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Background and Obijectives: Previous literature mostly has demonstrated the efficacy of pulmonary rehabilita-
tion (PR) combined with whole nutrition powder in patients with chronic obstructive pulmonary disease (COPD).
However, the benefits of whey protein as an oral nutritional supplement (ONS) during PR are not clear. Methods
and Study Design: It took 12 weeks to complete the trial, we divided 90 elderly patients with stable-stage COPD
into a low-intensity exercise group (n= 30, PR group), PR plus whey proteins complex group (n= 30, PRWP
group), and a control group (n= 30) randomly, and assessed index such as exercise capacity, mental health status,
lung function, and body composition. Eventually, 84 people persisted until the end of the trial. Results: Com-
pared with the control group, hand grip strength (HGS)(1.4 + 0.6 kg, and 1.0 + 0.2 kg respectively, p< 0.05) in the
PRWP and PR group, 6 minutes of walking distance (6MWD)(14.1 + 3.8m, p< 0.05) in PRWP group improved.
Furthermore, compared with the PR group, Medical Research Council Dyspnea Scale (MRC)(-0.2 + 0.1, p< 0.01),
anxiety score (-1.2 + 0.4, p< 0.01), and body weight (2.0 + 0.8kg, p< 0.05) improved in the PRWP group. There
were no inter-group differences in a fat-free mass index or appendicular skeletal muscle mass index. Conclusions:
Muscle strength could be enhanced in both intervention models. Adding whey protein complex was additionally
successful in rectifying dyspnea, anxiety, and weight loss caused by exercise. This rehabilitation pattern might be
valuable in elderly patients with COPD.
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is char-
acterized by limited airflow and chronic airway inflam-

more, Steiner® stated that patients undergoing PR were
often in negative energy expenditure, that is, the daily diet
was not enough to meet the high metabolic needs of train-

mation, along with anxiety and depression. Approximate-
ly 20%-50%*2 of patients have malnutrition, atrophy, and
loss of muscle groups in the diaphragm or limbs. It leads
to pulmonary ventilation and cough expectorant dysfunc-
tion, progressive dyspnea, fatigue, and poor exercise tol-
erance, which ultimately affects the quality of life and
survival rate.® According to the latest international guide-
lines,* pulmonary rehabilitation (PR) could improve exer-
cise ability (muscle strength and endurance), and cardio-
pulmonary function, and reduce the number of acute ex-
acerbations or readmission rates. PR is a comprehensive
intervention performed after a thorough, holistic assess-
ment of the patient, including but not limited to exercise
training, education, and behavior change. Among them,
upper and lower limb endurance and resistance exercise
had been confirmed as grade A evidence.>S

Although high-intensity exercise is more conducive to
functional improvement, it is less durable and less adher-
ent than low-intensity exercise for the elderly.”® Further

ing, especially for malnourished patients with COPD.
Oral nutritional supplements (ONS) could rectify the neg-
ative energy expenditure and maintain patients' weight.%-
13 However, there is still no consensus on other benefits of
ONS in PR because of the heterogeneity of previous stud-
ies. 4

Whey protein contains leucine, an essential amino acid
(EAA) known to increase insulin secretion and affect
molecular regulation. It stimulates muscle protein synthe-
sis through the mTOR pathway and is often recommend-
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ed for sarcopenia patients. Daily whey protein is effective
in correcting lean tissue loss in resistancetraining in the
healthy elderly, menopausal women, or patients with sar-
copenic obesity, and also in improving tolerance to train-
ing in patients with COPD.*>'¢ However, there are still no
studies in China on the combination of whey protein and
PR for COPD patients, only the effect of taking whey
protein alone had been reported in China.l” We thus in-
vestigated the effect of whey protein complex during low-
intensity endurance or resistance exercise on patient out-
comes such as improvement of weight, muscle mass, and
muscle strength.

METHODS

This randomized controlled trial was registered at clini-
caltrials.gov (NCT04741373), and ethical approval was
granted by the Medical Ethics Committee of Huadong
Hospital Affiliated with Fudan University (acceptance
number: 2020K204).

Patients

Patients with COPD were consecutively recruited from

March to September 2021, and all subjects gave their

informed consent. The target sample size (alpha 0.05,

power 80%) was calculated based on weight change was

about 1.5 kg from the study of Sugawara®! and accounted
for a 25% drop-out.

Of the 263 patients screened at the Fourth Rehabilita-
tion Hospital, Huadong Hospital, Honggiao Community
Health Service Center, Zhoujiagiao Community Health
Service Center, and three nursing homes in Shanghai, a
final total of 90 were enrolled according to the following
inclusion criteria randomly. Participants were assigned to
the low-intensity exercise group (n= 30, PR group), PR
plus whey proteins group (n= 30, PRWP group), and a
control group (n= 30). Patients of both intervention
groups received inpatient rehabilitation at the Fourth Re-
habilitation Hospital. Patient data about COPD history,
smoking history, comorbidity, medication, oxygen ab-
sorption, blood oxygen saturation, heart rate, and blood
pressure were recorded.

Inclusion criteria

1. Age > 60 years old.

2. Patients diagnosis: after inhaling the bronchodilator,
the forced expiratory volume in 1 s (FEV1)/forced
vital capacity (FVC) ratio was < 0.7 by spirometric
testing (Jaeger MasterScreen, Germany).

3. Disease severity was evaluated according to the
Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Guideline. And they were at
moderate (predicted FEV1 50-79%) or severe
(predicted FEV1 30-49%) levels.

4. Stable patients who 1) had been admitted less than
twice in the past two years due to acute aggravation, 2)
had no change of sputum or other respiratory
symptoms, and 3) had no drug adjustment in nearly
one month.

5. Patients could complete lung function, 6-min walking
distance, and grip strength assessments. During the
past year, patients had not been enrolled in any form
of PR and had not taken any kind of ONS.

6. Patients agreed to participate in the trial and gave their

informed consent and had good compliance.

Exclusion criteria

1. Patients with heart disease (e.g., ischemic heart disease
with a history of angina).

2. Patients with cognitive impairment, kidney failure, and
malabsorption syndrome.

3. Patients who could not exercise or complete the testing
program due to intermittent claudication caused by pe-
ripheral artery disease or osteoporosis.

4. Patients whose arterial SpO, oxygen saturation was <
88% were in a quiet state.

5. Patients who received systemic steroids.

Intervention protocol
Only those in the PRWP group received whey protein
supplements enriched with leucine.

The patients in both intervention groups underwent 12-
week supervised low-intensity exercise. All subjects re-
ceived usual care including routine education brochures,
and medication including anticholinergic, f2-agonist, or
bronchodilators such as LAMAS, LABAs, or ICS.
Low-intensity exercise program
Exercise training included aerobic, resistance, and respir-
atory training. Aerobic exercise mode was upper and
lower limb linkage via equipment named MOTOmed
viva2 (Jiangsu Tianrui Medical Device Co., Ltd). Accord-
ing to the maximum oxygen intake from the cardiopul-
monary exercise test, the exercise intensity range was low
to moderate, and the exercise duration was 20 min, 4
times/week. After a 10-minute warm-up, electrocardio-
gram (ECG), and oxygen saturation were monitored sim-
ultaneously during exercises. If oxygen saturation was <
85%, blood pressure > 200/100 mmHg, or heart rate
reached 85% of the maximum heart rate, and training was
stopped.

Before resistance training, a rehabilitation therapist
tested the single repeated maximum load (1RM) and
guided the correct use of weight-bearing tools (range 1-10
kg). The load was gradually increased to 70-85% of 1RM.
The upper limb was exercised 4 times/week using a
dumbbell, and 5 sets of movements each time. Respirato-
ry training was processed 6 times/ week including lip
contraction and abdominal breathing. About a 10-min
break was allowed between the two training methods
each time.

Oral nutritional supplement (ONS)

The ONS was a packet of powder containing 10g of whey
protein with 0.2g leucine and 0.2g beta-hydroxy-beta-
methylbutyrate (HMB) (Beijing Qiwang Nutrition Tech-
nology Co., Ltd).

HMB is an intermediate metabolite of leucine which
plays an anabolic role in muscle, where it acts as a signal-
ing molecule to stimulate protein synthesis. It reduces
proteasome expression and proteasome enzyme activity,
thereby reducing myocyte death. Patients in the PRWP
group consumed ONS twice a day. They also were en-
couraged to eat the daily meals provided by the hospital.
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Education

Hospitalized patients in all groups received health educa-
tion brochures that emphasized correct methods of medi-
cation intake, oxygen absorption, self-assessment of nu-
tritional status, diet, and a video about respiratory exer-
cises. The PR and control groups did not have extra activ-
ities and ONS outside of the intervention as a result of
health education under the supervision of medical staff.

Outcome assessments

Exercise capacity

Isometric handgrip strength (HGS) was measured using a
handgrip dynamometer (Jamar® Hand Evaluation, USA)
to represent upper limb muscle strength. Strength was
measured twice in each hand, and the mean values were
used. Meanwhile, 6 min walking distance (6MWD) was
measured in a corridor to represent muscular endurance.*®

Mental health status

The Chinese version of the Hospital Anxiety and Depres-
sion Scale (HADS) translated by Ye® had good reliability
and validity?® and was used in our study. It comprised 14
items to evaluate anxiety and depression symptoms, with
a score > 8 denoting anxiety and depression.

Pulmonary function

Post-bronchodilator FEV1, FVC, maximal inspiratory
pressure (Plmax, which represents inspiratory muscle
strength), and maximal expiratory pressure (PEmax,
which represents expiratory muscle strength) were as-
sessed by standardized COPD diagnosis equipment (Jae-
ger MasterScreen, Germany), to evaluate lung function
grade and respiratory muscle forces. Dyspnea at rest was
evaluated by Medical Research Council Dyspnea Scale
(MRC)# and the cough sputum was assessed by COPD
assessment test (CAT) score.?? The Global Initiative for
Chronic Obstructive Lung Disease (GOLD) assessment
consisted of the number of lung infections, MRC, and
CAT scores.

Energy intake and body composition

Patients were asked to register their food intakes over 3
consecutive days at baseline. The information was ana-
lyzed by computer nutrient software (ver2.05 on DRIs
2018, SY, UIC, Shanghai, China). First, height and body
weight (BW) were measured with the shoes off and light
clothing using digital scales (Inbody BSM370, Korea),
and body mass index BMI (kg/m?) was calculated auto-
matically. Body composition including fat-free mass
(FFM), fat mass (FM), and appendicular skeletal muscle
mass (ASM) was measured using multi-frequency bioe-
lectrical impedance analyzers®® (Inbody S10, Korea) on
an empty stomach in the early morning when no exercise
was done, in a sitting position. Finally, the indexes of
FMI(FM(kg)/height(m)?), FFMI(FFM(kg)/ height(m)?),
and ASMI(ASM(kg)/height(m)?) were

calculated.

Statistical analyses

Results were presented as mean + standard error (X £
SE), median and interquartile range (IQR) (25-75th per-
centile). Intra-group changes were analyzed by paired

samples T-test for continuous normally-distributed data,
or Wilcoxon rank-sum test for continuous non-normally
distributed data. Among the three groups, parametric data
were compared by one-way ANOVA-, and nonparametric
data were compared by the Kruskal-Wallis H test taking
the difference between the baseline and end of the test as
a compare factor. Bonferroni tests were used to compare
the two groups. Two-sided p-values < 0.05 were consid-
ered statistically significant. SPSS 24.0 for Windows
(IBM Statistics SPSS, Chicago, IL, USA) was used for
statistical analysis.

RESULTS

Baseline characteristics of patients

Mean age 82.5 years, height 162.8 cm, BMI 22.8 kg/m?,
FFMI 14.8 kg/m?, FFMI was lower than normal in about
78.5% of cases (based on less than 18 kg/m? for males
and less than 15 kg/m? for female).?* Pulmonary function
grade was moderate (69.1%) and patients in group D
(GOLD subgroup) accounted for about 75%. Patients all
received hospital-supplied meals and ate essentially the
same amount of energy and protein on PR and non-PR
days. Data from food intakes over 3 consecutive days
showed that the actual baseline energy intakes for the
three groups were 1599.8 kcal, 1626.5 kcal, and 1603.9
kcal while protein intakes were 62.9 g, 65.6 g, and 63.8 ¢
respectively.

Indicators, such as age, gender, history of COPD,
smoking history, type of comorbidity, oxygen flow, oxy-
gen saturation, pulmonary function grade, and GOLD
subgroup, were not significantly different at baseline. But
there were differences in weight, BMI, FMI, Plma, and
PEmax among the three groups at baseline (Table 1). To
avoid bias from baseline data, differences before and after
the intervention was used for comparison among the three
groups.

Outcome assessment

During the trial, the drop-out rate in the PRWP, PR, and
control groups was 10%, 3.3%, and 6.6% respectively
because of death and other side effects. All other patients
had good compliance. Mean whey protein intake reached
1.89 + 0.2 bags/day, and just 3 subjects reported side ef-
fects including stomachache, nausea, and diarrhea. A pa-
tient flowchart was shown in Figure 1. Mean changes
after the interventions in PRWP, PR, and the control
groups were shown in Table 2.

Exercise capacity

HGS (+1.4 = 0.5 kg, and +1.1 + 0.6 kg, p< 0.05) were
significantly increased in both the PRWP and PR groups
after the intervention, resulting in the improvement of
HGS in both intervention groups when compared with the
controls (+1.4 £ 0.6 kg, and +1.0 = 0.2 kg, p< 0.05).
Meanwhile, 6MWD improved from baseline in the
PRWP group (+16.1 = 3.6 m, p< 0.01), resulting in a sig-
nificant difference compared to the controls (+14.1 + 3.8
m, p< 0.05) (Figure 2). PImax in the PRWP group and
PEmax in the PR group at 12 weeks both increased, but
there was no difference among the three groups (p> 0.05)
(Table 2).
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Table 1. The study procedure

Parameters Mean (SE) p
PRWP (n =30) PR (n = 30) Control (n =30)
General
Gender (M/F), n 13/14 15/14 10/18 NS
Age, years 80.5(1.4) 81.1(2.2) 85.9(0.9) NS
Height, cm 163 (1.7) 161(1.8) 162 (1.5) NS
Weight, kg 57.9(1.7) 64.8 (2.3) 58.6 (1.8) 0.035**
COPD history, year 9.6 (1.5) 7.8 (1.3) 6.7 (0.3) NS
Smoke history, pack-year 13.7 (3.4) 12.8(3.2) 6.4 (2.4) NS
Self-report co-morbidities, n' 2(1) 1(2) 1(0) NS
Dietary intake
Energy intake, kcal 1599 (57.3) 1626 (54.4) 1603 (51.9) NS
Protein intake, g 62.9 (2.4) 65.6 (2.3) 63.8 (2.9) NS
Lung function and symptom scores
FEV1, L, % predicted** 71.7 (1.4) 67.2(2.3) 68.6 (1.2) NS
FEV1/FVC, % 63.3(4.1) 61.8 (5.6) 62.4 (4.8) NS
Frequency of acute exacerbation® 1(2) 1(1) 1(1) NS
MRC dyspnea scale 2.1(0.1) 2.1(0.2) 2.5(0.2) NS
CAT 17.0(0.8) 17.9 (1.0) 16.6 (0.6) NS
GOLD groups, A:B: C: D 0:10:0:17 2:6:0:21 0:10:0:18 NS
Nutritional and emotional status
MNA-SF 7.2(0.5) 7.2(0.4) 11.7 (0.2) 0.0001**
Serum Albumin, g/L 37.9(0.7) 37.7(0.7) 36.5(0.7) NS
HADS-Anxiety 6.4 (0.5) 7.6 (0.4) 7.7(0.4) NS
HADS-Depression 12.2(0.7) 13.3(0.7) 13.4(0.8) NS
Muscle strength
HGS, kg 14.3 (1.3) 13.4(1.9) 15.1 (1.0) NS
6MWD, m 138 (8.1) 135(8.0) 166 (12.5) NS
Plmax, cmH20" 33 (10) 32 (16) 51 (19) 0.003*
PEmax, cmH20" 40 (11) 37 (18) 67.5 (28) 0.004*
Body composition
BMI, kg/m? 21.6 (0.6) 24.6 (0.7) 22.1(0.6) 0.003**
FMI, kg/m? 7.4(0.5) 9.7 (0.5) 7.6 (0.7) 0.013**
FFMI, kg/m? 14.2 (0.3) 14.9 (0.5) 15.2 (0.4) NS
ASMI, kg/m? 6.1(0.2) 5.9(0.3) 6.4 (0.4 NS

MNA-SF, Mini Nutritional Assessment-Short Form; HADS, Hospital Anxiety and Depression; FEV1, forced expiratory volume in 1s;
FVC, forced vital capacity; MRC, Medical Research Council; CAT, COPD assessment test; BMI, body mass index; FMI, fat mass index;
FFMI, fat-free mass index; ASMI, appendicular skeletal muscle index; HGS, hand grip strength; 6MWD, 6 min walking distance; Plmax,
maximum inspiratory mouth pressure; PEmax, maximum expiratory mouth pressure.

TMedian (IQR) values, using Kruskal-Wallis H test, and *p<0.05; the rest were normal data, using One-way ANCOVA, and **p<0.05

263 COPD patients
screened

Excluded (n=173)
Refuse to participate (m= 58)

90 patients randomized

Reluctant to be hospitalized (n=39)

Not meeting inclusion criteria (r= 76)

!

PRWP group (n=30)

|

Drop-out PRWP (n=3)
Complamts of

stomachache (rel)
nauseal =11 |
diarrhea(r=1)

J

Amnalyzed (n=27)

b

K

PR group (n=30)

|

Drop-out PR (n=1)
Exacerbation
of COPD (r=1)

|

Analyzed (n=29)

Caontrol group (n=30)

|

Drop-out {n=2)
Deceased (n=1)

Exacerbation of
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Figure 1. Patients flow diagram based on completion of body composition testing
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Table 2. Outcome of the intervention

Parameters PRWP (n=27) PR (n=29) Control (n=28) Among group
Mean (SE) Mean (SE) Mean (SE) differences
Pre Post APre-post Pre Post APre-post Pre Post APre-post p-value
Muscle strength and endurance
HGS, kg 14.3(1.4) 15.8 (1.4)™ 1.4 (0.5) 13.4(1.5) 14.5 (1.9)" 1.1(0.6) 15.1(1.1) 15.2(1.1) -0.02 (0.2) 0.031
6MWD, m 139 (8.6) 155 (8.3)" 16.1 (3.6) 135(8.2) 140 (9.5) 4.9 (4.3 167 (11.0) 168 (12.7) 1.9(2.2) 0.023
Plmax, cmH20" 33 (10) 34 (10)" 1(4) 32 (16) 33 (20) 1(3) 51 (19) 52.5 (19)" 2(4) 0.52
PEmax, cmH20" 40 (11) 43 (10) 2 (5) 37 (18) 38 (26)" 2 (5) 67.5(28) 68.5 (32) 2 (6) 0.85
Mental health status
HADS-A 6.4 (0.5) 6.4 (0.4) -0.04 (0.3) 7.6 (0.4) 8.5(0.3)™ 0.9 (0.3 7.6 (0.4) 7.8(0.4) 0.2 (0.2 0.022
HADS-D 12.2(0.8) 11.8(0.9) -0.4 (0.7) 13.3(0.7) 13.0(0.7) 0.3(0.03) 13.4(0.8) 12.9(0.8) -0.4 (0.4) 0.865
Lung function and symptom scores
%FEV1, pred 71.7 (1.4) 71.9(1.4) 0.3(0.5) 67.2(2.3) 66.8 (2.3) 0.4 (0.6) 68.6 (1.2) 67.5(1.2)" -1.1 (0.5) 0.242
MRC 2.1(0.2) 1.8(0.2) -0.3(0.2)" 2.1(0.2) 2.3(0.2) 0.2(0.1) 2.5(0.2) 2.5(0.1) 0.04 (0.05) 0.003
CAT scores 17.0(0.8) 16.4(1.1) -0.7 (0.7) 17.9(1.0) 17.9(1.0) 0.0 (0.35) 16.6 (0.6) 18.0(0.9) 1.4(0.9) 0.009
Body composition
Weight, kg 57.9 (1.8) 59.2 (1.8) 1.2(0.7) 64.8 (2.3) 63.5(2.1) -1.4 (0.7) 58.6 (1.9) 58.4 (1.9) -0.1 (0.2) 0.03
BMI, kg/m? 21.6 (0.7) 22.1(0.6) 0.5(0.3) 24.6 (0.7) 24.1(0.6) -0.5(0.3) 22.1(0.6) 22.1(0.6) -0.05 (0.07) 0.051
FMI, kg/m? 7.4 (0.6) 8.3(0.6) 0.9 (0.5) 9.7 (0.5) 8.9 (0.7) -0.8 (0.5) 7.6 (0.7) 7.3(0.7) -0.3(0.9) 0.137
FFMI, kg/m? 14.2 (0.3) 13.7(0.4) -0.5(0.4) 14.9(0.5) 15.3(0.6) 0.4 (0.4) 15.2(0.4) 14.8 (0.6) -0.4 (0.7) 0.419
ASMI, kg/m? 6.1(0.3) 5.6 (0.2) -0.1 (0.3) 5.9(0.3) 6.4 (0.3)" 0.5 (0.05) 6.4 (0.5) 6.1(0.3) -0.3(0.5) 0.153

HADS, Hospital Anxiety and Depression; FEV1, forced expiratory volume in 1s; MRC, Medical Research Council; HGS, hand grip strength; 6MWD, 6 min walking distance; Plmax, maximum inspiratory mouth
pressure; PEmax, maximum expiratory mouth pressure; CAT, COPD assessment test; BMI, body mass index; FMI, fat mass index; FFMI, fat-free mass index; ASMI, appendicular skeletal muscle index
"Median (IQR) values, and within group changes compared using Wilcoxon signed ranks test, among group differences compared using Kruskal-Wallis test. and Bonferroni tests were further used for comparing the

differences between the two groups.
*p< 0.05, **p< 0.01.

Control

6MWD(m)

\'
2009 p=0.001
150+
100+

504

p=0.047

baseline
3 12weeks

PRWP

PR Control

Figure 2. Mean baseline and 12 weeks values of A: Handgrip strengths (HGS)t; B: 6 min walking distance (6MWD). Data are presented as mean (SE). Within group changes were tested with the paired t test,
between groups by linear regression (p<0.05).
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Mental health status

At baseline, eight (26.6%) patients had anxiety, and twen-
ty-five (83.3%) patients were depressive in the PRWP
group, whereas seventeen (56.6%) patients had anxiety,
and twenty-seven (90%) patients were depressive in the
PR group. After the intervention, anxiety scores remained
unchanged in the PRWP group but worsen in the PR
group (0.9 £ 0.3, p= 0.01). So anxiety was significantly
improved in the PRWP group compared to the PR group
(-1.2 £ 0.4, p<0.01). There was no statistically significant
change in depression in any of the three groups before
and after the intervention (p> 0.05).

Pulmonary function

In the PRWP group, the MRC score (dyspnea) decreased
after intervention (-0.3 = 0.1, p< 0.05), so MRC and CAT
scores (cough, sputum) were statistically improved (-0.2
+ 0.1, and -2.1 = 1.2, p< 0.05) when compared with that
of the PR group. There were also differences in the
GOLD groupings determined by the frequency of respira-
tory infections, MRC, and CAT scores: 11 patients in the
PRWP group changed from GOLD D to B, and 18 pa-
tients in the PR group. This resulted in a significant im-
provement compared to the control group (p< 0.05).
There was no statistically significant difference in pulmo-
nary function classification among the three groups (p>
0.05).

Body composition

From baseline to the end of the trial, BW (-1.4 + 0.7 kg,
p= 0.054) and FMI (-0.8 £ 0.5 kg, p= 0.08) had a de-
creased tendency in the PR group whereas BW (+1.2 =
0.7 kg, p= 0.09) and FMI (+0.9 £ 0.5 kg, p= 0.07) had an
increased tendency in PRWP group. These resulted in an
improvement of BW (+2.0 + 0.8 kg, p< 0.05) in the
PRWP group, compared with the PR group (Figure 3).
There were no significant inter-group differences in FFMI
and ASMI (Table 2).

DISCUSSION

High-intensity exercise, despite its ability to improve ex-
ercise capacity, cardiopulmonary function, and quality of
life, is difficult to adhere to over the long term, limiting
both the target subjects (hospitalized patients in the acute
infection phase) and the duration of benefit (9-12
months).?®2® The reason might be the negative energy

p=0.043
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PRWP PR Control
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expenditure caused by high-intensity exercise. Low-
intensity exercise, which not only can have similar effica-
cy® to high-intensity, but also with better compliance and
sustainability, is becoming a PR modality to change the
daily activity patterns of patients, especially the elderly.%
In our trial, the benefit was only one person dropping out
of the test and an increase in grip strength.

In addition to low-intensity PR, lots of studies investi-
gated the influence of ONS during PR. The types of ONS
were being explored, ranging from energy-only to those
containing the functional ingredient Vit D-3, n-3 unsatu-
rated fatty acids. The current consensus was weight gain,
but the other outcomes such as lean tissue, muscle
strength, or muscular endurance remain controversial. X3
Whey protein and its functional components were used
and improvement in both HGS (representing muscle
strength) and 6MWD (representing muscular endurance)
were observed in our study. The outcomes coincided with
previous literature. Deutz's®® found that supplementation
with a high-protein oral nutritional supplement (ONS)
containing HMB (HP-HMB) was associated with im-
proved handgrip strength, and the body weight of mal-
nourished, hospitalized patients with COPD. Laviolette'®
stated pressurized whey supplementation, by its antioxi-
dant and nutritional properties, may improve exercise
tolerance and potentiate the effects of exercise training in
patients with COPD. A significant increase in 6MWD
was a marker for maintenance of daily activity after PR
and distance differences greater than 30-50 m were highly
correlated with 5-year survival.’

In addition to that, the improvement in dyspnea and
anxiety in the PRWP group compared to the PR group
was also similar to the previous findings. Korkmaz?
showed that nutritional support with integrated PR signif-
icantly improved physical performance, dyspnea, and
body composition in COPD patients. Jaatinen® found that
intake of yogurt enriched with a-lac, casein tripeptides
may contribute beneficially to stress coping in stress-
prone but healthy subjects. Its mechanism might be as
follows: Individuals with high trait anxiety were charac-
terized by functional shortages of 5-hydroxytryptophan
(5-HT) during stress, which is a neurotransmitter that
regulates mood, appetite, behavior, and sleep. Whereas
tryptophan is a precursor to 5-HT, whey proteins that
provide high tryptophan concentrations may bring bene-
fits by modulating the body's acute stress response.3334
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Figure 3. Mean baseline and 12 weeks values of A: Weight; B: Fat Mass Index (FMI). Data are presented as mean (SE). Within group-
changes were tested with the paired t test, between groups by linear regression (p<0.05).
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Finally, changes in weight and FMI in the PRWP group
were mentioned at the time of this trial, the weight gain in
the PRWP group was caused by a rise in fat mass within
the group, where the cause could be the supplement itself,
or the supplement might promote appetite. Unfortunately,
no difference in muscle mass gain between groups was
bserved. Depletion of muscle tissue was also considered
an independent risk factor for a poor COPD prognosis
and was positively associated with higher mortality. Mus-
cle consumption was caused not only by an energy imbal-
ance, but also by protein metabolism disorders due to
muscle disuse, hypoxia, or drugs. Constantin® stated that
protein supplementation after exercise in COPD patients
was unresponsive to candidate genes and proteins regulat-
ing muscle protein breakdown and synthesis. Recent lit-
erature stated that antioxidant and anti-inflammatory
markers inhibited muscle catabolism through functional
component supplements, such as n-3PUFA, vitamin C,
and creatine,*? which later experiments could focus on.

Limitations

Some limitations of our study were the small sample size
and the lack of a non-nutritional placebo for the PR
group. Adequate COPD clinical trials are needed to ex-
plore nutritional strategies to maintain the effect of exer-
cise training after PR.

Conclusions

HGS improved in both intervention groups while 6MWD
improved only in the PRWP group. Furthermore, the
combination of whey proteins complex and exercise im-
proved dyspnea, a symptom of cough, anxiety, and body
weight loss caused by PR in stable elderly patients with
COPD. In summary, whey protein complex combined
with low-intensity exercise had good compliance in elder-
ly patients to improve muscle function and pulmonary
symptoms.
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