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Abstract

Background: It remains controversial whether high protein diets improve cardiometabolic profile. We investigated whether increasing protein 
intake to 1.3 g/kg/day in functionally limited older adults with usual protein intake ≤RDA (0.8 g/kg/day) improves visceral fat accumulation 
and serum cardiovascular risk markers more than the recommended daily allowance (RDA).
Methods: The Optimizing Protein Intake in Older Men Trial was a placebo-controlled, randomized trial in which 92 functionally limited men, 
≥65 years, with usual protein intake ≤RDA were randomized for 6 months to: 0.8 g/kg/day protein plus placebo; 1.3 g/kg/day protein plus 
placebo; 0.8 g/kg/day protein plus testosterone enanthate 100 mg weekly; or 1.3 g/kg/day protein plus testosterone enanthate 100 mg weekly. 
In this substudy, metabolic and inflammatory serum markers were measured in 77 men, and visceral adipose tissue (VAT) was assessed using 
dual-energy x-ray absorptiometry in 56 men.
Results: Treatment groups were similar in their baseline characteristics. Randomization to 1.3 g/kg/day protein group was associated with 
greater reduction in VAT compared to 0.8 g/kg/day group (between-group difference: −17.3 cm2, 95% confidence interval [CI]: −29.7 to 
−4.8 cm2, p = .008), regardless of whether they received testosterone or placebo. Changes in fasting glucose, fasting insulin, HOMA-IR, leptin, 
adiponectin, IL-6, and hs-CRP did not differ between the 0.8 versus 1.3 g/kg/day protein groups regardless of testosterone use.
Conclusions: Protein intake >RDA decreased VAT in functionally limited older men but did not improve cardiovascular disease risk markers.
Clinical Trials Registration Number: NCT01275365
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Aging is associated with loss of muscle mass and strength, and impair-
ment in physical function (1,2). Both high protein diets and function-
promoting anabolic agents, such as testosterone and selective androgen 
receptor modulators, are being investigated to reverse or prevent the loss 
of muscle mass and physical function associated with aging (3,4). The 
relationship between dietary protein intake and cardiometabolic health 

has received much attention recently. High protein diets have been pro-
posed to improve body composition and other metabolic parameters by 
several mechanisms which include alterations in satiety and orexigenic 
hormones, and upregulation of thermogenesis, gluconeogenesis, and 
muscle protein synthesis (5). High dietary protein has been demon-
strated to improve adiposity in the setting of energy-restricted diets and 
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exercise training in overweight/obese adults (6,7). However, population 
studies and randomized trials have yielded conflicting results on the ef-
fect of dietary protein on cardiovascular disease risk (8–10). Concerns 
have also been raised about the safety of high protein diets given the 
association of branched-chain amino acids (a significant component 
of dietary protein) with insulin resistance and diabetes (11). Thus, the 
benefits and risks of high protein diets on cardiometabolic health re-
main unclear. The inconsistencies between studies may be due to dif-
ferences in study populations, intervention duration, sources of protein 
(animal vs vegetable), and differences in definition of high versus 
low protein diets. Furthermore, some studies were conducted using 
hypocaloric diets, while others provided an isocaloric diet.

Interventional trials in hypogonadal and eugonadal older men 
have consistently demonstrated favorable body composition changes 
with testosterone administration, including increased total lean body 
mass and decreased total fat mass (12). A large body of preclinical 
evidence supports the view that testosterone plays an important role 
in regulating glucose metabolism. Testosterone may exert direct ef-
fects on insulin sensitivity by increasing the expression of insulin 
receptors as well as potentiating insulin signaling, resulting in en-
hanced glucose uptake into muscle and adipose tissue (13). However, 
the metabolic effects of high protein diets alone or in combination 
with testosterone supplementation in older men with mobility limi-
tation have not been studied.

In the Optimizing Protein Intake in Older Men Trial (OPTIMEN), 
we demonstrated that increasing protein intake to a level (1.3 g/kg/
day) above the recommended daily allowance (RDA) did not result 
in greater gains in lean body mass, muscle performance, or physical 
function compared with daily protein intake of 0.8 g/kg/day (14). 
We also found that intake of 1.3  g/kg/day protein was associated 
with greater reduction in whole body fat mass, compared to the 
RDA regardless of testosterone administration. In this substudy of 
the OPTIMEN Trial, we sought to determine whether high protein 
intake above the RDA, when administered in conjunction with a 
muscle anabolic agent, reduces visceral fat accumulation and im-
proves cardiometabolic parameters in older men with physical 
limitations.

Method

Study Design
The OPTIMen Trial was a parallel group, double-blind randomized 
trial, approved by the institutional review boards at Boston Medical 
Center and Brigham and Women’s Hospital. The design and primary 
findings of the OPTIMen Trial are published (14) and briefly de-
scribed here. All participants provided written informed consent.

Eligibility
The participants were community-dwelling men, aged ≥65  years, 
with moderate physical function limitation, whose average daily 
protein intake was ≤0.8  g/kg/day (RDA). We excluded men with 
prostate cancer, severe lower urinary tract symptoms, untreated 
sleep apnea, myocardial infarction, or stroke within 6 months, or 
erythrocytosis (14). Men with diabetes requiring insulin or A1c > 
8%, were excluded.

Randomization and Study Intervention
Eligible participants entered a run-in period, during which they 
were asked to eat a custom diet containing 0.8 g/kg/day protein for 

10–16 days. Participants, who consumed <75% of provided meals 
or supplements, were excluded.

Participants were randomized to receive placebo injections intra-
muscularly weekly plus 0.8 g/kg/day protein; placebo plus 1.3 g/kg/
day protein; testosterone enanthate 100 mg weekly plus 0.8 g/kg/
day protein; or testosterone enanthate 100 mg weekly plus 1.3 g/
kg/day protein.

Dietary Intervention
Daily energy and protein intakes were apportioned between 
prepackaged meals, protein or carbohydrate (placebo) supple-
ments, and discretionary food allowances (15). Packaged meals 
with individualized protein and energy contents were supplied by 
Personal Chef to Go, Mechanicsville, VA, and provided 0.7 g/kg/
day protein and 80% of daily energy requirements. Discretionary 
foods (fruits/vegetables, coffee/tea, alcoholic beverages, and other 
foods) provided an additional 0.1 g/kg/day of protein and 15% of 
energy. The difference between the prescribed protein and energy 
intakes and protein and energy contents of packaged meals was 
made up by protein or carbohydrate supplements. Participants 
received their daily protein allotment through packaged meals 
(0.7 g/kg/day), supplement (0 g/kg/day for control and 0.5 g/kg/
day for higher protein group), and discretionary foods (0.1 g/kg/
day). Participants in the 1.3  g/kg/day group received a supple-
ment containing 0.5  g/kg/day of casein and whey protein mix, 
bringing their protein intake to 1.3 g/kg/day; the control group 
received a supplement containing 0.5  g/kg/day of carbohydrate 
powder. Twenty percent of daily energy intake was provided as 
breakfast, 40% as lunch, and 40% as dinner. Energy and protein 
contents of each participant’s individualized diet were standard-
ized by providing packaged meals and supplements. Daily en-
ergy requirement was calculated using Dietary Reference Intake 
equation plus an activity factor (16). A  7-day supply of pack-
aged food was picked up by participants or was home delivered. 
Participants received 1260 mg calcium, 1000-IU vitamin D3, and 
a multivitamin daily.

Adherence
Every week, a nutritionist reviewed either 24-hour food re-
calls or Dietary Compliance Checklists to reinforce dietary 
instructions. Dietary Compliance checklists involved partici-
pants checking off food items, discretionary food, and portions  
consumed (15).

Abdominal Visceral Fat
Abdominal visceral adipose tissue (VAT) was measured by dual-
energy x-ray absorptiometry (DXA) calibrated using a soft tissue 
phantom. DXA fat depots were measured in a 5-cm wide region 
placed across the abdomen just above the iliac crest at a level that 
coincides with the fourth lumbar vertebra (L4). The software locates 
the outer and inner margins of the abdominal wall based on fat and 
lean mass profiles across the abdomen at L4 level. The amount of 
subcutaneous adipose tissue in the region of interest is estimated by 
measuring the subcutaneous fat between the skin line and outer ab-
dominal wall, and is subtracted from the total abdominal fat mass 
measured within the region of interest to yield DXA VAT (17). The 
VAT area measured using the DXA has been shown to correlate 
strongly with VAT area measured by computed tomography at the 
L4-L5 level (18).
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Metabolic Outcomes
Plasma glucose was quantified using Beckman Glucose Analyzer 
2 (Beckman Instruments, California). Insulin, leptin and high-
sensitivity C-reactive protein (hs-CRP) were measured using 
high-sensitivity sandwich ELISA (Alpco Diagnostics, Salem, NH; 
Millipore, Billerica, MA). Total adiponectin was measured using a 
radio-immunoassay (Millipore). Interleukin (IL)-6 was measured by 
electrochemiluminescence immunoassay (Meso Scale Diagnostics, 
Rockville, MD). Insulin resistance was calculated using the homeo-
static model assessment (HOMA) index (19).

Statistical Analyses
For this substudy, a subset of 77 men from the original trial 
with available blood samples at baseline and at least one 
postrandomization visit (3  months and/or 6  months) were evalu-
ated. A 2 × 2 factorial design was applied with the model including 
interactions between visits, testosterone, and protein interventions. 
A mixed-effects regression model was used to assess 3-month and 
6-month outcomes simultaneously, controlling for baseline values 
and diabetes status and allowing for unstructured correlation be-
tween participants’ serial measurements. The mean between-group 
differences in postrandomization change in outcomes, for the ef-
fect of protein intake, were extracted from a mixed-model frame-
work (ie, between the groups receiving 0.8 vs 1.3 kg/day of protein) 
using treatment contrasts and associated 95% confidence intervals 
(CIs). In a similar fashion, the effects of testosterone intervention 
(testosterone enanthate 100 mg weekly vs placebo) were calculated 
from the model. Two-sided type 1 error was set at 0.05 for testing 
of all hypotheses. Statistical analyses were conducted using SAS 
9.3 (SAS Institute, Inc, Cary, NC) and R software version 3.2.5 (R 
Foundation).

Results

Flow of Participants
Of the 14 276 individuals who underwent screening, 154 met eligi-
bility criteria and entered a diet run-in period; 95 met dietary adher-
ence requirements; and 92 were randomized. Eighty-one completed 

3  months and 78 completed 6  months of intervention; 77 had a 
metabolic assessment at baseline and at least one postrandomization 
visit, and constituted the analytic sample.

Baseline Characteristics
Baseline characteristics were similar among the 4 treatment groups 
(Table 1). Mean age of the participants was 73.3 ± 6.1 years; 14.3% 
had diabetes. The adherence with dietary prescription (81%–86%) 
and testosterone/placebo injections (>99%) was high (14).

Metabolic Outcomes
Changes in abdominal VAT area and metabolic parameters from 
baseline to 6 months postintervention are depicted by treatment arm 
in Figure 1 and Table 2.

There was a significant effect of protein level on VAT area over 
6 months. Men randomized to 1.3 g/kg/day protein had a significantly 
greater decrease from baseline in VAT area than those randomized 
to 0.8 g/kg/day protein (between-group difference: −17.3 cm2, 95% 
CI, −29.7 to −4.8 cm2, p = .008). There was no significant effect of 
protein level on fasting insulin, fasting glucose or HOMA-IR, leptin, 
adiponectin, IL-6, and hs-CRP over 6  months. The changes from 
baseline in these biomarkers did not differ among men assigned to 
0.8 or 1.3 g/kg/day protein groups (Table 2), regardless of whether 
they received testosterone or placebo.

Testosterone administration was associated with a decrease in 
VAT area compared to placebo, regardless of protein intake; how-
ever, the between-group difference did not reach statistical signifi-
cance (between-group difference: −11.6  cm2, 95% CI: −0.58 to 
23.7 cm2, p = .06). Men randomized to testosterone had greater re-
ductions in leptin levels than those randomized to placebo (between-
group difference: −9.75 ng/mL, 95% CI: −14.8 to −4.75 ng/mL, p < 
.001), regardless of protein intake. There was no significant change 
from baseline in fasting insulin and glucose, HOMA-IR, adiponectin, 
hs-CRP, and IL-6 levels in men randomized to testosterone com-
pared to placebo, regardless of protein intake.

Results were mostly unchanged in sensitivity analyses that ex-
cluded subjects with diabetes (Supplementary Table 1). However, 
there was a nonsignificant trend in glucose reduction in men 

Table 1. Baseline Characteristics of the Study Population by Treatment Group

Treatment Group

Variable
0.8 g/kg/d Protein  
+Placebo (n = 21)

0.8 g/kg/d Protein  
+Testosterone (n = 17)

1.3 g/kg/d Protein  
+Placebo (n = 20)

1.3 g/kg/d Protein  
+Testosterone (n = 19) p Value

Age, years 74.0 ± 4.9 74.2 ± 7.0 72.0 ± 5.9 73.5 ± 6.9 .24
Body weight, kg 94.9 ± 12.5 83.1 ± 13.9 95.4 ± 16.8 88.7 ± 16.4 .38
Body mass index, kg/m2 30.5 ± 4.2 28.3 ± 4.6 31.9 ± 5.6 29.5 ± 4.8 .47
Fasting Glucose, mg/dL 103.4 ± 27.5 101.8 ± 13.5 98.8 ± 20.2 101.1 ± 14.6 .91
Fasting Insulin, uIU/mL 9.0 ± 6.5 7.3 ± 4.9 6.9 ± 4.0 5.5 ± 2.8 .15
HOMA-IR 2.5 ± 2.5 1.9 ± 1.4 1.7 ± 1.1 1.4 ± 0.9 .18
IL-6, pg/mL 2.8 ± 1.3 3.4 ± 2.3 2.7 ± 1.2 3.1 ± 1.1 .51
Leptin, ng/mL 47.1 ± 22.3 38.1 ± 27.0 36.6 ± 23.4 33.7 ± 21.7 .31
Adiponectin, ug/mL 5.7 ± 2.0 5.6 ± 2.0 5.7 ± 3.8 7.0 ± 3.1 .37
hs-CRP, mg/dL 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.3 0.2 ± 0.2 .55
*VAT area, cm2 246.7 ± 59.5 (15) 214.8 ± 59.4 (13) 187.1 ± 67.0 (16) 214.2 ± 67.0 (12) .09

Notes: Values are means ± SD. p-values for the test of any difference between groups extracted from ANOVA model. CRP = C-reactive protein; VAT = Visceral 
adipose tissue.

*There were no significant differences between baseline characteristics for the subset of participants with VAT area records available at the start of the study 
(N = 56).
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randomized to 1.3 g/kg/day protein than those randomized to 0.8 g/
kg/day protein (between-group difference: −6.20  mg/dL, 95% CI: 
−12.9, 0.49, p  =  .07), regardless of whether they received testos-
terone or placebo.

Exploratory Analyses
Among participants receiving high protein diet, the decrease from 
baseline in VAT area was not associated with changes in metabolic 
parameters (data not shown). We had insufficient power to test for 
interaction; however, among the 2 high protein groups, the decreases 
in VAT area from baseline were larger in those receiving testosterone 
compared to placebo (Supplementary Table 2).

Discussion

In this randomized-controlled trial of mobility-limited older men, 
daily protein intake higher than the RDA was associated with signifi-
cantly greater reduction in abdominal VAT compared with protein 
intake equaling the RDA. However, higher protein intake did not im-
prove glucose metabolism or the circulating levels of adipokines and 
inflammatory markers, or plasma lipids (reported previously (14)), 
regardless of whether participants received testosterone or placebo. 
Furthermore, decreases in VAT observed in the participants receiving 
protein intake >RDA were not associated with changes in metabolic 
and inflammatory serum markers. Thus, the reduction in VAT as-
sociated with higher protein intake did not translate into beneficial 
effects on serum cardiometabolic profile.

High protein diets have gained increasing popularity as a prom-
ising strategy for weight loss by improving satiety and reducing fat 
mass. The mechanisms by which increased protein intake decreases 
fat mass are not well understood but may include increased energy 
expenditure due to the thermic effect of protein and changes in ap-
petite regulating hormones (5). In a cross-sectional study of older 
adults, protein intake equal to the RDA was associated with lower 
fat mass than protein intake <RDA (49). We previously reported 
that protein intake >RDA attenuated the gains in whole body fat 
mass relative to the RDA (14). These findings are consistent with 
weight loss trials showing greater loss of fat mass in subjects con-
suming higher protein in settings of energy-restricted diets and/or 

exercise training (6,7). However, few studies have investigated the 
effect of high protein diets on both subcutaneous and visceral ab-
dominal tissue compartments in older adults. In one study of 65 
overweight or obese subjects randomized to 2 energy-restricted 
diets with different protein and carbohydrate contents for 6 months, 
intrabdominal adipose tissue area decreased by 33 cm2 and 16.7 cm2 
in high (25% total energy content) versus low protein (12% total en-
ergy content) groups, respectively (20). In a study of 215 overweight/
obese subjects randomized to one of 2 hypo-caloric diets for 12 
weeks, greater reductions in total and abdominal fat mass were seen 
in subjects consuming high protein (27% total energy content) diet 
compared to standard protein (16% total energy content) diet (10). 
In our current controlled feeding study of older men using isocaloric 
diets for 24 weeks, we show that protein intake >RDA resulted in 
greater loss of VAT compared to protein intake equal to the RDA. 
Although both visceral and subcutaneous adipose tissue are correl-
ated with metabolic risk, visceral fat remains more strongly associ-
ated with an adverse metabolic profile (21). Our study adds to the 
scarce literature demonstrating that abdominal VAT may be an im-
portant pathogenic fat depot that is responsive to a high protein diet.

Previous studies have reported inconsistent or even conflicting 
results on the effect of high versus low protein diets on meta-
bolic health. Some short-term studies have reported beneficial ef-
fects of higher versus lower protein diets on metabolic parameters 
(20,22,23) and insulin secretion (24). There also has been concerns 
of harmful effects of long-term high protein intake, particularly 
branched-chain amino acid rich diets, given their association with 
insulin resistance and type 2 diabetes (11). In a systematic review 
of 15 RCTs of ≥12 weeks duration in persons without diabetes, 
high protein diets showed neither improvement nor worsening of 
fasting glucose, HbA1c, insulin levels, lipids, and CRP, compared to 
low protein diets (8). These findings were corroborated by another 
meta-analysis of 74 RCTs demonstrating no significant changes in 
LDL-cholesterol, hsCRP, HbA1c, and fasting glucose following high 
protein compared to low protein diets (25). Another meta-analysis 
of studies in patients with type 2 diabetes showed that higher protein 
diets improved lipids and HOMA-IR, but did not significantly im-
prove fasting glucose, insulin, or HbA1c (26). We show here that 
a higher level of protein intake (>RDA) for 24 weeks exerted nei-
ther beneficial nor harmful effects on markers of glucose metabolism 
and inflammatory markers regardless of diabetes status. Although 
we found significant reductions in VAT with higher protein intake, 
this loss of VAT did not correlate with changes in cardiovascular 
disease risk markers. Thus, the clinical significance of the observed 
reduction in VAT with higher dietary protein is unclear and requires 
further study.

Testosterone therapy in hypogonadal and eugonadal men has 
been associated with improvement in body fat composition (12), 
including a reduction in whole body and visceral fat (27). It is un-
clear if the beneficial effects of testosterone replacement on body 
composition in these men might be enhanced by higher protein sup-
plementation. Consistent with other studies, testosterone adminis-
tration was associated with an appreciable reduction in VAT area 
compared to placebo, regardless of protein intake; although this did 
not quite reach statistical significance due to our limited sample size. 
Although the study had insufficient power to statistically test for 
interaction of both protein and testosterone effects, our data suggest 
that protein intake >RDA may enhance the VAT reductions induced 
by testosterone administration.

Our study has notable strengths and some limitations. The trial 
had concealed randomization, a placebo control, parallel group 

Figure 1. Estimated changes from baseline and 95% confidence intervals 
in abdominal visceral adipose tissue area and metabolic parameters over 
6-month intervention by treatment arm. Full color version is available within
the online issue.
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design, blinding, and oversight by an independent DSMB. We re-
cruited men with physical limitations whose protein intake was 
≤RDA, a group most likely to benefit from higher protein intake. 
This is the longest and largest randomized controlled-feeding study 
of protein intervention conducted in older adults. The 24-week dur-
ation of this study should be long enough to demonstrate any signifi-
cant change in these cardiovascular risk markers as a result of loss in 
VAT. However, measurement of cardiovascular disease risk markers 
was not the primary outcome of the trial. The majority of subjects 
in each group at study entry were either overweight or slightly obese 
typical of the middle-aged and older participants in our randomized 
trials in Boston. However, controlling for baseline BMI did not alter 
the results.

In conclusion, protein intake >RDA reduced abdominal VAT but 
had no significant effects on metabolic and inflammatory biomarkers 
in functionally limited older men. Our findings do not support the 
hypothesis that protein intake >RDA improves cardiometabolic 
health with or without concomitant use of a muscle anabolic, such 
as testosterone. Future studies are needed to clarify the long-term 
effects of high protein diets on major adverse cardiovascular events 
in older men.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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