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Background.  Physical activity has anti-inflammatory effects and reduces morbidity and mortality in the general population, but 
its role in the clinical, CD4/CD8 ratio, and immune activation status of HIV-infected patients has been poorly studied.

Methods.  A cross-sectional study was carried out in a cohort of 155 HIV-infected patients on stable antiretroviral therapy (ART) 
to compare clinical, biochemical, CD4/CD8 ratio, and immune activation status according to their physical activity in the last 2 years 
(sedentary/low vs moderate/intense) assessed by the iPAQ. A binary logistic regression and mixed analysis of variance were per-
formed to evaluate the impact of levels of physical activity on CD4/CD8 ratio.

Results.  In our series, 77 (49.7%) out of 155 patients were sedentary, and 78 (50.3%) practiced moderate/intense physical activity. 
Moderate/intense physical activity was associated with better metabolic control (lower body mass index, P = .024; glucose, P = .024; 
and triglyceride, P = .002) and CDC HIV stage (P = .046), lower CD8+ (P =  .018), CD4+CD8+ (P = .026), CD4+CD86+ (P = .045), 
CD4+HLA-DR+ (P = .011), CD8+HLA-DR+ (P = .048) T lymphocytes and CD16+HLA-DR+ natural killer cells (P = .026), and higher 
CD3+CD4+ T lymphocytes (P = .016) and CD4/CD8 ratio (P = .001). Sedentary lifestyle (odds ratio [OR], 2.12; P = .042), CD4 nadir 
(OR, 1.005; P < .001), and CD8+CD38+ T cells (OR, 1.27; P = .006) were independently associated with low CD4/CD8 ratio (<0.8). 
Earlier and more intense CD4/CD8 ratio recovery was observed in patients with higher physical activity in the 2-year follow-up with 
a significant interaction between these variables: F(2, 124) = 3.31; P = .049; partial η2 = 0.042.

Conclusions.  Moderate to high physical activity is associated with beneficial health effects, improvement in metabolic profile, 
and reduction of chronic inflammation in patients with HIV. Although more studies and clinical trials are needed to confirm these 
findings, a healthy lifestyle including at least moderate physical activity should be recommended to HIV patients on stable ART.
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Antiretroviral treatment has been successful in increasing the 
life expectancy of patients with HIV. Nonetheless, a gap remains 
for people with HIV compared with people without HIV [1]. 
Although the exact reasons are unknown, persistent low-level 
chronic inflammation is one of the mechanisms associated with 
an increased risk of presenting comorbidities, more non-AIDS 
events, and higher mortality in these patients [2].

Inversion of CD4/CD8 ratio has proved to be an excellent 
marker of immune activation and immune senescence states in 

these patients. It is also an independent predictive parameter 
of morbidity and mortality in patients receiving antiretroviral 
therapy (ART) [3–6]. Inversion of CD4/CD8 ratio is especially 
useful to identify patients who, regardless of whether the total 
number of CD4+ T cells is >500/µL, would benefit from early 
ART treatment as they are at higher risk of immune deteriora-
tion [4].

Reducing immune activation is an important challenge that 
can lead to diminishing non-AIDS events in these patients. 
Currently, most of the treatments used to reduce chronic inflam-
mation in these patients have failed [7, 8]. Only canakinumab 
(a human anti-interleukin [IL]-1β monoclonal antibody) has 
been associated with a reduction in immunoinflammatory 
markers, but its price makes this therapy unaffordable for most 
health systems [9]. Early ART initiation and treatments with 
integrase strand transfer inhibitors (INSTIs) or non-nucleoside 
reverse transcriptase inhibitors (NNRTIs) have been associated 
with higher probability of CD4/CD8 ratio recovery [4, 10, 11]. 
However, which factors influence CD4/CD8 ratio recovery re-
mains unknown.
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Physical activity is known to have multiple beneficial effects on 
health. Regular physical exercise has proved to have a positive im-
pact on chronic inflammation in the general population [12, 13]. 
However, its impact on HIV-infected patients receiving stable 
ART is unknown [14]. This study has been designed to evaluate 
the influence of regular moderate- to high-intensity physical ac-
tivity on CD4/CD8 ratio, immune activation, and immune senes-
cence parameters on patients with HIV on stable ART treatment.

METHODS

Study Design, Participants, Setting, and Eligibility

This cross-sectional observational study was developed in a 
sample of patients attending a university-based HIV clinical 
hospital in Murcia (Spain). Patients in this study were included 
from June 15, 2015, to January 30, 2018. Patients age >18 years 
were recruited when their physical activity remained stable in 
the last 2 years and they were on stable ART for at least a year. 
Comorbidities or other treatments were not exclusion criteria. 
The study conformed to the principles of the Declaration of 
Helsinki and the Good Clinical Practice Guidelines and was 
approved by the local ethics committee (“Comité Ético de 
Investigación Clínica del Hospital General Universitario Reina 
Sofía de Murcia”). Written informed consent was obtained from 
all participants.

Clinical and Laboratory Parameters

Medical records were carefully reviewed, and all subjects un-
derwent a physical examination. Information on gender, age, 
body mass index (BMI), smoking status, family history of cardi-
ovascular disease, and treatment with antiretroviral drugs was 
recorded. The presence of arterial hypertension, hypercholes-
terolemia, and hypertriglyceridemia was defined according to 
the Adult Treatment Panel III criteria [15]. Dyslipidemia was 
considered if total cholesterol was ≥200 mg/dL, LDL cholesterol 
was ≥130 mg/dL, or HDL cholesterol was <40 mg/dL. A sample 
of fasting venous blood was obtained to determine concentra-
tions of glucose, high-sensitivity C-reactive protein (hsCRP), 
creatinine, total cholesterol, D-dimer, high-density lipoprotein 
(HDL) cholesterol, and triglycerides using standard enzymatic 
methods. Low-density lipoprotein (LDL) cholesterol concen-
trations were calculated using the Friedewald equation. Plasma 
viral load was measured using the Cobas TaqMan HIV-1 assay 
(Roche Diagnostics Systems, Branchburg, NJ, USA). CD4 and 
CD8 T-cell counts were determined by flow cytometry (Becton 
Dickinson [BD], San Jose, CA, USA).

Assessment of Physical Activity

Physical activity was evaluated through the International 
Physical Activity Questionnaire (iPAQ), and results were cat-
egorized as follows (https://sites.google.com/site/theipaq/
scoring-protocol):

	(1)	 Low: This is the lowest level of physical activity. Those in-
dividuals who do not meet criteria for categories 2 or 3 are 
considered low/inactive.

	(2)	 Moderate: Any 1 of the following 3 criteria: ≥3 days of vig-
orous activity for ≥20 minutes per day; ≥5 days of moderate-
intensity activity or walking for ≥30 minutes per day; or ≥5 
days of any combination of walking or moderate-intensity 
or vigorous-intensity activities achieving a minimum of 
≥600 MET-min/wk.

	(3)	 High: Any 1 of the following 2 criteria: vigorous-intensity 
activity on ≥3 days and accumulating ≥1500 MET-min/
wk or 7 days of any combination of walking, moderate-
intensity activities, or vigorous-intensity activities achieving 
a minimum of ≥3000 MET-min/wk.

To simplify the analysis, patients with moderate and high levels 
of physical activity were unified into a single category (mod-
erate and high) and compared with those with low physical ac-
tivity and those considered sedentary (sedentary and low).

Flow Cytometric Analysis of Activation and Senescence Biomarkers

EDTA anticoagulated peripheral blood cells were labeled fol-
lowing a lyse/wash protocol with an 8-color/9-monoclonal an-
tibody (mAb) panel including CD3 AmCyam (clone SK7, BD 
Biosciences), CD4 PECy7 (SK3, BD), CD8 APCCy7 (SK1, BD), 
CD16 PacBlue (3G8, BD), CD19 PECy7 (SJ25C1, BD), CD28 
FICT (CD28.2, BD), CD38 APC (HB7, BD), CD86 PE (IT2.2, 
BD), and HLA-DR PerCP (L243, BD). Five microliters of each 
antibody in 100 µL of whole blood was incubated for 15 min-
utes at room temperature in the dark. Samples were lysed with 
3 mL of 1X FACSlysing solution (BD) for 5 minutes and washed 
with 3 mL of FACSFlow (BD). Half a million cells were imme-
diately acquired in a FACSCanto flow cytometer (BD), daily 
calibrated using 7-color setup beads (BD), and analyzed with 
DIVA software (BD) following the gating strategy described in 
Supplementary Figure 1.

The expression of CD28, CD38, CD86, and HLA-DR acti-
vation/senescence markers was evaluated as a percentage or 
absolute number (cells/µL) of positive cells as well as mean 
fluorescence intensity (MFI) of the marker on CD3+CD4+, 
CD3+CD8+, and CD3+CD4+CD8+ T lymphocytes, CD19+ B 
lymphocytes, CD3-CD19-CD16+ natural killer (NK) lympho-
cytes, monocytes (CD4+CD86+HLA-DR+ medium side scatter 
[SSC] cells), granulocytes (CD16++ elevated SSC cells), and eo-
sinophils (elevated SSC auto fluorescent cells).

Statistical Analyses

A descriptive analysis of patients’ characteristics was carried 
out using frequency tables for categorical variables. Mean and 
SD were used for continuous variables. Differences in cate-
gorical variables between patients with and without subclin-
ical atherosclerosis were assessed using the chi-square test 
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or Fisher test, and Student t tests were used for continuous 
variables.

A Pearson correlation analysis was conducted between CD4/
CD8 ratio and immune activation markers.

A mixed analysis of variance was performed to evaluate the 
impact of levels of physical activity on CD4/CD8 ratio. Binary 
logistic regression was used to evaluate the independent vari-
ables associated with a CD4/CD8 ratio <0.8. Multivariable 
models were adjusted for ART type, time on ART, CD4 
T-lymphocyte nadir, percentage of CD8+CD38+ T lymphocytes, 
percentage of CD4+HLA-DR+ T lymphocytes, and physical ac-
tivity. Significance levels were placed at P < .05. All statistical 
analyses were performed using SPSS package, version 24.

RESULTS

Clinical and Biological Characteristics of Patients

A total of 155 HIV-infected patients were included in the study. 
Their basal characteristics are shown in Supplementary Table 1. 
The average age (SD) was 48.8 (10.54) years. The median CD4+ 
T-cell count (interquartile range [IQR]) was 721 (466–946) 
cells/mL. HIV viral load was <20 copies/mL in 93.3% of pa-
tients. The median CD4/CD8 ratio (IQR) was 0.82 (0.52–1.1). 
All patients were on ART: 26% on protease inhibitor (PI)–based 
regimens, 33.8% on NNRTI-based regimens, and 50.6% on 
INSTI-based regimens. The median time on ART (IQR) was 
4.27 (2.33–9.29) years. Twenty-seven (17.3%) patients suffered 
hypertension, 3.3% type 2 diabetes, 35.5% dyslipidemia, 19.4% 
obesity (BMI ≥30 m/kg2), and 52.9% were smokers. The mean 
waist circumference was 93 ± 12 cm.

According to the questionnaire, 77 patients (49.7%) were 
classified as sedentary or low physical activity, and 38 (24.5%) 
and 40 (25.8%) as moderate and intense, respectively. The clin-
ical variables associated with physical activity are represented 
in Table 1. Patients who practiced moderate or intense physical 
activity had less severe HIV disease (lower Centers for Disease 
Control and Prevention HIV stage, P = .046), were treated more 
frequently with NNRTIs (P = .027), had better metabolic con-
trol with lower BMI (P = .024), glucose (P = .024), and triglyc-
eride (P = .002), and had lower probability of having metabolic 
syndrome (P = .01). Additionally, CD8+ T-lymphocyte abso-
lute counts were lower (P = .018) and the CD4/CD8 ratio was 
higher (P = .001) than in patients who were sedentary or prac-
ticed low physical activity.

Lower Immune Activation Was Associated With Higher Physical Activity

Table 2 represents the association of immunological char-
acteristics according to physical activity. Patients who prac-
ticed moderate-intensity physical activity compared with 
patients who were sedentary or practiced low physical ac-
tivity showed lower percentages of CD3+CD8+ T lympho-
cytes (P = .011), CD4+CD8+ double-positive T lymphocytes 
(P = .026), T lymphocytes expressing immune activation 

markers such as CD4+CD86+ T cells (P = .045), CD4+HLA-DR+ 
T cells (P = .011), CD8+HLA-DR+ T cells (P = .048), and 
CD16+HLA-DR+ NK cells (P = .026), and lower MFI of 
HLA-DR on CD4+ (P = .001) and CD8+ (P = .048) T lympho-
cytes. In contrast, patients with higher physical activity showed 
higher percentages of CD3+CD4+ T lymphocytes (P = .016).

CD4/CD8 Ratio Was Inversely Correlated With Immune Activation

Pearson correlation analysis between CD4/CD8 ratio and 
immune activation markers showed a significant correla-
tion with percentages of CD8+CD86+ T cells (r = –0.28; 
P < .001), CD8+HLA-DR+ T lymphocytes (r = –0.39; 
P < .001), CD4+HLA-DR+ T lymphocytes (r = –0.23; P = .001), 
and CD8+CD38+ T lymphocytes (r = –0.27; P < .001) 
(Supplementary Figure 2).

Moderate/Intense Physical Activity Was an Independent Parameter 
Associated With CD4/CD8 Ratio

CD4/CD8 ratio was <0.8 in 73 out of 150 patients (48.7%). A bi-
nary logistic regression analysis was performed to verify which 
variables were associated with CD4/CD8 ratio <0.8. This analysis 
included type of ART, duration of ART, CD4 T-cell nadir, per-
centage of CD8+CD38+ T lymphocytes, percentage of CD4+DR+ 
T lymphocytes, and intensity of physical activity. Variables inde-
pendently associated with CD4/CD8 ratio <0.8 were CD4+ T-cell 
nadir (odds ratio [OR], 1.005; 95% CI, 1.003–1.007; P < .001), 
percentage of CD8+CD38+ T lymphocytes (OR, 1.27; 95% 
CI, 1.07–1.5; P = .006), and sedentary or low physical activity 
(OR, 2.18; 95% CI, 1.03–4.6; P = .042) (Table 3).

Moderate/Intense Physical Activity Was Associated With Faster Recovery 
of CD4/CD8 Ratio

In order to evaluate the impact of physical activity on recovery 
of CD4/CD8 ratio, we performed a subanalysis in patients with 
a CD4/CD8 ratio <1.0 who were on stable ART for >2 years. 
One hundred five patients were included. Figure 1 represents 
CD4/CD8 ratio according to physical activity at 3 different time 
points: (1) at baseline or before 2 years; (2) middle term or 1 year 
before the final evaluation; and (3) final or present. A significant 
interaction was found between physical activity and CD4/CD8 
ratio changes (F (2, 124) = 3.31; P = .049; partial η2 = 0.042). 
No differences in CD4/CD8 ratio were found between the 2 
physical activity groups at baseline. However, differences were 
found between the means at 1 year of follow-up (mean differ-
ence [SE], 0.137 [0.063]; P = .031) and the final moment (mean 
difference [SE], 0.144 [0.073]; P = .05) in favor of moderate to 
intense physical activity, compared with sedentary/low physical 
activity. Therefore, recovery of CD4/CD8 ratio was more intense 
in patients with moderate or intense physical activity.

Although the results were not significant, a clear trend was 
observed that INSTI- and NNRTI-based ART treatments could 
favor CD4/CD8 ratio recovery when they are associated with 
moderate/intense physical activity (Figure 2).
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Supplementary Table 1 and Supplementary Figures 1 and 2 
can be found in the Supplementary Data.

DISCUSSION

This study shows that moderate to intense physical activity 
is related to earlier and more powerful recovery of CD4/CD8 

ratio in patients with HIV on stable ART over a 2-year period. 
Improved metabolic profile (lower BMI, waist, glucose, trigly-
cerides, and metabolic syndrome) and lower immune activa-
tion T-cell markers (CD86 and HLA-DR) were also found in 
more active subjects.

HIV-infected patients have a higher risk of presenting 
comorbidities and non-AIDS events than the general 

Table 1.  Patient Characteristics According to Physical Activity

Biological Characteristics Sedentary/Low Intensity (n = 77) Moderate Intensity (n = 78) P 

Age, mean (SD), y 50.03 (10.28) 47.59 (10.72) .151

Sex, male, No. (%) 58 (75.3) 59 (75.6) 1.000

BMI, median [IQR], kg/m2 27.91 [24.34–29.32] 25.21 [23.48–28.42] .024

C hepatitis virus antibodies, No. (%) 18 (23.7) 12 (16.0) .327

Parameters related to HIV infection

Transmission, No. (%)

 � Heterosexual 36 (48.0) 23 (29.9) .102

 � Homosexual/bisexual 26 (34.7) 41 (53.2)

 � Intravenous drug users 10 (13.3) 10 (13.0)

 � Others/unknown 3 (4.0) 3 (3.9)

CDC HIV stage, No. (%)

 � A 21 (32.8) 36 (52.9) .046

 � B 24 (37.5) 21 (30.9)

 � C 19 (29.7) 11 (16.2)

ART, No. (%)

 � Protease inhibitor 27 (35.1) 13 (16.9) .017

 � NNRTI 19 (24.7) 33 (42.9) .027

 � Integrase inhibitor 40 (51.9) 38 (49.4) .872

 � Other ART combinations 17 (22.4) 14 (18.2) .658

Time on ART, median [IQR], y 3.70 [2.21–9.67] 4.49 [2.49–8.00] .744

CD4 nadir, median [IQR], cells/mL 232.5 [111.5–367.2] 290.0 [128.5–429.0] .217

HIV viral load <20 copies/mL, No. (%) 69 (89.6) 75 (97.4) .102

CD4 T cell, median [IQR], cells/µL 711.0 [433.0–960.0] 750.0 [549.0–927.0] .212

CD8 T cell, median [IQR], cells/µL 947.0 [713.0–1204] 777.0 [563.0–1064] .018

CD4/CD8 ratio, median [IQR] 0.72 [0.42–0.98] 0.96 [0.64–1.22] .001

Biochemical parameters

Glucose, median [IQR], mg/dL 96.0 [86.0–106.0] 91.0 [85.0–97.0] .024

Total cholesterol, median [IQR], mg/dL 192.0 [164.0–223.0] 175.0 [159.0–218.0] .106

LDL cholesterol, median [IQR], mg/dL 112.0 [88.5–136.5] 108.0 [85.0–131.0] .765

HDL cholesterol, median [IQR], mg/dL 48.00 [40.00–56.00] 48.0 [41.0–54.0] .823

Triglycerides, median [IQR], mg/dL 132.0 [101.0–195.0] 98.0 [78.0–146.0] .002

Creatinine, median [IQR], mg/dL 0.89 [0.81–1.04] 0.85 [0.77–0.99] .462

Cardiovascular risk factors

Type 2 diabetes, No. (%) 6 (7.8) 2 (2.6) .268

Hypertension, No. (%) 15 (19.5) 12 (15.4) .645

Dyslipidemia, No. (%) 29 (37.7) 26 (33.3) .693

Smoker, No. (%)

 � Nonsmoker 30 (39.0) 40 (51.3) .088

 � Current smoker 44 (57.1) 38 (48.7)

 � Previous smoker 3 (3.9) 0 (0.0)

Drink alcohol, No. (%) 36 (46.8) 42 (53.8) .66

Coronary heart disease, No. (%) 5 (6.6) 1 (1.3) .200

Stroke, No. (%) 1 (1.3) 1 (1.3) 1.000

Framingham Risk Score, median [IQR] 3.00 [2.00–4.25] 2.50 [1.00–4.00] .380

Metabolic syndrome, No. (%) 24 (32.4) 10 (13.3) .010

HOMA, median [IQR] 3.01 [1.60–5.38] 1.93 [1.41–2.54] .002

Abbreviations: ART, antiretroviral therapy; BMI, body mass index; CDC, Centers for Disease Control and Prevention; HDL, high-density lipoprotein; HOMA, homeostatic model assessment; 
IQR, interquartile range; LDL, low-density lipoprotein; NNRTI, non-nucleoside retroviral transcriptase inhibitor.
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population. Persistent chronic inflammation is one of the most 
related factors, irrespective of the type of ART therapy or the 
level of viral replication control [2, 4]. Inversion of CD4/CD8 
ratio is an excellent subrogate marker of chronic inflamma-
tion, and it has been associated with a higher probability of 
non-AIDS events [3, 4, 16]. Reducing the inflammatory state 
in these patients is an important challenge to get the frequency 
of comorbidities closer to that in the general population. So far, 
no effective treatment has been found that can increase CD4/

CD8 ratio without increasing toxicity. INSTI- and NNRTI-
based ART treatments could have beneficial effects compared 
with those based on PIs [17, 18]. Some studies have suggested 
a role for the integrase inhibitor family, as faster normalization 
of CD4/CD8 ratio was observed with raltegravir vs efavirenz 
in a subanalysis of the STRTMRK study [19]. Another study 
confirmed that an INSTI-based regimen as a first-line therapy 
was associated with greater recovery of CD4/CD8 ratio com-
pared with NNRTI and PI [17]. In contrast to this result, there 
was a better outcome with efavirenz vs dolutegravir (DTG) in a 
subanalysis of the SINGLE study [20]. In line with these results, 
patients treated with INSTI- and NNRTI-based regimens in our 
series reached higher CD4/CD8 ratios when associated with 
higher levels of physical activity, although no significant differ-
ences were found with patients treated with PI-based regimens.

Although anti-inflammatory therapy targeting the 
interleukin-1β innate immunity pathway with canakinumab 
could reduce recurrent cardiovascular events, the elevated 
cost and higher incidence of fatal infections hinder its incor-
poration into routine clinical practice [9]. In contrast, exercise 
is a risk-free activity that leads the muscles to produce high 

Table 2.  Immunological Characteristics According to Physical Activity

 Sedentary or Low Intensity (n = 77) Moderate Intensity (n = 78) P 

Leukocyte subsets, median [IQR]

 � Leukocytes, cells/µL  5700 [4400–7300]  5600 [3500–6792] .247

 � Lymphocytes, %  32.01 [23.71–37.74]  28.12 [23.29–36.69] .324

 � Monocytes, %  7.17 [5.88–8.80]  7.47 [6.10–8.98] .930

 � Neutrophils, %  57.09 [50.58–63.14]  59.02 [51.34–64.81] .462

 � Eosinophils, %  1.89 [1.26–3.11]  2.38 [1.26–3.13] .379

Lymphocyte subsets, median [IQR], %

 � B lymphocytes CD19+  12.57 [7.57–17.47]  11.36 [8.84–17.11] .797

 � NK lymphocytes CD16+  10.33 [5.04–13.77]  9.29 [6.44–16.47] .394

 � T lymphocytes CD3+  67.77 [62.63–75.57]  69.34 [60.72–75.45] .986

 � T lymphocytes CD3+CD4+  26.37 [18.37–31.85]  29.14 [24.21–34.18] .016

 � T lymphocytes CD3+CD8+  39.94 [35.19–46.05]  35.63 [29.66–43.38] .011

 � T lymphocytes CD4+CD8+  0.64 [0.36–1.10]  0.49 [0.31–0.78] .029

Expression of activation markers, median [IQR], %

 � CD4+CD86+ T cells  2.29 [1.16–6.16]  1.58 [0.93–3.68] .045

 � CD8+CD86+ T cells  1.87 [1.04–5.62]  1.42 [0.89–2.57] .067

 � CD16+CD86+ NK cells  2.21 [1.24–5.15]  1.79 [0.78–3.65] .086

 � CD4+HLA-DR+ T cells 10.89 [6.75–22.16]  9.26 [4.99–14.00] .011

 � CD8+HLA-DR+ T cells 20.13 [13.15–28.93]  15.98 [8.62–24.70] .048

 � CD16+HLA-DR+ NK cells  13.04 [6.95–27.55]  9.63 [4.99–17.01] .026

Expression of HLA-DR, median [IQR], MFI

 � In monocytes  7045 [4783–10 205]  6444 [4936–8962] .444

 � In CD19+ B lymphocytes 14 328 [10 057–18 175] 12 793 [8190–16 947] .148

 � In CD4+ T lymphocytes  599 [406–1083]  466 [258–673] .001

 � In CD8+ T lymphocytes  542 [327–842]  400 [242–739] .048

Expression of CD86, median [IQR], MFI

 � In monocytes  1513 [1252–1989]  1480 [1279–1950] .500

 � In CD4+ T lymphocytes  119 [75–219]  90 [34–151] .014

 � In CD8+ T lymphocytes  79 [49–146]  61 [29–121] .026

No differences in CD28 and CD38 expression were observed in T, B, or NK cells.

Abbreviations: IQR, interquartile range; MFI, mean fluorescence intensity; NK, natural killer.

Table 3.  Variables Associated With CD4/CD8 Ratio <0.8

 Multivariable Analysis

OR 95% CI P 

ART type 2.697 0.667–10.91 .360

Time on ART 0.980 0.929–1.040 .560

Sedentary or low physical activity 2.180 1.030–4.600 .042

CD4+ lymphocyte T nadir 1.005 1.003–1.007 .001

CD8+CD38+ T cells, % 1.270 1.070–1.500 .006

CD4+DR+ T cells, % 1.018 0.980–1.050 .355

Abbreviations: ART, antiretroviral therapy; OR, odds ratio.
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levels of plasma IL-1 receptor antagonist (IL1-RA), which 
competitively inhibits IL-1β signaling [21]. In fact, moderate 
to intense physical activity in our series was an independent 
factor associated with improved CD4/CD8 ratios and im-
mune activation markers. It is well known that exercising 
promotes anti-inflammatory and antioxidant states through 
multiple mechanisms. Although many information gaps exist, 
exercise-induced beneficial effects may help to ameliorate 
chronic metabolic diseases, particularly when body fat mass 
is reduced [12]. Exercise decreases the expression of Toll-like 
receptor 4 (TLR4) in several tissues and cell types. TLR4 is 
a key transmembrane receptor on which both infectious and 

noninfectious stimuli converge to induce proinflammatory 
responses. TLR4 is also activated by oxidized low-density 
lipoproteins, and it is involved in obesity-induced insulin 
resistance, type 2 diabetes, and atherosclerosis [21]. On the 
other hand, exercise may increase cytotoxic T and NK cells 
and reduce regulatory T-cell infiltration in tumors, promoting 
cancer immune surveillance [22].

Physical activity has proven to be beneficial for HIV-
infected patients in terms of improving cardiorespiratory fit-
ness, strength, body composition, and quality of life [23]. 
However, studies evaluating the effect of physical activity on 
the immune system have shown contradictory findings [14]. In 

Figure 1.  CD4/CD8 ratio recovery according to physical activity. Box plots showing the evolution of CD4/CD8 ratio according to intensity of physical activity at 3 different 
moments: 2 years before the final evaluation (baseline), 1 year before the final evaluation (middle), and final . Statistical analysis was performed with mixed analysis of 
variance.
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Figure 2.  INSTI- and NNRTI-based ART regimens could favor CD4/CD8 ratio recovery when associated with moderate/intense physical activity. Box plots show CD4/CD8 
ratio for the 3 types of ART treatments: PI-, NNRTI-, and INSTI-based regimens. Statistical analysis was performed with mixed analysis of variance. Abbreviations: ART, 
antiretroviral therapy; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside retroviral transcriptase inhibitor; PI, protease inhibitor.
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a clinical trial conducted in Italy, 12 weeks of nonlinear resist-
ance training was associated with reduced levels of IL-1β, IL-8, 
and tumor necrosis factor alpha (TNF-α), but increased levels 
of IL-10, CD4+, and CD8+ T-cell counts [24]. A clinical trial 
carried out on 58 HIV patients showed that a 16-week training 
reduced the levels of IL-5, IL-8, and IL-10 [25]. However, al-
though “no evidence of effect” could be sustained, a system-
atic review including 23 clinical trials and 1073 participants 
[14] could not find an association between beneficial effects 
and biomarker improvements after ≥4 weeks of aerobic or/
and resistance exercise. A longer-term study carried out ret-
rospectively in children with HIV who practiced exercise reg-
ularly for 2 years showed reduced levels of immune activation 
markers such as sCD14, TNF-α, interferon-gamma (IFN-γ), 
and IL-10, and lower expression of CD38 on CD4+ T cells [26]. 
This latter result is in concordance with the reduction on acti-
vation markers expressed in CD4+ and CD8+ T cells and NK 
cells in patients with higher physical activity from our series.

The improvement in immune activation state observed in 
patients from our series practicing moderate/intense physical 
activity is further supported by their lower levels of CD4+CD8+ 
double-positive T cells. CD4+CD8+ T cells are specialized T 
cells with high antiviral activity [27]. Expansion of these cells 
has been observed in HIV, EBV, and HTLV-1 infections [28–
31]. Upon exposure to viral antigens, CD4+CD8+ T cells may 
differentiate into high antiviral effectors producing IFN-γ and 
TNF-α that exceed the activity of their single-positive coun-
terparts [28–32]. Circulating CD4+CD8+ T-cell levels corre-
late with viral kinetics in animal models [27], suggesting that 
the higher numbers of CD4+CD8+ T cells observed in patients 
with lower physical activity would be indicative of higher virus 
reactivation. In fact, double-positive T cells from patients with 
symptomatic HIV disease have increased activation and ex-
haustion signs, compared with asymptomatic subjects and 
with single-positive T cells from the same subjects [33].

The limitations of our study include the number of patients, 
which restricted the significance of the results, and its cross-sec-
tional nature, which made it difficult to assign causality to the 
observed associations. On the other hand, directionality cannot 
be inferred, as it is possible that relatively poor health contrib-
uted to low physical activity, and it is yet to be shown that intro-
duction of physical activity would improve the immune profile 
in sedentary individuals.

CONCLUSIONS

Our results show that moderate to high physical activity is as-
sociated with beneficial health effects, improvement in meta-
bolic profile, and reduction in chronic inflammation in patients 
with HIV. Although more studies and clinical trials are needed 
to confirm these findings, a healthy lifestyle including at least 
moderate physical activity should be recommended to HIV pa-
tients on stable ART.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 
online. Consisting of data provided by the authors to benefit the reader, 
the posted materials are not copyedited and are the sole responsibility of 
the authors, so questions or comments should be addressed to the corre-
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