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Abstract
Background  Exercise and dietary nutrition are considered crucial in human immunodeficiency virus (HIV)/ acquired 
immunodeficiency syndrome (AIDS) treatment protocols and people living with HIV/AIDS (PLWHA) rehabilitation 
care. However, there is no well-studied research evaluating the effects of combined interventions on the fitness and 
immune systems of PLWHA. Therefore, this study aimed to analyze the effects of exercise and dietary intervention on 
physical fitness, quality of life and immune response in PLWHA.

Methods  This was an experimental study, with a sample of 25 male PLWHA divided into two groups: the intervention 
group (IG: 12 participants) and the control group (CG: 13 participants). All participants have not had any exercise 
habits and nutritional supplements in the past six months. The participants in the IG completed 45 min of exercise 
(60-80% HRmax) 4 times per week for 4 weeks. The exercise was in the form of brisk walking or running. They 
were also given a nutritional dietary supplement 3 times a day for 4 weeks. The 13 individuals in the CG continued 
their normal daily life (physical activity and diet). The following parameters were evaluated before and after the 
intervention: body composition, physical fitness, immune response, quality of life (QoL), stress, dietary behavior, 
dietary habits, exercise motivation, and physical self-efficacy.

Results  The significant changes were observed in burnout of stress variables and physical efficiency index (PEI) of 
physical fitness in the IG (p =.023). Moreover, in the saliva samples, sal-T levels significantly increased only after the 
intervention in the IG (p =.012). Additionally, regarding the analysis of the interaction (group × time), there was a 
significant improvement in the reaction speed (p =.001) and grip strength (left: p =.002, right: p =.030) and a significant 
difference in physical satisfaction in QoL (p =.001), stress burnout (p =.043), self-confidence in physical efficacy 
(p =.045), external display (p =.008), and fulfillment (p =.047) in exercise motivation. Moreover, the significant effect 
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Background
Acquired Immune Deficiency Syndrome (AIDS) is 
caused by human immunodeficiency virus (HIV) infec-
tion [1], which targets the immune system and weakens 
the human body’s defense system against infections and 
certain types of cancer [2]. A total of 39  million people 
were infected and 630,000 people were killed worldwide 
by HIV in 2022 [3]. The number of people infected with 
HIV is increasing every year. According to statistics from 
the Korea disease control and prevention agency, 1,066 
new cases of HIV infection were registered in 2022, an 
increase of 9.3% from 2021 to 4.9% from 2020. Among 
them, 66.4% were aged between 20 and 30 years, and 
99.1% were infected through sexual contact [4]. Infected 
people tend to hide the fact that they are infected due to 
social stigmatization, and the actual number of infected 
people is likely higher than the statistical figure. In 
the past, HIV infection was a terrifying infectious dis-
ease that resulted in death, but antiretroviral treatment 
(ART) has prolonged the lifespan of infected people [5]. 
Although ART promotes the growth of CD4 + cells and 
inhibits the spread of the virus, it can also cause side 
effects [6]. People living with HIV/AIDS (PLWHA) were 
restricted in their social life because of health problems 
before the application of ART, but these restrictions were 
relatively reduced by health improvement through ART 
treatment.

HIV can affect the psychological health of a person 
through a combination of causes. The challenges faced 
by people living with HIV/AIDS (PLWHA) during daily 
life, including physical symptoms, psychological distress, 
and social isolation, significantly influence their qual-
ity of life (QoL) [7, 8]. Low QoL may be related to nega-
tive emotions, such as depression and anxiety, which can 
lead to poor physical health status by reducing immune 
function. Indeed, immune system responses, such as 
disease-induced inflammation, can negatively influence 
psychological emotions [9]. Concurrently, psychological 
stress is associated with the suppression of cellular and 
humoral immunity [10]. The psychological adjustment 
in PLWHA is influenced by adjustment methods based 
on perceived deterioration and adherence treatment 
through coping strategies [11]. Therefore, appropriate 
treatment methods should be applied along with drug 

treatment to maintain the physical and psychological 
health of PLWHA.

Exercise training has been used to manage the signs 
and symptoms of chronic diseases, and is widely used 
in health promotion and rehabilitation [12]. Numer-
ous studies have shown that exercise improves QoL, 
physical fitness [13], motor skills [14] and cardiovascu-
lar fitness [15]. Furthermore, exercise training regulates 
and enhances the immune system. According to the lit-
erature, it has a positive effect on the immune function 
[16]; a 12-week aerobic exercise research also reported a 
reduction in inflammation with exercise [17]. It also plays 
a positive role in the prevention and treatment of dis-
eases and is considered a supplement to the medical care 
and treatment of PLWHA [18]. Additionally, PLWHA 
recognize the benefits of exercise activities in promot-
ing QoL and immunity and believe that exercise activities 
should be of higher priority in their lives [19]. A recent 
study found that the exercise training program provided 
successful conservative treatment for some HIV comor-
bidities and side effects of therapy [20]. Exercise inten-
sity, duration, and volume can affect the redistribution of 
exercise-related immune cells in the circulatory system 
[21]. Moderate-intensity exercise is recommended for 
the general public and for PLWHA to enhance health [22, 
23].

It is well-known that proper nutrition is essential for 
physical health in the daily life of individuals. Several 
studies have indicated that basal metabolism increases 
during the asymptomatic or symptomatic period of HIV 
infection due to the cascade of inflammatory responses 
caused by the virus [24–26]. PLWHA are prone to 
decreased nutrient absorption due to intestinal damage, 
and their food intake is also reduced due to vomiting and 
swallowing pain, which aggravates the decline in QoL 
and immune function [27]. ART drug side effects and 
long-term inadequate food sources containing calcium, 
vitamin D, magnesium, and phosphorus increase the risk 
of bone loss in PLWHA [25, 28, 29]. Dietary nutritional 
intervention measures can help PLWHA effectively avoid 
the negative effects of drugs and improve their immune 
metabolism and the therapeutic effects of ART [27]. 
Therefore, PLWHA require additional energy compensa-
tion to maintain a stable nutritional status. However, they 

of the intervention on emotional eating in dietary behavior was shown in the comparison of the IG before and after 
intervention (p =.001) and in the comparison of the IG group with the CG after the experiment (p =.013). However, 
there was no significant effect of time or interaction between the condition and time on body composition.

Conclusions  In conclusion, exercise training and diet therapy caused changes in physical fitness and Sal-T levels, 
which had positive effects on the health promotion of PLWHA.

Keywords  Exercise, Diet therapy, Training, Physical fitness, Immune response
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tend not to have a well-balanced diet due to unstable jobs 
and low-income levels in South Korea.

In addition, some investigations have validated the 
effect of a combination of exercise training and nutri-
tional supplementation on the prevention and treat-
ment of diseases. Preventing a decline in the physical and 
nutritional status can have a significant effect on the care 
continuum [30]. High levels of physical activity and good 
dietary habits have also been noted to moderately affect 
the sleep quality [31]. Moreover, exercise training and 
low-carbohydrate and high-protein diet may improve 
the mental health in women with obesity [32]. Exercise 
and nutrition are also considered crucial in treatment 
protocols and rehabilitation care for PLWHA. However, 
although there are several studies that separately evalu-
ate the effect of exercise and nutrition in PLWHA, there 
is no thorough research evaluating a combination of the 
two in this population. In this study, we aimed to explore 
the effects of a combined intervention of exercise and 
diet in PLWHA.

Methods
Aim and study procedures
This study aimed to analyze the effects of exercise and 
dietary intervention on body composition, physical fit-
ness, immune response and QoL in PLWHA. This was 
a randomized controlled trial involving control or exer-
cise training with nutritional supplement interventions 
(Fig.  1). After arriving at the collection center, the par-
ticipants changed into uniform sportswear and rested for 

10  min. After being fully rested, data were collected in 
the following order: (1) heart rate (HR) and blood pres-
sure at rest; (2) saliva collection; (3) body composition; 
and (4) questionnaire collection and physical fitness tests. 
The data was collected twice: at baseline and at the end 
of the experiment, at 10–12 am each time. The final data 
collection period was at least 24 h after the last training 
session. The content of each data acquisition and require-
ment remained the same. The investigator in charge of 
the data acquisition underwent the same procedure to 
avoid inter-rater errors.

A detailed selection process of the exercise intensity 
and duration was presented in the earlier publication 
of the study results [23]. Moderate-intensity (60-80% 
HRmax) exercise was used for exercise training. The par-
ticipants completed the 45min exercise 4 times per week 
for 4 weeks. The exercise was in the form of brisk walking 
or running. The exercise was performed on a sports field 
or park near the participants’ homes. The participants 
controlled the exercise intensity by observing their heart 
rates using a monitoring device (Polar Wear Link®; Polar 
Electro, Kempele, Finland). The exercise included four 
stages: (1) 3-min warm-up, (2) 3∼4 min to reach the tar-
get heart rate (THR) (60-80% HRmax), (3) 45-min exer-
cise with THR, and (4) 3 min to cool down.

To determine the usual nutritional intake level of the 
participants, an analysis was conducted using a self-
written nutrition questionnaire (Diet Record Sheet; DRS) 
for two weeks before the experiment. As a result of the 
analysis, both groups showed lower average energy intake 

Fig. 1  Experimental group assignment
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of all energy sources except carbohydrates when com-
pared to the “2020 Korean Nutrient Intake Standards” 
announced by the Ministry of Health and Welfare [33]. 
Therefore, a dietary supplement of carbohydrate, pro-
tein, fat, calcium, vitamins, and minerals was provided 
to the IG group according to consideration of the “2020 
Korean Nutrient Intake Standards” in this study. The 
amount of food was calibrated to represent approxi-
mately 2,200 kcal/day according to age. The total energy 
requirement was 1,320  kcal/day through carbohydrates, 
550  kcal/day through fats, and 330  kcal/day through 
proteins; we also provided 120  g of vegetable salad and 
200  g of milk daily for calcium, vitamins, and minerals. 
Diet therapy interventions were monitored and recorded 
using the DRS and dieticians. The participants recorded 
their diet situation (date, time, and calories) daily. Dieti-
cians monitored the diet therapy through telephone fol-
low-ups to examine the dietary diaries of each participant 
every week. All participants in the CG were instructed to 
continue their daily activities (physical activity and diet) 
during the experimental period. Daily physical activ-
ity was maintained without physical exercise, training, 
daily eating habits, or nutritional supplements during the 
study period.

Participants
Thirty male PLWHA who had been screened for HIV 
with positive results were recruited through printed 
posters, social media, and the Korean Association for 
AIDS Prevention Center. Participants who met any of 
the following criteria were excluded: (1) had severe dis-
eases (e.g., cardiovascular disease, severe depression, 
and cancer), (2) had communication impairments; (3) 
had cognitive impairment, (4) were hospitalized or liv-
ing in a nursing home, (5) participated in other stud-
ies, (6) underwent physical activity, (7) were receiving 
nutritional supplements at the time of recruitment, (8) 
their condition worsened, or (9) they withdrew volun-
tarily. Two participants were excluded because they were 
unable to complete the test due to leg injury and another 
was excluded because he was taking nutritional supple-
ments at the time of recruitment. Twenty-eight tags 
with A and B (14 each) were placed in the same enve-
lope, and participants randomly chose one. Those who 
selected the tags with A were included in the interven-
tion (exercise and diet therapy) group (IG, n = 14), and 
those who selected the tags with B were included in the 
control group (CG, n = 14). Additionally, one participant 
in the IG withdrew voluntarily, another participant in 
the IG withdrew because his condition worsened, and 
one participant in the CG also withdrew voluntarily. 
Finally, the study included 12 PLWHA in the IG (age: 
50.8 ± 11.2; height: 169.4 ± 7.0, HRmax: 169.2 ± 11.2) and 
13 in the CG (age: 51.1 ± 10.9; height: 168.9 ± 6.0; HRmax: 

168.9 ± 10). All patients underwent clinical follow-ups 
at the Specialized HIV/AIDS Care Service. All partici-
pants received a detailed explanation of the protocol and 
provided informed consent before participating in the 
study. The study was approved by the Research Ethics 
Committee of Kangwon National University (KWNU-
IRB-2022-05-002-001) and complied with the specific 
resolution of the Clinical Research Information Service 
(KCT0008668, 01/08/2023).

Measurements
Anthropometrics assessment
HR and blood pressure (BP) were measured using a mul-
tifunction electronic sphygmomanometer. Height was 
measured using a stadiometer with the participants bare-
foot. Weight, skeletal muscle, body mass index (BMI), 
body fat, body fat percent, bone mineral, waist circum-
ference, waist-hip ratio, visceral fat level, basal metabolic 
rate were assessed using bioelectrical impedance analysis 
(BIA) using InBody (Inbody 470, InBody Co. Ltd., Seoul, 
Korea). The device uses electrical impedance, along with 
age, weight, height, and sex information, to generate 
results based on InBody 470 body composition data.

Saliva sample
Saliva was collected using 1 mL plastic Salivette® collec-
tion tubes (Sarstedt Inc., Nümbrecht, Germany). Partici-
pants were not allowed to eat or drink for at least 60 min 
before collecting saliva samples and were instructed to 
gargle for at least 10 min before collection. Samples were 
collected before and after the experiment, and 3 samples 
were collected at once, immediately frozen, and stored at 
− 80 °C until biochemical analysis was performed. Before 
analysis, the saliva sample was thawed on ice and centri-
fuged at 1000xg for 2 min at 20 °C using an Allegra X-30R 
centrifuge (Allegra X-30R centrifuge, Beckman Coulte, 
Inc., Germany). Salivary testosterone (sal-T), salivary 
cortisol (sal-C) and secretory immunoglobulin A (sIgA) 
levels in the saliva were measured by an enzyme-linked 
immunosorbent assay using an ABclonal Kit (ABclonal 
Biotechnology Co., Ltd, MA, USA).

Questionnaires
The following information was collected using a ques-
tionnaire: demographic characteristics, QoL, stress, 
physical self-efficacy, dietary habits, dietary behavior, and 
exercise motivation.

Individual demographic characteristics, including 
marital status, children, occupation, census register, edu-
cation, monthly household income, infection duration, 
and stage, were collected using a structured question-
naire. The Korean version of the World Health Organi-
zation (WHO) Quality of Life-HIV Brief developed by 
the WHO in 2002 was used [34], which consists of six 
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areas and a total of 31 questions. The stress questionnaire 
developed by the Centers for Disease Control in Korea 
for analysis of the National Health and Nutrition was 
used, which consists of 3 subfactors (exhaustion, depres-
sion, and anger) with a total of 20 items, and is com-
posed of a 5-point Likert scale ranging from “strongly 
disagree” (1 point) to “strongly agree” (5 points). Physi-
cal self-efficacy comprised 22 questions as sub-factors of 
cognition of physical ability and confidence in physical 
self-expression [35]. Dietary habits were used to assess 
food intake behavior. It consists of 14 items on the num-
ber, regularity, amount, and duration of meals; time and 
reason for skipping a meal; amount of rice; number and 
time of overeating; number of times eating out; number 
and time of snacks; number of late-night snacks; and 
unbalanced eating. A dietary behavior questionnaire (the 
Dutch Eating Behavior Questionnaire) [36] was trans-
lated into Korean and used after verifying its validity and 
reliability. The questionnaire consisted of 33 questions 
divided into 3 categories (restrained eating, emotional 
eating, and external eating). The questionnaire related to 
exercise motivation was used; 23 questions were applied 
as sub-factors of motivation, external observation, exter-
nal motivation, internal motivation, achievement, and 
pleasure. The questionnaire consisted of a 5-point Likert 
scale.

Physical fitness
The physical fitness test included muscle grip strength, 
explosive strength, reaction speed, body flexibility, and 
cardiorespiratory endurance. Before the test, the partici-
pants performed a ten-minute warm-up to fully stretch 
the joints, ligaments, and muscles to prevent strain. All 
measurement items were cross-tested; each item was 
tested twice, and the best results were recorded. One 
exception to this was the cardiorespiratory endurance 
test, which was the last item and was only measured 
once.

Muscle strength was assessed by grip strength (kg) 
measured using a digital dynamometer (TKK 5401 
Grip-D, Takei, Niigata, Japan) and recorded to one deci-
mal place. The explosive power was shown in real-time 
jump metrics (cm) assessed using the Mayfonk Athlet-
ics VERT Wearable Fitness Monitor (Mayfonk Inc., Fort 
Lauderdale, FL, USA). The results were recorded in two 
decimal places. The reaction speed was evaluated based 
on the reaction time (s), and the test tool was a reaction-
time measuring machine. The flexibility was assessed 
while sitting forward (cm). Cardiopulmonary endurance 
was shown as physical efficiency index (PEI) and assessed 
using the 5-minute step box test (high:30.5  cm). After 
testing, HR was recorded 3 times (post 1-1.5 min (HR1), 
post 2-2.5 min (HR2), post 3-3.5 min (HR3)). The calcula-
tion method was as follows:

1)	 When task was completed within the specified time: 

	
PEI =

Time ∗ 100
2 ∗ (HR1 + HR2 + HR3)

2)	 When task was not completed within the specified 
time: 

	
PEI =

Time ∗ 100
(5.5 ∗ HR1)

+ 0.22 ∗ (300 − Time)

Time is the test duration, expressed in seconds.

Statistical analysis
Statistical analysis was performed using SPSS 26.0 (ver-
sion for MAC; Chicago, IL, USA). Means and standard 
deviations (mean ± standard deviation [M ± SD]) were cal-
culated for all variables. Comparisons of body composi-
tion, physical fitness, immune response, QoL and stress 
before and after the experiments were performed using 
a two-way analysis of variance (ANOVA) with repeated 
measures (group × time). When a significant interaction 
effect was observed, a simple effect was further analyzed, 
and when significant main effects were observed, post 
hoc testing was performed using a paired t-test. Statisti-
cal significance was set at p <.05.

Results
Demographic characteristics
None of the participants were married, and 84.6% and 
66.7% had no children in the CG and IG, respectively. 
Moreover, 30.8% and 41.7% of participants in the CG 
and IG groups had no occupation, respectively (Table 1). 
Simultaneously, more than 90% of the participants in 
the two groups had an income of less than $800. In both 
groups, more than 65% of the participants were from 
rural areas, and 30% of the participants had graduated 
from college or other institutions of higher education. 
The duration of infection was the longest (> 11 years) in 
both groups, accounting for 46.1% and 41.7% of cases, 
respectively. During the infection stage, none of the par-
ticipants reached the severe symptom stage and more 
than 65% were asymptomatic.

Anthropometrics
The BP, HR, and body composition data are shown in 
Table  2. No significant differences were observed after 
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Table 1  Descriptive statistical analysis of individual demographic characteristics
Information CG(N = 13)

Mean ± SD/N (%)
IG(N = 12)
Mean ± SD/N (%)

Baseline characteristics Age (years) 51.1 ± 10.9 50.8 ± 11.2
Height (cm) 168.9 ± 6.0 169.4 ± 7.0
HRmax (bpm) 168.9 ± 10.9 169.2 ± 11.2

Marital status Single 9 (69.2%) 8(66.7%)
Married - -
Widowed 1 (7.7%) -
Divorced 3 (23.1%) 4(33.3%)

Children Yes 2 (15.4%) 4(33.3%)
No 11 (84.6%) 8(66.7%)

Occupation Part-time job 3 (23.1%) 2(16.7%)
Public servants 4 (30.8%) 3(25.0%)
Self-employed 2 (15.4%) 2(16.7%)
Unemployed 4 (30.8%) 5(41.7%)

Census register Rural 9 (69.2%) 8(66.7%)
Urban 4 (30.8%) 4(33.3%)

Education Middle school graduate or lower 4 (30.8%) 3(25.0%)
High school graduate 5 (38.5%) 4(33.3%)
College or higher 4 (30.8%) 5(41.7%)

Monthly household income <$800 12 (92.3%)) 11(91.7%)
≥$800 1 (7.7%)) 1(8.3%)

Duration of infection (years) 0–5 2 (15.4%) 3(25.0%)
6–10 5 (38.5%) 4(33.3%)
≥ 11 6 (46.1%) 5(41.7%)

Infection stage Asymptomatic 9(69.2%) 8(66.7%)
Mild symptoms 1 (7.7%) 1(8.3%)
Advanced Symptoms 3 (23.1%) 3(25.0%)
Severe symptoms - -

HRmax: maximum heart rate; N: number; M ± SD: mean ± standard deviation

Table 2  Descriptive statistical analysis of anthropometrics
CG (N=13) IG(N=12)
pre(M ± SD) post(M ± SD) Pre(M ± SD) Post(M ± SD)

SBP (mmHg) 127.46 ± 9.20 122.92 ± 6.55 121.67 ± 4.92 120.92 ± 10.52
DBP (mmHg) 79.08 ± 15.98 76.31 ± 12.01 75.8 ± 11.67 74.58 ± 13.48
HRR (bpm) 80.92 ± 12.48 78.31 ± 12.51 80.75 ± 10.81 86.33 ± 13.25
Weight (kg) 69.80 ± 14.91 69.94 ± 14.75 72.58 ± 15.03 70.65 ± 15.01
Skeletal muscle (kg) 28.25 ± 4.76 27.06 ± 5.08 27.64 ± 4.92 27.53 ± 5.28
BMI (kg/m2) 25.09 ± 4.50 24.49 ± 4.38 25.28 ± 4.44 23.82 ± 4.38
Body fat (kg) 21.89 ± 8.50 21.19 ± 7.59 22.78 ± 8.42 21.10 ± 7.70
Body fat percent (%) 29.25 ± 6.92 29.67 ± 5.19 30.57 ± 6.03 29.23 ± 5.95
Bone mineral(kg) 2.80 ± 0.40 2.70 ± 0.44 2.78 ± 0.42 2.75 ± 0.47
Waist circumference(cm) 92.63 ± 13.66 90.16 ± 13.02 92.90 ± 13.66 90.24 ± 13.23
Waist-hip ratio 0.95 ± 0.08 0.93 ± 0.07 0.95 ± 0.08 0.93 ± 0.07
Basal metabolic rate (kcal) 1,465.00 ± 164.00 1,422.92 ± 180.00 1,445.92 ± 172.00 1,440.25 ± 188.08
M ± SD: mean ± standard deviation; SBP: systolic blood pressure; DBP: diastolic blood pressure; HRR: heart rate at rest; BMI: body mass index
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the training period compared with pre-exercise training 
in either group or between the groups post-training.

Physical fitness
There were significant differences in the reaction speed, 
grip strength, and PEI after the training period in the IG 
(Table 3). Performance of reaction (p =.001), grip strength 
(L: p =.002, R: P =.03), and PEI significantly improved 
after training in the IG (p =.023).

Saliva
There were significant differences in sal-T levels after the 
training period in the IG (p =.012, Table  4). Compared 
to pre-training levels, sal-T levels significantly increased 
after the intervention in the IG (p =.012). However, there 
were no significant differences in sal-C, the ratio of sal-T 
to sal-C, and sIgA between the CG and IG.

Subjective changes after training
Among the sub-factors of QoL, the overall level was 
“normal”, indicating that QoL was not perceived as high 
(Table 5). However, there were significant differences in 
physical satisfaction after the training period in the IG 
(p =.001). The perceived physical satisfaction improved 
significantly. Perceived stress exhibited low indices, sug-
gesting that the stress levels were perceived as psycholog-
ically low. Statistically significant differences in burnout 
were observed after training in the IG (p =.043). Physical 
self-confidence in physical self-efficacy changed after the 
training period in the IG (p =.045). There was significant 
increase in emotional eating after the training period in 
the IG (p =.001). This value was significantly higher than 
the post-training value in the CG (p =.013). However, 

there were no significant post-training differences in 
restrained and external eating between the groups. Per-
ceived external display significantly decreased (p =.008) 
but fulfillment significantly improved (p =.047) after 
training in the IG.

Dietary habits
In the survey on eating habits, similar dietary habits were 
observed between the two conditions (Table  6). More 
than 90% of the CG and IG ate twice a day, and most 
of them (76.9% in the CG and 66.7% in the IG) skipped 
breakfast. The amount of food consumed per meal was 
moderate (69.2% in the CG and 66.7% in the IG). One 
person in each group was slightly full, whereas none of 
them were very full. In the IG survey on dietary regular-
ity, the number of people who ate regularly was the larg-
est (50%), followed by those who ate irregularly (25%). 
However, in the CG, most of them ate irregularly (38.5%), 
and fewer people ate regularly (25%). Most of the par-
ticipants in the IG (91.7%) took approximately 10–20 min 
or more than 20 min at every meal. However, in the CG, 
most people took more than 20  min, and the number 
of those who took less than 10 min or 10–20 min were 
the same (30.8%). Regarding overeating, the most com-
mon pattern in both groups was that of overeating one 
to two times per week or not overeating at all (CG, 77%; 
IG, 83.4%); moreover, overeating occurred mostly at din-
ner. Most participants ate out 1–2 times a week in both 
groups (CG 46.2%; IG 66.7%). In the CG 30.78% reported 
not eating out, while in the IG 16.7% reported not eating 
out. The number of people who ate snacks 1–2 times a 
week was the largest in the CG (30.8%), and those who ate 
snacks once a day was the largest in the IG (33.3%). Most 

Table 3  Descriptive statistical analysis of physical fitness
CG(N = 13) IG(N = 12)
Pre(M ± SD) Post(M ± SD) Pre(M ± SD) Post(M ± SD)

Reaction time (s) 0.39 ± 0.03 0.42 ± 0.03 0.45 ± 0.03 0.38 ± 0.03**
Grip strength (N) L     31.82 ± 6.25 31.84 ± 6.25 31.61 ± 6.47 35.24 ± 6.09**

R     33.68 ± 8.56 32.75 ± 9.03 32.18 ± 9.18 34.89 ± 7.10*
Sitting forward flexion (cm) -7.12 ± 9.20 -6.42 ± 8.90 -5.29 ± 7.65 -4.275 ± 6.38
Explosive power (cm) 24.77 ± 8.10 24.15 ± 10.03 25.58 ± 6.54 27.25 ± 7.84
PEI 55.44 ± 8.49 60.04 ± 7.22 54.73 ± 8.27 61.00 ± 8.36*
M ± SD: mean ± standard deviation. PEI: physical efficiency index *p < .05, **p < .01

Table 4  Descriptive statistical analysis of salivary
CG(N=13) IG(N=12)
pre(M ± SD) post(M ± SD) Pre(M ± SD) Post(M ± SD)

sal-T (pg/mL) 35.40 ± 24.37 40.83 ± 30.17 28.45 ± 22.66 46.67 ± 26.80*
sal-C (ng/mL) 2.06 ± 0.68 3.30 ± 2.20 2.04 ± 0.74 2.88 ± 1.72
sal-T / sal-C 21.93 ± 28.36 18.76 ± 21.35 20.16 ± 31.43 21.18 ± 17.02
SIgA (ng/mL) 108.50 ± 19.63 109.67 ± 19.05 109.39 ± 20.23 104.56 ± 18.93
M ± SD: mean ± standard deviation; *p <.05

Sal-T: salivary testosterone; sal-C salivary cortisol; SIgA: secretory immunoglobulin A
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snacks were consumed between dinner and lunch. More 
than 50% of the participants in both groups reported that 
they did not eat late-night meals.

Discussion
To the best of our knowledge, this is the first study to 
use exercise and diet therapy interventions for PLWHA. 
This study aimed to analyze the effects of exercise and 
diet therapy on QoL, stress levels, diet behavior, body 
composition, physical fitness, and immune responses in 
PLWHA following appropriate treatment. The main find-
ing of this study was that exercise and diet therapy inter-
ventions positively affected physical fitness and Sal-T 
scores.

The demographic characteristics of the participants 
were similar between the groups. It could not be analyzed 
centering on a specific generation, due to the age distri-
bution of the participants was wide. However, a special 
finding was that no participant had a full-time job despite 
them being in the asymptomatic infection stage and hav-
ing a higher education level compared to the general pub-
lic. Additionally, most participants had a monthly income 
of less than 800 USD. These findings are in line with those 
of a previous study indicating that the monthly income 
level was lower in HIV-positive people than in HIV-neg-
ative people [37]. These results reflect that infected peo-
ple live economically insufficient lives because they do 
not actively participate in socio-economic life. In South 

Korea, the main reasons for this are the lack of a social 
system for infected people and the social conception of 
infected people rather than the lack of individual efforts. 
In fact, 58% of HIV-infected people are employed and 
most of them work full-time in Canada [38].

It is generally believed that a certain amount of exercise 
can effectively change anthropometric markers; however, 
no significant changes in anthropometrics were observed 
in the present study. The reason for this may be that the 
change in anthropometric measurements is a long-term 
process; therefore, the 4-week intervention time was too 
short. A previous study indicated that a 12-week exer-
cise intervention period is needed to significantly change 
body mass index, body fat percentage, and waist-to-hip 
ratio [39]. Bone density can be an important variable 
among anthropometric changes achieved through exer-
cise training interventions in PLWHA.

ART stimulates the activity of osteoclasts to increase 
bone absorption while reducing the activity of osteo-
blasts to inhibit bone production, resulting in reduced 
bone mineral density [40]. Optimal nutrient intake and 
regular exercise reduce bone density loss, weaken the 
progression of HIV infection, and improve immune func-
tion in HIV-infected individuals [41, 42]. In this study, 
nutrition and exercise treatment for four weeks did not 
cause changes in bone density. Both aerobic and resis-
tance exercises can have a positive effect on bone density. 
Exercise intensity and training duration are important 

Table 5  Descriptive statistical analysis of psychological variables
Category CG(N=13) IG(N=12)

Pre(M ± SD) Post(M ± SD) Pre(M ± SD) Post(M ± SD)
QoL Physical satisfaction 3.17 ± 0.92 3.25 ± 0.88 2.83 ± 0.91 3.29 ± 0.92***

Psychological well-being 2.77 ± 0.86 2.83 ± 0.88 2.92 ± 0.85 2.77 ± 0.75
Independent satisfaction 3.10 ± 0.87 2.90 ± 0.80 2.96 ± 0.80 3.02 ± 0.73
Social relational satisfaction 2.69 ± 0.90 2.69 ± 0.88 2.75 ± 0.89 2.83 ± 0.78
Environmental satisfaction 2.73 ± 0.92 2.80 ± 0.82 2.86 ± 0.82 2.91 ± 0.91
Spiritual satisfaction 2.69 ± 0.85 2.73 ± 0.83 2.69 ± 0.80 2.60 ± 0.80

Stress Burnout 2.87 ± 0.95 3.02 ± 1.00 2.94 ± 1.00 3.11 ± 0.98*
Depression 2.49 ± 0.97 2.54 ± 1.03 2.51 ± 1.05 2.53 ± 0.99
Anger 2.27 ± 0.87 2.54 ± 1.13 2.46 ± 1.13 2.63 ± 1.08

Physical self-efficacy Cognition of physical ability 2.68 ± 0.96 2.66 ± 0.92 2.63 ± 0.91 2.69 ± 0.9
Physical self-confidence 2.76 ± 0.90 2.64 ± 0.96 2.61 ± 0.95 2.78 ± 0.93*

Dietary
behavior

Restrained eating 3.19 ± 0.87 3.08 ± 0.88 3.01 ± 0.87 3.07 ± 0.80
Emotional eating 2.33 ± 0.74 2.35 ± 0.87 2.18 ± 0.75 2.58 ± 0.81***#
External eating 3.14 ± 0.86 3.02 ± 0.92 2.93 ± 0.91 3.01 ± 0.84

Exercise motivation Amotivation - - 2.90 ± 0.71 2.87 ± 0.83
External display - - 2.54 ± 0.83 2.27 ± 0.73**
Extrinsic motivation - - 2.50 ± 0.83 2.46 ± 0.77
Intrinsic motivation - - 3.15 ± 0.80 3.29 ± 0.87
Fulfillment - - 2.50 ± 0.85 2.81 ± 1.04*
Pleasure - - 2.61 ± 0.83 2.75 ± 0.94

M ± SD: mean ± standard deviation

*:compared with pre-training in IG; * p <.05, **p <.01, ***p <.001

#:compared with post-training CG; # p <.05
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for increasing bone density through aerobic exercise, 
and high-impact and long-duration endurance training 
is effective in increasing bone density [43, 44]. However, 
these studies were carried out on the general public, and 
few studies have been conducted on the effects of nutri-
tional supplementation and prolonged exercise training 
on bone density in PLWHA. Therefore, further studies 
are required to develop proper nutrition and exercise 
training strategies to increase bone density in PLWHA.

Exercise has a clear promoting effect on auditory stim-
ulation [45]. The auditory reaction time decreased in 
the IG, confirming that auditory response ability can be 
improved through moderate aerobic exercise training. 
Most investigations on exercise in PLWHA have reported 
an increase in muscle strength [46] and improvement in 
cardiopulmonary function [13, 47–50]. In the present 
study, grip strength significantly increased, proving that 
exercise was beneficial for improving muscle strength. 
PEI, which is an indicator of cardiopulmonary efficiency 

and aerobic capacity, was relatively weak in all partici-
pants, indicating poorer cardiopulmonary efficiency. 
Poor aerobic fitness contributes to cognitive decline in 
PLWHA [51]. HIV infection causes various diseases and 
a considerable amount of pain, which may lead partici-
pants to adopt sedentary lifestyles [52] instead of exer-
cising. The increase in PEI observed after the 4 weeks 
training period in this study confirmed the positive effect 
of regular exercise on PEI seen in previous studies [53–
57]. These results are also supported by those of previ-
ous studies that analyzed the effects of exercise training 
on PLWHA. Regular exercise can improve cardiopulmo-
nary function and efficiency in PLWHA without adverse 
effects [55, 56, 58, 59]. However, the results of endurance, 
flexibility, and explosive power did not change after train-
ing in this study. Based on the finding that different train-
ing loads and forms lead to different training adaptations 
[60], four weeks of moderate-intensity aerobic exercise is 

Table 6  Descriptive statistical analysis of individual dietary habits
Sub-variable CG

N (%)
IG
N (%)

Sub-variable CG
N (%)

IG
N (%)

Number of meals (day) 1 - 1(8.3) Number of overeating 3 times < (day) - -
2 12(92.3) 11(91.7) 2 times (day) 1 (7.7) -
3 1(7.7) - 1 time (day) 1 (7.7) 2(16.7)
4 - - 3–4 times (week) 1 (7.7) -

Meal time Very irregular 3 (23.1) 2(16.7) 1–2 times (week) 4 (30.8) 5(41.7)
Irregular 5 (38.5) 3(25.0) No overeating 6 (46.2) 5(41.7)
Regular 4 (30.8) 6(50.0) Overeating meal Breakfast - -
Very regular 1 (7.7) 1(8.3) Lunch 1 (24.3) 3(42.9)

Amount of meal Very scarce 1 (7.7) 1(8.3) Dinner 6 (85.7) 9(57.1)
Little lack 2 (15.4) 1(8.3) Number of eating out 1–2 times (day) 1(7.7) -
Moderate 9 (69.2) 8(66.7) 3–4 times (week) 2 (15.4) 2(16.7)
Slightly full 1 (7.7) 1(8.3) 1–2 times (week) 6 (46.2) 8(66.7)
Very full - - No eating out 4 (30.8) 2(16.7)

Time period of meal < 10 min 4 (30.8) 1(8.3) Number of snack 3 times < (day) - -
10–20 min 4 (30.8) 6(50.0) 2 times (day) 1 (7.7) -
> 20 min 5 (38.5) 5(41.7) 1 time (day) 1 (7.7) 4(33.3)

Skip a meal Breakfast 10 (76.9) 8(66.7) 5–6 times (week) 2 (15.4) 2(16.7)
Lunch 2 (15.4) 2(16.7) 3–4 times (week) 2 (15.4) 2(16.7)
Dinner 1 (7.7) 1(8.3) 1–2 times (week) 4 (30.8) 3(25.0)
No skip - 1(8.3) No snack 3 (23.1) 1(8.3)

Reasons for skipping 
breakfast

No skipping 2 (15.4) 3(25.0) Snack time Breakfast ∼ lunch 1 (7.7) 1(8.3)
Over sleeping 1 (7.7) 1(8.3) Lunch ∼ dinner 5 (38.5) 6(50.0)
No appetite 2 (15.4) 3(25.0) After dinner 3 (23.1) 1(8.3)
Indigestion 1 (7.7) - Anytime 4 (30.8) 4(33.3)
No preparing breakfast - 1(8.3) Number of late-night meal Every day 1 (7.7) -
Lose weight 1 (7.7) 1(8.3) 3–4 times (week) 1 (7.7) 1(8.3)
Habitually 6 (46.2) 3(25.0) 1–2 times (week) 2 (15.4) 3(25.0)

Amount of rice More than a bowl 2 (15.4) 1(8.3) 1–3 times (month) 2 (15.4) 2(16.7)
A bowl 5 (38.5) 7(58.3) No late-night meal 7 (53.9) 6(50.0)
2/3 bowl 4 (30.8) 2(16.7) Un-balanced feeding Yes 5 (38.5) 6(50%)
1/2 bowl 2 (15.4) 2(16.7) No 8 (61.5) 6(50%)
1/3 bowl - -
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not an appropriate form and intensity to improve flexibil-
ity and power in PLWHA.

Saliva analysis has rapidly developed into a tool for 
evaluating physiological biomarkers commonly mea-
sured in the blood. Moreover, saliva collection without 
the stress caused by venipuncture can be performed 
quickly and frequently, reducing infectivity during sam-
ple collection. Salivary and serum measurements are 
perceived to be equivalent, and there are a wide variety 
of biomarkers in saliva, including immune and inflam-
matory factors. In this study, the ratios of sal-T, sal-C, 
and SIgA were analyzed to evaluate the effects of exer-
cise training and dietary intervention on PLWHA. Sal-T, 
Sal-C, and their ratios have been reported as indicators 
of anabolic status [61], psychological stress, and exercise 
training effects [62–64]. After exercise training and diet 
intervention, the sal-T level in the IG increased signifi-
cantly, which is consistent with previous research [64]. 
Exercise improves the therapeutic effects of testosterone 
treatment in PLWHA [65]. Although we did not analyze 
the relationship between the exercise-induced increase 
in sal-T and the therapeutic effect in this study, it can be 
inferred that the improvement of sal-T might be benefi-
cial to the therapeutic procedure of PLWHA.

Cortisol is believed to be the primary hormone respon-
sible for catabolic processes [66], reducing protein syn-
thesis, increasing protein degradation, and inhibiting 
inflammatory processes and immunity [67]. Cortisol 
level monitoring during training has been reported as 
an approach to assess the impact of exercise training on 
the body’s catabolism and physical exertion [68]. Psy-
chological stressors can induce an increase in salivary 
cortisol levels [69, 70], which is a good stress index [71]. 
The stress level of PLWHA was generally high [72]. Com-
pared to the general population, the incidence of post-
traumatic stress disorder is estimated to be quite high 
in PLWHA [73]. A certain amount of acute exercise can 
improve cortisol levels [74] but four weeks of moder-
ate-intensity exercise did not affect the baseline cortisol 
levels in PLWHA. This result is consistent with that of 
a previous study that reported that baseline cortisol lev-
els did not change after a long period of exercise train-
ing [75]. Therefore, to reduce the stress levels of PLWHA, 
various programs should be implemented in combina-
tion with exercise. The testosterone-to-cortisol ratio fre-
quently counterbalances the catabolic state in PLWHA 
[64] and reflects the impact of exercise training on the 
overall recovery of the body [76]. However, there were no 
significant changes in cortisol levels or the testosterone-
to-cortisol ratio in the present study. These results may 
be partly elicited by viral infections and the side effects 
of prolonged ART use. There may be an association 
between infection duration and ART, with the incidence 

causing a decrease in the anabolic state and consequently 
in muscle mass and function [77, 78] in PLWHA.

SIgA is considered the best indicator of mucosal immu-
nity, as it acts as the first-line defense [79] and is consid-
ered the major antibody against upper respiratory tract 
infections [64]. Although a previous study has shown 
that exercise training and dietary intervention have a 
positive role in promoting the concentrations of sIgA in 
PLWHA [64, 80], the results of the present study showed 
no significant changes in sIgA levels after exercise train-
ing and dietary intervention for four weeks in PLWHA. 
The duration of aerobic exercise training in this study 
seemed insufficient to cause changes in IgA levels. Simi-
lar to the results of this study, another study showed that 
three weeks of training did not cause any changes in sIgA 
levels [81]; however, other studies showed a significant 
improvement in sIgA levels after 3–12 months of exercise 
training [82]. Taken together, more than four weeks of 
long-term exercise training is required to increase sIgA 
levels. Although we were unable to control the lifestyle of 
PLWHA during the study period, biological and lifestyle 
factors, such as life rhythm and caffeine intake, have been 
shown to affect sIgA levels [83].

Diet and exercise intervention for four weeks showed 
a significant improvement in physical satisfaction among 
the sub-factors of QoL. These results are in line with 
the results of a previous study that showed that exer-
cise training had a positive effect on psychological well-
being, independent satisfaction, and social-relational 
satisfaction [57]. In fact, most HIV/AIDS patients suffer 
from various problems that may be caused by PLWHA’s 
health level, fear of disease, and social pressure. Individu-
als’ awareness of their psychological and physical health 
may affect their QoL. Previous research has shown that 
a reduction in QoL is related to the negative psychologi-
cal state and body health status of PLWHA [84]. Regu-
lar exercise improves QoL in PLWHA [85]; however, the 
perceived QoL may be related to the training period. 
Similar to QoL, the observation of significant improve-
ment in physical self-expression and confidence in physi-
cal self-efficacy in this study supports this suggestion. 
Long-term regular exercise can improve the physical 
state in advance and have positive effects on psycho-
logical, social, and physical health, thus improving QoL. 
Indeed, a long period of regular exercise improved all the 
sub-values of QoL [86] and physical self-efficacy [87].

Stress levels can affect well-being. There was a sig-
nificant increase in burnout in the IG after training. 
Burnout is mainly related to strain in daily life, which is 
often caused by the joint effects of long-term and high-
intensity workloads, work environments, and conditions 
[88, 89]. Although there was no significant difference in 
depression and anger levels after training in the IG, the 
results showed an increase, indicating an overall increase 
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in stress levels in the IG. This result does not support the 
widespread assumption that physical exercise is an effec-
tive means to reduce stress levels [90–92]. The training-
induced increase in stress levels may be related to the 
participants’ physical fitness status, exercise, and the type 
of exercise performed. Most participants in this study did 
not perform regular physical activities, and their physi-
cal fitness was low. Owing to the low amount of physical 
activity and low fitness level at baseline, the exercise itself 
may have been stressful to the participants. In a previ-
ous study conducted in our laboratory, stress responses 
to acute treadmill exercises such as high cortisol levels 
were also observed in PLWHA [23]. The form of exer-
cise performed can play an important role in increasing 
interest in exercise. Regardless of the participants’ will, 
the 45-minute moderate-intensity aerobic exercise deter-
mined and applied by the researchers may have been 
boring to the participants. Interval aerobic exercise was 
more enjoyable and had a greater effect than continu-
ous aerobic exercise [93]. Exercise motivation and physi-
cal activity intention were higher in voluntarily selected 
training than in arbitrary training [94]. In line with these 
results, the external display was reduced after training, 
and there were no significant changes in most of the exer-
cise motivation sub-variables in this study. Future studies 
on the efficacy of autonomy-based exercise training are 
required to analyze the effects of physical fitness and psy-
chological components on PLWHA.

Regarding the psychometric properties of the partici-
pants’ dietary behavior test consisting of the three indi-
cators of restrained, emotional, and external eating, only 
emotional eating significantly improved after the experi-
ment in the IG. Emotional eating refers to eating stimu-
lated by negative emotions, such as anger, fear, or anxiety 
[95, 96]. Training-induced influence on emotional eat-
ing may be attributed to complex factors. As mentioned 
earlier, exercise caused stress for participants with lower 
physical fitness and health status compared to the general 
public, and increased stress levels resulted in negative 
consequences for emotional eating. The participants had 
not exercised for a long time, and the sudden addition 
of regular exercise to their daily life affected the partici-
pants’ mental health, resulting in an increase in the level 
of stress. Stress caused by a lack of ability to cope with 
internal and environmental factors is closely related to 
emotional eating [97]. In addition, the increase in emo-
tional eating scores may have been affected by the par-
ticipants’ dietary habits. The IG reported that none of 
them ate regularly three times a day, and most of them 
ate breakfast twice because of poor appetite and habitual 
reasons. Physical activities such as preparing for work 
were not required in the morning, and unstable job con-
ditions would lead to these dietary habits. Emotional eat-
ing may be increased through stress caused by the lack 

of ability to cope with stressful stimuli while perform-
ing exercise in a state of insufficient energy intake due to 
insufficient meals per day. A previous study has found a 
significant correlation between dietary energy intake and 
emotional eating [98].

This study has three major limitations. First, it was dif-
ficult to recruit participants owing to the characteristics 
of the study participants; therefore, the study group was 
composed of control, exercise, and diet nutrition inter-
vention groups. We did not analyze the effects of exer-
cise alone; therefore, it was not possible to determine the 
effect of nutritional supplementation during the training 
period compared to exercise alone. Second, the training 
period was four weeks, which was too short to verify the 
training effect. It is believed that the changes in psycho-
logical variables were not significant because of the short 
training period. Finally, a more scientific physical fitness 
test, such as gas analysis during treadmill running to 
analyze endurance and isokinetic muscle strength, was 
not conducted using a simple physical fitness test. Par-
ticipants were extremely sensitive to identity exposure 
as PLWHA. Therefore, the tests were completed in the 
AIDS Prevention Association building, not in the labo-
ratory, and there was a limit to the use of scientific test 
equipment. More scientific and reliable results could 
be obtained if an experiment is conducted to overcome 
these limitations in future research.

Conclusion
In conclusion, a four-week combination of dietary sup-
plementation and moderate-intensity exercise improved 
physical fitness and Sal-T scores in PLWHA. However, 
conflicting results have been obtained for psychological 
variables. There were some positive effects on QoL and 
physical self-efficacy; however, stress and daily behav-
iors were negatively affected. The negative effect on psy-
chological variables may be related to the spontaneity of 
exercise participation. Therefore, it is necessary to imple-
ment a voluntary exercise program that can induce inter-
est and persistence, along with proper dietary intake, to 
improve the health and well-being of PLWHA. An insti-
tutional support system should also be developed and 
provided by the government for PLWHA to participate in 
stable economic activities.
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