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Article

Introduction

Approximately half of the HF patients in the US have 
heart failure with preserved ejection fraction (HFpEF), a 
health condition that currently places a burden of over 
$15 billion on the US economy (Virani et al., 2020). One 
of the key clinical features of HFpEF is poor exercise 
tolerance, which leads to decreased functional capacity 
and poor quality of life (Gupte & Hamilton, 2016; 
Kitzman et al., 2014). Pharmacotherapies have success-
fully improved clinical and mortality outcomes in HF 
with reduced ejection fraction, but that is not the case for 
HFpEF. As a result, non-pharmacological therapies for 
HFpEF, including dietary and exercise interventions, are 
appealing. A number of clinical trials involving exercise 

have been performed in HFpEF patients (Pandey et al., 
2015), but investigations of dietary interventions have 
been limited.

There is a tendency to develop protein malnutrition 
with increasing age or chronic medical conditions, 
including HF (Cheng et al., 2017; Picetti et al., 2017; 
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Abstract
Approximately half of heart failure patients in the US have heart failure with preserved ejection fraction (HFpEF). 
HFpEF impairs physical performance and thus reduces quality of life. Increasing dietary protein intake can increase 
lean body mass and physical performance in healthy elderly individuals, but the effect of a high-quality protein 
supplement, with or without a structured exercise program, has not been investigated in HFpEF patients. Twenty-
three obese elderly HFpEF patients with grade 1 or 2 diastolic dysfunction were randomized into three groups: 
control, protein supplementation alone, and protein plus exercise. Protein supplementation involved providing 
sufficient whey protein so that total intake was 1.2 g protein/kg/day. The exercise intervention was 2 days of 
hydrotherapy and 1 day of gym sessions per week under supervision of a fitness expert. Physical parameters and 
functional tests were performed at baseline and at 12 weeks. Protein supplementation alone failed to improve 
physical performance. However, when combined with light exercise, there was significant improvement in some 
(6-minute walk, 10 m walking speed, quadriceps strength), but not all, physical function measurements. The results 
of this pilot study suggest that further exploration of potential interactive effects between protein supplementation 
and light exercise in individuals with HFpEF is warranted.
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Wolfe et al., 2008). Increasing dietary protein consump-
tion in older healthy individuals to as much as twice the 
recommended dietary allowance of 0.8 g/kg/day has 
been widely recommended to maximize lean body mass 
and physical performance in healthy elderly individuals 
(Baum et al., 2016; Borsheim et al., 2008; Dillon, 2013; 
Wolfe et al., 2008). However, “anabolic resistance”, 
wherein the normal stimulatory effect of dietary protein 
on muscle protein synthesis is diminished, is a promi-
nent feature of HF (Azhar & Wei, 2013; Baum et al., 
2016; Dillon, 2013; Kim et al., 2019). Anabolic resis-
tance may limit the benefit of increasing dietary protein 
consumption in HFpEF.

Exercise therapy has also been studied in the elderly 
and its beneficial effects have been established in  
overweight patients with HFpEF (Nolte et al., 2015; 
Upadhya & Kitzman, 2019). However, there is limited 
data exploring the effects of protein supplementation on 
the functional capacity of overweight or obese HFpEF 
patients with adjuvant aerobic exercises. One of our 
previous studies examined an at-home aerobic exercise 
program paired with protein supplementation in elderly 
HF patients, who reported reduced perception of fatigue 
and physical limitations at the end of the study (George 
et al., 2017). However, it has also been reported in  
the literature, by us and by others, that people tend to 
reduce their protein intake with age. This reduced pro-
tein intake compounds the weakness and muscle loss 
associated with aging, and exacerbates the functional 
impairment often accompanying HF (Baum et al., 2016; 
Dillon, 2013; Kim et al., 2019; Picetti et al., 2017; 
Wolfe et al., 2008). It was the goal of this study to deter-
mine if supplementation of the diet of older individuals 
with whey protein improves physical capacity. It was 
our further goal to determine if a mild structured exer-
cise program could amplify the effect of whey protein 
supplementation.

Methods

Subjects

After the informed consent was signed, 23 subjects  
met the inclusion and exclusion criteria. Subjects were 
55 to 85 years of age with a body mass index (BMI) 
between 28 and 45. All subjects also had recent echo-
cardiographic evidence of preserved ejection fraction 
(EF > 50%) and grade 1 or grade 2 diastolic dysfunc-
tion. In addition, the subjects had clinical symptoms 
characteristic of HF such as poor exercise tolerance 
and dyspnea on moderate exertion. They were ambula-
tory, able to perform light exercise and were indepen-
dent in all Activities of Daily Living (ADL) as well as 
Instrumental Activities of Daily Living (IADL). 
Exclusion criteria included allergy to whey protein, 
renal failure, skin conditions, inability to participate in 
hydrotherapy and any other unstable medical conditions 
(Figure 1, Table 1).

Study Design

This was an open labeled, randomized controlled trial 
conducted over 12 weeks with three arms of elderly 
obese patients with HFpEF. After screening and enroll-
ment, subjects were randomized into 1 of the 3 groups: 
Control (C), Protein Supplementation (PS), or Protein 
Supplementation & Exercise (PS+E).

Control group (C). Subjects in group C (N = 6) received 
no intervention and were monitored weekly without any 
feedback on diet or exercise.

Protein Supplementation group (PS). In the PS group 
(N = 5), whey protein was supplemented to optimize 
each subject’s daily protein intake to maintain an ideal 
protein intake, which included their usual diet and up to 
a maximum of 50 g of whey protein supplement per day. 
The calculated protein in their diet plus the protein sup-
plement was estimated to be approximately 1.2 g/kg 
bodyweight per day. They were provided with diet log 
books and were required to maintain daily logs of all 
their meals for the entire study period. These logs were 
photocopied on a weekly basis by the study physician 
and reviewed by the research dietician to keep track of 
the subjects’ daily caloric and protein intake. The sub-
jects were counseled to increase or cut back on their pro-
tein intake if they exceeded or fell short of their daily 
protein requirements. Subjects in the PS group were not 
given any instructions on exercise.

Protein Supplementation + Exercise group (PS+E). In 
addition to the protein supplement, subjects in PS+E 
(N = 5) received a 35-minute gym session once a week 
(Friday) and a 35-minute water-based exercise session 
two times a week (Monday and Wednesday) for the 
entire 12-week study period. Vital signs and weights 

Figure 1. Study schema. There were three groups, control 
(C), protein supplement only (PS), and protein supplement 
plus exercise (PS+E). 
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were measured immediately before and after every gym 
and hydrotherapy session; once immediately prior to the 
session (after a 5-minute rest), and again at the end of 
the session (out of the pool after a 5-minute rest). The 
second vitals check was to assess the immediate effect 
of water immersion on central hemodynamics and docu-
ment any changes in cardiovascular function. The gym 
exercise regimen (35-minute session each) was com-
prised of stretching and warm up (3 minutes), resistance 
training (25 minutes) and balance exercises (7 minutes). 
Hydrotherapy sessions (35 minutes each) included 
5 minutes of warm up, 15 minutes of upper body exer-
cises and 15 minutes of lower body exercises. There was 
a 20 to 30-minute cool-down period included after each 
gym or hydrotherapy session.

Functional Assessment Methods

Subjects in all three groups (C, PS, and PS+E) under-
went a physical exam (including waist circumference 
and body composition using a handheld bioelectrical 
impedance device), electrocardiogram (ECG), mea-
surement of resting blood pressure and heart rate, 
Saint Louis University Mental Status (SLUMS) cogni-
tive function test and physical functional tests at base-
line and end of the 12-week trial (Tariq et al., 2006). 
All other tests were done as previously described and 
included the stair climbing test, get up and go (GUG), 
six-minute walk test (6MWT), finger tapping test, 
10 m walking speed (10MWS), quadriceps strength, 
and grip strength (Kortebein et al., 2008; Mizner et al., 
2005; Sallinen et al., 2010; Schatz, 2011; Steffen 
et al., 2002).

Statistical Methods

The mean (±SE) of the baseline study measures, the end 
of study measures, and their difference (post-study 
minus pre-study) were calculated by treatment group. 
For calculations by treatment group, the difference for 
each measure was calculated as difference = post – pre. 
These differences were then compared between 

treatment groups to determine if the change from pre to 
post differed in individuals in group C, group PS, or 
group PS+E. The Mann–Whitney U Test was used to 
evaluate if treatment groups showed significant differ-
ences. Analyses were performed using SAS version 
9.4. A significance level of 0.05 was applied to one-
sided hypotheses.

Results

Demographics

A total of 23 subjects were consented and randomized 
(Figure 1). Seventeen subjects successfully completed 
the 12-week study period. Reasons for non-completion 
of study included inability to participate in exercises due 
to worsening angina (n = 1), severe arthritic pain (n = 1), 
personal reasons (n = 2) and transport problems (n = 2). 
One subject was excluded as an outlier for having study 
measures greater than 2 standard deviations outside of 
the group mean. Of those who completed the study and 
were included in the analysis, study visit attendance 
exceeded 89% (Table 1). Subjects were matched for 
comorbidities in addition to HF; the distribution of 
comorbidities was similar in all three groups (Table 2).

Hemodynamic Changes

The PS+E group had the most improvement in hemody-
namic measures. The change from baseline in systolic 
and diastolic blood pressure for PS+E was significantly 
different compared to group C. Group PS+E showed  
an improvement with decrease in both systolic and  
diastolic blood pressure (PS+E vs. C, systolic BP: 
11.9 ± 4.7 vs. 2.8 ± 2.7, p < 0.05; diastolic BP: 3.6 ± 3.1 
vs. –0.4 ± 2.6, p < 0.05, Figure 2a and b).

PS+E also showed an improvement with a decrease 
in pulse pressure and heart rate from baseline while  
PS had an increase in pulse pressure and only a slight 
decrease in heart rate (PS+E vs. PS, pulse pressure: 
8.3 ± 3.9 vs. –1.7 ± 3.9, p < 0.05; heart rate: 7.8 ± 3.1 vs. 
1.2 ± 2.0, p < 0.05, Figure 2c and d).

Table 1. Demographics and attendance for each treatment group.

Group C Group PS Group PS + E All

Age (±SE) 72 (±3.5) 67 (±3.9) 71 (±2.8) 70.1 (±1.9)
Gender
 Female 3 2 3 8
 Male 3 3 2 8
Race
 African American 0 4 1 5
 White 6 1 4 11
Study visits completed (±SE) 90.9% (±3.7) 86.7% (±6.2) 91.7% (±3.1) 89.8% (±2.5)
Ejection fraction (±SE) 56.7 (±2.5) 59 (±1.0) 58.2 (±1.1) 57.9 (±1.0)
Diastolic dysfunction + + +  

Note. C = control; PS = protein only; PS + E = protein + exercise.
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Table 2. Number of subjects in each treatment group diagnosed with congestive heart failure and associated comorbidities.

Group C Group PS Group PS + E All

Congestive heart failure 6 5 5 16
Hypertension 6 5 5 16
Hyperlipidemia 5 5 4 14
Coronary artery disease 3 3 1 7
Diabetes mellitus 4 4 3 11
Osteoarthritis 6 4 1 11
GERD 3 4 3 10

Note. C = control; PS = protein only; PS + E = protein + exercise; GERD = Gastroesophageal reflux disease.

Figure 2. Hemodynamic changes. The average: (a) systolic pressure, (b) diastolic pressure, (c) pulse pressure, and (d) heart 
rate from baseline and final study visits for each treatment group.
Source. Pulse pressure is defined as systolic pressure minus diastolic pressure. Data presented as box plots with mean, 1st and 3rd quartile 
ranges, and maximum/minimum values.
Note. C = control; PS = protein only; PS + E = protein + exercise.
*Significantly different from PS (p-value < .05). ‡Significantly different from C (p-value < .05).
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Cognition and HF Quality of Life

Subjects in PS group showed a slight tendency toward 
an improvement or increase in the SLUMs scores, but it 
was not significant (0.5 ± 0.8, NS) (Table 3).

Physical Function Tests

In all of the physical tests, PS+E group showed the 
most improvement from baseline. Improvement in 
6MW distance for PS+E was significantly different 
from C (36.63 ± 16.5 vs. –9.55 ± 11.0, p < 0.05) and 
from PS (36.63 ± 16.5 vs. –24.08 ± 12.1, p < 0.01; 
Figure 3a). Additionally, 10MW speed was signifi-
cantly improved for PS+E versus C (0.13 ± 0.1 vs. 
–0.04 ± 0.0, p < 0.05) and PS+E versus PS (0.13 ± 0.1 
vs. –0.23 ± 0.2, p < 0.05; Figure 3b). Subjects in both 
the C and PS+E groups were able to complete the 
GUG test in a reduced period of time as compared to 
baseline, which indicated improved speed, however, 
the results were not significant (Figure 3c). Group PS 
did not improve and showed a prolonged GUG time 
(Figure 3c). There were no significant differences 
between groups for the stair climbing or for the finger-
tapping test (Table 3).

BMI and Body fat

There was no significant difference in BMI within each 
group from baseline to final. However, the PS group 
showed a trend in increased weight and BMI versus the 
other groups (Table 3). PS group also had a significantly 
higher increase in fat versus C group (p < 0.05, Figure 
4a, Table 3).

Strength Tests

Quadriceps strength increased significantly in the  
PS+E group as compared to C group (21.52 ± 7.6 vs. 
1.00 ± 2.6 p < 0.05). Quadriceps strength also increased 
in the PS + E group as compared to C group (12.60 ± 3.6 
vs. 1.00 ± 2.6 p < 0.05; Figure 4b). There was no 
significant difference between PS and PS+E for this 
measure (Table 3).

Change in dominant hand grip strength for PS group 
was significantly different from C group (3.68 ± 1.6 vs. 
0.90 ± 1.4, p < 0.05), but PS+E group was not signifi-
cantly different from C group (Figure 4c).

Discussion

The beneficial effect of structured exercise programs  
on physical performance in overweight/obese patients 
with HFpEF has been reported (Nolte et al., 2015; 
Pandey et al., 2015; Upadhya & Kitzman, 2019). 
However, many individuals with HFpEF are incapable 
of performing the level of exercise intensity generally 
thought to be necessary to elicit beneficial training 
effects, and even those who benefit significantly from 
participation in an exercise program usually do not con-
tinue with exercise after withdrawing from a structured 
program (Henderson et al., 2018). For those reasons, in 
this pilot study we have tested the effect on a variety of 
physical performance parameters as well as cardiovas-
cular function of a low-intensity exercise program that 
most individuals with HFpEF can perform and in which 
long-term participation is a reasonable expectation. We 
have found that individuals with HFpEF who are con-
suming approximately 1.2 g protein/kg/day may benefit 
both in terms of physical and cardiovascular function 

Table 3. Functional assessments: average change from baseline (±SE) for each functional assessment in each treatment 
group. Bolded text indicates most improvement or least decline for each measure.

Group C Mean (±SE) Group PS Mean (±SE) Group PS+E Mean (±SE)

SLUMs −0.33 (±1.4) 0.60 (±0.9) −0.20 (±1.1)
6-minute walk test, m −9.55 (±11.0) −24.08 (±12.1) 36.63 (±16.5)*‡

Stair climbing test, sec 0.75 (±3.1) 0.08 (±1.8) −3.97 (±5.8)
Get up & go test, sec −0.71 (±0.3) 0.13 (±0.4)‡ −1.29 (±1.0)
10 meter walk speed, m/s −0.04 (±0.0) −0.23 (±0.2) 0.13 (±0.1)*‡

Finger tapping test, taps per 10 seconds
 Dominant hand −1.75 (±4.1) 0.74 (±1.8) 5.06 (±3.6)
 Non-dominant hand −4.55 (±5.3) 0.64 (±1.3) 4.34 (±2.8)
Body composition
 BMI 0.74 (±0.6) 1.02 (±0.2) 0.58 (±0.7)
 Body fat % −1.00 (±0.6) 1.72 (±1.1)‡ −0.60 (±0.5)
Hand grip strength, kg
 Dominant hand 0.90 (±1.4) 3.68 (±1.6)‡ 4.06 (±2.7)
 Non-dominant hand −0.28 (±1.6) 1.59 (±1.4) 2.98 (±1.1)
Quadriceps strength, kg 1.00 (±2.6) 12.60 (±3.6)‡ 21.52 (±7.6)‡

Note. C = control; PS = protein only; PS + E = protein + exercise; SLUMs = Saint Louis University Mental status examination.
*Significantly different from PS (p-value < .05). ‡Significantly different from C (p-value < .05).
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from an exercise program that most would consider 
likely to be insufficient to promote significant physio-
logical adaptations.

Systolic, diastolic, and pulse pressures as well as heart 
rate improved to a greater extent in the PS + E group 
than in either of the other groups, which reflected possi-
ble underlying cardiac re-conditioning. Additionally, 
involving hydrotherapy along with land-based aerobic 
exercise may have helped to improve cardiovascular 
function by redistributing blood from the legs to the cen-
tral circulatory system, thus improving diastolic filling, 
heart rate, stroke volume and ejection fraction (Neto 
et al., 2015).

We ensured that each participant was consuming an 
adequate amount of dietary protein to maximize the 
beneficial effect of exercise. We did this because the 
optimal intake of protein in older individuals has been 
proposed to be significantly greater than the recom-
mended dietary allowance of 0.8 g protein/kg/day (Baum 
et al., 2016; Borsheim et al., 2008; Dillon, 2013; George 
et al., 2017; Wolfe et al., 2008), and many elderly fail to 
consume even 0.8 g protein/kg/day. In addition to gains 
in strength, increasing protein intake may improve body 
composition and quality of life (QOL). Butler showed 
that using a high protein hypo-energetic diet may help 
reduce weight and body fat, improve O2 saturation and 

Figure 3. Changes in stamina and endurance. The average baseline and final: (a) 6 minutes walk distance, (b) 10 m walk speed, 
and (c) get-up-and-go time for each treatment group.
Source. A reduced Get-up-and-go time indicates improvement. Data presented as box plots with mean, 1st and 3rd quartile ranges, and 
maximum/minimum values.
Note. C = control; PS = protein only; PS + E = protein + exercise.
*Significantly different from PS (p-value < .05). ‡Significantly different from C (p-value < .05).



Azhar et al. 7

improve QOL. (Butler, 2016). Additionally, Coker et al., 
found that improving protein intake may improve lipids 
and insulin levels even before loss of adipose tissue 
becomes apparent (Coker et al., 2015). In our current 
study, we observed weight gain in nearly all subjects 
who consumed protein, regardless of whether they were 
engaged in exercise.

Interactive effects between the level of dietary pro-
tein intake and the benefits of exercise is well-estab-
lished, and a deficiency in dietary protein might have 
limited the adaptions of muscle protein to exercise. 
However, dietary guidelines for obese elderly with 
HFpEF have not been addressed. Heart failure of all 

types is accompanied by “anabolic resistance”, meaning 
that the usual anabolic response to dietary protein is 
blunted (Azhar & Wei, 2013; Baum et al., 2016; Dillon, 
2013; Kim et al., 2019). It is therefore possible that total 
dietary protein must be greater than 1.2 g protein/kg/day 
to observe significant beneficial effects on physical per-
formance. It is possible that we failed to see an effect of 
PS alone because we did not provide enough supple-
mental protein.

The major shortcoming of our study was the small 
number of subjects. In particular, the failure of protein 
supplementation alone to elicit beneficial effects is at 
odds with other publications (Borsheim et al., 2008; 

Figure 4. Changes in composition and strength. The average baseline and final: (a) body fat %, (b) Quadriceps strength, and 
(c) handgrip strength test results for subjects’ dominant hand in each treatment group.
Source. Body fat % measured using handheld bioelectric impedance device. Data presented as box plots with mean, 1st and 3rd quartile ranges, 
and maximum/minimum values.
Note. C = control; PS = protein only; PS + E = protein + exercise.
‡Significantly different from C (p-value < .05).
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Coker et al., 2015; Kim et al., 2019), and changes may 
become statistically significant with more subjects. 
Conversely, PS+E elicited statistically significant ben-
eficial effects on physical and cardiovascular function 
with a very small number of subjects. In order to achieve 
statistical significance with such a small number of 
subjects requires a robust response. Consequently, the 
results of this pilot study strongly suggest that a larger 
study would be likely to show beneficial effects of a 
low-intensity exercise program including hydrotherapy 
in individuals with HFpEF consuming an adequate 
amount of dietary protein.
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