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BACKGROUND: The recognized benefits of a higher protein diet on muscle mass and strength in
older adults are tempered by concerns of the potentially negative cardiometabolic impact of dietary
sources of animal protein.

OBJECTIVE: The aim of this study was to explore the cardiometabolic impact of 2 weight reduction
diets: a higher protein diet, providing balanced portions of lean beef and pork throughout the day, vs. a
diet following the Recommended Daily Allowance level of protein in obese middle-aged and older
adults.

METHODS: Data from Measuring Eating, Activity and Strength: Understanding the Response-Using
Protein and Protein Optimization in Women Enables Results-Using Protein were combined for the pre-
sent analysis. Subjects were randomly assigned to a 6-month weight loss diet (500 kcal deficit) and
prescribed a Recommended Daily Allowance level of protein (0.8 g protein/kg BW), control group,
or a higher level of protein (1.2 g protein/kg BW), protein group. For the protein group, lean, high-
quality protein was evenly distributed between meals or balanced throughout the day (30 g protein/
meal). The following cardiometabolic markers were quantified by nuclear magnetic resonance spec-
troscopy: lipids, lipoproteins, GlycA, trimethylamine-N-oxide, betaine, branched-chain amino acids,
and lipoprotein insulin resistance index scores.

RESULTS: In both groups (control [n 5 27] and protein [n 5 53]), there were significant (P # .05)
changes from baseline in weight loss (26.2% and 27.2%), distance walked (153.1
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and175.0 meters), and fasting plasma glucose (27.5 and26.2 mg/dL), respectively. At endpoint, pro-
tein group had significantly (P # .05) lower triglycerides (217.3 mg/dL), large very-low-density lipo-
protein particle concentration (VLDL-P; 21.2 nmol/L), total low-density lipoprotein particle
concentration (LDL-P;267.8 nmol/L), small LDL-P (259.4 nmol/L) and lipoprotein insulin resistance
index (25.9), whereas control group had significantly (P # .05) lower GlycA (213.1 mmol/L), total
VLDL-P (27.9 nmol/L), and small VLDL-P (27.0 nmol/L). Differences between groups were
observed for small VLDL-P (P 5 .02) and protein intake (P , .0001).

CONCLUSIONS: These findings suggest that a hypocaloric diet with either traditional (0.8 g/kg BW/
d) or higher protein (1.2 g/kg BW/d; predominantly from lean red meat) content improves risk markers
of cardiovascular disease and type II diabetes in obese middle-aged and older adults. Both diets were
also associated with improved physical function, and neither had an adverse impact on cardiometabolic
outcomes.
Published by Elsevier Inc. on behalf of National Lipid Association. This is an open access article under the
CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Dietary intake of high-quality protein that is both ample
and balanced has many known benefits for older adults,
including promotion of muscle protein synthesis,1 preserva-
tion of lean mass, muscle strength, and function,2,3 higher
bone mineral density,4,5 and improved markers of glucose
metabolism6; it may also reduce fracture risk,7 inflamma-
tion, and oxidative stress.8 This aggregation of benefits
may be especially important during obesity interventions
for older adults, many of whom have experienced dimin-
ished muscle mass and strength. Loss of lean muscle
mass and strength in combination with obesity is a multi-
plier of detrimental health effects in mid- and later-life. It
not only markedly reduces physical function,9,10 but also
accelerates the development of type II diabetes and cardio-
vascular disease (CVD).11 Effective treatment of obesity in
middle-aged and older adults requires preferential reduc-
tion of adipose tissue while maintaining lean mass.
Improving the quality, quantity, and timing of protein
intake during weight reduction may favor these out-
comes.12,13 This conclusion is supported by our findings
that high-quality protein, above the Recommended Daily
Allowance (RDA) and balanced throughout the day (evenly
distributed between meals), benefits physical function (eg,
Short Physical Performance Battery) during obesity reduc-
tion in functionally limited older adults14 and by a recent
review/meta-analysis15 showing a protein benefit for pres-
ervation of lean mass during weight reduction. An obesity
treatment that improves function and preserves lean mass
also allows for strong cardiometabolic benefits by
improving the ability to be more physically active.

Optimizing both quantity and quality of protein intake in
the context of a hypocaloric diet (target of 30 g of high-
quality protein at each meal of the day) can be achieved by
consuming lean meats and poultry, low-fat dairy protein,
and/or other animal foods as the main sources of pro-
tein.16,17 However, the inclusion of higher quantities (above
the RDA) of animal proteins, even from lean sources, may
raise questions about the potential for negative
cardiometabolic effects.18 Studies of red meat have reached
contradictory conclusions regarding the impact on CVD
risk, in part because lean meats are often grouped together
with processed meats,19 foods that tend to be much higher
in fat content. Recent studies have not associated regular in-
takes of lean red meat with an increase in markers of car-
diometabolic risk.20–22

Because higher protein diets can be especially beneficial
during weight loss in older adults and recognizing the limited
study of red meat in the context of weight reduction in this
population to date, the goal of the present study was to
explore the cardiometabolic impact of lean and very lean red
meat (beef and pork) consumed during weight loss regimens
with balanced, higher protein (1.2 g/kg BW/d) vs a control
RDA protein (0.8 g protein/kg BW/d) in obese middle-aged
and older adults. For this analysis, a cohort of 80 subjects was
amassed from 2 previously conducted, similarly designed,
randomized controlled clinical trials, with comparable target
populations, and both common and novel biomarkers of
CVD and type II diabetes risk were measured by nuclear
magnetic resonance spectroscopy (NMR). The CVD risk
markers included conventional lipids, a comprehensive
lipoprotein profile (lipoprotein particle class and subclass
numbers and average sizes),23–26 GlycA (ameasure of global
inflammatory burden),27,28 and the gut microbiome–related
metabolite trimethylamine-N-oxide (TMAO).29–31 Markers
of type II diabetes risk included lipoprotein insulin resistance
index (LP-IR; a high-throughput measure of insulin resis-
tance based on 6 lipoprotein parameters that are altered in
metabolic disease),32–36 branched-chain amino acids
(BCAA),37,38 and fasting blood glucose, all of which have
strong positive associations with incident type II diabetes,
and betaine (an activemetabolite of choline and a component
of beets) that is inversely related to type II diabetes risk,
CVD, and nonalcoholic fatty liver disease.39–41 All bio-
markers were assessed at baseline and after 6 months of di-
etary intervention, and an exploratory approach was used
with respect to all outcome variables with the effect of higher
protein intake with change in the set of cardiometabolic
items of primary interest.
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Methods

Design of parent trials

Blood samples, dietary intake, body weight, and phys-
ical function (6-minute walk test [6MWT]) for the present
analyses were collected in 2 randomized controlled trials of
weight reduction interventions for middle-aged and older
adults of 6-month duration sharing the same experimental
design and intervention protocols.14,17 The first trial, the
Measuring Eating, Activity and Strength: Understanding
the Response-Using Protein (MEASUR-UP) trial, exam-
ined meal-based enhancement of protein intake (30 g
high-quality protein per each of 3 meals) during a 6-
month weight loss intervention in obese older adults
($60 years) with functional limitations.14 The second trial,
the Protein Optimization in Women Enables Results-Using
Protein (POWR-UP) trial, compared the same diet treat-
ment groups in obese women aged $45 years, mean
age 5 60.0 6 8.2 years.17 Each trial included 2 weight
loss intervention groups: (1) a control group with RDA-
level protein intake (0.8 g/kg BW/d) and (2) a higher pro-
tein (protein) group (1.2 g protein kg BW/d) with the pro-
tein distributed equally at 3 meals during the day (balanced
distribution of protein). Both studies were conducted under
‘‘intention-to-treat’’ criteria. Detailed methods for the inter-
ventions and outcome measures16 and the primary out-
comes of each of the 2 studies have already been
published.14,17 Briefly, trial results showed subjects experi-
enced both weight loss and improved physical function
when consuming the balanced, higher protein diet and
that the improvement in function was either similar to17

or greater than14 that in the respective control (RDA-level
protein) group. ClinicalTrials.gov identifiers:
NCT01715753 and NCT02033655.
Subjects

Subjects in both trials were obese individuals with body
mass index (BMI) $30 kg/m2 that were living indepen-
dently in communities near Durham, NC. Exclusion criteria
for both studies included glomerular filtration rate
(GFR) ,45 mL/min/1.73 m2, dementia, neurologic condi-
tions causing functional limitations, and unstable or termi-
nal medical conditions. Subjects in the MEASUR-UP trial
were men and women aged $60 years who were function-
ally limited as indicated by a Short Physical Performance
Battery score of 4 to 10 out of a possible 12. Subjects in
the POWR-UP trial were women aged $45 years; the pop-
ulation was oversampled to include 38% Black women.
Blocking by gender (MEASUR-UP), marital/partner status,
and functional status (,550 meters or $550 meters on the
6MWT; POWR-UP), eligible subjects in both studies were
randomly assigned to either the control or protein group.
Subjects were allocated to study groups using a computer-
ized centralized randomization scheme generated by the
study statistician. Group allocation was 1:2 for control: pro-
tein in both trials, reflecting a greater emphasis on under-
standing trends within the protein group and the fact that
the RDA-level protein control regimen has already been
well studied.42,43

MEASUR-UP was conducted between September 2012
and December 2014, and POWR-UP was conducted be-
tween March 2014 and January 2016. Only those subjects
who completed either the MEASUR-UP or POWR-UP
studies and provided a blood sample at baseline and at the
end of the study were included in this analysis. All outcome
measures were conducted at Duke University Center for
Living, Durham, NC. Most study outcomes were objec-
tively measured (eg, BodPod output, distance walked in
6 minutes, self-administered questionnaires, etc.), and the
data management and analysis were conducted by research
staff who were fully blinded to treatment assignment. For
the small number of measures that could have a subjective
component, for example, nutritional analysis coding of food
choices from food records, the analysis was done by staff
fully blinded to treatment assignments.

Interventions

All subjects followed a supervised weight loss treatment
(hypocaloric; 500 kcal deficit diet) with the goal of 10%
weight loss over 6 months under the direction of Research
Dietitian Clinicians (hereafter noted as interventionists) and
attended a supervised weekly weigh-in and weekly group
meetings for counseling and peer support. Control subjects
were prescribed a 15% protein, 30% fat, and 55% carbo-
hydrate diet with a protein intake meeting the RDA of
0.8 g/kg BW/d. Protein subjects were prescribed 30%
protein, 30% fat, and 40% carbohydrate, with a protein
intake of 1.2 g/kg BW/d. Protein group meal plans were
structured to include at least 30 g of lean, high-quality
protein for each of 3 daily meals. Protein subjects were
provided with at least 60 g/d, enough for 2, 30 g meals for
each of the 7 days. Lean or very lean beef (ground sirloin,
flank steak, and deli roast beef) or pork (tenderloin, pork
chops, ground pork, and low-sodium deli ham) was
delivered weekly. Other complete proteins (eg, lean meats
and poultry, low-fat dairy foods, and eggs) were consumed
at the remaining meal (participant’s choice) with guidance
from the interventionists. Interventionists reviewed sub-
jects’ daily food journals each week and adjusted their
menus to ensure the target of 30 g protein per meal for
breakfast, lunch, and dinner was met, as previously
described.14 Interventionists monitored adherence to the di-
etary protocol via subjects’ weekly food journals, weekly
weights, and attendance at group meetings. To assure mi-
cronutrient intake adequacy while following the hypo-
caloric diet and to promote consistent use of supplements,
all participants were provided with a low-dose iron-free
multivitamin/mineral supplement (Teen Multivitamin for
Boys 12-17; GNC Milestones), as well as calcium
(400 mg) and vitamin D (600 IU; Citracal; Bayer) and
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asked to forego other supplements for the duration of the
trial. The choice of these supplements and doses was based
on our calculations of micronutrient content as a series of
sample menus of the prescribed experimental diets. There
was no prescribed exercise intervention; however, subjects
were encouraged to be as active as they safely could. A
fasting blood sample was collected to evaluate renal func-
tion by GFR, determined using the Chronic Kidney Disease
Epidemiology Collaboration equation (LabCorp, Burling-
ton, NC).44 Renal function (GFR; LabCorp) was assessed
at baseline, every other month for those with a baseline
GFR of 45 to ,60 mL/min/1.73 m2, and at the 6-month
endpoint. Adverse events were monitored throughout the
trial.16

Assessment of protein and energy intakes and
physical function

In addition to food journal review by interventionists,
energy and protein intakes were assessed using 3-day food
records collected at 0 and 6 months. Records were checked
for completeness, and subjects contacted for any missing
information. Intake of food and beverages was analyzed
using Food Processor Nutrition Analysis Software (Version
10.10, 2012; ESHA Research, Salem, OR) to determine
daily intakes of calories and macronutrients, as well as
protein intakes per meal. Physical function was assessed
using the 6MWT, conducted at baseline and 6 months.

NMR measurements

Blood was collected after an 8- to 10-hour fast at 0 and
6 months. NMR LipoProfile, or comprehensive lipoprotein
profile, test spectra were collected on a Vantera Clinical
Analyzer, a fully automated, high-throughput, 1H-NMR
platform, from ethylenediaminetetraacetic acid plasma
samples as previously described (LabCorp, Morrisville,
NC).23,24 Briefly, The Vantera is equipped with a
400 MHz (9.4 T) Agilent spectrometer, a 4 mm indirect
detection probe and a fixed flow cell that was equilibrated
at 47�C via a variable temperature control module. 1D
1H-NMR spectra were collected. The water resonance
was attenuated using the WET solvent suppression tech-
nique.24 Each NMR spectrum was acquired for a total of
48 seconds (9024 data points, 4496.4 Hz spectral width,
2.95 s relaxation delay between scans, 12 scans). The
free induction decay signal was zero filled to 32,768 points
and multiplied by a Gaussian function (for resolution
enhancement) before Fourier Transformation. Concentra-
tions for lipoprotein classes (very-low-density lipoprotein
[VLDL], low-density lipoprotein [LDL] and high-density
lipoprotein [HDL] particle concentration) and subclasses
(small, medium, and large) were calculated using the LP3
deconvolution algorithm.24 Mean VLDL, LDL, and HDL
particle sizes are weighted averages derived from the sum
of the diameter of each subclass multiplied by its relative
mass percentage. The NMR MetaboProfile analysis, which
reports results for lipoprotein parameters as well as several
key metabolites, was performed using the recently devel-
oped LP4 deconvolution algorithm. Linear regression of
the NMR subclass signal areas against serum lipid and
apolipoprotein levels measured chemically in a large refer-
ence range study population (n5 698) provided the conver-
sion factors to generate NMR-derived concentrations of
total cholesterol and triglycerides, HDL cholesterol
(HDL-C), LDL cholesterol (LDL-C), apolipoprotein A-I,
and apolipoprotein B. NMR-derived concentrations of these
parameters are highly correlated (r $ 0.95) with those
measured by standard methods. Quantification of GlycA,45

BCAA,37 TMAO,30 betaine,46 and calculation of the LP-IR
scores (values 1–100)32 have been described previously.

Ethics

The 2 studies included in this analysis (MEASUR-UP
protocol #0037110 and POWR-UP protocol #00050540)
were approved by the Duke University Health System
Institutional Review Board, and written informed consent
was obtained from all subjects.

Statistical analysis

The MEASUR-UP and POWR-UP trials assessed the
effectiveness of meal-based enhancement of protein intake
during a weight loss intervention by comparing the
treatment arm to a control arm. For both trials, the study
analysis was conducted under an ‘‘intent to treat’’ criteria,
including all participants, whether compliant to the inter-
vention or not. Secondary outcomes and feasibility factors
were also evaluated. Data were double entered with differ-
ences adjudicated. Treatment codes were revealed only af-
ter the study statistician locked the database at the end of
the trial. The main overarching analytical goal was to
assess the group differences in change over time for the car-
diometabolic items; therefore, a correction for multiple
testing was invoked (see next paragraph). Group differ-
ences for other measures and within-group changes from
baseline to endpoint were considered exploratory and
descriptive in nature and were evaluated using an unad-
justed t-test with the null 5 0 (no change). Outcome vari-
ables were grouped generally as either (1) Standard
outcome (reflected in Table 2), (2) biomarkers (Table 3),
or (3) metabolic parameters and insulin resistance
(Table 4) and results are presented as mean 6 standard de-
viation. Because of the exploratory approach of the analysis
combining 2 trials, no power calculations were done a pri-
ori for any of the outcomes. Statistical significance for the 8
variables in Table 2 (body weight, energy intake, fat intake,
carbohydrate intake, protein intake, and 6MWT) were set at
level alpha 5 0.05 (2 tailed), uncorrected for the number of
variables tested.

Group effects for changes in all outcomes were tested
using a mixed model adjusted for baseline using the
following general model: Yendpoint 5 Ybaseline 1 group
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(protein or control). The level for the tests of the 30 cardi-
ometabolic variables was set at level alpha5 0.05 (2 tailed)
using the procedure by Holm.47 The Holm procedure first
ranks the 30 P values from lowest to highest. The first
(lowest) P value has to be less than .002 (.05/30) to be sta-
tistically significant. The Holm procedure continues
sequentially in this fashion using levels of .002 (.05/29),
.002 (.05/28), and .05 (.05/1) for the remaining 29 tests,
respectively. Statistical analyses were performed using
SAS (version 9.4, Cary, NC).
Results

Baseline characteristics of study population

Of the 147 randomized subjects who participated in the
2 diet studies, 89 completed the 6-month interventions
(Fig. 1). Of these, 9 subjects were excluded because they
did not provide a final blood sample, leaving 80 subjects
for the present analysis (MEASUR-UP: control, n 5 14,
and protein, n 5 25; POWR-UP: control, n 5 13, and pro-
tein, n 5 28). Six participants in MEASUR-UP (control,
n 5 4, and protein, n 5 2) completed a 3 rather than a 6-
month intervention because of time constraints. Baseline
characteristics for the combined study population
(Table 1) were compared by group (control, n 5 27, and
protein, n 5 53) before analysis. We found no baseline dif-
ferences between control and protein groups for age,
gender, race, marital status, and education; similarly,
body weight, BMI, and reported intakes of protein
Study Completers* 
for eligibility (n

Analyzed (n=27) 
• MEASUR-UP (n=14) 
• POWR-UP (n=13) 

Samples used in Curre
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did not differ between control and protein groups in either
trial. In a comparison of subjects who dropped out vs com-
pleters, the only association with dropping out in
MEASUR-UP was having a lower mean waist circumfer-
ence (P , .05); in POWR-UP, completers were more likely
to be White and of higher education level (P , .05 for
both). In addition, the numbers of subjects with inadequate
blood samples were exactly proportionate according to the
2:1 randomization allocation of protein to control subjects.

Changes in body weight, intakes of protein and
energy, and physical function

Between baseline and 6-month study completion, both
treatment groups reduced energy intake (P , .0001) per the
prescribed hypocaloric intake, achieved weight loss
(P , .0001), and experienced a significant and physiologi-
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differences for changes in weight loss, energy intake, fat
intake, and 6MWT distances (Table 2).
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Table 1 Baseline characteristics of study population by treatment group

Control (n 5 27),
mean 6 SD or n (%)

Protein (n 5 53),
mean 6 SD or n (%)

Total (n 5 80),
mean 6 SD or n (%) P value

Age, y
Mean 66 6 8 63 6 8 64 6 8 .23
Range 46–83 45–78 45–83

Gender
Male 3 (11) 5 (9) 8 (10) .81
Female 24 (89) 48 (91) 72 (90)

Body weight, kg 102.6 6 15.3 102.9 6 22.6 102.8 6 20.4 .96
BMI, kg/m2 37.2 6 5.7 37.3 6 7.0 37.3 6 6.6 .92
Race
Black 7 (26) 17 (32) 24 (30) .57
White 20 (74) 36 (68) 56 (70)

Marital status
Married 5 (18) 8 (15) 13 (16) .92
Single 14 (52) 29 (55) 43 (54)
Widow 8 (30) 16 (30) 24 (30)

Education
Completed high school 5 (18.5) 7 (14) 12 (16) .79
Some college 5 (18.5) 12 (24) 17 (22)
Completed college 17 (63) 31 (62) 48 (62)

Energy intake, kcal 1966 6 510 1887 6 689 1914 6 632 .60
Protein intake, g/kg BW/d 0.85 6 0.24 0.86 6 0.25 0.86 6 0.24 .89

BMI, body mass index; SD, standard deviation.

Table 2 Body weight, energy, fat, carbohydrate, and protein intake and 6-minute walk test

Control (n 5 27),
mean 6 SD P value

Protein (n 5 53),
mean 6 SD P value

P value, control vs
protein

Body weight, kg
Baseline 102.6 6 15.3 102.9 6 22.6
Change at endpoint 26.2 6 5.6 ,.0001 27.2 6 6.2 ,.0001 .48

Body weight, %
Change at endpoint 26.2 6 5.6 ,.0001 27.2 6 5.6 ,.0001 .47

Energy intake, kcal
Baseline 1966 6 510 1887 6 689
Change at endpoint 2538 6 531 ,.0001 2460 6 652 ,.0001 .67

Fat intake, % kcal
Baseline 38 6 7 38 6 6
Change at endpoint 29 6 9 .004 211 6 6 ,.0001 .61

Carbohydrate intake, % kcal
Baseline 45 6 6 42 6 8
Change at endpoint 4 6 7 .04 21 6 8 .54 .001

Protein intake, % kcal
Baseline 18 6 3 20 6 5
Change at endpoint 6 6 4 .001 14 6 7 ,.0001 ,.0001

Protein intake, g
Baseline 86.3 6 20.1 86.2 6 22.6
Change at endpoint 28.6 6 21.7 .07 27.5 6 31.9 ,.0001 ,.0001

Protein intake, g/kg of body weight
Baseline 0.85 6 0.24 0.86 6 0.25
Change at endpoint 20.02 6 0.23 .68 0.37 6 0.35 ,.0001 ,.0001

6MWT, m
Baseline 488.9 6 63.3 465.2 6 91.6
Change at endpoint 53.1 6 71.4 .002 75.0 6 70.8 ,.0001 .41

6MWT, 6-min walk test; SD, standard deviation.
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Table 3 Biomarkers of cardiovascular disease risk by treatment group

Control (n 5 27),
mean 6 SD P value

Protein (n 5 53),
mean 6 SD P value

P value control vs
protein

Lipid panel
TG, mg/dL
Baseline 85.1 6 37.4 103.4 6 66.7
Change at endpoint 211.5 6 34.7 .10 217.3 6 50.2 .02 .76

TC, mg/dL
Baseline 200.2 6 40.1 202.4 6 37.0
Change at endpoint 25.1 6 21.8 .24 24.3 6 28.5 .30 .78

LDL-C, mg/dL
Baseline 114.2 6 30.2 117.3 6 30.0
Change at endpoint 24.8 6 14.3 .09 23.3 6 22.2 .31 .56

HDL-C, mg/dL
Baseline 63.3 6 10.6 59.6 6 13.0
Change at endpoint 20.1 6 8.0 .94 1.3 6 6.8 .17 .68

Gut microbiome–related metabolite
TMAO, mM
Baseline 3.9 6 3.1 4.6 6 3.3
Change at endpoint 0.5 6 2.8 .41 0.1 6 4.6 .84 .77

Betaine, mM
Baseline 34.6 6 9.5 34.6 6 5.3
Change at endpoint 20.1 6 8.2 .94 1.2 6 6.2 .18 .34

Inflammatory biomarker
GlycA, mmol/L
Baseline 438.6 6 44.3 451.8 6 69.7
Change at endpoint 213.1 6 31.7 .04 28.2 6 39.2 .15 .41

Lipoprotein profile
Total VLDL-P, nmol/L
Baseline 40.3 6 15.1 42.4 6 22.4
Change at endpoint 27.9 6 18.1 .03 21.8 6 18.7 .51 .07

VLDL subclasses
Large VLDL-P, nmol/L
Baseline 4.8 6 2.9 5.7 6 4.9
Change at endpoint 20.9 6 2.7 .08 21.2 6 4.1 .05 .64

Medium VLDL-P, nmol/L
Baseline 12.4 6 7.4 14.9 6 11.3
Change at endpoint 0.1 6 8.5 .95 0.3 6 11.1 .87 .56

Small VLDL-P, nmol/L
Baseline 23.1 6 12.8 21.8 6 12.8
Change at endpoint 27.0 6 14.0 .02 20.9 6 10.6 .55 .02

Total LDL-P, nmol/L
Baseline 991.6 6 277.0 1078.8 6 272.3
Change at endpoint 230.6 6 194.3 .42 267.8 6 211.3 .03 .84

LDL subclasses
IDL-P, nmol/L
Baseline 227.0 6 122.7 219.6 6 118.8
Change at endpoint 218.3 6 124.1 .45 4.0 6 108.4 .80 .48

Large LDL-P, nmol/L
Baseline 289.3 6 232.8 242.1 6 202.0
Change at endpoint 231.6 6 136.8 .24 212.5 6 153.8 .57 .82

Small LDL-P, nmol/L
Baseline 475.5 6 351.1 617.2 6 329.9
Change at endpoint 19.2 6 255.4 .66 259.4 6 200.4 .04 .56

Total HDL-P, mmol/L
Baseline 35.5 6 5.4 35.8 6 5.9
Change at endpoint 20.4 6 3.7 .57 0.1 6 3.9 .91 .51

(continued on next page)
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Table 3 (continued )

Control (n 5 27),
mean 6 SD P value

Protein (n 5 53),
mean 6 SD P value

P value control vs
protein

HDL subclasses
Large HDL-P, mmol/L
Baseline 9.5 6 3.1 8.2 6 3.7
Change at endpoint 0.3 6 2.1 .40 0.8 6 1.8 .003 .71

Medium HDL-P, mmol/L
Baseline 10.3 6 6.7 9.5 6 5.7
Change at endpoint 21.0 6 5.4 .34 0.3 6 4.1 .58 .27

Small HDL-P, mmol/L
Baseline 15.7 6 8.4 18.1 6 6.7
Change at endpoint 0.2 6 5.5 .81 21.1 6 4.6 .11 .49

Mean lipoprotein sizes
VLDL size, nm
Baseline 52.4 6 7.0 53.9 6 9.0
Change at endpoint 0.2 6 8.2 .91 22.2 6 6.8 .03 .17

LDL size, nm
Baseline 20.8 6 0.9 20.6 6 0.8
Change at endpoint 20.1 6 0.6 .34 0.02 6 0.6 .77 .56

HDL size, nm
Baseline 9.8 6 0.5 9.6 6 0.5
Change at endpoint 0.05 6 0.3 .28 0.13 6 0.3 .004 .89

Derived apolipoprotein concentrations
ApoB, mg/dL
Baseline 87.2 6 23.4 91.9 6 22.3
Change at endpoint 23.2 6 11.6 .17 24.3 6 16.8 0.08 .93

ApoA-1, mg/dL
Baseline 162.4 6 18.8 157.1 6 24.7
Change at endpoint 20.5 6 18.0 .89 1.4 6 16.5 .55 .96

ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B; HDL-P, high-density lipoprotein particles; LDL-P, low-density lipoprotein particles; SD, standard

deviation; TC, total cholesterol; TG, triglycerides; TMAO, trimethylamine-N-oxide; VLDL-P, very-low-density lipoprotein particle.
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Changes in markers of CVD risk at 6 months

Compared with baseline, the protein group had
improved lipoprotein profiles with greater amounts of
large HDL particle concentration (P 5 .003) and larger
HDL size (P 5 .004), with reductions in triglycerides
(P 5 .02), large VLDL particle concentration (VLDL-
P; P 5 .05), total LDL particle concentration (LDL-P;
P 5 .03), small LDL-P (P 5 .04), and VLDL size
(P 5 .03; Table 3). In the control group, compared
with baseline, total VLDL-P (P 5 .03) and small
VLDL-P (P 5 .02) were reduced, as were GlycA concen-
trations (P 5 .04). For both groups, compared with base-
line, there were no changes in concentrations of total
cholesterol, HDL-C, LDL-C, apolipoprotein AI, apolipo-
protein B, TMAO, or betaine (all P . .05). Finally,
Compared with the protein group, small VLDL-P was
significantly reduced in the control arm (control
27.0 6 14.0 nmol/L; protein 20.9 6 10.6 nmol/L;
P 5 .02); however, when the Holm procedure was
applied, the group difference was no longer significant
(P . .002).
Changes in measures of insulin resistance and
amino acid concentrations at 6 months

Both groups showed baseline to 6-month reductions in
fasting plasma glucose (P 5 .04; Table 4). In the protein
group, compared with baseline, there were 6-month reduc-
tions in LP-IR scores (P 5 .003). In the control group,
compared with baseline, 6-month isoleucine concentrations
were reduced slightly (P 5 .03). Concentrations of total
BCAA, leucine, and valine were unchanged in either group
(P . .05).
Discussion

The article uses the combined data of the MEASUR-UP
and POWR-UP trials to evaluate the impact of a weight loss
diet with balanced, higher (animal) protein intake vs a
weight loss diet with an RDA level of protein intake on
markers of cardiometabolic health in obese middle-aged
and older adults. Although our findings indicate a hypo-
caloric diet reduces markers of cardiovascular and type II



Table 4 Metabolic parameters and insulin resistance by treatment group

Control (n 5 27)
mean 6 SD P value

Protein (n 5 53),
mean 6 SD P value

P value control vs
protein

Glucose mg/dL
Baseline 92.7 6 30.6 92.9 6 27.7
Change at endpoint 27.5 6 18.1 .04 26.2 6 20.6 .04 .63

Total BCAA, mmol/L
Baseline 419.3 6 62.4 430.8 6 68.6
Change at endpoint 217.7 6 62.7 .16 6.6 6 65.5 .48 .07

Valine, mmol/L
Baseline 221.7 6 36.2 228.3 6 36.4
Change at endpoint 24.6 6 36.1 .51 4.9 6 34.5 .32 .17

Leucine, mmol/L
Baseline 155.0 6 21.0 160.1 6 28.0
Change at endpoint 27.8 6 24.5 .10 1.8 6 31.5 .69 .06

Isoleucine, mmol/L
Baseline 42.6 6 10.9 42.2 6 14.2
Change at endpoint 25.2 6 11.7 .03 20.1 6 16.4 .97 .16

Lipoprotein insulin resistance index
Baseline 41.3 6 18.6 48.1 6 22.5
Change at endpoint 21.6 6 15.8 .61 25.9 6 13.3 .003 .59

BCAA, branched chain amino acids; SD, standard deviation.

The lipoprotein insulin resistance index produces a score from 0 (most insulin sensitive) to 100 (most insulin resistant).
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diabetes, the results do not significantly differentiate be-
tween diet groups. These data, however, support a recent
report linking protein-enriched meals with predominantly
favorable effects on cardiometabolic health.20 Specifically,
consuming a diet higher in protein did not adversely impact
biomarkers associated with CVD or type II diabetes
compared with a lower, RDA level of protein in middle-
aged adults.20

The most striking finding for CVD risk is that LDL-P—
considered a better biomarker for CVD risk than LDL-C in
subjects with obesity, metabolic syndrome, and/or type II
diabetes24,26—was decreased in the protein group. Thus,
the association of red meat and saturated fats with increased
CVD risk observed in some epidemiologic studies48,49 was
not observed in our clinical trial with a higher protein diet.
This could be due, at least in part, to the strict dietary con-
trol, such that only lean and very lean red meats and few
processed meats were consumed. The positive cardiometa-
bolic responses occurred, although our study population
had elevated plasma LDL-P concentrations at baseline. In
fact, many subjects had plasma LDL-P concentrations in
the high range as the recommended targets for LDL-P
levels are ,1300 and ,1000 nmol/L for patients at moder-
ate and high CVD risk, respectively.26 Although LDL-P
was not reduced in the control group, this may be because
of lower subject numbers. There was no between-group dif-
ference in LDL-P, suggesting that the control diet may have
also had beneficial effects on CVD risk.

GlycA is an NMR-measured systemic inflammatory
factor, established as a biomarker of CVD risk.26,27 The
NMR signal named GlycA arises from the N-acetylglucos-
amine residues within the carbohydrate side-chain of
circulating acute phase proteins. As such, GlycA is a com-
posite biomarker that takes into account the increased car-
bohydrate complexity and secretion of multiple
glycosylated acute phase proteins observed during inflam-
matory processes.26,27 It has been associated with the pres-
ence and extent of coronary artery disease as reported in the
secondary prevention CVD cohort CATHeterization GE-
Netics50 and with incident CVD events in the Women’s
Health Study,51 the Prevention of Renal and Vascular End-
stage Disease study,52 the Multi-Ethnic Study of Athero-
sclerosis,53 and the Justification for the Use of Statins in
Prevention: an Intervention Trial Evaluating Rosuvastatin
trial.54 Not unexpectedly, baseline GlycA concentrations
in this study population (mean GlycA 5 443 6 62 mmol/
L) were greater than those reported in healthy populations
(mean GlycA 5 380 6 61 mmol/L)44 and similar to the
GlycA values in patients with chronic inflammatory dis-
eases, such as rheumatoid arthritis and psoriasis.55,56 GlycA
concentrations are reduced by exercise, reductions in
visceral adiposity, and anti-inflammatory drug treat-
ments.55,57,58 Interestingly, GlycA concentrations were
reduced by the intervention in the control group but re-
mained unchanged in the protein group. Currently, there
is no obvious explanation for this observation. The weight
loss experienced by both groups likely contributed to the
reduction or lack of increase in GlycA levels. Certainly,
the lack of increase in GlycA—and hence systemic inflam-
mation—in the protein group suggests that consumption of
a higher protein diet did not lead to an increase in inflam-
matory CVD risk.

The gut microbe–derived metabolites TMAO (when
elevated) and betaine (when reduced) are associated with



Porter Starr et al Weight loss diets and cardiometabolic risk 929
adverse CVD outcomes.59,60 An elevated TMAO concen-
tration, theorized to be associated with red meat consump-
tion,61 is associated with primary CVD events and is also a
prognostic marker in patients with acute coronary syn-
drome.62 Whether or not therapeutic strategies (eg, antibi-
otics and change in diet composition) can lower TMAO
levels remains to be confirmed and continues to be a matter
of active study; however, it is possible that this gut-derived
metabolite is a ‘‘mediator or a bystander in the disease pro-
cess.’’63 Low circulating concentrations of betaine are asso-
ciated with incident type II diabetes, increased heart failure,
and acute myocardial infarction39,40; and betaine is respon-
sive to intensive lifestyle interventions.40 In our subjects,
plasma concentrations of TMAO were similar to those in
high-risk CVD groups and similar to individuals with
type II diabetes.39 However, neither TMAO nor betaine
concentrations were changed by the intervention in either
treatment group. Thus, a higher protein diet, when enriched
in lean and very lean proteins, did not lead to an increase in
gut microbiome–related markers of CVD and/or type II dia-
betes risk.

To summarize our findings for CVD risk, none of the
biomarkers assessed in this analysis showed any adverse
changes in either the protein or the control groups. Thus,
consuming a diet enriched in lean animal proteins
(including lean red meats) to benefit muscle in the context
of weight reduction can be advocated without concern for
secondary increases in CVD risk. This is consistent with 2
recently published meta-analysis of randomized controlled
trials considering intake of red meat. One reported that red
meat intake (at $0.5 servings per day) did not negatively
influence CVD risk factors21 and the second found that a
diet containing red meat had greater improvements from
one emphasizing fish or low-quality carbohydrates
regarding changes in blood lipids and lipoproteins.22

The LP-IR score—based on 6 lipoprotein parameters
whose concentrations are abnormal in subjects with insulin
resistance—is a measure of insulin resistance. LP-IR scores
have correlated directly with the homeostatic model
assessment of insulin resistance in the Multi-Ethnic Study
of Atherosclerosis study, and inversely with insulin sensi-
tivity, as measured by the glucose disposal rate in a
hyperinsulinemic-euglycemic clamp study.32 Moreover,
LP-IR predicts future type II diabetes,34,35 even in individ-
uals on statin treatment. It is, therefore, a simple, high-
throughput means by which to identify patients at increased
risk of progressing to type II diabetes.64 In addition, sup-
porting its utility for monitoring treatments aimed at
reducing insulin resistance, lifestyle interventions for
weight loss improve LP-IR scores.65,66 In the present study,
the mean postintervention LP-IR score—and hence insulin
resistance—was significantly reduced in the protein group.
This was mirrored by protein group changes in several of
the lipoprotein parameters altered in subjects with insulin
resistance (large VLDL-P, large HDL-P, VLDL, and HDL
size). There was a nonstatistically significant reduction in
the LP-IR scores in the control group, and a nonsignificant
between-group difference in insulin resistance. Neverthe-
less, these findings suggest that a protein-enhanced, hypo-
caloric diet may elicit a reduction in insulin resistance
and a concomitant decrease in the risk of progressing to
type II diabetes in obese, older adults. Further study is
needed to delineate the mechanism of the insulin sensitivity
response of the protein diet, but it could be due, at least in
part, to a reduction in carbohydrate intake with the higher
protein diet pattern. In addition, by helping to retain muscle
mass, the increased protein could, in turn, reduce peripheral
insulin resistance and increase muscle glucose uptake.
Given the close association of insulin resistance with
CVD and the need to preserve lean mass during weight
reduction, these findings further support the positive cardi-
ometabolic impact of the protein-enhanced weight loss diet
in this population.

This study has several strengths. First, this study
provided a unique opportunity to investigate the impact
of consuming ~30 g of lean animal protein (including lean
red meats) 3 times a day for 6 months on cardiometabolic
parameters. Although this study was conducted to evaluate
a weight loss diet providing balanced portions of high-
quality protein (1.2 g/kg BW/d) rather than the consump-
tion of lean red meat per se, its findings underscore the
importance of evaluating the health attributes of any food
category in the context of the complete diet—in this case,
a hypocaloric, low-fat, nutrient-dense diet. The findings
further support studies prescribing high animal protein diets
for older adults at risk for both functional decline and
obesity-related cardiometabolic diseases.

One limitation is the length of the study (6 months). It
would be intriguing to see if the changes that were observed
in the cardiometabolic risk markers are similar in longer
duration dietary interventions. In addition, because the
protein group was consuming more protein in a diet
equicaloric to the control diet, the proportions of nutrients
necessarily shifted so that carbohydrate intake was less in
the protein group than in controls. However, the protein diet
was not a low-carbohydrate diet: the protein intake in that
group was 139 g/d compared with the control group
average of 167 g. Considering the exploratory nature of
this work and the variety of ways by which cardiovascular
risk can be manifested, the most important limitation of this
study is the number of metabolic outcomes being reported
and the possibility that within-group changes overstate the
protein treatment effect. We also acknowledge the study
population is predominantly female. However, because
obese women outnumber obese men in the older adult
population, this is not a major limitation.

In summary, we found that a balanced, higher protein
weight loss diet, including lean and very lean beef and
pork, promotes weight loss and improves physical function
without adversely impacting risk markers of CVD or
insulin resistance. These findings indicate that middle-
aged and older adults with moderate to severe obesity may
achieve improvements in multiple cardiometabolic disease
risk factors by prescriptively consuming an energy-
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restricted diet with a protein content at or above the RDA
level, and that the higher protein intakes may be achieved
using protein-rich, lower-fat animal products, including
lean red meats.
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