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Abstract

The dietary protein allowance for older men to maintain lean body mass and muscle strength and 

to accrue optimal anabolic responses to promyogenic stimuli is poorly characterized. The 

OPTIMEN trial was designed to assess in older men with moderate physical dysfunction and 

insufficient habitual protein intake (< recommended dietary allowance, RDA, 0.8 g·kg−1·d−1) the 

efficacy of consuming diets containing 163% RDA (1.3 g·kg−1·d−1) for protein, compared to RDA, 
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to increase lean mass, muscle performance, and physical function. A second aim was to determine 

whether increasing protein intake to 1.3 versus 0.8 g·kg−1·d−1 would augment anabolic responses 

to a promyogenic agent, testosterone.

For this randomized, double-blind, placebo-controlled six-month intervention trial, 92 men, 65 

years or older, with Short Physical Performance Battery scores 3–10, and habitual protein intakes 

< RDA, were assigned to one of four groups: 100% RDA plus placebo intramuscular injections 

weekly; 100% RDA plus weekly intramuscular injections of 100 mg testosterone enanthate; 163% 

RDA plus placebo injections; or 163% RDA plus testosterone injections. All participants received 

portion-controlled packaged meals and group-specific dietary supplements containing either 

mixtures of casein and whey or carbohydrate, with identical appearance. The primary outcome 

was change in lean body mass assessed using dual energy X-ray absorptiometry. Secondary 

outcomes included maximal voluntary strength and power in leg press and chest press exercises, 6-

minute walking distance, stair climbing power, and self-reported physical function.

Results of the OPTIMEN trial have important implications for dietary protein guidance and policy, 

and efficacy of promyogenic drugs.

1. Introduction

The recommended dietary allowance (RDA) for protein has been set at 0.8 g·kg−1·day−1; this 

allowance is intended to meet the needs of the entire adult population – men and women, 

young and old [1]. This value represents the minimum amount of protein required to avoid 

loss of lean body mass in most individuals. However, the protein requirements in older 

adults remain poorly validated and have engendered vigorous debate [2–7]. Many experts 

advocate dietary protein intakes substantially above the current RDA to maintain muscle 

anabolism in older individuals; these scientists cite studies which suggest that protein intakes 

above the RDA for older adults have beneficial anabolic effects on the skeletal muscle 

[2,3,7–14]. Other experts support the current protein RDA [4,5]. The efficacy of protein 

intakes in excess of the RDA in improving muscle mass, muscle performance and physical 

function has not been demonstrated in older individuals and is an issue with health policy 

implications.

A US Department of Agriculture (USDA) survey revealed that about a third of older 

Americans do not ingest the RDA for protein [15]; other surveys have confirmed these 

findings [16]. Low protein intake has been implicated as a contributor to the multifactorial 

pathophysiology of sarcopenia, the aging-associated loss of muscle mass and function 

[2,7,9,11–12]. However, we do not know whether increasing protein intake in older adults, 

whose protein intake is below the RDA, increases muscle mass, muscle performance and 

physical function. Therefore, the first aim of the Optimizing Protein Intake in Older Men 

with Mobility Limitation (OPTIMEN) Trial was to determine whether administration of 1.3 

g·kg−1·day−1 of protein results in greater improvements than the RDA (0.8 g·kg−1·day−1) in 

lean body mass, maximal voluntary muscle strength and power, and physical function in 

older men whose protein intake is less than the RDA and in whom energy intake has been 

standardized at 30 kcal·kg−1·day−1. We selected 0.8 g·kg−1·day−1 and 1.3 g·kg−1·day−1 as the 

two levels of protein intake for comparison. The 0.8 g·kg−1·day−1 is the RDA and, therefore, 
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the reference level of protein intake. Many nutrition experts recommend that an intake of 1.3 

g·kg−1·day−1, or about 15–20% of total caloric intake, is necessary to optimize health 

outcomes in older individuals [2–3,7–9]. Although a few experts have recommended protein 

intakes even higher than 1.3 g·kg−1·day−1, protein intakes in excess of 1.3 g·kg−1·day−1 may 

be difficult to achieve in free living older adults because a vast majority of older individuals 

eat < 1.3 g·kg−1·day−1. Our protein intake target of 1.3 g·kg−1·day−1 is therefore more likely 

to be achievable in the average older person, and also likely to be an effective dose for 

demonstrating a difference in muscle mass accretion when compared to the RDA.

Studies in athletes have suggested that protein intake substantially greater than the RDA may 

be required to maintain nitrogen balance in individuals undergoing resistance exercise 

training and to optimize adaptations to exercise training [17–19]. However, studies have 

failed to demonstrate improvements in lean body mass or physical function in older 

individuals fed higher amounts of protein in excess of the RDA. This failure could be a 

function of the recruitment of subjects with varying levels of physical function and 

sarcopenia. The protein requirements for achieving optimal anabolic response to 

administration of promyogenic function promoting therapies are unknown. Therefore, the 

second aim was to test the hypothesis that the RDA of 0.8 g·kg−1·day−1 protein intake is 

insufficient to attain optimal anabolic response to administration of a promyogenic agent, 

such as testosterone. We hypothesized that in older adults whose daily protein intake is less 

than the RDA, increasing dietary protein intake to 1.3 g·kg−1·day−1 without changing the 

total daily energy intake, will augment anabolic response to testosterone and will be 

associated with greater gains in lean body mass and maximal voluntary strength than the 

RDA.

2. Study design

The OPTIMEN trial was a randomized, placebo-controlled, parallel group, double blind, 

clinical trial in community dwelling, older men, 65 years or older, who have moderate 

degree of physical dysfunction. The study had a 2 × 2 factorial design to enable us to 

investigate the effects of dietary protein intake and testosterone separately and together. The 

study protocol was approved by the institutional review boards for Humans Subjects 

Research at Boston University Medical Center and the Brigham and Women’s Hospital.

2.1. Participant selection – eligibility criteria

The eligibility criteria were designed to select older men, who have a moderate degree of 

physical dysfunction, whose protein intake is less than the 0.83 g·kg−1·day−1, who were able 

to provide informed consent and participate in study assessments, and who did not have 

conditions that would render them susceptible to increased risk of adverse effects of 

testosterone or of protein intake above the RDA (Table 1).

We recruited men whose daily protein intake was < 0.83 g·kg−1·day−1 based on an average 

of 3 days of 24-hour dietary recalls. The cutoff value of 0.83 g·kg−1·day−1 was selected as 

the exact 97.5 percentile for protein requirements from the meta-analysis of nitrogen balance 

studies by Rand et al. [20]. For inclusion, we required an intake of < 0.83 g·kg−1·day−1 of 

protein on 2 out of 3 dietary recalls or from the average of 3 dietary recalls. We included 
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men with moderate degree of physical dysfunction as indicated by a Short Physical 

Performance Battery (SPPB) score of 3 to 10 because men with minimal or no physical 

limitation, being close to the ceiling of performance in this test, are unlikely to show 

improvements in their performance in this test, while those with SPPB score < 3 may be too 

limited to show improvement – a case of too little, too late [21–22].

We excluded men who had conditions, which might be potentially exacerbated by 

testosterone [23], such as prostate cancer, untreated severe sleep apnea, untreated heart 

failure, recent major adverse cardiovascular event, or erythrocytosis. We excluded men who 

were unwilling or unable to provide an informed consent, such as those with dementia, and 

those who were unable to participate in study assessments, such as the men with limiting 

musculoskeletal conditions or stroke with residual neurological deficit. We also excluded 

men who had symptoms of severe lower urinary tract obstruction, as defined by a score of > 

19 on the International Prostate Symptom Score (IPSS) questionnaire.

To ensure that the participants included in the study comply with the dietary prescription, we 

excluded participants, who, during the two-week run-in period, had taken in < 75% of the 

meals and/or less 75% of the supplement.

2.2. Subject recruitment and screening

We used a step process to streamline screening of subjects: telephone screening (step 1); in-

person interview and blood tests for blood counts and chemistries, PSA and total and free 

testosterone, and the SPPB (step 2). Additionally, 24-hour food recalls on three separate 

days, including one weekend day, were analyzed by a registered dietitian to ascertain 

average daily energy and protein intake.

Subjects who responded to our advertisements or to the mailings underwent telephone 

screening that conformed to HIPAA guidelines and in which we verified key inclusion and 

exclusion criteria by using a standardized questionnaire. Those who met the eligibility 

criteria during the telephone screen were invited to come to the research unit, where they 

signed the informed consent form after a detailed explanation of the study, and underwent 

medical history, physical examination, blood counts and chemistries, and measurement of 

PSA. The subjects also underwent a SPPB.

2.3. The run-in-period to determine compliance with the prescribed dietary regimen and 
acceptability of the prescribed custom diet

During the run-in-period, the subjects were provided a custom diet containing 0.8 g/kg/day 

protein for a duration of 10 to 16 days. Body weight was recorded weekly. Adverse events 

and concomitant medications were reviewed every two weeks during this period. Subjects 

who completed the run-in-period successfully were eligible for randomization. Subjects 

were excluded during the run-in period on the basis of the following: (a) failure to return for 

the scheduled study visits, (b) failure to consume at least 75% of the provided meals and/or 

supplements for reasons of palatability or tolerability, (c) an expressed taste aversion to 

supplements, or (d) any other reason cited by the study investigator or medical team that 

would interfere with the subject’s completion of the 6-month trial. Baseline assessments 
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were completed for all subjects at the end of the run-in period after eligibility had been 

determined.

2.4. Participant allocation

The participants, who meet the eligibility criteria were randomly assigned to one of four 

intervention groups using a concealed randomization schedule developed by the 

biostatistician, using the permuted blocks strategy with randomly varying blocks of size 4 

and 8, as follows: Group A: Placebo injections weekly plus 0.8 g/kg/day protein; Group B: 

Placebo injections weekly plus 1.3 g·kg·day protein; Group C: Testosterone enanthate 100 

mg intramuscularly weekly; 0.8 g·kg·day protein; Group D: Testosterone enanthate 100 mg 

intramuscularly weekly plus 1.3 g·kg·day protein.

2.5. Blinding

The participants, the research staff, and the personnel involved in outcomes assessments 

were all blinded. Treatment assignment was known only to the Data Management Team and 

the Investigational Drug Pharmacy. An unblinded physician was designated to monitor 

safety results. All participants received packaged meals plus a supplement to ensure 

blinding. The dietary supplements containing either casein and whey mix or carbohydrate 

had identical appearance.

2.6. Study medication

The participants received weekly intramuscular injections of either testosterone enanthate 

100 mg or an equal volume of placebo. The injections were administered by study staff in 

the research unit.

2.7. Standardizing energy and protein content through packaged meals and supplement

Each subject’s daily energy requirement was calculated using the Dietary Reference Intake 

equation plus an activity factor; this method has been validated in controlled feeding studies. 

Two levels of protein intake were used: 0.8 g·kg−1·day−1 (reference or control group) or 1.3 

g·kg−1·day−1 (intervention group). The daily energy and protein allowances were 

apportioned between the pre-packaged study meals, the protein or energy (placebo) 

supplements, and a discretionary allowance. Eighty percent of daily energy allowance was 

provided through the packaged meals, leaving 20% of energy to be derived from the dietary 

supplements and discretionary calories. This approach offered flexibility and convenience 

and was expected to increase dietary adherence and maintenance of consistent portion 

control.

A commercial vendor (Personal Chef to Go, Mechanicsville, VA) provided meals with five 

graded levels of protein and caloric content to enhance feasibility of the nutrition 

intervention. We anticipated that the protein and energy content of the packaged meals may 

not match the estimated protein or energy requirement. The difference between the estimated 

protein and energy requirement and the protein and energy content of the packaged meals 

was made up by a protein and/or carbohydrate supplement. These meals provided 0.7 g·kg
−1·day−1 of protein for subjects in the intervention and control groups. Calories in the 

packaged meals were apportioned such that 20% of total calories were provided as breakfast, 
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40% as lunch, and 40% as dinner, thereby enabling the lunch and dinner meals to be 

interchangeable to allow the subjects more choice in meal selection.

The participants in the control group received all of their daily protein allotment (0.8 g·kg
−1·day−1) through packaged meals provided by the commercial vendor, supplement and 

discretionary calories (snacks). The participants in the intervention arm received an 

additional supplement containing 0.5 g·kg−1·day−1 of a casein and whey protein mix, 

bringing their daily protein intake to 1.3 g·kg−1·day−1. The discretionary calories provided 

0.1 g/kg/day protein to add up to either 0.8 g·kg−1·day−1 for the control or 1.3 g·kg−1·day−1 

for the intervention group. To ensure comparability between the two groups, the control 

group received an additional supplement containing 0.5 g·kg−1·day−1 of a carbohydrate 

powder. The supplements were divided into three portions to be ingested as a mid-morning 

snack, 3–4 PM (with a snack), and at bedtime.

To allow for some variety and subject choice, 15% of daily calories was allocated as 

discretionary calories and included such items as fruits and vegetables, coffee and tea with 

milk and/or sugar, alcoholic beverages, and other foods. The participants recorded all 

discretionary items consumed on the Food Compliance Checklist provided with the 

packaged meals. Compliance Checklists were collected every other week during the research 

center visit.

Each participant received instructions explaining how to apportion, store, and eat the 

packaged meals and supplements throughout the day. The participants were also instructed 

in the types and amounts of discretionary foods they could eat to add variety. The men 

assigned to the low and high protein groups received identical packaged meals and 

supplements were designed to look and taste alike. The importance of dietary compliance 

was reinforced every week. The subjects were provided a seven-day supply of packaged 

food each time. The weekly supply of thermally regulated food was either picked up by the 

participants during their weekly visits to the study clinic or was delivered by an overnight 

courier to their homes on a weekly basis during a specified window of time when the 

participant was at home and could immediately refrigerate the received food supply.

To ensure that they receive sufficient amounts of vitamins and minerals, the participants 

received one multivitamin tablet, and a calcium citrate tablet containing 630 mg of elemental 

calcium and 500 IU of vitamin D twice daily.

2.8. Preparation of the dietary supplements

The dietary supplements were prepared by the manufacturer (Dairy Research Institute®, 

Bariatrix Nutrition Corp., and Abbott Laboratories). The participants in the intervention 

group received the 0.5 g·kg−1·day−1 protein supplement. The protein supplement was 

prepared by mixing Milk Protein Concentrate-80 (MPC-80) with Whey Protein 

Concentrate-80 (WPC-80). The 80:20 casein to whey blend was diluted using an appropriate 

amount of WPC-80 to achieve an average of 50:50 casein:whey blend (CWB). The final 

CWB was unflavored to provide the greatest flexibility to the subjects for mixing and 

consuming the supplements at home. However, the protein supplement was sweetened to 

match the taste of the carbohydrate (glucose-based) supplement. Quality control over the 
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blend of casein to whey as well as the total protein concentration per unit of powder was 

carried out for each batch by Rtech Laboratories and results of the quality control analysis 

were provided to the investigators with the shipment of each new batch.

The supplements were packaged in individual portions for each participant. Color coding 

was used to separate morning, afternoon and evening supplements.

2.9. Compliance with dietary prescription

We incorporated several approaches to enhance compliance with the dietary regimen, 

including the provision of packaged meals and portion control, the use of compliance 

checklists to assess compliance every two weeks, and reinforcement of dietary instructions 

every other week. Due to the large respondent burden associated with returning empty meal 

containers and incompletely-consumed meals, especially in older subjects with mobility 

problems, we did not require the return of such items. Instead, we used a Dietary 

Compliance Checklist, a method that had been used successfully in previous studies by these 

investigators [24]. The checklist included with each meal lists all items that were included in 

the meal package; the respondent simply checked off all foods eaten. For those foods that 

were not completely eaten, the subject indicated what portion was consumed (e.g., one-

quarter or one-half). Subjects return their Compliance Checklists during every other weekly 

visit.

At every other weekly visit, the study nutritionist reviewed the Dietary Compliance 

Checklist and inquired about difficulties associated with compliance, including the amount 

of food provided, palatability, problems in filling the Compliance Checklist, and factors 

affecting the ability to follow the prescribed diet or supplements. The compliance was 

calculated as the percent eaten for of the following items: all meals, protein foods, 

supplements, protein foods plus supplements, all meals and supplements, using the Nutrition 

Data Systems-Research software (University of Minnesota) (NDS-R), and averaged across 

the treatment period to obtain an average compliance score for each subject. The biweekly 

24-hour food recalls were used as a cross-check on the compliance estimates obtained from 

the Compliance Checklists.

2.10. Hybrid feeding plan for participants who found the custom diet unpalatable

After about a third of the participants had been enrolled, a review of those who met all other 

eligibility criteria and had in-range SPPB score but who withdrew prior to randomization 

revealed that one third of these subjects cited palatability of the prescribed diet as the reason 

for refusal to participate further in the trial. After approval of the trial’s Data and Safety 

Monitoring Board and the IRB, we modified the study protocol to include the option of a 

hybrid diet to achieve the dual goals of maintaining stringent control over the protein and 

energy intake during the trial and of allowing greater choice in the selection of foods in the 

custom designed diet.

Accordingly, the participants, who did not wish to participate due to inability to enjoy the 

meals, were given the option of substituting the entrée in the meal provided by the 

commercial vendor with a home cooked entrée which had the same protein and energy 

intake as that included in their dietary prescription. The study dietitians instructed the 
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participant on how to estimate the macronutrient content of lunches or dinners so that the 

participant ate the amount of protein and calorie content prescribed. The dietitians used 

exchange lists for meal planning based on the American Dietetic Association 

recommendations [25]. Instead of the Compliance Checklist used by the participants, who 

followed the meal plan offered by the commercial vendor, the participants on the hybrid 

meal plan completed food logs of the meals taken instead of what was delivered by 

commercial vendor. These instructions were provided during an initial in-person session 

with the research dietitian that lasted between 1 and 2 h. Subjects were encouraged to 

replace as few meals as necessary in order to maintain the study diet.

2.11. Exercise and activity

All participants were asked to abstain from resistance and heavy endurance exercise during 

the study. Those involved in weight lifting exercises were enrolled only if they agreed to 

discontinue weight lifting at least twelve weeks before the start of the study. Those involved 

in mild to moderate aerobic exercises on a regular basis were allowed to continue to do so 

provided the intensity of exercise was maintained constant throughout the study period.

2.12. Study outcomes

The primary outcome of the trial was change in lean body mass, measured by dual energy 

X-ray absorptiometry (DXA) [26–27], because lean body mass is an excellent marker of 

whole body protein anabolism, is responsive to testosterone administration, and can be 

measured accurately and precisely by DXA (Table 2). At a population level, sarcopenia 

defined in terms of lean body mass is predictive of disability, fracture risk, mortality, and 

other adverse health outcomes. DXA scans were all read by the same personnel at the Bone 

Unit of Brigham and Women’s Hospital.

We recognized that translation of lean body mass gains into muscle performance and 

physical function gains is crucial for establishing the efficacy of function promoting 

therapies. Accordingly, we included measures of muscle performance and physical function 

as secondary outcomes. Maximal voluntary strength measured by the 1-repetition maximum 

method in the leg press and the chest press exercises were included as secondary outcomes 

[26–28]. These exercises were chosen because they involve the large muscle groups of the 

lower and upper extremities. Measures of physical function included 6-minute walking 

distance and speed; stair-climbing power without and with carrying a load of 20% body 

mass; and 50-meter timed walk while carrying a 20% body mass load. Assessments of 

muscle performance and physical function were performed by trained and experienced 

exercise physiologists in the Function Assessment Core of the Boston Claude D. Pepper 

Older Americans Independence Center, using standardized methods that have been 

published [26–28].

We characterized self-reported physical function using the physical function domain of the 

Medical Outcomes Study Short Form-36 (SF36) [29]. Sense of wellbeing was assessed by 

Psychological Well Being Index, and fatigue by FACIT-1 Fatigue scale [30]. Positive and 

negative affect was assessed by Derogatis Affectivity Balance Scale (DABS) [31].

The schedule of study assessments is shown in Table 3.
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2.13. Safety measures

In accordance with the recommendations of the Endocrine Society’s Expert Panel for 

Testosterone Therapy of Androgen Deficiency Syndrome in Men [23], we monitored the 

following to assure subject safety: hemoglobin and hematocrit; serum PSA levels, periodic 

digital rectal examinations of the prostate, and American Urological Association/

International Prostate Symptom Score (AUA/IPSS) score; and plasma lipids (Table 4).

There is no evidence that testosterone enanthate, when administered by intramuscular 

injection at the proposed dose, affects liver enzymes [23]. There is weak evidence linking 

testosterone therapy to obstructive sleep apnea; both worsening and improvements in sleep 

apnea have been reported with testosterone administration, leading the Endocrine Society 

expert panel not to recommend monitoring for sleep apnea. Although there is no evidence 

that protein intakes of up to 2 g·kg−1·day−1are associated with adverse health effects, we 

monitored 24-hour urinary calcium excretion, blood urea nitrogen (BUN) and creatinine, 

and blood chemistry panel, including albumin, pre-albumin and transferrin as markers of 

protein status. This study was neither sufficiently long in duration nor was adequately 

powered to determine the effects on bone mineral density and fracture risk.

2.14. Statistical plan

Primary analyses will follow the “intention-to-treat” (ITT) principle; i.e., individuals will be 

analyzed according to their assigned intervention group regardless of their compliance or 

whether or not they remain on the study intervention. For safety outcomes, however, all 

individuals exposed to testosterone, whether or not it was their assigned treatment, will be 

considered. A secondary, ‘per-protocol,’ sensitivity analysis will also be conducted for each 

outcome with nonadherent subjects excluded.

The primary outcome is lean body mass, measured by DXA, and the primary focus of the 

statistical analysis estimation and inference surrounding the effects of 1.3 g diet and 

testosterone supplementation on lean body mass above and beyond those attributable to 0.8 

g protein and placebo, respectively. Leg press strength, chest press strength, leg power, 

walking speed and stair climbing power (both with and without a load carry), self-reported 

physical function, fatigue, wellbeing and affectivity balance are considered secondary 

outcomes.

Prior to formal modeling, exploratory methods will be employed to assess data quality, 

preliminary evidence of associations and to detect the presence of outlying values. Where 

appropriate, log or power transformations of outcome variables will be employed to enhance 

conformity with assumptions.

Compliance will be evaluated in two areas: dietary compliance and the number of injections. 

Dietary compliance will be assessed by means of alternating Dietary Compliance Checklist 

and 24-hour food recalls as described in another section. The percent of injections received 

at the weekly clinic visits will be calculated. Adherent participants will be defined as those 

with > 90% compliance with the dietary prescription and who took > 90% of their 

prescribed injections.
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Our primary analytical strategy is to use mixed-effects regression analysis to assess 3 and 6 

month outcomes simultaneously with baseline total body lean mass considered as a 

covariate; 6-month differences between arms will be estimated via a treatment contrast and 

corresponding 95% confidence interval. All comparisons will assume a type I error 

probability of 0.05. Modification of the protein effect by testosterone administration will be 

investigated by the use of statistical interaction terms, which will generally be considered 

statistically significant if achieving the 0.10 threshold. As we anticipate that the effects of 

testosterone and protein supplementation may not have additive effects on certain outcomes, 

the clinical significance of potential interactions will also be assessed.

Analyses of secondary outcomes will proceed according to the same program. As additional 

secondary analyses, we are also interested in knowing whether changes in lean body mass 

are related to change in protein intake and change in circulating testosterone levels, and 

whether the relationship between the change in on-treatment circulating testosterone levels 

and change in lean body mass is influenced by the level of protein intake (1.3 g·kg·day vs 

0.8 g·kg·day).

A two -sided, 5% level of significance will be used for each prespecified hypothesis and no 

adjustment will be made for multiple comparisons for pre-specified hypotheses. The 

magnitude of effect size will be carefully evaluated for clinical significance.

2.15. Sample size estimate

We estimated that 92 men will be needed to test the primary hypothesis. We based this 

estimate on the following considerations: two-sided, type I error rate of 0.05; an intent-to-

treat analytical strategy; no > 15% of subjects in four groups dropping out before end of 

study; and Pearson correlation between baseline and follow-up lean mass measures at least 

0.5, consistent with prior studies [26–27]. We hypothesized that subjects receiving the 

elevated protein diet and testosterone will exhibit greater gains than those receiving placebo 

injections and 0.83 g/kg protein, with the apparent effects of testosterone and 1.3 g protein 

diet exhibiting an additive behavior. The anticipated mean ± SD gain in lean body mass 

attributable to testosterone therapy in this design is expected to be approximately 2.8 kg with 

standard deviation no > 4.2 kg - yielding an effect size of at least 0.67 – while the gain 

attributable to 1.5 g diet is anticipated to be approximately 1.5 kg with SD about 2.3 kg, 

yielding an effect size of approximately 0.65. These estimates are reasonable and 

conservative because in our testosterone dose response study, older men receiving the same 

dose of testosterone and 1.2 g·kg·day gained 4.3 kg (SD 2.3 kg) lean body mass [19]. If the 

hypothesized differences hold, an evaluable sample size of 19 participants in each of the four 

treatment groups (total evaluable sample size = 76 men) would provide 80% power to detect 

these effects, while group-specific evaluable sample sizes of 26 and 29 would provide 

approximately 85% and 90% power to detect these effects, respectively. To insure 80% 

power for primary comparisons we therefore propose an enrollment sample of 76/0.85, i.e. 

92 participants or 23 per cell.

The anticipated analytic sample size of 92 subjects also provides sufficient power to detect 

clinically meaningful changes in most of the secondary outcomes with 80% power. We 

anticipate, for instance, that the change in leg press strength in testosterone plus 0.8 g 
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protein group will be 15 kg (SD 24 kg) and in testosterone plus 1.3 g protein group will be 

24 kg (SD 30 kg). This assumption is conservative based on previous testosterone trial 

which revealed an increase of 28 kg in leg press strength (SD 22 kg) [26]. We anticipate 

therefore that the true effect size of the testosterone effect on leg press strength will be 

approximately 0.56, detectable with 80% power under the proposed design. We assert that a 

15 kg increase in leg press strength is clinically significant based on the fact that Fiatarone et 

al. demonstrated that a 10 kg increase in leg press strength was associated with significant 

improvements in physical function, as assessed by stair climbing power, walking speed, and 

time for sit-to-stand transition [32].

3. Discussion

Protein requirements for older individuals have been the subject of contentious debate for 

some time. The RDA estimate has been derived largely from short term studies of two to 

three week duration, using nitrogen balance studies [1,4–6], which have been criticized on 

multiple other grounds [4–6]: inclusion of a small number of individuals, inclusion of no or 

very few older adults, inclusion of subjects with undocumented medical conditions, 

problems with complete urine and fecal collections, not accounting for other sources of 

nitrogen loss, and inclusion of subjects with inadequate or excessive energy intakes [9]. Not 

surprisingly, the recommendations for older individuals have invited a great deal of 

disagreement; some experts have advocated higher levels of protein intake for older 

individuals, while others have equally fervently supported the adequacy of the current RDA 

[4–6,9]. Thus, the issue being addressed in this investigation has enormous public health and 

policy implications.

We incorporated several strategies - packaged meals, portion control, frequent contact and 

reinforcements, and frequent checks of dietary compliance in real time by using compliance 

checklists - which have been shown to enhance compliance with the dietary prescription in 

previously successful trials, such as the Dietary Approaches to Stop Hypertension (DASH) 

[32], Diabetes Prevention Program (DPP) [33], and many obesity trials [34]. The inclusion 

of a hybrid dietary accommodates the needs of our ethnically diverse study population, some 

of whom find the custom packaged diet unpalatable, and should further increase compliance 

with the dietary prescription.

The study incorporated all the attributes of good clinical trial design such as randomization, 

stratification, and blinding, an appropriate sample size based on consideration of effect size 

and power, attentive safety monitoring, and a multidisciplinary team of experts from several 

relevant disciplines. The 2 × 2 factorial design should enable us to determine the effects of 

dietary protein and the pharmacologic anabolic therapy separately and together.

Instead of relying on nitrogen balance studies or biochemical measures of protein turnover, 

we included lean body mass, which is an outstanding integrated measure of whole body 

anabolism that can be measured with high level of precision and accuracy even in older 

adults. In addition to measures of lean body mass, we also included measures of muscle 

performance and physical function.
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The proposed investigation is novel and innovative in several ways. It investigated the effects 

of two levels of protein intake on lean body mass, muscle performance and physical function 

rather than relying on biochemical markers such as nitrogen balance and muscle protein 

kinetics. Unlike previous studies which have included individuals with varying protein 

intakes – higher and lower than the RDA - we recruited individuals with protein intake less 

than the RDA, who have objectively verified physical dysfunction and who are arguably the 

most likely to benefit from higher protein intake. With a study duration of 6-months and a 

sample size of 92, this would be one of the longest and the largest studies of this type in 

older adults. Most other studies have been conducted in the setting of resistance exercise 

training; our study will determine the effects of varying protein intake in the setting of a 

pharmacological anabolic intervention. The trial’s findings will be of interest to the 

development of a large number of pharmacological function promoting therapies that are in 

development, such as the myostatin anatgonists, selective androgen receptor modulators, 

growth hormone secretagogs, and IGF mimetics. The results of this trial have important 

implications for nutrition policy. Since older adults undergo age associated muscle loss, it is 

crucial to determine the optimal protein intake to maintain muscle mass and function and to 

achieve maximal benefit from anabolic stimulation as a treatment for sarcopenia in the 

growing population of older adults.
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Table 1

Eligibility criteria for the OTIMEN trial.

Inclusion criteria

1 Community -dwelling men 65 years of age or older

2 A score of 3–10 on the short physical performance battery (SPPB) (if the score is 10, then the combination of scores must be 
4-3-3)

3 Daily protein intake < 0.83 g·kg−1·day −1 (from the average of three 24-hour food recalls)

4 Able to give informed consent

Exclusion criteria

1 History of prostate or breast cancer

2 Severe symptoms of benign prostatic hyperplasia as indicated by International Prostate Symptom Scale/American Urological 
Association [AUA] symptom index score of > 19

3 Prostate specific antigen (PSA) > 3 ng/mL in Black men or > 4 ng/mL in men who are not Black

4 PSA > 3 ng/mL in those with history of prostate cancer in first degree relatives. These subjects may be enrolled if they have a 
negative transrectal biopsy within the past year.

5 Myocardial infarction or stroke within the last 6 months

6 Uncontrolled congestive heart failure, based on the study physician’s evaluation

7 Serum creatinine > 2.0 mg/dL

a. Men on any kind of dialysis will be excluded

8 History of celiac disease, Crohn’s disease, or ulcerative colitis

9 History of any malignancy requiring treatment within the previous 2 years, except non-melanoma skin cancers

10 Neuromuscular diseases: motor neuron diseases, multiple sclerosis, adult muscular dystrophies, and myasthenia gravis

11 History of stroke with residual limb weakness that affected the individual’s ability to walk

12 Schizophrenia, bipolar disorder, or untreated diagnosed depression

13 TSH levels < 0.4 or > 7.5mLU/L

14 Systolic blood pressure (BP) > 160 or diastolic BP > 100 mmHg (average of 2 measurements taken at Visit 1)

15 Hemoglobin Ale > 8.0%

16 Subjects on insulin therapy will be excluded

17 Mini-Mental Status Exam (MMSE) score < 24

18 Body mass index (BMI) < 20 or > 40 kg/m2

19 Not willing to eat red meat, fish, shellfish, poultry, or eggs

20 Allergy to peanuts, soy, sesame, shellfish, or gluten

21 Current alcohol use > 21 drinks/week based on self-report

22 Confinement to a wheelchair

23 Current use of any of the following medications: testosterone, DHEA, androstendione, rhGH, or levodopa within 1 year of 
screening

24 Current enrollment in a structured weight management program or participation in any weight intervention studies in the 
preceding 90 days

25 Serum ALT and AST > 3 × upper limit of normal

26 Hematocrit < 30% or > 48%

27 Progressive intensive resistance exercise training within 12 weeks of screening

28 Current use of anticoagulants

29 Noncompliant with run-in diet and/or study supplement (noncompliance is defined as intake of < 75% of the meals and 
supplements during the run-in period)
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30 Unwillingness or inability to eat three frozen study meals daily for 6 months

31 Unwillingness to stop current nutritional supplements

32 Not appropriate for the study based on physician discretion
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Table 2

Efficacy outcomes.

Primary efficacy outcome

Whole body lean body mass measured using dual energy X-ray absorptiometry

Secondary efficacy outcomes

Appendicular skeletal muscle mass using DXA

Measures of muscle performance

Leg press strength

Chest press strength

Measures of Physical Function

6-minute walking distance and speed

Stair climbing speed and power

50-meter walking speed with and without carrying a 20% load

Self-reported physical function

Physical function domain of Medical Outcomes Study Short Form 36

Wellbeing, affectivity balance and fatigue

Wellbeing assessed using Psychological Wellbeing Index

Affectivity balance using DeRogatis Affectivity Balance Scale

Fatigue using the FACIT-1 scale
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Table 3

Schedule of events.

Procedure/Test Screening Baseline Day 1 Week 6 Week 12 Week 18 Week 24

Consent / Eligibility X

24-hour food recalls

Randomization X

Bi-weekly food compliance checklists

Testosterone / Placebo injection

Protein / placebo supplements

CBC / chemistry panel / adverse event 
recording

X X X X X X

24-hour urine for calcium, urea nitrogen X X X

Physical exam / PSA / IPSS score / 
prostate exam

X X X X X X

Body Composition by DXA X X X

Muscle strength and leg power X X X

Physical Function (Stair climbing, 6-min 
walk, load carry)

X X X

Self-reported physical function X X X

Affectivity / fatigue/sense of wellbeing X X X

CBC, complete blood count; PSA, prostate specific antigen; IPSS, International Prostate Symptom Scale; DXA, dual energy X-ray absorptiometry.
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Table 4

Safety outcomes.

Hemoglobin and hematocrit

PSA level

Lower urinary tract symptoms using International Prostate Symptom Score

Serum creatinine and blood urea nitrogen (BUN)

24-hour urinary calcium excretion

Blood chemistry panel
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