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Abstract

Background—Vascular endothelial function declines with advancing age, due in part to 

increased oxidative stress and inflammation, and this age-related vascular dysfunction has been 

identified as an independent risk factor for cardiovascular diseases (CVD). This double-blind, 

placebo-controlled trial investigated the effects of a dietary supplement containing β-hydroxy-β-

methylbutyrate (HMB), glutamine, and arginine on endothelial-dependent vasodilation of older 

adults.

Subjects/Methods—Thirty-one community-dwelling men and women aged 65-87 years were 

randomly assigned to two groups. The treatment group received two doses of the supplement daily 

(totaling 3g HMB, 14g glutamine, 14g arginine) for six months while the control group received 

an isocaloric placebo. At baseline and week 24, vascular endothelial function was measured by 

flow-mediated dilation of the brachial artery, and fasting blood samples were obtained to measure 

high-sensitivity C-reactive protein (hsCRP) and tumor necrosis factor-α (TNF-α).

Results—Paired samples t-tests revealed a 27% increase in flow-mediated dilation among the 

treatment group (p=0.003) while no change was observed in the placebo group (p=0.651). 

Repeated-measures ANOVA verified a significant time by group interaction (p=0.038). Although 
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no significant changes were observed for hsCRP or TNF-α, a trend was observed for increasing 

hsCRP among the placebo group only (p=0.059).

Conclusions—These results suggest that dietary supplementation of HMB, glutamine, and 

arginine may favorably impact vascular endothelial function in older adults. Additional studies are 

needed to elucidate whether reduced inflammation or other mechanisms may underlie the benefits 

of supplementation.
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Background/Objectives

Aging is associated with impaired endothelial-dependent vasodilation
1
, and increased 

oxidative stress and inflammation are thought to be key contributors to this vascular 

dysfunction
2, 3. Properties of certain dietary amino acids may ameliorate the age-related 

decline in vascular function. β-hydroxy-β-methylbutyrate (HMB) is a metabolite of the 

amino acid leucine that is best known for its inhibition of muscle protein breakdown 
4
. 

However, supplemental dosages of 3g daily of HMB have also been shown to attenuate 

circulating levels of pro-inflammatory cytokines such as C-reactive protein (CRP)
5
 and 

tumor necrosis factor alpha (TNF-α)
6
. Animal

7
 and in vitro studies

8-10
 further support the 

ability of HMB to reduce oxidative stress. Moreover, 3 g/day of supplemental HMB has 

been shown to reduce systolic blood pressure, providing limited evidence that HMB may 

also positively influence vascular function
11

. Glutamine is a precursor to glutathione, a 

principal endogenous antioxidant 
12

. Thus, supplemental glutamine may also decrease 

vascular damage by counteracting effects of reactive oxygen species. Arginine is another 

amino acid with antioxidant properties 
13, 14

. Arginine is also a precursor of nitric oxide, the 

primary vasodilatory molecule produced by endothelial cells
13

. In combination, these amino 

acids may act synergistically to attenuate endothelial dysfunction in older adults. The 

primary purpose of this study was to test the hypothesis that dietary supplementation of 

HMB, glutamine, and arginine would improve endothelial-dependent vasodilation in older 

adults. A secondary objective was to examine whether changes in vascular function would 

correspond to reductions in circulating levels of CRP and TNF-α.

Subjects/Methods

Participants were community-dwelling men and women, aged 65-87, with a body mass 

index of 22-39 kg/m2. Exclusion criteria included steroid use within the previous three 

months, tobacco use, cognitive impairment, or terminal illness.

Participants were randomized to supplement or placebo groups with stratification by sex. 

Supplement and placebo were provided in individual packets in powder form and were 

identical in packaging, appearance, dissolving characteristics, and weight. Packets were 

coded with product numbers so that participants and research staff were blinded. Participants 

ingested either two packets daily of the supplement (totaling 3g HMB, 14g glutamine, 14g 

arginine) or a calorically similar placebo (isomaltulose, citric acid, and flavoring) for six 
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months. Dosages of the supplement and selection of placebo were based on previous studies 

with this mixture of amino acids
15-19

 as well as the manufacturer’s recommended dosage for 

this commercially-available supplement (Juven®; Abbott Nutrition, Columbus, OH). 

Participants were instructed to mix each packet into 240 ml of fluid and to take one dose 

with breakfast and another with dinner. Adherence was monitored using daily log forms, and 

minimal adherence was defined as 67% of recommended supplementation based on 

recommendations by the study’s data safety monitoring board. Over the 24-week study 

period, subjects came to the testing facility every four weeks to pick up supplement/placebo 

and obtain weight measurements. Participants were advised to keep physical activity 

patterns stable for the duration of the study. Dietary intake was monitored by 24-hour recalls 

at baseline and every four weeks afterwards. A single trained staff member administered 

each 24-hour recall using a multi-pass method that has been validated for use in older 

adults
20

. Data from 24-hour recalls were analyzed using Nutrition Data System for Research 

software (Nutrition Coordinating Center, Minneapolis, MN, 2013).

Vascular Endothelial Function

At baseline and week 24, vascular endothelial function was assessed by flow-mediated 

dilation (FMD) of the brachial artery according to published guidelines
21

. Subjects were 

instructed to fast from food and fluids other than water for at least eight hours prior to FMD 

measurements, and they were asked to hold their medications until after testing that 

morning. Participants also received a standardized form asking them to refrain from 

substances that could potentially affect the ultrasound such as caffeine, high-fat foods and 

vitamins for at least 12 hours before the study.

After the overnight fast, FMD was measured by high-resolution ultrasound with a 7.5 MHz 

linear-array probe (Philips HP Agilent Sonos 5500, Andover, MA). Scans of the brachial 

artery were taken at approximately five cm proximal from the elbow in longitudinal section 

on the right arm with the probe maintained in a fixed position at a fixed angle. Baseline 

artery diameter was recorded for one minute, blood flow was estimated by pulsed Doppler 

velocity, and brachial artery diameter was assessed every 5th cardiac cycle as determined by 

simultaneous ECG recording. Reactive hyperemia was induced by inflating a blood pressure 

cuff around the forearm to 50 mm Hg above resting systolic blood pressure. The cuff 

remained inflated for five minutes, and then it was rapidly deflated. Brachial arterial flow 

was determined using a pulsed-Doppler signal at baseline, 10-15 seconds after cuff release, 

and at the end of the study. The longitudinal image of the artery was recorded continuously 

from 30 seconds before to two minutes after cuff deflation. To assess hyperemic velocity, a 

mid-artery pulsed Doppler signal was obtained during the first 15 seconds after cuff 

deflation. Ultrasound images were recorded 30 seconds before and two minutes after cuff 

deflation. Measurements were taken from the anterior to the posterior interface between the 

media and adventitia. The five largest diameters after deflation were averaged, and FMD 

was expressed as the percentage increase in diameter from the baseline average to the peak 

average dilation. Arterial diameter was measured at end-diastolic phase (as confirmed by the 

incident R-wave on the synchronized ECG monitoring) from super-VHS recordings by a 

single physician blinded to the subject’s group assignment.
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Biomarkers of Inflammation

A fasting blood sample was obtained at baseline and week 24 for measurement of serum 

high-sensitivity C-reactive protein (hsCRP) and tumor necrosis factor alpha (TNF-α). Blood 

was collected in 10ml vacutainer tubes. After holding at room temperature for 10 minutes, 

samples were centrifuged at 3000 rpm and 4 degrees Celsius for 10 minutes. Serum was 

aliquoted into cryovials and stored at −70° Celsius prior to measurement. Circulating hsCRP 

was assessed by a turbidometric assay run on Stanbio Sirrus Clinical Chemistry Analyzer 

using reagent from Pointe Scientific (Canton, MI). The volume size was 3 μl. Minimum 

sensitivity is 0.05 mg/l, inter-assay CV is 2.13%, and intra-assay CV is 7.49%. TNF-α 

concentrations were analyzed by chemiluminescence using a MSD imager (MSD, 

Gaithersburg, MD) and volume of 50 μl in duplicate. Minimum sensitivity is 0.507 pg/ml, 

inter-assay CV is 5.47%, and intra-assay CV is 7.61%. Serum cytokines for one participant 

from the treatment group and another from the placebo group were not obtained due to 

difficulty obtaining blood from the antecubital vein.

All testing and laboratory assays were conducted by the Core Laboratory of UAB’s Diabetes 

and Research Center, Nutrition Obesity Research Center, and Center for Clinical and 

Translational Science.

Statistical Analysis

Forty participants were recruited. Sample size for the primary outcome of FMD percent was 

based on guidelines for a parallel design from the Brachial Artery Reactivity Task Force
22

. 

Prior to analysis, hsCRP and TNF-α were log10-transformed due to non-normal distribution. 

Differences between the two groups at baseline and week 24 were compared by independent 

t-tests, chi-square tests, and the Mann-Whitney U test. Changes within each group from 

week 0 to week 24 were determined by paired t-tests and repeated-measures ANOVA with 

Bonferroni corrections. A separate variable of change in FMD% was calculated for each 

individual by subtracting FMD% at baseline from FMD% at week 24; independent t-tests 

were used to compare the mean ΔFMD between the two groups. All calculations were two-

sided with a significance level of p<0.05 and were performed using SPSS software (version 

20.0; Chicago, IL).

Results

Of the initial cohort of 40 participants, six individuals were excluded after a screening visit. 

Another participant completed baseline testing but dropped out before the second visit. Data 

from one individual was excluded from statistical analysis due to self-reported poor 

adherence to the supplement regimen, and data from another person was excluded due to 

steroid therapy during the study period (Figure 1). Daily log forms revealed strong 

adherence to the supplement regimen by both treatment and placebo groups (98.3% and 

97.9%, respectively).

The two groups were similar at baseline (Table 1). After 24 weeks, no significant changes in 

body mass index, weight, blood pressure, energy intake, or macronutrient intake were 

observed for either group (data not shown; dietary intake data at baseline and week 24 are 
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available in Supplementary Information). Circulating levels of hsCRP and TNF-α didn’t 

differ between the two groups at baseline or week 24. Although paired t-tests revealed a 

trend for increased hsCRP over the study period in the placebo group only (p=0.059), time 

by treatment interactions were not significant (Table 2).

As shown in Figure 1, the treatment group exhibited a 27% increase in FMD percent from 

baseline to week 24 (p=0.003). However, no significant change in FMD was observed in the 

placebo group. Repeated measures ANOVA confirmed a significant time by group 

interaction (p=0.008 for Time; p=0.546 for Group; p=0.038 for Time x Group). Independent 

t-tests also confirmed a significant difference in ΔFMD between treatment and placebo 

groups (p=0.038).

Discussion

This study investigated whether dietary supplementation of HMB, glutamine, and arginine 

could improve endothelial function as measured by FMD. Participants receiving the 

supplement showed a significant increase in FMD, indicating improvement in endothelial-

dependent vasodilation, while no change was observed among the placebo group. As 

vascular dysfunction is a key risk factor for CVD
23

, further investigation is warranted to 

determine whether this amino acid mixture may be cardioprotective.

Circulating cytokines such as hsCRP and TNF-α are known to increase with age
24

, and the 

age-related decline in vascular function is thought to be due in part to consequent chronic, 

low-grade inflammation
2, 3. Animal and in vitro studies have demonstrated antioxidant 

properties of HMB
7, 10

, and one study with humans reported a positive effect of 

supplemental HMB on blood pressure
11

. As a precursor to glutathione, glutamine plays an 

important role in decreasing inflammation and oxidative damage in the body
12

. Glutamine 

stimulates heat shock proteins that reduce cellular inflammation
25

, and glutamine is a 

precursor to arginine
26

 which also suppresses reactive oxygen species and attenuates pro-

inflammatory cytokines
13, 14, 27

. Although no previous studies have examined this 

combination of amino acids on vascular function, we hypothesized that the active 

ingredients of the supplement would act synergistically to improve endothelial function by 

reducing oxidative stress and inflammation. However, although we observed a trend for 

increasing hsCRP among the placebo group (p=0.059), no significant changes in hsCRP or 

TNF-α were observed for either group. Possibly, effects of the supplement on reducing 

oxidative stress and inflammation were subclinical, or the high variability in these 

biomarkers, particularly hsCRP, among our small sample could have precluded visible 

differences.

Alternatively, these results may indicate that the effects of the supplement on endothelial-

dependent vasodilation relate more to other mechanisms such as the bioavailability of nitric 

oxide. Arginine is a precursor of nitric oxide, the main vasodilatory molecule produced by 

endothelial cells
28

. Researchers have reported favorable effects of supplemental arginine 

alone on vascular function in some
28-30

, but not all
28, 31

, studies. The supplement in this 

study provided a total of 14 grams of L-arginine per day. By comparison, typical daily 

dietary intake is approximately 5.4 grams
28

. Synthesis of nitric oxide from arginine is 
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catalyzed by the enzyme endothelial nitric oxide synthase (eNOS)
28

. Previous studies have 

shown that eNOS in the endothelial cells of older adults is not reduced, but may instead be 

upregulated in an apparent compensatory attempt to generate more nitric oxide
2, 32

. 

Although investigation of this mechanism was beyond the scope of this study, it is feasible 

that the arginine in the supplement improved endothelial-dependent vasodilation by 

providing additional substrate for nitric oxide synthesis.

This study was limited by its small sample size, and participants were mostly Caucasian 

individuals of similar age and health status. While treatment and placebo groups were 

balanced by sex according to study design, the study lacked statistical power for further 

subgroup analysis by age. Additional studies are needed to confirm whether these results 

could be extrapolated to individuals of different ages and ethnicities. Participants were 

advised to maintain their usual dietary intake, and diet recalls showed no differences in total 

energy, protein, carbohydrate, or fat intake between or within groups. However, given the 

inherent limitations of retrospective dietary analysis methods and the potential influences of 

macronutrients such as dietary fats on vascular function, a controlled feeding study would be 

necessary to eliminate the possibility of confounding. Although biological data were not 

used to verify compliance, adherence with the supplement regimen was monitored by daily 

log forms and frequent contact with study staff. The study was also strengthened by the 

double-blind placebo-controlled design, a long intervention period, and a robust measure of 

vascular function under tightly-controlled conditions.

In conclusion, our results indicate that six months of dietary supplementation with HMB, 

glutamine, and arginine had a positive impact on vascular endothelial function in older 

adults. These results are clinically relevant because reduced endothelial-dependent 

vasodilation is a known risk factor for CVD
2, 33, 34

. Further investigation is warranted to 

elucidate mechanisms and confirm benefits of foods rich in these amino acids on 

cardiovascular outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of study participants
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Figure 2. 
Percent change in flow mediated dilation (FMD) from baseline to week 24. (n=16 for the 

treatment group; n=15 for the placebo group)
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Table 1

Baseline Characteristics (mean ± SD)

Total Cohort
(n=31)

Treatment
Group (n=16)

Placebo group
(n=15)

p-value for
difference between
groups

Age (years) 72 ± 6 72 ± 7 71 ± 5 0.451

Sex (% male) 45.2 43.8 46.7 0.870

Race
(% Caucasian) 90.3 87.5 93.3 0.226

Weight (kg) 82.7 ± 15.6 85.4 ± 14.8 79.9 ± 16.3 0.328

BMI (kg/m2) 28.5 ± 4.3 29.4 ± 4.5 27.5 ± 4.0 0.230

Systolic blood pressure
(mm Hg) 142 ± 22 147 ± 25 138 ± 16 0.257

Diastolic blood pressure
(mm Hg) 81 ± 9 83 ± 10 79 ± 7 0.225

FMD (%) 8.6 ± 2.3 8.4 ± 1.8 8.9 ± 2.7 0.530

Serum hsCRP (mg/l) 2.3 ± 2.2* 2.7 ± 2.6** 1.9 ± 1.7*** 0.389

Serum TNF-α (pg/ml) 7.8 ± 2.2* 7.9 ± 2.2** 7.7 ± 2.2*** 0.101

Average energy intake
(kcals) 1756 ± 396 1827 ± 408 1680 ± 381 0.308

Average protein intake
(% total kcals) 17.9 ± 6.3 16.1 ± 4.6 19.8 ± 7.2 0.507

BMI = body mass index, kcals = kilocalories, FMD = flow mediated dilation

*
n=29,

**
n=15,

***
n=14

Eur J Clin Nutr. Author manuscript; available in PMC 2016 May 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ellis et al. Page 12

Table 2

Serum Biomarkers of Inflammation

Measure Baseline Month 6
Change
within
group*

Treatment
effect**

Time
effect**

Time ×
Treatment**

hsCRP (mg/l)
 Treatment Group
 Placebo Group

2.7 ± 2.6
1.9 ± 1.7

3.5± 4.7
2.6± 2.4

p = 0.518
p = 0.059

p = 0.662 p = 0.045 p = 0.189

TNF-α (pg/ml)
 Treatment Group
 Placebo Group

7.9 ± 2.2
7.7 ± 2.2

7.8 ± 2.2
7.7 ± 2.1

p = 0.489
p = 0.966

p = 0.985 p = 0.661 p = 0.615

*
paired t-tests

**
RM ANOVA
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