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Abstract: We assessed the effects of consuming a U.S.-style healthy dietary pattern (HDP) with
lean, unprocessed beef (BEEF) compared to a U.S.-style HDP without meat (vegetarian, VEG) on
short-term changes in cardiometabolic disease (CMD) risk factors in adults classified as overweight
or obese. Forty-one adults (22 females, 19 males; age 39.9 £ 8.0 y; BMI 29.6 + 3.3 kg/ m?2; mean + SD)
completed two 5-week controlled feeding periods (randomized, crossover, controlled trial). For the
BEEF HDP, two 3-0z (168-g) servings/d of lean, unprocessed beef were predominately substituted
for some starchy vegetables and refined grains in the VEG HDP. Baseline and post-intervention
measurements were fasting CMD risk factors, with serum low-density lipoprotein (LDL), total
cholesterol (TC), and total apolipoprotein B as primary outcomes. VEG reduced LDL, insulin, and
glucose compared to BEEF. Reductions did not differ between VEG vs. BEEF for TC, high-density
lipoprotein (HDL), apolipoprotein A1, small, dense LDL IV, buoyant HDL2b, TC-to-HDL ratio, and
systolic blood pressure. Total apolipoprotein B and all other CMD risk factors measured were not
influenced by HDP type nor changed over time. Adopting a U.S.-style HDP that is either vegetarian or
omnivorous with beef improved multiple cardiometabolic disease risk factors among adults classified
as overweight or obese.

Keywords: healthy eating pattern; lean beef; omnivore; vegetarian; lipids; lipoproteins; blood glucose;
insulin; cardiovascular disease; type 2 diabetes mellitus

1. Introduction

High red meat consumption is one of the hallmark characteristics of a Western-style
dietary pattern [1]. Red meat within this dietary pattern is associated with an increased
risk for cardiometabolic diseases (CMD), including cardiovascular disease (CVD) and type
2 diabetes mellitus (T2DM) [2,3]. As a result, the U.S. government and public health organi-
zations [4-6] recommend consuming healthy dietary patterns (HDPs) with an emphasis
on increasing plant-based foods. This inadvertently encourages consumers to avoid red
meat intake. The hesitancy to reduce or stop consuming red meat is one hindrance to U.S.
residents adopting and maintaining HDPs [7].

Lean, unprocessed beef is a notable source of monounsaturated fatty acids and is
low in sodium, both of which are shown to have favorable effects on CMD risk factors,
especially when consumed in the context of a HDP [8,9]. Results from experimental
randomized controlled feeding trials (RCTs) that assessed lean and unprocessed beef
within an HDP suggest beneficial or neutral effects on CMD risk factors [8-11]. Findings
from an RCT indicated greater improvements in lipid and lipoprotein risk factors in an
euenergetic (energy intake matching energy expenditure) HDP with higher lean beef intake
(153 g/d) compared to low lean beef intake (20 g/d) [8]. Similarly, results from another
RCT indicated middle-aged adults who consumed a euenergetic Mediterranean-style HDP
with an average of 71 g/d of lean, unprocessed red meat, compared to 29 g/d, had greater
reductions in serum total cholesterol and low-density lipoprotein cholesterol (LDL) [9].
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These findings [8,9] suggested that HDPs that include higher amounts of lean, unprocessed
red meat may promote improvements in some cardiometabolic disease risk factors in adults.

Previous experimental research [8-11] predominately assessed different quantities of
red meat or substituted red meat with other animal-based protein sources in the context of
HDPs. Fewer studies assessed the impact of including red meat within a plant-based dietary
pattern void of other flesh foods, i.e., a lacto-ovo vegetarian diet. Two studies comparing a
red meat-containing diet intervention to a vegetarian diet intervention found no difference
between the post-intervention diets in total and LDL cholesterol and triglycerides [12,13].
The results from RCTs with higher compared to lower lean, unprocessed red meat intakes,
which included improving concentrations of apolipoprotein B along with other CVD
risk factors [8-11], prompted the question of whether similar results would occur when
comparing a VEG HDP to an omnivorous HDP with lean, unprocessed beef as the only
source of meat/animal-based food.

The primary purpose of this crossover RCT with all foods provided is to assess the
effects of adults classified as overweight or obese consuming an omnivorous U.S.-style
HDP with lean, unprocessed beef (BEEF, experimental) compared to a U.S.-style HDP
without meat (VEG, control) on short-term changes in CMD risk factors. We hypothesized
that consuming the BEEF HDP, compared to the VEG HDP, would enhance improvements
in CMD risk factors, with serum LDL, total cholesterol (TC), and total apolipoprotein B
being the primary outcomes.

2. Materials and Methods
2.1. Experimental Design

The 16-week crossover RCT protocol, with investigator blinding, included one week
of baseline testing (without dietary control), followed by two five-week long controlled
feeding periods (either VEG HDP or BEEF HDP in random order), separated by participants
consuming an unrestricted, self-selected dietary pattern (washout) for five weeks, where
no food or beverages were provided to participants by study staff. Outcome measurements
were obtained on standardized testing days, pre- and post-intervention. Primary outcomes
are fasting serum LDL, total cholesterol, and apolipoprotein B; secondary outcomes are
fasting serum triglycerides, HDL, lipoprotein particle sizes, insulin, glucose, HOMA-IR,
systolic and diastolic blood pressure, waist circumference, hip circumference, and sagittal
abdominal diameter; exploratory outcomes are participant adherence to and satisfaction
with the two HDPs.

2.2. Participant Inclusion Criteria

Participant inclusion criteria were male and female adults between the ages of 30-69 y,
without diagnosed disease (non-diabetic, no acute illness, no history of cardiovascular
events or liver or kidney dysfunction) who were classified as overweight or obese (BMI
range: 25.0-37.0 kg/m?). Additional criteria were fasting serum total cholesterol < 260 mg/dL,
LDL < 190 mg/dL, systolic and diastolic blood pressures (SBP/DBP) < 140/90 mmHg, body
weight stable (£3 kg for previous 3 months), medication use consistent for previous
6 months, non-smoking, non-pregnant or lactating, physical activity regimen stable for
previous 3 months, not lactose intolerant, and willing and able to consume the provided
foods (VEG and BEEF HDPs). The participants were recruited from the Greater Lafayette,
Indiana, U.S.A. area. A physician reviewed participant-provided medical history informa-
tion and blood clinical chemistry, blood pressure, body weight, and height measurements
to ensure they met the inclusion criteria. A member of the research team not involved
with data collection or analysis randomly assigned participants to their intervention se-
quence. Randomization was achieved using an online randomization plan generator
(http:/ /www.randomization.com/) accessed on 1 June 2019. The randomization code was
concealed until all participants’ testing and analyses of a priori independent outcomes
were completed. This trial is registered at ClinicalTrials.gov (identifier: NCT03925142).
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2.3. Ethics

The study protocol and documents were reviewed and approved by the Purdue
University Biomedical Institutional Review Board (protocol #1809021091), with initial
approval on 4 April 2019. All participants provided written informed consent before entry
into the study and received monetary compensation for their participation.

2.4. Baseline Dietary Assessment

Self-chosen dietary intake data were collected and analyzed using the Automated
Self-Administered 24 h (ASA24) Dietary Assessment Tool, version (2018), developed by
the National Cancer Institute, Bethesda, MD [14,15]. Participants were asked to complete
the dietary intake assessments on three non-consecutive days, with two weekdays and one
weekend day, at baseline and during washout.

2.5. Dietary Interventions

A registered dietitian developed the menus using ProNutra software version 3.3
(Viocare, Inc., Princeton, NJ, USA). Participants’ total energy expenditure (requirement) was
estimated using sex-specific equations for males and females ages 19 and older, classified
as overweight or obese with low active physical activity, published by the Institute of
Medicine [16], and menus were designed to maintain participants” bodyweight throughout
the study period. All protocol foods and beverages were procured, prepared, portioned,
and provided to participants by staff members at the NIH-supported Indiana Clinical
Research Center Bionutrition Facility at Purdue University.

Lean meat is defined by the United States Department of Agriculture (USDA) as
containing < 10 g total fat, <4.5 g saturated fat, and <95 mg cholesterol [17]. Unprocessed
meat is defined as meat not preserved by smoking, curing, salting, and/or the addition
of chemical preservatives [4]. Starchy vegetables are defined by the USDA as all fresh,
frozen, and canned starchy vegetables: for example, white potatoes, corn, green peas, green
lima beans, plantains, and cassava [18]. Refined grains, as defined by the USDA, are any
grains and grain products with the bran and germ removed; any grain product that is not a
whole-grain product [18].

The VEG and BEEF HDPs differed predominately in the amounts of lean, unprocessed
beef, starchy vegetables, and refined grains (Table 1 and Table S1). We chose this approach
because, like red meat, refined grains and starchy vegetables are generally recommended
to be consumed less frequently as part of a HDP [4,18]. The BEEF HDP included 168 g/d
(two 3-0z servings/d) of lean, unprocessed beef. To match the energy content between
the BEEF and VEG HDPs, further adjustments were made by manipulating mainly dairy
and fat intakes. In the BEEF dietary pattern, various cuts of lean, unprocessed beef were
incorporated into mixed heterogenous dishes and included >85% lean ground beef, top
sirloin, and beef top round [19].

Table 1. Prescribed daily dietary intakes of the U.S.-style healthy dietary pattern interventions 1

VEG BEEF
Energy (kcal/d) 2546 £ 150 2436 £ 79
Total Fat (g/d) 84 +13 91 +11
Total Carbohydrate (g/d) 361 £ 30 286 + 282
Total Protein (g/d) 105 £ 15 1344+92
Animal Protein (g/d) 36 £12 81+112
Vegetable Protein (g/d) 69 £ 15 54+107
Cholesterol (mg/d) 200 £+ 170 325 4+ 1582
Total Saturated Fatty Acids (SFA) (g/d) 22+5 25+42
Total Monounsaturated Fatty Acids (MUFA) (g/d) 37+6 40+62
Total Polyunsaturated Fatty Acids (PUFA) (g/d) 19+5 17 £ 42
Glucose (g/d) 20t 6 19+5

Total Dietary Fiber (g/d) 50+7 41+52
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Table 1. Cont.

VEG BEEF
Soluble Dietary Fiber (g/d) 9+1 7+12
Insoluble Dietary Fiber (g/d) 40+6 34+52
% Energy from Fat 29+3 33+32
% Energy from Carbohydrate 56 £5 46 +4°2
% Energy from Protein 15+2 22+2¢%
% Energy from SFA 7+2 9+22
% Energy from MUFA 12+2 14+272
% Energy from PUFA 6t1 6+1
Added Sugars (by Available Carbohydrate) (g/d) 18+7 18+7
Available Carbohydrate (g/d) 311 £ 26 244 £ 254
Glycemic Index (glucose reference) 52 £2 51+2
Glycemic Index (bread reference) 74+ 4 73+3
Glycemic Load (glucose reference) 161 +13 125+13°
Glycemic Load (bread reference) 230 +£ 19 179 + 192
Magnesium (mg/d) 573 £ 85 516 +53?
Sodium (mg/d) 3758 + 442 3180 £ 3812
Potassium (mg/d) 4556 + 230 4488 + 260

Vegetarian healthy dietary pattern (VEG); beef healthy dietary pattern (BEEF). ! Prescribed dietary intakes were
averaged across a 7-day menu cycle. Results are presented as unadjusted means + SDs. ? The difference between
VEG and BEEF dietary patterns was assessed by a two-tailed paired samples t-test, p < 0.05.

Participants were weighed once weekly, and daily menu check-off lists were given to
participants and returned twice per week to document self-reported deviations (additions,
subtractions, or substitutions) from consuming the provided foods. Dietary adherence was
assessed by documenting any deviations from the prescribed dietary intervention based on
the returned menu check-off lists.

2.6. Clinical Assessments

Participants came in for testing twice the week before each intervention and twice
during the last week of each intervention, for a total of eight standardized testing visits.
Prior to all testing visits, participants were instructed to fast (no eating or drinking except
water) for 10 h. Upon arrival at the clinical research facility, participants were seated in
a reclined chair in a quiet, dimly lit room to rest for 15 min. Two systolic and diastolic
blood pressure measurements were recorded and averaged. Bodyweight was measured,
with participants wearing lightweight clothes. Waist circumference, hip circumference,
and sagittal abdominal diameter were measured in triplicate using standardized protocols,
with values averaged.

Fasting blood samples were collected from the subject’s antecubital vein. The collection
tubes contained either a clot activator to obtain serum or an anticoagulant agent (i.e., EDTA)
to obtain plasma. Serum samples were held at room temperature, and plasma samples were
refrigerated for 15 min before centrifugation. Fresh serum samples were sent to SpectraCell
(Houston, TX, USA) to measure lipids, lipoprotein particle numbers and sizes, and markers
of vascular inflammation, and to Mid America Clinical Laboratories (MACL) (Secaucus, NJ,
USA) for a comprehensive metabolic panel. The serum samples sent to SpectraCell were
centrifuged for 15 min at 4 °C and 3000 rpm, while the rest of the serum samples, including
those sent to MACL, were centrifuged for 15 min at 4 °C at 4000 % g.

2.7. Dietary Satisfaction

Participants completed a dietary satisfaction questionnaire after each 5-week dietary
intervention ended. There were 23 questions using a Likert scale, with responses ranging
from ‘Strongly Disagree’ to ‘Strongly Agree’ (Table S2). The questionnaire was devel-
oped by combining features from two novel palatability and feasibility questionnaires
used in similar studies [20,21] but was not explicitly validated as a dietary satisfaction
measurement tool.
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2.8. Statistics

Power calculations indicated that 40 participants would provide ~95% power to
detect differential changes between the control and intervention dietary patterns for LDL
cholesterol (effect size = 0.58). Forty participants would also provide ~85% and ~90% power
to detect differential changes between the control and intervention dietary patterns for total
cholesterol (effect size = 0.48) and total apolipoprotein B (effect size = 0.54), respectively.
All power calculations were two-tailed and based on results reported in a previous research
study [9].

Two researchers independently entered all the data, which the study manager cross-
checked for accuracy. Data from 41 participants who completed both dietary interventions
were analyzed in SAS version 9.4 (SAS Institute, Cary, NC, USA) using the PROC MIXED
procedure to compute a double repeated measures ANOVA. This procedure measured
the (1) main effects of time (pre compared to post measurements; one-tailed), (2) inter-
action of time and intervention; (VEG changes compared to BEEF changes; two-tailed),
(3) changes over time within VEG and within BEEF (intervention-specific effect indicated
by time xntervention p value < 0.05; one-tailed), (4) comparison of VEG and BEEF baseline
measurements (interventionxtime sliced by time; two-tailed), (5) comparison of BEEF
and VEG post-intervention measurements (intervention x time sliced by time; two-tailed),
and (6) comparison of baseline 1 and baseline 2 (before first and second intervention)
measurements (trial X time interaction sliced by time; two-tailed) to determine if partic-
ipants’ baseline 1 health status was re-established at baseline 2. At each time point, all
outcome variables were controlled for age, sex, and body mass as appropriate. Body mass
and composition were controlled for age and sex. Results are presented as adjusted least
squares means =+ standard error (SE), unless otherwise specified. Significance was set at
p <0.05, and all p-values were Tukey—Kramer adjusted for multiple comparisons. Dietary
satisfaction data were analyzed in SPSS (version 28.0.0.0) using the “paired samples f-test”
function. The two-tailed p-value was used to indicate significance (p < 0.05).

3. Results
3.1. Subject Characteristics

Sixty-three participants were admitted into the study, with 20 dropping out for various
reasons (i.e., disruptions from COVID-19, not adhering with the dietary interventions,
scheduling conflicts, or unanticipated health status changes unrelated to the study). Forty-
three participants (24 female and 19 male) completed both interventions, but two female
participants were removed from the final analysis due to incomplete data. Data from
41 participants (22 female and 19 male) were included in the final analysis. See Figure 1 for
the flow diagram and Table 2 for mean baseline 1 characteristics.

N

P
Individuals who contacted study
coordinator (n=218)
e l N
Screened for eligibility e ~N
(n=102) Total Excluded (n= 39)
~ o * Did not meet inclusion criteria (n=23)
l—' L Declined to participate (n= 16) )
e A
Randomly allocated into study ( Total Dropouts (n= 20) \
L (n=63) ) ¢ COVID-19 related concerns (n=9)
| » | ¢ Unable to comply to diet intervention (n=5)
* Scheduling conflicts (n= 3)
. N\ * Unanticipated health status changes, unrelated
Completed both interventions to study (n= 3)
(n=43) . : J
. J
4 R
l—, Total Excluded (n=2)
p . ¢ Missing primary outcome data from at least one
Participants included in final | fime point (n=2) )
analysis (n=41)

\

Figure 1. Study recruitment flow diagram.



Nutrients 2024, 16, 2542 60f13

Table 2. Fasting subject characteristics at baseline (N = 41).

Outcome Baseline 1
Age at enrollment, y 40 £ 8.1
Female, n (%) 22 (55)
Caucasian, n (%) 35 (85)
BMI, kg /m? 29.6 +3.3
Total cholesterol, mg/dL 1795 +£ 4.0
LDL, mg/dL 1215+ 34
HDL, mg/dL 481+11
Triglycerides, mg/dL 98.1£5.8
Glucose, mg/dL 933+ 1.0
Insulin, pIU/mL 81+0.5
SBP/DBP, mmHg 115+ 1.2/76 £ 1.0

Values are means + SE. N = 41. Body mass index (BMI), low-density lipoprotein (LDL), high-density lipoprotein
(HDL), systolic blood pressure (SBP), diastolic blood pressure (DBP).

3.2. Dietary Adherence and Satisfaction

Dietary adherence averaged 89% for each intervention and did not differ between the
VEG and BEEF interventions (p > 0.05). Consistent with higher total protein intake [22],
blood urea nitrogen was higher after the BEEF compared to the VEG dietary intervention
(14.8 = 0.5 vs. 12.8 + 0.5 mg/dL, respectively, intervention x time (IxT) p = 0.001).

The participants total diet satisfaction did not differ after consuming the VEG or the
BEEF dietary interventions (p > 0.05).

3.3. Cardiometabolic Disease Risk Factors

Cardiometabolic disease risk factor measurements did not differ chronologically be-
tween baseline 1 and baseline 2 or experimentally before participants consumed the VEG vs.
BEEF interventions (Table 3 and Table S3). Consumption of the VEG HDP, but not the BEEF
HDP reduced LDL (—10.6 & 3.0 vs. —5.8 & 2.9 mg/dL, respectively, IXT p = 0.036), insulin
(=14 £ 0.5 vs. —0.04 £ 0.5 ulU/mL, respectively, IxT p = 0.020), and glucose (—2.7 £ 1.1
vs 0.6 £ 1.1 mg/dL, respectively, IxT p = 0.001), Table 3, Figures 2 and 3). Independent of
VEG and BEEF interventions, HDP-induced reductions were observed for total cholesterol,
HDL, dense LDL 1V, buoyant HDL 2b, apolipoprotein A1, TC-to-HDL ratio, and systolic
blood pressure (Table 3 and Table S3). No changes over time were found for apolipoprotein
B, triglycerides, VLDL, lipoprotein(a), remnant lipoprotein, small, dense LDL 111, diastolic
blood pressure, waist circumference, hip circumference, and sagittal diameter (p > 0.05)
(Table 3 and Table S3). Table S4 reports the unadjusted means + SDs for all cardiometabolic
disease risk factors, and Tables S5 and S6 report sex-specific unadjusted means £ SDs for
all cardiometabolic disease risk factors for females and males, respectively.
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Table 3. Cardiometabolic disease risk factor responses from consuming VEG vs. BEEF HDP for 5 weeks (N = 41).

VEG HDP BEEF HDP p Values
Outcome Pre Post Change Pre Post Change Time Time x Diet
Total cholesterol (mg/dL) 180.5 =4 166.0 £ 4 —145+£35*% 178.8 + 4 168.5 £ 4 —-103£35* 0.001 0.166
LDL (mg/dL) 1209 £ 3.5 1103 £ 3.4 —-10.6 £29* 1194 £ 3.4 1137+ 34 -58+29 0.005 0.036
Total LDL particles (nmol/L) 870.3 £21.8 7929 £21.8 774 £19.8* 853 + 21.7 7915 £21.8 —61.5+£19.7* <0.001 0.366
Dense LDL III (nmol /L) 288.3 = 15.4 266.3 - 15.3 —-22+16.1 27354153 2434 +154 -30.1+16 0.063 0.636
Dense LDL IV (nmol/L) 77.6 £2.9 703 £29 —74+£3 758 +£29 70.6 £2.9 -52+3 0.010 0.577
HDL (mg/dL) 48112 42+12 —-61+1* 474 +12 421+12 -54+£1* <0.001 0.415
Total HDL particles (nmol/L) 7036.8 &= 88.5 6687.3 &= 88.5 —349.5 £95* 6998.7 & 88.4 6663 1= 88.4 —335.7 £94.6 * <0.001 0.916
Buoyant HDL2b (nmol/L) 2135 + 59 1889.3 £ 58.8 —2456 £51.6* 2128 + 58.7 1863.1 £ 58.9 —2649 £51.1* <0.001 0.657
Apolipoprotein B (mg/dL) 88.5£2.2 843 £22 —42+2 87 +£22 85.1£22 -1.8+£2 0.100 0.158
Apolipoprotein Al(mg/dL) 1357 =24 120.7 £ 2.4 —-151+£22*% 1345 +24 1213 +24 —-132+£22*% <0.001 0.424
Triglycerides (mg/dL) 103.6 £ 5.7 1049 £5.7 1.3+53 983 £5.7 974 £5.7 —09+52 0.967 0.681
Glucose (mg/dL) 947 +£1.1 921£11 —27+11 933 £11 939 £+11 06£11 0.317 0.001
Insulin (uIU/mL) 92+£07 78 £0.7 —-14+05*% 78 £07 77 £07 —-01+£05 0.100 0.020
HOMA-IR 24+£04 1.8 £ 0.5 —0.6£05 1.8+04 1.9+ 0.5 01=£05 0.618 0.140
SBP (mmHg) 1149 £ 1.2 1122 £1.2 —27+12 114 £1.2 1125+ 1.2 -15+12 0.044 0.265
DBP (mmHg) 758 £1.1 744 +1.1 -1.4+09 762+ 1.1 744 +1.1 -1.8+£09 0.065 0.634

* Significant change from pre to post within intervention (p < 0.05). Vegetarian healthy dietary pattern (VEG); beef healthy dietary pattern (BEEF); healthy dietary pattern (HDP);
low-density lipoprotein (LDL); high-density lipoprotein (HDL); homeostatic model assessment for insulin (HOMA-IR); systolic blood pressure (SBP); diastolic blood pressure (DBP).
Data are reported as least squared means + SE. Data were analyzed using a doubly repeated-measures ANOVA adjusted for age, sex, and body mass at each time point.
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Figure 2. Effects of diet on lipids post-pre changes (N = 41). VEG (vegetarian healthy dietary patten),
BEEF (beef healthy dietary pattern), LDL (low-density lipoprotein), HDL (high-density lipoprotein).
All outcomes reported were from serum samples. Results are presented as LS means + SE (N = 41).
* Significant change over time, p < 0.05. ¥ Significant difference between VEG and BEEF (time x diet,
p <0.05).
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Figure 3. Effects of diet on glucose and insulin post-pre changes (N = 41). VEG (vegetarian healthy
dietary patten), BEEF (beef healthy dietary pattern). All outcomes reported were from serum samples.
Results are presented as LS means + SE (N = 41). * Significant change over time, p < 0.05. ¥ Significant
difference between VEG and BEEF (time x diet, p < 0.05).

4. Discussion

This study provides novel insights into the effects of including lean, unprocessed beef
in a HDP on cardiometabolic disease risk factors because few RCTs have compared a red
meat diet intervention (void of other flesh foods) to a vegetarian diet intervention [12,13,23].
Our findings support that switching a U.S.-style vegetarian HDP to a U.S.-style omnivorous
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HDP by isoenergetically substituting predominately starchy vegetables and refined grains
for lean, unprocessed beef significantly improved a number of CMD risk factors. These
results are consistent with previous RCTs that compared a red meat diet to a vegetarian
diet and found no differences in multiple CMD risk factors [12,13,23].

Systematic reviews and meta-analyses of RCTs support that unprocessed red meat
and mixed unprocessed and processed red meats do not differentially affect changes in
CMD risk factors [24-27]. However, the relative effect of red meat on CMD risk factors is
influenced by the alternative food(s) substituted in the comparator diet [28]. Among limited
research [29-31] aggregated in a meta-analysis [28], substituting red meat specifically for
carbohydrates in dietary patterns did not influence changes in total or LDL cholesterol
but favored reductions in triglycerides and higher HDL concentrations. The same meta-
analysis [28] indicated that when red meat was substituted for high quality plant proteins
(e.g., legumes, soy, and nuts), there were lesser reductions in total and LDL cholesterol
and null effects on triglyceride and HDL concentrations [28]. Yet, when red meat was
substituted for fish (e.g., fish, fatty fish, seafood), there were more favorable changes in
total, LDL, and HDL cholesterol and neutral effects on triglycerides [28]. These relative
effects [28], in combination with the findings from this study, suggest that lean, unprocessed
red meat can be effectively included in an HDP that has beneficial effects on CMD risk
factors. These results [28] underscore a complex conundrum regarding the health effects of
consuming red meat [32].

Inconsistent findings indicate that intakes of red meat adversely contribute to CMD
risk [32]. This debated diet-disease relationship is complicated by the types of red meat
consumed (i.e., lean vs. non-lean; unprocessed vs. processed) and whether red meat is
consumed within a relatively healthy or unhealthy dietary pattern. Red meat is often
inconsistently described or categorized by researchers, which is problematic due to its
heterogenous nutritional composition [33,34]. For instance, there is a wide variability in
saturated fat and sodium contents among red meat products, for example, ranging from
1 g saturated fat and 48 mg sodium/serving of lean, unprocessed pork tenderloin to 39 g
saturated fat and 775 mg sodium/serving of non-lean processed pork sausage [32]. Con-
sistent with the results of the current RCT using U.S.-style HDPs, RCTs with DASH-style
or Mediterranean-style HDPs that include lean and/or unprocessed red meat showed
improvements in multiple CMD risk factors [7-11,23]. In contrast, findings among obser-
vational studies that assess cohorts who likely consume Western-style unhealthy dietary
patterns report that high compared to low intakes of “total red and processed meats”
increase the risk for T2DM and CVD incidence and mortality [35-37]. These inherently con-
flicting findings [7-11,35-37] regarding the effects of red meat intake on CMD risk factors,
incidence, and mortality suggest that the type of red meat consumed (lean and/or unpro-
cessed red meat vs. ‘total red and processed meats’) and the overall healthfulness of the
dietary patterns (DASH or Mediterranean-style vs. Western-style) are likely contributing to
these incongruent findings [38]. Clear and consistent definitions for meat-related terminol-
ogy should be used in future observational and experimental research. Additionally, the
healthfulness of dietary patterns with and without red meat should be considered when
drawing conclusions about the effects that individual food items, such as lean, unprocessed
red meat, have on health outcomes.

Our results show differential changes in serum glucose and insulin after the consump-
tion of the VEG HDP vs. BEEF HDP, with these parameters trending down in the VEG HDP
but not BEEF HDP. These results are partly consistent with previous research reporting
reductions in either glucose or insulin after consuming a vegetarian dietary pattern [39,40].
Of note, the post-intervention insulin and glucose concentrations were not statistically
different between VEG and BEEF. The diet-specific changes in glucose and insulin after
consumption of VEG were unexpected because typically, dietary patterns that have a higher
glycemic load and greater percent of energy from carbohydrates (e.g., the VEG HDP) would
be expected to increase, rather than decrease, these metabolic outcomes [41]. Further, both
VEG and BEEF dietary patterns were weight maintenance, and there were no changes in
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body mass post-intervention, which may have otherwise explained these findings [41].
Interestingly, these diet-specific changes in glucose and insulin were not supported by
differential changes between diets in HOMA-IR, an indicator of insulin resistance [42]. The
apparent lack of changes in glucose, insulin, and HOMA-IR after consuming the BEEF
HDP complements previous findings reported in two meta-analyses [26,43].

The importance of assessing lipoprotein particle number and size is supported by
emerging research [44-46] and the National Cholesterol Education Program Adult Treat-
ment Panel III recommendations to improve CVD risk assessment [47]. Consuming the
VEG or BEEF patterns decreased the number of total LDL and small, dense LDL 1V particles.
These are considered favorable improvements since small, dense LDL III and IV particles
and a higher number of these particles impart the highest CVD risk due to easier and
quicker penetration of the arterial endothelial lining. These findings complement existing
research indicating that adopting HDPs with higher compared to lower intakes of red
meat led to greater decreases in total LDL and either LDL IIl or LDL IV particles [44,45]. A
higher number of HDL2b particles is considered more advantageous for cardiovascular
health because they are the largest and most buoyant HDL subfraction and function to
carry cholesterol back to the liver. After adopting either the VEG or BEEF patterns, we ob-
served decreases in total HDL and HDL2b particles. These results are consistent with other
research [44,46], after consuming diets with higher compared to lower red meat intake.

Our study has several strengths. In addition to assessing both clinically meaningful
CMD risk factors and lipoprotein particle numbers and sizes, we integrated strong ex-
perimental features (i.e., randomization, crossover design, researcher blinding, controlled
feeding interventions, and double entry of data with crosscheck). While not objectively
confirmed, participants self-reported ~89% adherence to both the VEG and BEEF HDP
interventions. Adherence to the dietary patterns was crudely supported by higher blood
urea nitrogen concentrations, consistent with higher total protein intake, during the BEEF
compared to the VEG intervention. The observation that improvements in participants’
CMD risk factors after the first HDP intervention (chronologically) were reversed after the
dietary washout period and returned after the second HDP intervention also supports di-
etary adherence, the concept of healthy dietary patterning [48], and encouragements for the
general public to adopt and sustain HDPs for cardiometabolic health. The generalization of
this study’s findings should be kept in context, as most of the included participants were
Caucasian (85%). Only lean, unprocessed beef (e.g., ground beef, top sirloin, top round)
was used in the BEEF intervention; therefore, these findings do not encompass non-lean
and processed beef or non-beef sources of red meat (i.e., pork, lamb, veal, venison, goat).

5. Conclusions

Consistent with recommendations from the Dietary Guidelines for Americans [4],
results from this crossover randomized controlled feeding trial indicate that adopting a
U.S.-style healthy dietary pattern that is either lacto-ovo vegetarian or omnivorous with
lean, unprocessed beef results in short-term improvements in multiple cardiometabolic
disease risk factors among adults classified as overweight or moderately obese.

Supplementary Materials: The following supporting information can be downloaded at: https://
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Author Contributions: Conceptualization, W.W.C,; investigation, E.R.H., YW. and EIM.D.; formal
analysis, E.R.H. and Y.W.,; supervision, WW.C.; funding acquisition, W.W.C.; writing—original draft
preparation, E.R.H. and WW.C.; writing—review and editing, E.R.H. and W.W.C. All authors have
read and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/nu16152542/s1
https://www.mdpi.com/article/10.3390/nu16152542/s1

Nutrients 2024, 16, 2542 11 of 13

Funding: This research was funded by a research grant to WW.C. from the National Cattlemen’s
Beef Association, a contractor to the Beef Checkoff.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Purdue Univer-
sity Biomedical Institutional Review Board (protocol #1809021091, initial approval 4 April 2019).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data supporting this project’s findings are available from the
corresponding author, W.W.C., upon reasonable request.

Acknowledgments: Lauren O’Connor (Agricultural Research Service, United States Department of
Agriculture) and W.W.C. were involved in proposing and submitting the initial grant. Janet K. Green
(Department of Nutrition Science, Purdue University), E.R.H., and Y.W. assisted with IRB submission
documentation. Amy Wright (Department of Nutrition Science, Purdue University) developed the
menus for the dietary interventions, conducted the dietary randomization, and blinded it to the study
investigators. ER.H., YYW., and E.M.D. were involved with recruitment, screening, test day operation,
and sample processing. Amy Wright and Robin Rhine (Department of Nutrition Science, Purdue
University) ordered, prepped, and distributed the study food to all participants. Robin Rhine, EM.D.,
Adam Byers, and Savannah Gray (Department of Nutrition Science, Purdue University) provided
phlebotomy services. ER.H., YW., Adam Byers, Savannah Gray, Tracy Eaton, and Jessica Patterson
(Department of Nutrition Science, Purdue University) assisted with data entry. Janet Green and
W.W.C, supervised and guided the entire clinical study’s progress.

Conflicts of Interest: When this research was being conducted, W.W.C. had research funding from
the following organizations: National Institutes of Health, United States Department of Agriculture
(HATCH funds), American Egg Board’s Egg Nutrition Center, Beef Checkoff, Pork Checkoff, North
Dakota Beef Commission, Barilla Group, Mushroom Council, and the National Chicken Council.
E.R.H., YW, and EMM.D. declare no conflicts of interest. The funders had no role in the design of the
study; in the collection, analysis, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

References

1.

10.

Shan, Z.; Rehm, C.D.; Rogers, G.; Ruan, M.; Wang, D.D.; Hu, F.B.; Mozaffarian, D.; Zhang, EE; Bhupathiraju, S.N. Trends in
Dietary Carbohydrate, Protein, and Fat Intake and Diet Quality Among US Adults, 1999-2016. JAMA 2019, 322, 1178-1187.
[CrossRef] [PubMed]

Al-Shaar, L.; Satija, A.; Wang, D.D.; Rimm, E.B.; Smith-Warner, S.A.; Stampfer, M.].; Hu, EB.; Willett, W.C. Red meat intake and
risk of coronary heart disease among US men: Prospective cohort study. BMJ 2020, 371, m4141. [CrossRef] [PubMed]

Pan, A.; Sun, Q.; Bernstein, A.M.; Manson, J.E.; Willett, W.C.; Hu, EB. Changes in red meat consumption and subsequent risk of
type 2 diabetes mellitus: Three cohorts of US men and women. JAMA Intern. Med. 2013, 173, 1328-1335. [CrossRef] [PubMed]
U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans, 20202025, 9th
ed.; USDA: Washington, DC, USA, 2020. Available online: https:/ /www.dietaryguidelines.gov/ (accessed on 15 March 2021).
Lichtenstein, A.H.; Appel, L.J.; Vadiveloo, M.; Hu, EB.; Kris-Etherton, PM.; Rebholz, C.M.; Sacks, EM.; Thorndike, A.N.; Van
Horn, L.; Wylie-Rosett, J. 2021 Dietary Guidance to Improve Cardiovascular Health: A Scientific Statement from the American
Heart Association. Circulation 2021, 144, e472—-e487. [CrossRef] [PubMed]

Evert, A.B.; Dennison, M.; Gardner, C.D.; Garvey, W.T.; Lau, KH.K.; MacLeod, J.; Mitri, J.; Pereira, R.F.; Rawlings, K.; Robinson, S.;
et al. Nutrition Therapy for Adults With Diabetes or Prediabetes: A Consensus Report. Diabetes Care 2019, 42, 731-754. [CrossRef]
[PubMed]

Sayer, R.D.; Wright, A.].; Chen, N.; Campbell, W.W. 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 protein. Am. J. Clin. Nutr. 2015,
102, 302-308. [CrossRef] [PubMed]

Roussell, M.A ; Hill, A.M.; Gaugler, T.L.; West, S.G.; Heuvel, ].P; Alaupovic, P; Gillies, PJ.; Kris-Etherton, PM. Beef in an Optimal
Lean Diet study: Effects on lipids, lipoproteins, and apolipoproteins. Am. J. Clin. Nutr. 2012, 95, 9-16. [CrossRef] [PubMed]
O’Connor, L.E.; Paddon-Jones, D.; Wright, A.].; Campbell, W.W. 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. [CrossRef] [PubMed]

Roussell, M.A; Hill, AM.; Gaugler, T.L.; West, S.G.; Ulbrecht, ].S.; Vanden Heuvel, ].P; Gillies, PJ.; Kris-Etherton, PM. Effects of a
DASH-like diet containing lean beef on vascular health. . Hum. Hypertens. 2014, 28, 600-605. [CrossRef]


https://doi.org/10.1001/jama.2019.13771
https://www.ncbi.nlm.nih.gov/pubmed/31550032
https://doi.org/10.1136/bmj.m4141
https://www.ncbi.nlm.nih.gov/pubmed/33268459
https://doi.org/10.1001/jamainternmed.2013.6633
https://www.ncbi.nlm.nih.gov/pubmed/23779232
https://www.dietaryguidelines.gov/
https://doi.org/10.1161/CIR.0000000000001031
https://www.ncbi.nlm.nih.gov/pubmed/34724806
https://doi.org/10.2337/dci19-0014
https://www.ncbi.nlm.nih.gov/pubmed/31000505
https://doi.org/10.3945/ajcn.115.111757
https://www.ncbi.nlm.nih.gov/pubmed/26063693
https://doi.org/10.3945/ajcn.111.016261
https://www.ncbi.nlm.nih.gov/pubmed/22170364
https://doi.org/10.1093/ajcn/nqy075
https://www.ncbi.nlm.nih.gov/pubmed/29901710
https://doi.org/10.1038/jhh.2014.34

Nutrients 2024, 16, 2542 12 of 13

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Hill, A.M.; Harris Jackson, K.A.; Roussell, M.A.; West, S.G.; Kris-Etherton, PM. Type and amount of dietary protein in the
treatment of metabolic syndrome: A randomized controlled trial. Am. J. Clin. Nutr. 2015, 102, 757-770. [CrossRef]

Sinclair, A.J.; O'Dea, K.; Dunstan, G.; Ireland, P.D.; Niall, M. Effects on plasma lipids and fatty acid composition of very low fat
diets enriched with fish or kangaroo meat. Lipids 1987, 22, 523-529. [CrossRef] [PubMed]

de Mello, V.D.; Zelmanovitz, T.; Perassolo, M.S.; Azevedo, M.].; Gross, J.L. Withdrawal of red meat from the usual diet reduces
albuminuria and improves serum fatty acid profile in type 2 diabetes patients with macroalbuminuria. Am. J. Clin. Nutr. 2006, 83,
1032-1038. [CrossRef] [PubMed]

Subar, A.E; Thompson, EFE.; Potischman, N.; Forsyth, B.H.; Buday, R.; Richards, D.; McNutt, S.; Hull, S.G.; Guenther, PM.;
Schatzkin, A.; et al. Formative research of a quick list for an automated self-administered 24-hour dietary recall. J. Am. Diet. Assoc.
2007, 107, 1002-1007. [CrossRef] [PubMed]

National Cancer Institute. The Healthy Eating Index—Population Ratio Method. Updated 14 December 2021. Available online:
https:/ /epi.grants.cancer.gov/hei/population-ratio-method.html (accessed on 20 November 2020).

Trumbo, P.; Schlicker, S.; Yates, A.A.; Poos, M. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein and amino acids. J. Am. Diet. Assoc. 2002, 102, 1621-1630. [CrossRef] [PubMed]

Food Safety Inspection Service Code of Federal Regulations, U.S. Department of Agriculture, Title 9, Part 301, Section 2. Definitions.
2010. Available online: https:/ /www.govinfo.gov/app/details/CFR-2010-title9-vol2 /CFR-2010-title9-vol2-sec301-2 / context
(accessed on 20 November 2020).

US Department of Agriculture; US Department of Health and Human Services. 20152020 Dietary Guidelines for Americans, 8th
ed.; US Government Printing Office: Washington, DC, USA, 2015.

Meat, Poultry, and Fish: Picking Healthy Proteins. American Heart Association. Available online: https://www.heart.org/
en/healthy-living /healthy-eating /eat-smart/nutrition-basics /meat-poultry-and-fish-picking-healthy-proteins (accessed on 20
November 2020).

Davis, C.; Hodgson, J.; Bryan, J.; Garg, M.; Woodman, R.; Murphy, K. Older Australians Can Achieve High Adherence to the
Mediterranean Diet during a 6 Month Randomised Intervention; Results from the Medley Study. Nutrients 2017, 9, 534. [CrossRef]
[PubMed]

Genoni, A.; Lo, J.; Lyons-Wall, P; Devine, A. Compliance, Palatability and Feasibility of PALEOLITHIC and Australian Guide to
Healthy Eating Diets in Healthy Women: A 4-Week Dietary Intervention. Nutrients 2016, 8, 481. [CrossRef] [PubMed]

Tang, M.; Leidy, H.J.; Campbell, W.W. Regional, but not total, body composition changes in overweight and obese adults
consuming a higher protein, energy-restricted diet are sex specific. Nutr. Res. 2013, 33, 629-635. [CrossRef] [PubMed]

Wang, Y.; Lindemann, S.R.; Cross, T.L.; Tang, M.; Clark, C.M.; Campbell, W.W. Effects 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, 1439-1452. [CrossRef]

Maki, K.C.; Van Elswyk, M.E.; Alexander, D.D.; Rains, T.M.; Sohn, E.L.; McNeill, S. A meta-analysis of randomized controlled
trials that compare the lipid effects of beef versus poultry and/or fish consumption. J. Clin. Lipidol. 2012, 6, 352-361. [CrossRef]
O’Connor, L.E.; Kim, ].E.; Campbell, W.W. Total red meat intake of >0.5 servings/d does not negatively influence cardiovascular
disease risk factors: A systemically searched meta-analysis of randomized controlled trials. Am. J. Clin. Nutr. 2017, 105, 57-69.
[CrossRef]

O’Connor, L.E.; Kim, J.E; Clark, CM.; Zhu, W.; Campbell, W.W. Effects of Total Red Meat Intake on Glycemic Control and
Inflammatory Biomarkers: A Meta-Analysis of Randomized Controlled Trials. Adv. Nutr. 2021, 12, 115-127. [CrossRef] [PubMed]
Zeraatkar, D.; Johnston, B.C.; Bartoszko, J.; Cheung, K.; Bala, M.M.; Valli, C.; Rabassa, M.; Sit, D.; Milio, K.; Sadeghirad, B.; et al.
Effect of Lower Versus Higher Red Meat Intake on Cardiometabolic and Cancer Outcomes: A Systematic Review of Randomized
Trials. Ann. Intern. Med. 2019, 171, 721-731. [CrossRef]

Guasch-Ferré, M.; Satija, A.; Blondin, S.A.; Janiszewski, M.; Emlen, E.; O’Connor, L.E.; Campbell, WW.; Hu, EB.; Willett,
W.C.; Stampfer, M.]. Meta-Analysis of Randomized Controlled Trials of Red Meat Consumption in Comparison With Various
Comparison Diets on Cardiovascular Risk Factors. Circulation 2019, 139, 1828-1845. [CrossRef]

Mahon, A K.; Flynn, M.G.; Stewart, L.K.; McFarlin, B.K; Iglay, H.B.; Mattes, R.D.; Lyle, R.M.; Considine, R.V.; Campbell, W.W.
Protein intake during energy restriction: Effects on body composition and markers of metabolic and cardiovascular health in
postmenopausal women. . Am. Coll. Nutr. 2007, 26, 182-189. [CrossRef]

Foerster, J.; Maskarinec, G.; Reichardt, N.; Tett, A.; Narbad, A.; Blaut, M.; Boeing, H. 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, €109606. [CrossRef]

Thorning, T.K.; Raziani, F; Bendsen, N.T.; Astrup, A.; Tholstrup, T.; Raben, A. Diets with high-fat cheese, high-fat meat, or
carbohydrate on cardiovascular risk markers in overweight postmenopausal women: A randomized crossover trial. Am. J. Clin.
Nutr. 2015, 102, 573-581. [CrossRef] [PubMed]

Campbell, W.W. Animal-based and plant-based protein-rich foods and cardiovascular health: A complex conundrum. Am. J. Clin.
Nutr. 2019, 110, 8-9. [CrossRef] [PubMed]

Gifford, C.L.; O’Connor, L.E.; Campbell, W.W.; Woerner, D.R.; Belk, K.E. Broad and Inconsistent Muscle Food Classification Is
Problematic for Dietary Guidance in the U.S. Nutrients 2017, 9, 1027. [CrossRef]


https://doi.org/10.3945/ajcn.114.104026
https://doi.org/10.1007/BF02540369
https://www.ncbi.nlm.nih.gov/pubmed/3626779
https://doi.org/10.1093/ajcn/83.5.1032
https://www.ncbi.nlm.nih.gov/pubmed/16685043
https://doi.org/10.1016/j.jada.2007.03.007
https://www.ncbi.nlm.nih.gov/pubmed/17524721
https://epi.grants.cancer.gov/hei/population-ratio-method.html
https://doi.org/10.1016/S0002-8223(02)90346-9
https://www.ncbi.nlm.nih.gov/pubmed/12449285
https://www.govinfo.gov/app/details/CFR-2010-title9-vol2/CFR-2010-title9-vol2-sec301-2/context
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/meat-poultry-and-fish-picking-healthy-proteins
https://www.heart.org/en/healthy-living/healthy-eating/eat-smart/nutrition-basics/meat-poultry-and-fish-picking-healthy-proteins
https://doi.org/10.3390/nu9060534
https://www.ncbi.nlm.nih.gov/pubmed/28538676
https://doi.org/10.3390/nu8080481
https://www.ncbi.nlm.nih.gov/pubmed/27509519
https://doi.org/10.1016/j.nutres.2013.05.012
https://www.ncbi.nlm.nih.gov/pubmed/23890352
https://doi.org/10.1016/j.tjnut.2023.03.013
https://doi.org/10.1016/j.jacl.2012.01.001
https://doi.org/10.3945/ajcn.116.142521
https://doi.org/10.1093/advances/nmaa096
https://www.ncbi.nlm.nih.gov/pubmed/32910818
https://doi.org/10.7326/M19-0622
https://doi.org/10.1161/CIRCULATIONAHA.118.035225
https://doi.org/10.1080/07315724.2007.10719600
https://doi.org/10.1371/journal.pone.0109606
https://doi.org/10.3945/ajcn.115.109116
https://www.ncbi.nlm.nih.gov/pubmed/26178720
https://doi.org/10.1093/ajcn/nqz074
https://www.ncbi.nlm.nih.gov/pubmed/31161222
https://doi.org/10.3390/nu9091027

Nutrients 2024, 16, 2542 13 of 13

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

O’Connor, L.E.; Gifford, C.L.; Woerner, D.R.; Sharp, J.L.; Belk, K.E.; Campbell, W.W. Dietary Meat Categories and Descriptions in
Chronic Disease Research Are Substantively Different within and between Experimental and Observational Studies: A Systematic
Review and Landscape Analysis. Adv. Nutr. 2020, 11, 41-51. [CrossRef]

Abete, I.; Romaguera, D.; Vieira, A.R.; Lopez de Munain, A.; Norat, T. Association between total, processed, red and white meat
consumption and all-cause, CVD and IHD mortality: A meta-analysis of cohort studies. Br. . Nutr. 2014, 112, 762-775. [CrossRef]
Yang, X.; Li, Y.; Wang, C.; Mao, Z.; Zhou, W.; Zhang, L.; Fan, M.; Cui, S.; Li, L. Meat and fish intake and type 2 diabetes:
Dose-response meta-analysis of prospective cohort studies. Diabetes Metab. 2020, 46, 345-352. [CrossRef] [PubMed]

Kim, K.; Hyeon, J.; Lee, S.A.; Kwon, S.0.; Lee, H.; Keum, N.; Lee, ] K.; Park, S.M. Role of Total, Red, Processed, and White Meat
Consumption in Stroke Incidence and Mortality: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. J. Am.
Heart Assoc. 2017, 6, €005983. [CrossRef] [PubMed]

Wang, Y.; Hill, E.R.; Campbell, W.W.; O’Connor, L.E. Plant- and Animal-Based Protein-Rich Foods and Cardiovascular Health.
Curr. Atheroscler. Rep. 2022, 24, 197-213. [CrossRef] [PubMed]

Kahleova, H.; Petersen, K.F,; Shulman, G.I.; Alwarith, J.; Rembert, E.; Tura, A.; Hill, M.; Holubkov, R.; Barnard, N.D. Effect of a
Low-Fat Vegan Diet on Body Weight, Insulin Sensitivity, Postprandial Metabolism, and Intramyocellular and Hepatocellular
Lipid Levels in Overweight Adults: A Randomized Clinical Trial. JAMA Netw. Open 2020, 3, €2025454. [CrossRef] [PubMed]
Burke, L.E.; Warziski, M.; Styn, M.A.; Music, E.; Hudson, A.G.; Sereika, S.M. A randomized clinical trial of a standard versus
vegetarian diet for weight loss: The impact of treatment preference. Int. J. Obes. 2008, 32, 166-176. [CrossRef] [PubMed]
Chiavaroli, L.; Lee, D.; Ahmed, A.; Cheung, A.; Khan, T.A ; Blanco, S.; Mejia; Mirrahimi, A.; Jenkins, D.J.A,; Livesey, G.; et al. Effect
of low glycaemic index or load dietary patterns on glycaemic control and cardiometabolic risk factors in diabetes: Systematic
review and meta-analysis of randomised controlled trials. BMJ 2021, 374, n1651. [CrossRef] [PubMed]

Gayoso-Diz, P.; Otero-Gonzalez, A.; Rodriguez-Alvarez, M.X.; Gude, E; Garcia, F.; De Francisco, A.; Quintela, A.G. Insulin
resistance (HOMA-IR) cut-off values and the metabolic syndrome in a general adult population: Effect of gender and age: EPIRCE
cross-sectional study. BMC Endocr. Disord. 2013, 13, 47. [CrossRef] [PubMed]

Sanders, L.M.; Wilcox, M.L.; Maki, K.C. Red meat consumption and risk factors for type 2 diabetes: A systematic review and
meta-analysis of randomized controlled trials. Eur. J. Clin. Nutr. 2022, 77, 156-165. [CrossRef] [PubMed]

Wu, X.; Roussell, M.A; Hill, A.M.; Kris-Etherton, PM.; Walzem, R.L. Baseline Insulin Resistance Is a Determinant of the Small,
Dense Low-Density Lipoprotein Response to Diets Differing in Saturated Fat, Protein, and Carbohydrate Contents. Nutrients
2021, 13, 4328. [CrossRef]

Mangravite, L.M.; Chiu, S.; Wojnoonski, K.; Rawlings, R.S.; Bergeron, N.; Krauss, R.M. Changes in atherogenic dyslipidemia
induced by carbohydrate restriction in men are dependent on dietary protein source. . Nutr. 2011, 141, 2180-2185. [CrossRef]
Fleming, J.A.; Kris-Etherton, PM.; Petersen, K.S.; Baer, D.J. 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. J. Clin. Nutr. 2021, 113, 1126-1136.
[CrossRef] [PubMed]

Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation 2002, 106, 3143-3421. [CrossRef]
O’Connor, L.E,; Li, J.; Sayer, R.D.; Hennessy, J.E.; Campbell, W.W. Short-Term Effects of Healthy Eating Pattern Cycling on
Cardiovascular Disease Risk Factors: Pooled Results from Two Randomized Controlled Trials. Nutrients 2018, 10, 1725. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/advances/nmz072
https://doi.org/10.1017/S000711451400124X
https://doi.org/10.1016/j.diabet.2020.03.004
https://www.ncbi.nlm.nih.gov/pubmed/32302686
https://doi.org/10.1161/JAHA.117.005983
https://www.ncbi.nlm.nih.gov/pubmed/28855166
https://doi.org/10.1007/s11883-022-01003-z
https://www.ncbi.nlm.nih.gov/pubmed/35332443
https://doi.org/10.1001/jamanetworkopen.2020.25454
https://www.ncbi.nlm.nih.gov/pubmed/33252690
https://doi.org/10.1038/sj.ijo.0803706
https://www.ncbi.nlm.nih.gov/pubmed/17700579
https://doi.org/10.1136/bmj.n1651
https://www.ncbi.nlm.nih.gov/pubmed/34348965
https://doi.org/10.1186/1472-6823-13-47
https://www.ncbi.nlm.nih.gov/pubmed/24131857
https://doi.org/10.1038/s41430-022-01150-1
https://www.ncbi.nlm.nih.gov/pubmed/35513448
https://doi.org/10.3390/nu13124328
https://doi.org/10.3945/jn.111.139477
https://doi.org/10.1093/ajcn/nqaa375
https://www.ncbi.nlm.nih.gov/pubmed/33826691
https://doi.org/10.1161/circ.106.25.3143
https://doi.org/10.3390/nu10111725
https://www.ncbi.nlm.nih.gov/pubmed/30423846

	Introduction 
	Materials and Methods 
	Experimental Design 
	Participant Inclusion Criteria 
	Ethics 
	Baseline Dietary Assessment 
	Dietary Interventions 
	Clinical Assessments 
	Dietary Satisfaction 
	Statistics 

	Results 
	Subject Characteristics 
	Dietary Adherence and Satisfaction 
	Cardiometabolic Disease Risk Factors 

	Discussion 
	Conclusions 
	References

