions analyses using
mixed-effects models. This analysis aimed to examine whether
factors such as mean age, mean body mass index (BMI), inter-
vention duration, risk of bias, conflict of interest, food provision
(feeding and ad libitum trials), type of red meat (lean versus non-
lean red meat) and dietary fat from red meat intake (expressed in
both absolute (grams) and relative (percentage) values) might
explain variability in the effect estimates. In the case of dietary fat
from red meat intake, when not directly reported in the study,
values were estimated using the United States Department of
Agriculture (USDA) Food Database, considering the specific type of
red meat used. Similarly, when red meat intake was reported as a
range, the median value was used for the analysis [53]. In studies
that reported separate intakes for men and women, the overall
average intake was calculated by weighting the sex-specific values
according to the proportion of male and female participants in
each study [47,51].

2.9. Certainty of evidence

The certainty of evidence for each outcome was assessed using
the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) approach [20]. The Confidence in Network
Meta-Analysis (CINeMA) framework was used to assess the cer-
tainty of evidence from simultaneous comparisons of multiple
interventions [32]. CINeMA is a web-based application developed
by the Cochrane Group that interfaces with an R back-end server
[33]. Following the relevant protocol, each comparison was
assessed for potential bias, including within-study bias, reporting
bias, directionality, imprecision, heterogeneity and inconsistency.
The confidence levels for each domain were initially assessed as
high, but were later adjusted based on the specific methodological
issues described below.

2.10. Within-study bias

After integrating the RoB 2.0 tool into the CINeMA framework,
the bar chart generated by the system was evaluated. The confi-
dence level of each comparison was then adjusted using the
weighted average risk of bias method, assigning scores of —1, 0 and
1 for low, moderate and high risk of bias [32]. The resulting bias to
be reported was determined by multiplying each percentage in the
bar chart with its corresponding factor and summing the three
components.

2.11. Reporting bias

The Risk of Bias due to Missing Evidence in Network Meta-
Analysis (ROB-MEN) was also used to assess the reporting bias
domain within CINeMA [34]. This tool integrates qualitative and
quantitative methods, such as funnel plots, tests for small study
effects or selection models, into a comprehensive assessment for
comparative studies such as RCTs. In addition, following the rec-
ommendations of the Cochrane Handbook for Systematic Reviews
of Interventions [35], Bayesian funnel plots were used to assess
publication bias by examining asymmetry between red meat in-
terventions and controls. As these tests are not recommended for
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comparisons involving fewer than 10 studies, it was decided to
report “some concerns”.

2.12. Indirectness

This item assesses whether the available evidence applies to
the clinical question [36]. The weighted average method was
chosen for this, taking into account the bar chart provided by the
framework.

2.13. Imprecision

The NMA combines indirect evidence with direct evidence to
improve accuracy [37]. A SMD of 0.8 was set as an indicative value
for a clinically important effect, and imprecision was assessed
using 95 % credible intervals (Crls) calculated using the maximum
likelihood method. “No concerns” were recorded when the 95 %
Crl was entirely on the effect side or within the range of equiva-
lence. The confidence level was downgraded to “some concern” if
the 95 % Crl spanned both the clinically important effect and the
null effect. Comparisons were classified as “major concern” if the
95 % Crl limits extended beyond the range of equivalence.

2.14. Heterogeneity

Given the clinically significant effect threshold (SMD = —0.8),
CINeMA assesses heterogeneity by checking for discrepancies be-
tween the prediction interval and the 95 % Crl of clinical relevance.
Comparisons are classified as “some concern” if the prediction
interval crosses into or out of the zone of clinical significance once,
and as “major concern” if it crosses this region twice.

2.15. Incoherence

The ability of the NMA to provide similar estimates was
assessed by using direct comparisons with indirect estimates. In
addition, we evaluated the transitivity assumption to ensure that
the only systematic difference between two groups is the treat-
ment itself, without the influence of other confounding factors.
Taking into account the inconsistency factor and applying the
Systematic Investigation of Decision-making Evidence (SIDE)
method [38], which separates direct and indirect estimates to
detect significant differences in effect estimates, we noted ‘some
concern’ when direct and indirect 95 % Crls showed discrepancies
in effect despite being aligned in the same direction. On the other
hand, if the 95 % Cls showed disagreement because of a change in
the direction of the effect, this was marked as “major concern”.

2.16. Confidence rating

The CINeMA domain levels were converted to the standard
levels as follows: high confidence, meaning that the true effect is
close to the estimated effect; moderate confidence, indicating that
the true effect is likely to be close to the estimate but could differ
substantially; low confidence, suggesting that the true effect could
differ substantially from the estimate; and very low confidence,
implying that the true effect is likely to differ substantially from
the estimate. To avoid isolated judgments, the final report takes
into account the interrelationships between the domains [39].
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3. Results
3.1. Study selection and characteristics

The initial database search yielded 2661 records. After
removing duplicates and screening titles/abstracts, 91 articles
were assessed for eligibility (Table S2). Finally, 36 articles met the
inclusion criteria and were analysed in the primary NMA (Fig. 1).
The characteristics of the 36 RCTs included are detailed in Table 2.
Among these studies, 18 employed crossover design and 24 studies
were classified as industry-related due to sponsorship by the meat
industry or declared conflicts of interest. The effect of red meat
consumption was compared with animal protein (excluding red
meat) in 16 studies, plant protein in 9 studies, animal and plant
protein in 7 studies, and carbohydrate in 8 studies. This NMA
included 2090 adults (mean age 39.68 + 13.52 years; 56.81 %
women). In the studies that compared red meat with other sources
of animal protein, the following were used: white meat [40-49],
processed red meat [50], fatty fish [51,52], lean fish [42], white
meat and fish [53], and white meat, dairy, and eggs [54,55].

Of the studies with plant-based protein, 4 used soy or soy de-
rivatives [56-59], 3 used non-soy legumes [58-60], 2 used a
combination of legumes, nuts, and soy products [49,61,62], and 1
used mushroom protein [62]. In the studies that used animal and
plant proteins, the following were included: vegetable and dairy
proteins [45]; white meat and refined carbohydrates [44]; fish,
margarine, and legumes [63]; white meat, fish, and legumes [64];
white meat, fish, legumes, and nuts [7]; white meat, fish, dairy, and
vegetables [65]; and white meat, fish, eggs, nuts, and legumes [66].
In the case of studies that used carbohydrates as a comparator, the
sources included whole grains [67], refined grains [68,69], refined
grains and potatoes [70-72], or unspecified carbohydrate sources
[66,73]. The details regarding dropouts, food provision, and
adherence to interventions for the included studies are summa-
rized in Table S3.

The RCTs were published between 1984 and 2023, and the
duration of the intervention ranged from 5 weeks to 48 weeks. The
mean, SD and mean difference for profile lipid, blood pressure and
CRP in the red meat intervention and comparison diets are
included in Tables S4-S10.

3.2. Network meta-analysis

Table S11 shows the random effects statistics stratified by
comparison group. Compared to the red meat intervention, the
consumption of plant-based proteins resulted in a more pro-
nounced reduction in TC (MD = —0.14; 95 % Crl: —0.28 to —0.001,
n=7), HDL-C (MD = —0.06; 95 % Crl: —0.11 to 0.00, n = 7) and LDL-
C levels (MD = —0.19; 95 % Crl: —0.36 to —0.03, n = 7), with sig-
nificant differences between groups (p < 0.05) (Figs. 2 and 4). In
the case of LDL-C levels, this reduction was superior to the MCID
for this variable (MCID = 0.10). No significant differences were
observed in HDL-C, TG, SBP, DBP and CRP levels (Figs. 3-8). In
addition, interventions based on animal + vegetable proteinre-
sulted in a greater increase in TG (MD = 0.21; 95 % Crl: 0.06 to 0.34,
n =5, p < 0.05) compared to red meat interventions, with no
significant differences observed in TC, LDL-C, HDL-C, SBP or DBP. In
the case of TG levels, this increase was superior to the MCID for
this variable (MCID = 0.09). The dietary interventions based on
carbohydrates resulted in no significant differences in TC, LDL-C,
HDL-C, TG, SBP, DBP and CRP. Red meat consumption did not cause
significant changes in TC, LDL-C, HDL-C, SBP, DBP and CRP
compared to dietary interventions based on other sources of ani-
mal protein.



M. Lopez-Moreno, J.F. Lopez-Gil, A. Bravo-Sanchez et al.

Clinical Nutrition 54 (2025) 12-26

ANIMAL

.

ANIMAL + PLANT

Treatment

®

PLANT

0.15 -0

0.10
Mean Diffe

-0.05 0.
rence relative to RED MEAT

'
'
'
'
'
'
'
1
T
'
'
'
'
'
'
'
'
'
'
'
'
"
0.0

0 0.05 0.10

(showing posterior mean with 95% Crl)

Fig. 2. Forest plot showing changes in total cholesterol (mmol/L) between the red meat intervention and the different comparison diets. Each row represents a specific diet, while
the numbered point represents the corresponding mean difference, and the horizontal lines indicate 95 % credible intervals (Crl). The model was calculated using a random effects
model. Studies included in each comparison were: animal protein [7,40-55], animal + plant protein [7,44,45,63,64,66,100], plant protein [49,50,56-58,60,62], and carbohydrate-

rich foods [66-73].
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Fig. 3. Forest plot showing changes in high-density lipoprotein cholesterol concentrations (mmol/L) between the red meat intervention and the different comparison diets. Each
row represents a specific diet, while the numbered point represents the corresponding mean difference, and the horizontal lines indicate 95 % credible intervals (Crl). The model
was calculated using a random effects model. Studies included in each comparison were: animal protein [6,7,40-55], animal + plant protein [7,44,45,49,64,66,100], plant protein

[49,50,56-58,60], and carbohydrate-rich foods [66,68-73].

Note: Negative mean differences indicate a decrease in HDL cholesterol concentrations relative to red meat, while positive values indicate an increase.

3.2.1. Meta-regression analyses

Additionally, focusing on outcomes with statistically significant
differences in the main analyses, the exploratory meta-regression
revealed that several study-level covariates significantly moder-
ated the observed effects (Table S12). In the comparison of plant-
based protein versus red meat, the effect on TC was significantly
moderated by several variables. Higher mean BMI was associated
with greater reductions in TC (unstandardized beta coefficient
[B] = —0.60, 95 % Crl: —0.93 to —0.37), whereas longer intervention
duration was linked to smaller reductions (B = 0.36, 95 % Crl: 0.16
to 0.62). Interventions with higher risk of bias tended to show
greater TC reductions (B = —0.86, 95 % Crl: —1.57 to —0.14). Like-
wise, food provision (i.e., ad libitum trials) was related to greater TC
decreases (B = —0.84, 95 % Crl: —2.78 to —0.06). In contrast, a
higher fat content in red meat (grams) related to a smaller
cholesterol-lowering effect of plant-based protein (B = 0.02, 95 %
Crl: 0.01 to 0.03). Regarding HDL-C, the effect of plant-based
protein compared to red meat was significantly moderated by
risk of bias and the presence of conflicts of interest. A higher risk of
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bias was linked to attenuated reductions in HDL-C (B = 0.50, 95 %
Crl: 0.05 to 0.88), while conflicts of interest were related to more
pronounced reductions (B = —0.85, 95 % Crl: —1.69 to —0.39). No
significant moderators emerged for LDL-C in this comparison.

In the comparison of animal and plant-based proteins com-
bined versus red meat interventions, the reduction in TG was
significantly shaped by multiple covariates. Higher mean age
(B = -2.01,95 % Crl: —2.55 to —1.44) and higher BMI (B = —0.86,
95 % Crl: —0.97 to —0.77) were linked to greater TG reductions.
Similarly, higher fat content from red meat, both in grams
(B=-0.11,95 % Crl: —0.12 to —0.10) and as a percentage (B = —0.18,
95 % Crl: —0.19 to —0.17), and the use of non-lean red meat
(B = —4.58, 95 % Crl: —5.13 to —3.78) corresponded to more pro-
nounced reductions. Conversely, longer intervention duration
(B =0.59, 95 % Crl: 0.52 to 0.67), higher risk of bias (B = 5.41,95 %
Crl: 4.16 to 6.20), the presence of conflicts of interest (B = 6.56,
95 % Crl: 5.82 to 7.39), and food provision (B = 7.35, 95 % Crl: 6.52
to 8.17) were each related to smaller TG reductions, suggesting that
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Fig. 5. Forest plot showing changes in triglycerides (mmol/L) between the red meat intervention and the different comparison diets. Each row represents a specific diet, while the
numbered point represents the corresponding mean difference, and the horizontal lines indicate 95 % credible intervals (Crl). The model was calculated using a random effects
model. Studies included in each comparison were: animal protein [6,7,40-55], animal + plant protein [7,44,45,49,64,66], plant protein [49,50,56-58,60], and carbohydrate-rich

foods [66-73].

these factors may diminish the observed benefit of replacing red
meat with mixed animal and plant protein sources.

3.3. Risk of bias

The interventions included in this systematic review received
PEDro scores ranging from 4 to 8 points, with an average of 6.3 (SD
= 0.98). A total of 29 interventions were assigned a good score and
7 received a fair score (Table S13). According to the RoB 2.0 tool 4
were rated as “low risk” of bias, 3 as “some concerns” of bias, and
27 as “high risk” (Fig. S1).

3.4. Certainty of the network meta-analysis evidence

The certainty of evidence for each outcome was evaluated using
the GRADE criteria (Table S21). In general, the evidence for most
outcomes was rated as very low to low. This downgrading was
primarily due to concerns regarding risk of bias, inconsistency, and
some degree of indirectness, which limited the certainty of the
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findings. When examining CINeMA, the confidence rating was
“very low” for most of the different comparisons with red meat
interventions in TC (75 %), TG (75 %), SBP (75 %), and DBP (75 %)
(Table S14, Tables S17-S19). For HDL-C and CRP, the confidence
ratings for comparisons with red meat was mostly “low” (50 %)
(Table S15 and Table S20). The confidence ratings for LDL-C
compared with red meat were “very low” (50 %), “low” (25 %) and
“moderate” (25 %) (Table S16). The comparison between plant-
based protein and meat yielded the highest confidence ratings:
“moderate” for HDL-C, LDL-C, TG, SBP and CRP; and “low” for CT
and DBP.

4. Discussion

This ground-breaking NMA offers a comprehensive assessment
of the cardiometabolic impact of red meat consumption relative to
a comparator food. Compared with the red meat, plant protein
intake resulted in a greater reduction in TC, LDL-C and HDL-C
levels. In the case of LDL-C, this effect was clinically important, as
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the observed reductions exceeded the MCID. Interventions
including a combination of animal and plant protein showed a
smaller, clinically relevant, increase in TG compared to in-
terventions with red meat. However, the certainty of evidence was
rated as low. The findings of this NMA indicate that it is crucial to
consider the comparison diet when evaluating the relationship
between red meat consumption and CVD risk factors. In explor-
atory meta-regression analyses, which must be interpreted with
caution due to the limited number of studies per comparison arm,
we observed that the effect of red meat consumption on car-
diometabolic outcomes may be influenced by study- and
population-level characteristics. For TC, several covariates
moderated the results in the comparison with plant-based protein,
including participants’ BMI, intervention duration, risk of bias,
food provision, and fat content in red meat (grams). Notably,
higher fat content (only in absolute terms) and longer intervention
duration were associated with smaller reductions in TC, while
higher BMI, greater risk of bias, and ad libitum food provision were
linked to greater reductions. For HDL-C, the presence of conflicts of
interest was associated with larger reductions, whereas higher risk
of bias was linked to attenuated effects. No significant moderators
were identified for LDL-C. In the animal + plant protein versus red
meat comparison, the effects on TG were moderated by multiple
factors (i.e., mean age, BMI, duration, risk of bias, conflicts of in-
terest, food provision, type of meat, and fat content in red meat).
Among these, older age, higher BMI, use of non-lean red meat, and
higher fat content (both in absolute and relative terms) were
associated with greater reductions in TG, whereas longer duration,
higher risk of bias, presence of conflicts of interest, and ad libitum
food provision were linked to smaller effects. These findings
highlight the complexity of interpreting nutritional intervention
studies and reinforce the importance of accounting for contextual
and methodological factors in future research.

Our findings align with previous meta-analyses of RCTs, which
indicate that the cardiometabolic impact of red meat consumption
depends on the food it replaces [4]. In nutrition, the health impact
of a specific food can be significantly influenced by the dietary
component with which it is compared [74]. Therefore, it is crucial
to establish a suitable comparator when evaluating the impact of a
particular dietary pattern or food on health outcomes [75]. In
general, diets and food categories such as processed meat and
refined grains are identified as detrimental to cardiometabolic
health [76-78]. Consequently, they are unsuitable for comparison,
as their use increases the probability of positive or neutral out-
comes in the assessment of the effects of other dietary in-
terventions, such as red meat consumption [79]. In the present
meta-analysis, the observed effects were dependent upon the
type of comparison diet employed. Specifically, plant protein
consumption induced beneficial effects on TC and LDL-C compared
to the consumption of red meat. The results of the lipid profile
analysis are consistent with those of the previous meta-analysis
[4]. However, in that meta-analysis, the studies included non-
RCTs [12-14] and interventions, where red meat was consumed
along with other foods, fortified foods or the type of meat, was not
specified [80]. The studies included in our analysis only considered
those where the consumption of red meat represented the sole
distinguishing factor between the red meat group and the
comparator group. This approach allows us to identify the
observed effect of the red meat intervention as being specific to
the consumption of red meat itself, rather than being potentially
biased by the presence of other specific foods.

The reduction of red meat caused beneficial effects on TC and
LDL-C only when it was replaced by plant protein. It has been
pointed out that dietary patterns that prioritize the consumption
of plant-based protein sources are associated with beneficial
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effects on atherogenic lipoproteins [81]. Although the differences
in cholesterol levels may appear to be minor, they could poten-
tially significantly impact health over an extended period. In this
context, it is important to consider that a reduction in LDL-C of one
mmol/L (18 mg/dl) has been associated with a decrease in the
relative risk of atherosclerotic cardiovascular disease by 10 % in the
first year and 20 % after three years [82]. This arises from the fact
that CVD risk depends on the duration of exposure to LDL-C, which
highlights the importance of maintaining optimal LDL-C levels
from an early age [83].

Compared to plant-based protein sources, red meat consump-
tion was associated with an increase in HDL-C levels. While these
findings are noteworthy, the relationship between HDL-C and
atherosclerosis is complex. Although HDL-C has traditionally been
considered protective against cardiovascular risk, evidence from
Mendelian randomization studies and clinical trials does not
support a causal role [84,85]. Furthermore, results from cohort
studies suggest that very high HDL-C levels may paradoxically be
associated with increased mortality risk in individuals at cardio-
vascular risk [84,85]. Additionally, in the present study, these
differences, although statistically significant, were not clinically
relevant (MCID = 0.10).

In comparison to other animal protein sources, plant protein
sources are characterized by a lower content of saturated fat, the
absence of cholesterol and heme iron, and a higher proportion of
monounsaturated and polyunsaturated fats, dietary fiber, poly-
phenols, and other bioactive compounds [86]. Modelling data
shows a significant reduction in predicted coronary heart disease
risk when 5 % of total dietary energy from saturated fat is replaced
with monounsaturated fatty acids (15 % lower risk), poly-
unsaturated fatty acids (25 % lower risk) or carbohydrates from
whole grains (9 % lower risk) [87]. Therefore, the observed favor-
able effects of plant protein consumption in comparison to meat
may be attributed to a combination of the potential anti-
atherogenic properties of unsaturated fatty acids present in
plant-based foods and the avoidance of saturated fat intake.
Moreover, plant-based foods contain a range of bioactive com-
pounds that are strongly correlated with a reduced risk of CVD,
including dietary fiber and polyphenols [88-91].

In this study, the replacement of red meat with animal and
plant protein in dietary interventions has shown increased TG
levels. Given the heterogeneity of the foods included in this
experimental group across the different studies, it is challenging to
attribute the observed effects to a single food. However, the
nutritional characteristics of the interventions may provide a po-
tential explanation for the observed results. In one of the included
studies, the experimental group that consumed red meat showed a
reduction in energy intake and a greater reduction in body weight
than the control group [44]. It has been demonstrated that changes
in body weight are a major factor influencing TG levels [92].
Consequently, the observed effects may be attributable to alter-
ations in body composition rather than changes in dietary
composition. In other included studies, the group that consumed
red meat demonstrated a reduced intake of saturated fatty acids
and increased polyunsaturated fatty acids [7,64]. Substituting
saturated fat acids with unsaturated fats, specifically poly-
unsaturated fats, has been associated with reduced TG levels
[93,94]. Furthermore, this NMA revealed that carbohydrate con-
sumption was associated with a significant increase in DBP values
when compared to red meat intake. In this context, the studies
included in the NMA primarily employed sources of refined car-
bohydrates [68,71,95]. In previous studies, a higher intake of
refined grains was associated with increased DBP, even after
adjusting for age, sex, BMI, metabolic equivalent, total energy
intake, and other dietary factors [96]. Whilst the consumption of
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whole grains appears to be associated with a lower risk of hy-
pertension, the intake of refined versions of these foods is sug-
gested to be detrimental to blood pressure management [97,98].
Contrary to what is reported with whole grains, the consumption
of low-quality carbohydrates could lead to an increase in reactive
oxygen species and a state of hyperinsulinemia, which would
cause vascular resistance and a higher risk of hypertension [99].

The main strength of this study is its use of an NMA, which is a
more precise method for comparing the effects of studies with
multiple comparisons. This approach avoids the unit-of-analysis
error that can occur with other methods [11]. Furthermore, only
RCTs were included in which the difference between the experi-
mental and control groups was determined by the consumption of
unprocessed red meat versus the dietary source ingested by the
comparison group. It is also important to consider the limitations
of the present study. Firstly, there was a notable degree of incon-
sistency between the studies. Secondly, the differences between
red meat and comparison diets were relatively minor in magni-
tude. Nevertheless, our findings have significant clinical and public
health implications if applied to a population level. Thirdly, the
CINeMA data indicated that a considerable number of comparisons
were assigned a low or very low certainty rating, which limits the
generalisability of the results. Fourthly, the present study exam-
ined the effects of individual foods in isolation, and the overall
effect of the diet on lipid parameters may modify the effects of
these foods. Finally, a limitation of this study is that not all par-
ticipants had follow-up data available. To maintain comparability
across analyses, we used final values for participants with missing
follow-up data, which represents a limitation that may have
affected the precision of our estimates.

5. Conclusions

The findings of the present NMA indicate that the effect of red
meat on cardiovascular risk factors is conditional upon the food
with which it is compared. Consumption of high-quality plant
protein sources as a substitute for red meat was associated with
more favorable changes in TC and LDL-C, with the effect on LDL-C
being clinically relevant. This could explain the heterogeneity of
results observed in previous studies. Interventions that combined
animal and plant proteins resulted in a smaller increase in TG
compared to those involving red meat, with low certainty of evi-
dence.. This highlights the importance of considering the
displacement effect in dietary recommendations, as the health
impact of red meat may vary depending on the food it replaces.
Future research should focus on long-term outcomes and explore
the mechanisms underlying these differences, particularly
regarding how various replacement foods influence cardiovascular
health. These findings could inform more precise dietary guide-
lines aimed at reducing cardiovascular risk.

Author contribution

MLM, JFL-G, GB and AR designed research; MLM, GB and AR
independently reviewed studies according to inclusion and
exclusion criteria, extracted the data and performed the risk-of-
bias assessment; JFL-G analyzed data; MLM, JFL-G, AR and AB
wrote the paper. All authors read and approved the final
manuscript.

Data availability

This systematic review does not include original data. Data are
extracted from the literature and are publicly available. The

23

Clinical Nutrition 54 (2025) 12-26

dataset generated for the present analyses are available upon
request to the corresponding author.

Funding statement

This research received no external funding.

Conflict of Interest

All other authors report no conflicts of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnu.2025.09.001.

References

[1] Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al.
Heart disease and stroke statistics-2023 update: a report from the American
Heart Association. Circulation 2023;147:E93-621. https://doi.org/10.1161/
CIR.0000000000001123.

Lescinsky H, Afshin A, Ashbaugh C, Bisignano C, Brauer M, Ferrara G, et al.
Health effects associated with consumption of unprocessed red meat: a
Burden of Proof study. Nat Med 2022;28(10):2075-82. https://doi.org/
10.1038/s41591-022-01968-z. 2022;28.

van den Brandt PA. Red meat, processed meat, and other dietary protein
sources and risk of overall and cause-specific mortality in the Netherlands
Cohort Study. Eur ] Epidemiol 2019;34:351-69. https://doi.org/10.1007/
$10654-019-00483-9.

Guasch-Ferré M, Satija A, Blondin SA, Janiszewski M, Emlen E, O'Connor LE,
et al. Meta-analysis of randomized controlled trials of red meat consump-
tion in comparison with various comparison diets on cardiovascular risk
factors. Circulation 2019;139:1828-45. https://doi.org/10.1161/
CIRCULATIONAHA.118.035225.

O'Connor LE, Kim JE, Campbell WW. Total red meat intake of >0.5 servings/
d does not negatively influence cardiovascular disease risk factors: a sys-
temically searched meta-analysis of randomized controlled trials. Am J Clin
Nutr 2017;105:57-69. https://doi.org/10.3945/ajcn.116.142521.

Giromini C, Givens DI. Benefits and risks associated with meat consumption
during key life processes and in relation to the risk of chronic diseases.
Foods 2022;11:14. https://doi.org/10.3390/FOODS11142063.

Roussell MA, Hill AM, Gaugler TL, West SG, Vanden Heuvel JP, Alaupovic P,
et al. Beef in an Optimal Lean Diet study: effects on lipids, lipoproteins, and
apolipoproteins. Am ] Clin Nutr 2012;95:9-16. https://doi.org/10.3945/
AJCN.111.016261.

Li G, Jiang J, Li Z. The relationship between processed meat, red meat, and
risk of cardiovascular disease and type 2 diabetes: a Mendelian randomi-
zation study. Eur J Prev Cardiol 2024. https://doi.org/10.1093/EURJPC/
ZWAE117.

Igbal R, Dehghan M, Mente A, Rangarajan S, Wielgosz A, Avezum A, et al.
Associations of unprocessed and processed meat intake with mortality and
cardiovascular disease in 21 countries [Prospective Urban Rural Epidemi-
ology (PURE) Study]: a prospective cohort study. Am J Clin Nutr 2021;114:
1049-58. https://doi.org/10.1093/AJCN/NQAA448.

[10] Johnston BC, Zeraatkar D, Han MA, Vernooij RWM, Valli C, El Dib R, et al.
Unprocessed red meat and processed meat consumption: dietary guideline
recommendations from the nutritional recommendations (NutriRECS)
consortium. Ann Intern Med 2019;171:756-64. https://doi.org/10.7326/
M19-1621.

Higgins JP, Eldridge S, Li T. Chapter 23: including variants on randomized
trials | Cochrane TrainingHiggins JPT, Thomas ], Chandler ], Cumpston M,
Li T, Page M]J, et al., editors. Cochrane Handbook for Systematic Reviews of
Interventions Version 64 2023 (Updated August 2023) Cochrane, https://
training.cochrane.org/handbook/current/chapter-23#section-23-2.
[Accessed 17 August 2024].

O'Brien BC, Reiser R. Human plasma lipid responses to red meat, poultry,
fish, and eggs. Am ] Clin Nutr 1980;33:2573-80. https://doi.org/10.1093/
AJCN/33.12.2573.

Flynn MA, Naumann HD, Nolph GB, Krause G, Ellersieck M. Dietary “meats”
and serum lipids. Am ] Clin Nutr 1982;35:935-42. https://doi.org/10.1093/
AJCN/35.5.935.

Flynn MA, Heine B, Nolph GB, Naumann HD, Parisi E, Ball D, et al. Serum
lipids in humans fed diets containing beef or fish and poultry. Am J Clin Nutr
1981;34:2734-41. https://doi.org/10.1093/AJCN/34.12.2734.

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. Br Med J 2021;372. https://doi.org/10.1136/BMJ.N71.

2

[3

[4

[5

[6

17

8

[9

(11]

[12]

[13]

[14]

[15]


https://doi.org/10.1016/j.clnu.2025.09.001
https://doi.org/10.1161/CIR.0000000000001123
https://doi.org/10.1161/CIR.0000000000001123
https://doi.org/10.1038/s41591%2D022%2D01968%2Dz
https://doi.org/10.1038/s41591%2D022%2D01968%2Dz
https://doi.org/10.1007/S10654%2D019%2D00483%2D9
https://doi.org/10.1007/S10654%2D019%2D00483%2D9
https://doi.org/10.1161/CIRCULATIONAHA.118.035225
https://doi.org/10.1161/CIRCULATIONAHA.118.035225
https://doi.org/10.3945/ajcn.116.142521
https://doi.org/10.3390/FOODS11142063
https://doi.org/10.3945/AJCN.111.016261
https://doi.org/10.3945/AJCN.111.016261
https://doi.org/10.1093/EURJPC/ZWAE117
https://doi.org/10.1093/EURJPC/ZWAE117
https://doi.org/10.1093/AJCN/NQAA448
https://doi.org/10.7326/M19%2D1621
https://doi.org/10.7326/M19%2D1621
https://training.cochrane.org/handbook/current/chapter-23#section-23-2
https://training.cochrane.org/handbook/current/chapter-23#section-23-2
https://doi.org/10.1093/AJCN/33.12.2573
https://doi.org/10.1093/AJCN/33.12.2573
https://doi.org/10.1093/AJCN/35.5.935
https://doi.org/10.1093/AJCN/35.5.935
https://doi.org/10.1093/AJCN/34.12.2734
https://doi.org/10.1136/BMJ.N71

M. Lopez-Moreno, J.F. Lopez-Gil, A. Bravo-Sanchez et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

(33]

(34]

[35]

[36]

Bouvard V, Loomis D, Guyton KZ, Grosse Y, Ghissassi F El, Benbrahim-
Tallaa L, et al. Carcinogenicity of consumption of red and processed meat.
Lancet Oncol 2015;16:1599-600. https://doi.org/10.1016/S1470-2045(15)
00444-1.

Moher D, Liberati A, Tetzlaff ], Altman DG, Antes G, Atkins D, et al. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med 2009;6. https://doi.org/10.1371/JOURNAL.
PMED.1000097.

Sherrington C, Herbert RD, Maher CG, Moseley AM. PEDro. A database of
randomized trials and systematic reviews in physiotherapy. Man Ther
2000;5:223-6. https://doi.org/10.1054/MATH.2000.0372.

Sterne J, Savovic ], Page M, bmj RE-, 2019 undefined. RoB 2: a revised tool
for assessing risk of bias in randomised trials, BmjCom]JAC Sterne, Savovic ],
Page M], Elbers RG, Blencowe NS, Boutron I, Cates CJ. HY chengbmj.
bmjCom; 2019 [n.d].

Sanders LM, Wilcox ML, Maki KC. Red meat consumption and risk factors for
type 2 diabetes: a systematic review and meta-analysis of randomized
controlled trials. Eur ] Clin Nutr 2022;77(2):156-65. https://doi.org/
10.1038/s41430-022-01150-1. 2022;77.

Mofrad MD, Milajerdi A, Koohdani F, Surkan PJ, Azadbakht L. Garlic sup-
plementation reduces circulating C-reactive protein, tumor necrosis factor,
and interleukin-6 in adults: a systematic review and meta-analysis of
randomized controlled trials. J Nutr 2019;149:605-18. https://doi.org/
10.1093/JN/NXY310.

Abbasnezhad A, Falahi E, Gonzalez MJ, Kavehi P, Fouladvaand F,
Choghakhori R. Effect of different dietary approaches in comparison with
high/low-carbohydrate diets on systolic and diastolic blood pressure in type
2 diabetic patients: a systematic review and meta-analysis. Prev Nutr Food
Sci 2020;25:233-45. https://doi.org/10.3746/PNF.2020.25.3.233.

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol 2014;14. https://doi.org/10.1186/1471-2288-14-
135.

Tonin FS, Rotta I, Mendes AM, Pontarolo R. Network meta-analysis: a
technique to gather evidence from direct and indirect comparisons. Pharm
Pract (Granada) 2017;15. https://doi.org/10.18549/PHARMPRACT.
2017.01.943.

Chaimani A, Higgins JPT, Mavridis D, Spyridonos P, Salanti G. Graphical tools
for network meta-analysis in STATA. PLoS One 2013;8:e76654. https://doi.
org/10.1371/JOURNAL.PONE.0076654.

Chaimani A, Caldwell DM, Li T, Higgins JPT, Salanti G. Chapter 11: under-
taking network meta-analyses | Cochrane Training. N. In: Higgins JPT,
Thomas J, Chandler ], Cumpston M, Li T, Page M], et al., editors. Cochrane
Handbook for Systematic Reviews of Interventions Version 64 (Updated
August 2023) Cochrane; 2023. n.d. https://training.cochrane.org/handbook/
current/chapter-11. [Accessed 18 August 2024].

Béliveau A, Boyne DJ, Slater ], Brenner D, Arora P. BUGSnet: an R package to
facilitate the conduct and reporting of Bayesian network meta-analyses.
BMC Med Res Methodol 2019;19. https://doi.org/10.1186/S12874-019-
0829-2.

Cohen J. Statistical power analysis for the behavioral sciences. Stat
Power Anal Behav Sci 2013. https://doi.org/10.4324/9780203771587/
STATISTICAL-POWER-ANALYSIS-BEHAVIORAL-SCIENCES-JACOB-
COHEN.

Goldenberg JZ, Day A, Brinkworth GD, Sato ], Yamada S, Jonsson T, et al.
Efficacy and safety of low and very low carbohydrate diets for type 2 dia-
betes remission: systematic review and meta-analysis of published and
unpublished randomized trial data. 2020. https://doi.org/10.1136/bmj.
m4743.

Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. Br Med ] 2003;327:557-60. https://doi.org/10.1136/
BM].327.7414.557.

Cochrane handbook for systematic reviews of interventions | Cochrane
Training n.d. https://training.cochrane.org/handbook (accessed October 15,
2024).

Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A, Giovane C
Del, Egger M, et al. CINeMA: an approach for assessing confidence in the
results of a network meta-analysis. PLoS Med 2020;17. https://doi.org/
10.1371/JOURNAL.PMED.1003082.

Papakonstantinou T, Nikolakopoulou A, Higgins JPT, Egger M, Salanti G.
CINeMA: software for semiautomated assessment of the confidence in the
results of network meta-analysis. Campbell Sys Rev 2020;16. https://doi.
org/10.1002/CL2.1080.

Chiocchia V, Nikolakopoulou A, Higgins JPT, Page M], Papakonstantinou T,
Cipriani A, et al. ROB-MEN: a tool to assess risk of bias due to missing ev-
idence in network meta-analysis. BMC Med 2021;19. https://doi.org/
10.1186/S12916-021-02166-3.

Chapter 13: Assessing risk of bias due to missing results in a synthesis |
Cochrane Training n.d. https://training.cochrane.org/handbook/current/
chapter-13 (accessed August 18, 2024).

Guyatt GH, Oxman AD, Kunz R, Woodcock ], Brozek ], Helfand M, et al.
GRADE guidelines: 8. Rating the quality of evidence-indirectness. ] Clin
Epidemiol ~ 2011;64:1303-10.  https://doi.org/10.1016/].JCLINEPL.2011.
04.014.

24

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Clinical Nutrition 54 (2025) 12-26

Caldwell DM, Ades AE, Higgins JPT. Simultaneous comparison of multiple
treatments: combining direct and indirect evidence. Br Med ] 2005;331:
897-900. https://doi.org/10.1136/BM].331.7521.897.

Dias S, Welton NJ, Sutton A], Caldwell DM, Lu G, Ades AE. Evidence synthesis
for decision making 4: inconsistency in networks of evidence based on
randomized controlled trials. Med Decis Mak 2013;33:641-56. https://doi.
org/10.1177/0272989X12455847.

Salanti G, Giovane C Del, Chaimani A, Caldwell DM, Higgins JPT. Evaluating
the quality of evidence from a network meta-analysis. PLoS One 2014;9:
€99682. https://doi.org/10.1371/JOURNAL.PONE.0099682.

Scott LW, Dunn JK, Pownall HJ, Brauchi DJ, McMann MC, Herd JA, et al.
Effects of beef and chicken consumption on plasma lipid levels in hyper-
cholesterolemic men. Arch Intern Med 1994;154:1261-7. https://doi.org/
10.1001/ARCHINTE.1994.00420110109012.

Davidson MH, Hunninghake D, Maki KC, Kwiterovich PO, Kafonek S. Com-
parison of the effects of lean red meat vs lean white meat on serum lipid
levels among free-living persons with hypercholesterolemia: a long-term,
randomized clinical trial. Arch Intern Med 1999;159:1331-8. https://doi.
org/10.1001/ARCHINTE.159.12.1331.

Beauchesne-Rondeau E, Gascon A, Bergeron J, Jacques H. Plasma lipids and
lipoproteins in hypercholesterolemic men fed a lipid-lowering diet con-
taining lean beef, lean fish, or poultry. Am ] Clin Nutr 2003;77:587-93.
https://doi.org/10.1093/AJCN/77.3.587.

Melanson K, Gootman ], Myrdal A, Kline G, Rippe JM. Weight loss and total
lipid profile changes in overweight women consuming beef or chicken as
the primary protein source. Nutrition 2003;19:409-14. https://doi.org/
10.1016/S0899-9007(02)01080-8.

Mahon AK, Flynn MG, Stewart LK, McFarlin BK, Iglay HB, Mattes RD, et al.
Protein intake during energy restriction: effects on body composition and
markers of metabolic and cardiovascular health in postmenopausal women.
] Am Coll Nutr 2007;26:182-9. https://doi.org/10.1080/07315724.2007.
10719600.

De Mello VDF, Zelmanovitz T, Perassolo MS, Azevedo M], Gross JL. With-
drawal of red meat from the usual diet reduces albuminuria and improves
serum fatty acid profile in type 2 diabetes patients with macroalbuminuria.
Am ] Clin Nutr 2006;83:1032-8. https://doi.org/10.1093/AJCN/83.5.1032.
Mateo-Gallego R, Perez-Calahorra S, Cenarro A, Bea AM, Andres E, Horno J,
et al. Effect of lean red meat from lamb v. lean white meat from chicken on
the serum lipid profile: a randomised, cross-over study in women. Br ] Nutr
2012;107:1403-7. https://doi.org/10.1017/S0007114511004545.

Murphy K], Thomson RL, Coates AM, Buckley D, Howe PRC. Effects of eating
fresh lean pork on cardiometabolic health parameters. Nutrients 2012;4:
711-23. https://doi.org/10.3390/NU4070711. 2012;4:711-23.

O'Connor LE, Paddon-Jones D, Wright AJ, Campbell WW. A Mediterranean-
style eating pattern with lean, unprocessed red meat has cardiometabolic
benefits for adults who are overweight or obese in a randomized, crossover,
controlled feeding trial. Am ] Clin Nutr 2018;108:33-40. https://doi.org/
10.1093/AJCN/NQY075.

Bergeron N, Chiu S, Williams PT, M King S, Krauss RM. Effects of red meat,
white meat, and nonmeat protein sources on atherogenic lipoprotein
measures in the context of low compared with high saturated fat intake: a
randomized controlled trial. Am ] Clin Nutr 2019;110:24-33. https://doi.
org/10.1093/AJCN/NQZ035.

Wang Y, Lindemann SR, Cross TWL, Tang M, Clark CM, Campbell WW. Ef-
fects of adding lean red meat to a U.S.-style healthy vegetarian dietary
pattern on gut microbiota and cardiovascular risk factors in young adults: a
crossover randomized controlled trial. J Nutr 2023;153:1439-52. https://
doi.org/10.1016/].TJNUT.2023.03.013.

Wolmarans P, Benadé AJS, Kotze TJW, Daubitzer AK, Marais MP,
Laubscher R. Plasma lipoprotein response to substituting fish for red meat
in the diet. Am J Clin Nutr 1991;53:1171-6. https://doi.org/10.1093/AJCN/
53.5.1171.

Navas-Carretero S, Pérez-Granados AM, Schoppen S, Vaquero MP. An oily
fish diet increases insulin sensitivity compared to a red meat diet in young
iron-deficient women. Br ] Nutr 2009;102:546-53. https://doi.org/10.1017/
S0007114509220794.

Wolmarans P, Laubscher JA, Van Der Merwe S, Kriek JA, Lombard (],
Marais M, et al. Effects of a prudent diet containing either lean beef and
mutton or fish and skinless chicken on the plasma lipoproteins and fatty
acid composition of triacylglycerol and cholesteryl ester of hypercholes-
terolemic subjects. J Nutr Biochem 1999;10:598-608. https://doi.org/
10.1016/S0955-2863(99)00048-0.

Porter Starr KN, Connelly MA, Orenduff MC, McDonald SR, Sloane R,
Huffman KM, et al. Impact on cardiometabolic risk of a weight loss inter-
vention with higher protein from lean red meat: combined results of 2
randomized controlled trials in obese middle-aged and older adults. ] Clin
Lipidol 2019;13:920-31. https://doi.org/10.1016/].JACL.2019.09.012.

Sayer RD, Speaker K], Pan Z, Peters JC, Wyatt HR, Hill JO. Equivalent re-
ductions in body weight during the Beef WISE Study: beef's role in weight
improvement, satisfaction and energy. Obes Sci Pract 2017;3:298-310.
https://doi.org/10.1002/0SP4.118.

Ashton EL, Dalais FS, Ball MJ. Effect of meat replacement by tofu on CHD risk
factors including copper induced LDL oxidation. ] Am Coll Nutr 2000;19:
761-7. https://doi.org/10.1080/07315724.2000.10718067.


https://doi.org/10.1016/S1470%2D2045%2815%2900444%2D1
https://doi.org/10.1016/S1470%2D2045%2815%2900444%2D1
https://doi.org/10.1371/JOURNAL.PMED.1000097
https://doi.org/10.1371/JOURNAL.PMED.1000097
https://doi.org/10.1054/MATH.2000.0372
http://refhub.elsevier.com/S0261-5614(25)00249-3/sref19
http://refhub.elsevier.com/S0261-5614(25)00249-3/sref19
http://refhub.elsevier.com/S0261-5614(25)00249-3/sref19
http://refhub.elsevier.com/S0261-5614(25)00249-3/sref19
https://doi.org/10.1038/s41430%2D022%2D01150%2D1
https://doi.org/10.1038/s41430%2D022%2D01150%2D1
https://doi.org/10.1093/JN/NXY310
https://doi.org/10.1093/JN/NXY310
https://doi.org/10.3746/PNF.2020.25.3.233
https://doi.org/10.1186/1471%2D2288%2D14%2D135
https://doi.org/10.1186/1471%2D2288%2D14%2D135
https://doi.org/10.18549/PHARMPRACT.2017.01.943
https://doi.org/10.18549/PHARMPRACT.2017.01.943
https://doi.org/10.1371/JOURNAL.PONE.0076654
https://doi.org/10.1371/JOURNAL.PONE.0076654
https://training.cochrane.org/handbook/current/chapter-11
https://training.cochrane.org/handbook/current/chapter-11
https://doi.org/10.1186/S12874%2D019%2D0829%2D2
https://doi.org/10.1186/S12874%2D019%2D0829%2D2
https://doi.org/10.4324/9780203771587/STATISTICAL%2DPOWER%2DANALYSIS%2DBEHAVIORAL%2DSCIENCES%2DJACOB%2DCOHEN
https://doi.org/10.4324/9780203771587/STATISTICAL%2DPOWER%2DANALYSIS%2DBEHAVIORAL%2DSCIENCES%2DJACOB%2DCOHEN
https://doi.org/10.4324/9780203771587/STATISTICAL%2DPOWER%2DANALYSIS%2DBEHAVIORAL%2DSCIENCES%2DJACOB%2DCOHEN
https://doi.org/10.1136/bmj.m4743
https://doi.org/10.1136/bmj.m4743
https://doi.org/10.1136/BMJ.327.7414.557
https://doi.org/10.1136/BMJ.327.7414.557
https://training.cochrane.org/handbook
https://doi.org/10.1371/JOURNAL.PMED.1003082
https://doi.org/10.1371/JOURNAL.PMED.1003082
https://doi.org/10.1002/CL2.1080
https://doi.org/10.1002/CL2.1080
https://doi.org/10.1186/S12916%2D021%2D02166%2D3
https://doi.org/10.1186/S12916%2D021%2D02166%2D3
https://training.cochrane.org/handbook/current/chapter-13
https://training.cochrane.org/handbook/current/chapter-13
https://doi.org/10.1016/J.JCLINEPI.2011.04.014
https://doi.org/10.1016/J.JCLINEPI.2011.04.014
https://doi.org/10.1136/BMJ.331.7521.897
https://doi.org/10.1177/0272989X12455847
https://doi.org/10.1177/0272989X12455847
https://doi.org/10.1371/JOURNAL.PONE.0099682
https://doi.org/10.1001/ARCHINTE.1994.00420110109012
https://doi.org/10.1001/ARCHINTE.1994.00420110109012
https://doi.org/10.1001/ARCHINTE.159.12.1331
https://doi.org/10.1001/ARCHINTE.159.12.1331
https://doi.org/10.1093/AJCN/77.3.587
https://doi.org/10.1016/S0899%2D9007%2802%2901080%2D8
https://doi.org/10.1016/S0899%2D9007%2802%2901080%2D8
https://doi.org/10.1080/07315724.2007.10719600
https://doi.org/10.1080/07315724.2007.10719600
https://doi.org/10.1093/AJCN/83.5.1032
https://doi.org/10.1017/S0007114511004545
https://doi.org/10.3390/NU4070711
https://doi.org/10.1093/AJCN/NQY075
https://doi.org/10.1093/AJCN/NQY075
https://doi.org/10.1093/AJCN/NQZ035
https://doi.org/10.1093/AJCN/NQZ035
https://doi.org/10.1016/J.TJNUT.2023.03.013
https://doi.org/10.1016/J.TJNUT.2023.03.013
https://doi.org/10.1093/AJCN/53.5.1171
https://doi.org/10.1093/AJCN/53.5.1171
https://doi.org/10.1017/S0007114509220794
https://doi.org/10.1017/S0007114509220794
https://doi.org/10.1016/S0955%2D2863%2899%2900048%2D0
https://doi.org/10.1016/S0955%2D2863%2899%2900048%2D0
https://doi.org/10.1016/J.JACL.2019.09.012
https://doi.org/10.1002/OSP4.118
https://doi.org/10.1080/07315724.2000.10718067

M. Lopez-Moreno, J.F. Lopez-Gil, A. Bravo-Sanchez et al.

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Haub MD, Wells AM, Campbell WW. Beef and soy-based food supplements
differentially affect serum lipoprotein-lipid profiles because of changes in
carbohydrate intake and novel nutrient intake ratios in older men who
resistive-train. Metabolism 2005;54:769-74. https://doi.org/10.1016/j.
metabol.2005.01.019.

Hassanzadeh-Rostami Z, Hemmatdar Z, Pishdad GR, Faghih S. Moderate
consumption of red meat, compared to soy or non-soy legume, has no
adverse effect on cardio-metabolic factors in patients with type 2 diabetes.
Exp Clin Endocrinol Diabetes 2021;129:429-37. https://doi.org/10.1055/A-
0929-6287.

Hematdar Z, Ghasemifard N, Phishdad G, Faghih S. Substitution of red meat
with soybean but not non- soy legumes improves inflammation in patients
with type 2 diabetes; a randomized clinical trial. ] Diabetes Metab Disord
2018;17:111-6. https://doi.org/10.1007/S40200-018-0346-6/METRICS.
Hosseinpour-Niazi S, Mirmiran P, Hedayati M, Azizi F. Substitution of red
meat with legumes in the therapeutic lifestyle change diet based on dietary
advice improves cardiometabolic risk factors in overweight type 2 diabetes
patients: a cross-over randomized clinical trial. Eur J Clin Nutr 2015;69:
592-7. https://doi.org/10.1038/EJCN.2014.228.

Wiebe SL, Bruce VM, McDonald BE. A comparison of the effect of diets
containing beef protein and plant proteins on blood lipids of healthy young
men. Am ] Clin Nutr 1984;40:982-9. https://doi.org/10.1093/AJCN/40.5.982.
Poddar KH, Ames M, Hsin-Jen C, Feeney M], Wang Y, Cheskin LJ. Positive
effect of mushrooms substituted for meat on body weight, body composi-
tion, and health parameters. A 1-year randomized clinical trial. Appetite
2013;71:379-87. https://doi.org/10.1016/].APPET.2013.09.008.

Nowson CA, Wattanapenpaiboon N, Pachett A. Low-sodium Dietary Ap-
proaches to Stop Hypertension-type diet including lean red meat lowers
blood pressure in postmenopausal women. Nutr Res 2009;29:8-18. https://
doi.org/10.1016/J.NUTRES.2008.12.002.

Hill AM, Jackson KAH, Roussell MA, West SG, Kris-Etherton PM. Type and
amount of dietary protein in the treatment of metabolic syndrome: a ran-
domized controlled trial. Am J Clin Nutr 2015;102:757-70. https://doi.org/
10.3945/AJCN.114.104026.

Sayer RD, Wright AJ, Chen N, Campbell WW. Dietary Approaches to Stop
Hypertension diet retains effectiveness to reduce blood pressure when lean
pork is substituted for chicken and fish as the predominant source of pro-
tein. Am J Clin Nutr 2015;102:302-8. https://doi.org/10.3945/
AJCN.115.111757.

Fleming JA, Kris-Etherton PM, Petersen KS, Baer DJ. Effect of varying
quantities of lean beef as part of a Mediterranean-style dietary
pattern on lipids and lipoproteins: a randomized crossover controlled
feeding trial. Am ] Clin Nutr 2021;113:1126-36. https://doi.org/
10.1093/AJCN/NQAA375.

Foerster ], Maskarinec G, Reichardt N, Tett A, Narbad A, Blaut M, et al. The
influence of whole grain products and red meat on intestinal microbiota
composition in normal weight adults: a randomized crossover intervention
trial. PLoS One 2014;9:e109606. https://doi.org/10.1371/JOURNAL.
PONE.0109606.

Daly RM, O'Connell SL, Mundell NL, Grimes CA, Dunstan DW, Nowson CA.
Protein-enriched diet, with the use of lean red meat, combined with pro-
gressive resistance training enhances lean tissue mass and muscle strength
and reduces circulating IL-6 concentrations in elderly women: a cluster
randomized controlled trial. Am ] Clin Nutr 2014;99:899-910. https://doi.
org/10.3945/AJCN.113.064154.

Wade AT, Davis CR, Dyer KA, Hodgson JM, Woodman R], Murphy K]J. Effects
of Mediterranean diet supplemented with lean pork on blood pressure and
markers of cardiovascular risk: findings from the MedPork trial. Br ] Nutr
2019;122:873-83. https://doi.org/10.1017/S0007114519001168.

Hodgson JM, Burke V, Beilin L], Puddey IB. Partial substitution of carbohy-
drate intake with protein intake from lean red meat lowers blood pressure
in hypertensive persons. Am ] Clin Nutr 2006;83:780-7. https://doi.org/
10.1093/AJCN/83.4.780.

Formica MB, Gianoudis ], Nowson CA, O'Connell SL, Milte C, Ellis KA, et al.
Effect of lean red meat combined with a multicomponent exercise program
on muscle and cognitive function in older adults: a 6-month randomized
controlled trial. Am ] Clin Nutr 2020;112:113-28. https://doi.org/10.1093/
AJCN/NQAA104.

Maki KC, Wilcox ML, Dicklin MR, Buggia M, Palacios OM, Maki CE, et al.
Substituting lean beef for carbohydrate in a healthy dietary pattern does not
adversely affect the cardiometabolic risk factor profile in men and women
at risk for type 2 diabetes. ] Nutr 2020;150:1824-33. https://doi.org/
10.1093/JN/NXAA116.

Mamo JCL, James AP, Soares M]J, Griffiths DG, Purcell K, Schwenke JL. A low-
protein diet exacerbates postprandial chylomicron concentration in
moderately dyslipidaemic subjects in comparison to a lean red meat
protein-enriched diet. Eur ] Clin Nutr 2005;59(10):1142-8. https://doi.org/
10.1038/sj.ejcn.1602224. 2005;59.

Willett WC. Will it be cheese, bologna, or peanut butter? Eur ] Epidemiol
2017;32:257-9. https://doi.org/10.1007/S10654-017-0257-8 METRICS.

25

[75]

[76]

[77]

(78]

[79]

[80]

(81]

(82]

(83]

(84]

[85]

[86]

(87]

(88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

Clinical Nutrition 54 (2025) 12-26

Gardner CD, Crimarco A, Landry MJ, Fielding-Singh P. Nutrition study design
issues—important issues for interpretation. Am J Health Promot 2020;34:
951-4. https://doi.org/10.1177/0890117120960580d.

Zhong VW, Van Horn L, Greenland P, Carnethon MR, Ning H, Wilkins JT,
et al. Associations of processed meat, unprocessed red meat, poultry, or fish
intake with incident cardiovascular disease and all-cause mortality. JAMA
Intern Med 2020;180:503-12. https://doi.org/10.1001/JAMAINTERNMED.
2019.6969.

Oikonomou E, Psaltopoulou T, Georgiopoulos G, Siasos G, Kokkou E,
Antonopoulos A, et al. Western dietary pattern is associated with severe
coronary artery disease. Angiology 2018;69:339-46. https://doi.org/
10.1177/0003319717721603.

Gaesser GA. Refined grain intake and cardiovascular disease: meta-analyses
of prospective cohort studies. Trends Cardiovasc Med 2024;34:59-68.
https://doi.org/10.1016/].TCM.2022.08.002.

Budhathoki S, Sawada N, Iwasaki M, Yamaji T, Goto A, Kotemori A, et al.
Association of animal and plant protein intake with all-cause and cause-
specific mortality in a Japanese cohort. JAMA Intern Med 2019;179:
1509-18. https://doi.org/10.1001/jamainternmed.2019.2806.

Liao FH, Shieh M], Yang SC, Lin SH, Chien YW. Effectiveness of a soy-based
compared with a traditional low-calorie diet on weight loss and lipid levels
in overweight adults. Nutrition 2007;23:551-6. https://doi.org/10.1016/].
NUT.2007.05.003.

Koch CA, Kjeldsen EW, Frikke-Schmidt R. Vegetarian or vegan diets and
blood lipids: a meta-analysis of randomized trials. Eur Heart ] 2023;44:
2609-22. https://doi.org/10.1093/EURHEART]J/EHAD211.

Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al.
Low-density lipoproteins cause atherosclerotic cardiovascular disease. 1.
Evidence from genetic, epidemiologic, and clinical studies. A consensus
statement from the European Atherosclerosis Society Consensus Panel. Eur
Heart ] 2017;38:2459-72. https://doi.org/10.1093/eurheartj/ehx144.
Ference BA, Braunwald E, Catapano AL. The LDL cumulative exposure hy-
pothesis: evidence and practical applications. Nat Rev Cardiol 2024 2024:
1-16. https://doi.org/10.1038/541569-024-01039-5.

Liu C, Dhindsa D, Almuwaqqat Z, Ko YA, Mehta A, Alkhoder AA, et al. As-
sociation between high-density lipoprotein cholesterol levels and adverse
cardiovascular outcomes in high-risk populations. JAMA Cardiol 2022;7:
672-80. https://doi.org/10.1001/JAMACARDIO.2022.0912.

Trimarco V, Izzo R, Morisco C, Mone P, Virginia Manzi M, Falco A, et al. High
HDL (High-density lipoprotein) cholesterol increases cardiovascular risk in
hypertensive patients. Hypertension 2022;79:2355-63. https://doi.org/
10.1161/HYPERTENSIONAHA.122.19912.

Richter CK, Skulas-Ray AC, Champagne CM, Kris-Etherton PM. Plant protein
and animal proteins: do they differentially affect cardiovascular disease
risk? Adv Nutr 2015;6:712-28. https://doi.org/10.3945/AN.115.009654.
Maki KC, Dicklin MR, Kirkpatrick CF. Saturated fats and cardiovascular
health: current evidence and controversies. ] Clin Lipidol 2021;15:765-72.
https://doi.org/10.1016/].JACL.2021.09.049.

Kwon Y], Lee HS, Park G, Kim HM, Lee JW. Association of dietary fiber intake
with all-cause mortality and cardiovascular disease mortality: a 10-year
prospective cohort study. Nutrients 2022;14. https://doi.org/10.3390/
NU14153089.

Ramezani F, Pourghazi F, Eslami M, Gholami M, Mohammadian Khonsari N,
Ejtahed HS, et al. Dietary fiber intake and all-cause and cause-specific
mortality: an updated systematic review and meta-analysis of prospective
cohort studies. Clin Nutr 2024;43:65-83. https://doi.org/10.1016/].
CLNU.2023.11.005.

Maria Mérida D, Vitelli-Storelli F, Moreno-Franco B, Rodriguez-Ayala M,
Lopez-Garcia E, Banegas JR, et al. Polyphenol intake and mortality: a
nationwide cohort study in the adult population of Spain. Clin Nutr
2023;42:1076-85. https://doi.org/10.1016/].CLNU.2023.05.020.

Adriouch S, Lampuré A, Nechba A, Baudry J, Assmann K, Kesse-Guyot E, et al.
Prospective association between total and specific dietary polyphenol in-
takes and cardiovascular disease risk in the Nutrinet-Santé French cohort.
Nutrients 2018;10. https://doi.org/10.3390/NU10111587.

Brown ]D, Buscemi ], Milsom V, Malcolm R, O'Neil PM. Effects on cardio-
vascular risk factors of weight losses limited to 5-10 %. Transl Behav Med
2016;6:339. https://doi.org/10.1007/S13142-015-0353-9.

Kelly RK, Watling CZ, Tong TYN, Piernas C, Carter JL, Papier K, et al. Asso-
ciations between macronutrients from different dietary sources and serum
lipids in 24 639 UK biobank study participants. Arterioscler Thromb Vasc
Biol 2021;41:2190. https://doi.org/10.1161/ATVBAHA.120.315628.

Byrne A, Makadia S, Sutherland A, Miller M. Optimizing non-pharmacologic
management of hypertriglyceridemia. Arch Med Res 2017;48:483. https://
doi.org/10.1016/J. ARCMED.2017.11.017.

Hodgson JM, Ward NC, Burke V, Beilin LJ, Puddey IB. Increased lean red meat
intake does not elevate markers of oxidative stress and inflammation in
humans. ] Nutr 2007;137:363-7. https://doi.org/10.1093/JN/137.2.363.
Radhika G, Van Dam RM, Sudha V, Ganesan A, Mohan V. Refined grain
consumption and the metabolic syndrome in urban Asian Indians (Chennai


https://doi.org/10.1016/j.metabol.2005.01.019
https://doi.org/10.1016/j.metabol.2005.01.019
https://doi.org/10.1055/A%2D0929%2D6287
https://doi.org/10.1055/A%2D0929%2D6287
https://doi.org/10.1007/S40200%2D018%2D0346%2D6/METRICS
https://doi.org/10.1038/EJCN.2014.228
https://doi.org/10.1093/AJCN/40.5.982
https://doi.org/10.1016/J.APPET.2013.09.008
https://doi.org/10.1016/J.NUTRES.2008.12.002
https://doi.org/10.1016/J.NUTRES.2008.12.002
https://doi.org/10.3945/AJCN.114.104026
https://doi.org/10.3945/AJCN.114.104026
https://doi.org/10.3945/AJCN.115.111757
https://doi.org/10.3945/AJCN.115.111757
https://doi.org/10.1093/AJCN/NQAA375
https://doi.org/10.1093/AJCN/NQAA375
https://doi.org/10.1371/JOURNAL.PONE.0109606
https://doi.org/10.1371/JOURNAL.PONE.0109606
https://doi.org/10.3945/AJCN.113.064154
https://doi.org/10.3945/AJCN.113.064154
https://doi.org/10.1017/S0007114519001168
https://doi.org/10.1093/AJCN/83.4.780
https://doi.org/10.1093/AJCN/83.4.780
https://doi.org/10.1093/AJCN/NQAA104
https://doi.org/10.1093/AJCN/NQAA104
https://doi.org/10.1093/JN/NXAA116
https://doi.org/10.1093/JN/NXAA116
https://doi.org/10.1038/sj.ejcn.1602224
https://doi.org/10.1038/sj.ejcn.1602224
https://doi.org/10.1007/S10654%2D017%2D0257%2D8/METRICS
https://doi.org/10.1177/0890117120960580d
https://doi.org/10.1001/JAMAINTERNMED.2019.6969
https://doi.org/10.1001/JAMAINTERNMED.2019.6969
https://doi.org/10.1177/0003319717721603
https://doi.org/10.1177/0003319717721603
https://doi.org/10.1016/J.TCM.2022.08.002
https://doi.org/10.1001/jamainternmed.2019.2806
https://doi.org/10.1016/J.NUT.2007.05.003
https://doi.org/10.1016/J.NUT.2007.05.003
https://doi.org/10.1093/EURHEARTJ/EHAD211
https://doi.org/10.1093/eurheartj/ehx144
https://doi.org/10.1038/s41569%2D024%2D01039%2D5
https://doi.org/10.1001/JAMACARDIO.2022.0912
https://doi.org/10.1161/HYPERTENSIONAHA.122.19912
https://doi.org/10.1161/HYPERTENSIONAHA.122.19912
https://doi.org/10.3945/AN.115.009654
https://doi.org/10.1016/J.JACL.2021.09.049
https://doi.org/10.3390/NU14153089
https://doi.org/10.3390/NU14153089
https://doi.org/10.1016/J.CLNU.2023.11.005
https://doi.org/10.1016/J.CLNU.2023.11.005
https://doi.org/10.1016/J.CLNU.2023.05.020
https://doi.org/10.3390/NU10111587
https://doi.org/10.1007/S13142%2D015%2D0353%2D9
https://doi.org/10.1161/ATVBAHA.120.315628
https://doi.org/10.1016/J.ARCMED.2017.11.017
https://doi.org/10.1016/J.ARCMED.2017.11.017
https://doi.org/10.1093/JN/137.2.363

M. Lopez-Moreno, J.F. Lopez-Gil, A. Bravo-Sanchez et al.

[97]

(98]

Urban Rural Epidemiology Study 57). Metabolism 2009;58:675-81. https://
doi.org/10.1016/].METABOL.2009.01.008.

Kashino I, Eguchi M, Miki T, Kochi T, Nanri A, Kabe I, et al. Prospective as-
sociation between whole grain consumption and hypertension: the Fur-
ukawa nutrition and health study. Nutrients 2020;12. https://doi.org/
10.3390/NU12040902.

Kirwan JP, Malin SK, Scelsi AR, Kullman EL, Navaneethan SD, Pagadala MR,
et al. A whole-grain diet reduces cardiovascular risk factors in overweight
and Obese adults: a randomized controlled trial. ] Nutr 2016;146:2244-51.
https://doi.org/10.3945/]N.116.230508.

26

[99]

[100]

Clinical Nutrition 54 (2025) 12-26

Savoia C. Carbohydrates and hypertension: the quality counts. Hypertension
2021;78:431-3.  https://doi.org/10.1161/HYPERTENSIONAHA.121.16997/
ASSET/4E8C90DF-9D24-4D80-8040-01B4BAA41043/ASSETS/IMAGES/
LARGE/HYPERTENSIONAHA.121.16997.FIG01.JPG.

Sayer RD, Wright AJ, Chen N, Campbell WW. Dietary approaches to Stop
Hypertension diet retains effectiveness to reduce blood pressure when lean
pork is substituted for chicken and fish as the predominant source of pro-
tein. Am ] Clin Nutr 2015;102:302-8. https://doi.org/10.3945/
AJCN.115.111757.


https://doi.org/10.1016/J.METABOL.2009.01.008
https://doi.org/10.1016/J.METABOL.2009.01.008
https://doi.org/10.3390/NU12040902
https://doi.org/10.3390/NU12040902
https://doi.org/10.3945/JN.116.230508
https://doi.org/10.1161/HYPERTENSIONAHA.121.16997/ASSET/4E8C90DF%2D9D24%2D4D80%2D8040%2D01B4BAA41043/ASSETS/IMAGES/LARGE/HYPERTENSIONAHA.121.16997.FIG01.JPG
https://doi.org/10.1161/HYPERTENSIONAHA.121.16997/ASSET/4E8C90DF%2D9D24%2D4D80%2D8040%2D01B4BAA41043/ASSETS/IMAGES/LARGE/HYPERTENSIONAHA.121.16997.FIG01.JPG
https://doi.org/10.1161/HYPERTENSIONAHA.121.16997/ASSET/4E8C90DF%2D9D24%2D4D80%2D8040%2D01B4BAA41043/ASSETS/IMAGES/LARGE/HYPERTENSIONAHA.121.16997.FIG01.JPG
https://doi.org/10.3945/AJCN.115.111757
https://doi.org/10.3945/AJCN.115.111757

	Effect of red meat consumption on cardiovascular risk factors: A systematic review and Bayesian network meta-analysis of ra ...
	1. Introduction
	2. Methods
	2.1. Review design
	2.2. Definitions of red meat
	2.3. Search strategy and eligibility criteria
	2.4. Study selection and data extraction
	2.5. Methodological quality
	2.6. Risk of bias and quality of evidence assessment
	2.7. Data collection process and data items
	2.8. Network meta-analysis
	2.9. Certainty of evidence
	2.10. Within-study bias
	2.11. Reporting bias
	2.12. Indirectness
	2.13. Imprecision
	2.14. Heterogeneity
	2.15. Incoherence
	2.16. Confidence rating

	3. Results
	3.1. Study selection and characteristics
	3.2. Network meta-analysis
	3.2.1. Meta-regression analyses

	3.3. Risk of bias
	3.4. Certainty of the network meta-analysis evidence

	4. Discussion
	5. Conclusions
	Author contribution
	Data availability
	Funding statement
	Conflict of Interest
	Appendix A. Supplementary data
	References


