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Objective: This study aimed to explore the predictive value of the neutrophil-
to-lymphocyte ratio (NLR) for outcomes in Acquired Immune Deficiency
Syndrome (AIDS) patients.

Methods: PubMed, Embase, Cochrane, and Web of Science were conducted
to search literature up to May 2024 and cohort and case—control studies were
included. The primary outcomes were mortality and progression-free survival
(PFS). Pooled odds ratios (ORs) or hazard ratios (HRs) with 95% confidence
intervals (Cls) were calculated using a random-effects model. We conducted
sensitivity analyses to assess result stability, reliability, and subgroup analyses
to identify sources of heterogeneity using Review Manager 54.1. Egger’s tests
were performed with Stata 15.1, and funnel plots were generated using Review
Manager 5.4.1. Microsoft Excel was used for the initial data summarization.

Results: Fourteen studies involving 30,752 AIDS patients were included. The
pooled data showed higher NLR significantly associated with increased mortality
(OR: 1.85,95% Cl: 1.43-2.41, p < 0.00001) and shorter progression-free survival
(PFS) (HR: 2.46, 95% Cl: 1.32-4.59, p = 0.005). Subgroup analyses revealed that
NLR's predictive value was greater in studies with post-ART measurements.
Sensitivity analyses show stable and reliable results. Egger’s test and funnel plot
analysis revealed no significant publication bias.

Conclusion: NLR is a key prognostic biomarker for predicting mortality
and progression-free survival (PFS) in AIDS patients. Incorporating NLR into
predictive models may improve prognostic assessments and guide clinical
decision-making.

Systematic Review Registration: PROSPERO (CRD42024532918: https://www.
crd.york.ac.uk/PROSPERO).
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1 Introduction

Since its identification in the early 1980s, the human
immunodeficiency virus (HIV) has become a major global health
issue, affecting millions worldwide (1). In 2022, an estimated
39 million people (33.1 million to 45.7 million) were living with
HIV around the world. Consequently, antiretroviral therapy
(ART) is the standard treatment for HIV-positive individuals.
ART typically involves administering at least three antiretroviral
(ARV) drugs to maximize HIV suppression and prevent the
progression of related diseases. Research has shown that effective
ART significantly reduces mortality rates (2).

Age, IL-6, D-dimer, CRP, tissue fibrosis (HA), and fibrinogen
have been strongly associated with all-cause mortality in AIDS
patients. Moreover, interruption of antiretroviral therapy may
increase this risk (3-7). Lymphopenia also serves as an
independent risk factor for poor prognosis in AIDS patients. The
neutrophil-to-lymphocyte ratio (NLR), a novel inflammatory
marker, represents the ratio of absolute neutrophil to lymphocyte
values in peripheral blood. Recently, NLR has drawn researchers’
attention due to its correlation with the incidence of many
chronic diseases (8, 9), mortality from advanced diseases, and
poor prognosis in various malignancies, such as lung, gastric,
colorectal, pancreatic, breast, and ovarian cancers (10, 11).
Additionally, the simplicity and low cost of measuring NLR
contribute to its widespread use. NLR has been found to correlate
with all-cause mortality in AIDS patients. For instance, Pinato
et al. included 9 patients with HIV-associated HCC secondary to
hepatitis C (69%) and hepatitis B virus infection (32%). The
median survival was 22 months, and an elevated NLR was found
to indicate a poorer prognosis (HR: 5.7, 95% CI: 1.5-21.3) (12).
Similarly, Deng et al. included 57 patients with colorectal cancer
combined with HIV who underwent surgery at the Shanghai
Public Health Clinical Center from January 2015 to December
2021. After a follow-up of 3-86 months, a low NLR was an
independent predictor of better mortality and PFS (mortality: HR
0.094, 95% CI:0.02-0.45, p = 0.003; PFS: HR 0.265, 95% CI:
0.088-0.8, p = 0.019) (13).

The correlation between NLR and poor prognosis in
HIV-positive patients with solid tumors has been demonstrated.
However, this relationship lacks validation from an evidence-
based medicine perspective. This study aimed to investigate the
association between NLR and prognosis in HIV-infected patients.

2 Materials and methods
2.1 Literature search strategy

This study followed the PRISMA 2020 guidelines (14) and was
registered on PROSPERO (CRD42024532918). Relevant literature
was searched in PubMed, Embase, Cochrane, and Web of Science
databases from inception to May 2024. The search strategy
utilized MeSH terms, including “Neutrophil,” “LE Cells,”
“Lymphocyte,” “Lymphoid Cells,” “Acquired Immune Deficiency
Syndrome,” “AIDS,” “HIV; and “NLR” The detailed search
strategy is provided in Supplementary Table SI.
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2.2 Inclusion and exclusion criteria

Inclusion criteria: (1) P: Adult HIV-positive patients; (2) E:
Intervention group with high NLR; (3) C: Intervention group with low
NLR; (4) O: At least one outcome, including end of follow-up, death,
or occurrence of a cardiovascular event; (5) S: Case-control or cohort
studies. Exclusion criteria: (1) animal experiments, conference
abstracts, case reports, systematic reviews, or letters; (2) studies with
non-extractable data.

2.3 Data extraction and quality assessment

From each included article, we extracted the following
information: first author, year of publication, study area, study type,
demographic characteristics, timing of data testing, years of follow-up,
NLR cut-off values, laboratory data (WBC, CD4, HIV viral load,
neutrophil count, lymphocyte count, albumin), and OR or HR with
95% CI for mortality and PFS. Data extraction was performed
independently by the first and second authors, with discrepancies
resolved through consensus. Table 1 presents the included studies’
characteristics. The Newcastle-Ottawa Quality Assessment Scale
(NOS) was used to evaluate the included studies based on subject
selection, comparability, outcome, and exposure factors, with a
maximum score of 9 (15). Studies scoring 7 or above were considered
high quality (15). See Supplementary Table S2 for details.

2.4 Statistical method

The meta-analysis was conducted using Review Manager 5.4.1.
OR or HR with 95% confidence intervals (CIs) were used for data
synthesis. Heterogeneity was assessed with the chi-squared (y?) test
(Cochran’s Q) and inconsistency index (I?). A y* p value <0.1 or
I* > 50% indicated significant heterogeneity. A random-effects model
calculated the pooled OR or HR for each outcome. Subgroup analyses
were performed for outcomes with at least five studies to assess
potential confounders, where data were sufficient. Sensitivity analysis
was performed to evaluate the impact of each included study on the
pooled OR or HR for outcomes with at least three studies. Funnel
plots in Review Manager 5.4.1 and Egger’s regression tests in Stata 15.1
(Stata Corp, College Station, Texas, United States) were used to
evaluate publication bias. A p value <0.05 indicated statistically
significant publication bias.

3 Results
3.1 Identification of relevant studies

There were 1,428 articles were retrieved from PubMed, Embase,
Cochrane, and Web of Science databases. After removing duplicates
and Studies recognized as reviews or Meta-analysis by Endnote
software, 971 articles remained. Following application of the exclusion
criteria, 767 irrelevant articles were eliminated. Subsequently, reviews,
case reports, and other irrelevant articles were excluded, resulting in
the inclusion of 14 studies comprising 30,752 patients in the meta-tis
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TABLE 1 Basic characteristics of the included literature.

hypertension with a median age of 51 years

Study  Region Study type Population Time of Follow- No.of Male/ Mean/ CD4(cells/ CD4/ NLR cut-off
period test up(year) patients Female Median mm?) CDh8
Age
Quiros-Roldan Mean age of first diagnosed HCC hiv- Baseline/post-
2000-2013 | Italy Retrospective 8.3 40 36/4 38.1 332.1 NA 29
etal. infected individuals 38.1 years old treatment
HIV-infected patients with a mean age of
Raffetti et al. 2000-2012 | NA Retrospective Baseline 3.9 8,230 6013/2217 38.4 395.5 0.4 1.1
38.4 years in the Italian MASTER cohort
Mean age of patients diagnosed with Baseline/post-
Vaughan et al. 2019-2022 | South African = Prospective 1.58 62 34/28 41 143 NA 6
DLBCL 42 years old treatment
Mean age of HIV-infected patients aged
Postorino etal. | 2000-2015 & NA Retrospective 42.7 years treated with atazanavir but not Post-treatment 2.41 436 268/168 4.7 486.4 NA NA
ritonavir in the Italian MASTER cohort
Mean age 43.2 years of patients with non-
Baseline/
Raffetti-betal. | 1998-2012 = NA Retrospective Hodgkin’s lymphoma combined with hiv 2 215 172/43 432 275.9 0.46 3
posttreatment
infectionin the Italian MASTER cohort
HIV-infected patients with a mean age of Baseline/
Raffetti-a et al. 1998-2012 = NA Retrospective 3.2 573 437/136 46.2 380.5 0.56 5
46.2 years in the Italian MASTER cohort posttreatment
Patients aged 36-71 years diagnosed with
Pinato et al. 2001-2014 | TItaly ; UK Prospective Baseline 2.41 59 54/5 52 424 NA 5
HCC combined with HIV
HIV-infected persons with a diagnosis of
Baseline/
Deng et al. NA China Retrospective Colorectal Cancer at a median age of 7.16 57 49/8 60 305.3 0.5 2.8
posttreatment
60 years
HIV-infected patients diagnosed with Baseline/
Sanchez et al. 2003-2018 | Colombia Retrospective 2 31 NA NA NA NA 4.35
non-Hodgkins lymphoma posttreatment
Veterans infected with HIV with a mean
Hanberg et al. 2012-2016 | NA Prospective posttreatment 5 15,594 15,197/397 NA NA NA NA
age of 52.9 years
HIV-infected individuals with a negative
Baseline/
Miyaharaetal. = 2002-2015 = Thailand Prospective TB screen who are on average 35 years of 0.86 1,118 NA 35 NA NA 2
posttreatment
age
HIV-infected persons with previously
Quiros-Roldan Baseline/
2000-2012 | Italy Retrospective undiagnosed cardiovascular disease with a 83 3,766 2685/1081 38.1 4419 0.49 1.2
etal. posttreatment
mean age of 38.1 years
HIV-infected persons with or without lung
Baluku et al. 2008-2018 | Uganda Retrospective Baseline NA 115 32/83 46 NA NA 2.44
cancer with a median age of 46 years
HIV-infected persons with or without
Ou-Yang et al. 2017-2021 | China Retrospective Posttreatment NA 456 292/164 51 397.1 0.7 NA

Baseline, Not on antiretroviral therapy at the time of testing; post treatment, Already on antiretroviral therapy at the time of testing; NA” indicated that Comorbidities were no mentioned in the study.
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FIGURE 1

Flow chart of literature screening.

depicted in Figure 1. The included studies comprised two prospective
cohort studies (12, 27), two case-control studies (16, 19), and 10
retrospective cohort studies (13, 17, 18, 20-26). Three articles did not
explicitly report the NLR cut-off values (17, 19, 20). All articles were
published in English between 2015 and 2024. NLR was measured
before ART in three studies (12, 16, 23) and after ART in three studies
(17, 19, 20). Mortality was the primary outcome in 10 studies, with
two also reporting HRs (95% CI) for recurrence-free survival. The
remaining four studies used cardiovascular event rate, lung cancer,
hypertension, and new-onset TB as outcome measures. The
Newcastle-Ottawa Scale quality assessment indicated that all included
studies scored >6, suggesting high quality and low risk of bias (15).

3.2 Meta-analysis results

3.2.1 NLR and morality

The association between NLR and mortality was investigated.
Ten studies involving 25,297 participants were included. A
random-effects model analysis of the ORs and 95% ClIs indicated
that NLR was linked to mortality in HIV-positive patients (OR:
1.85, 95% CI: 1.43-2.41, p < 0.00001; Figure 2A), with significant
heterogeneity (I* = 60%, p < 0.00001). To investigate sources of
heterogeneity and identify populations where NLR has greater
predictive value, subgroup analyses were performed to adjust for
confounders. These analyses were based on study type, follow-up
duration, timing of testing, sample size, age, NLR cut-off, and
whether the patient has a combined lymphoma. The results showed
that heterogeneity varied significantly with follow-up duration,
timing of testing, sample size, NLR cut-off, and whether the patient
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has a combined lymphoma. All subgroup predictions were
statistically significant (p < 0.05), except for the NLR level before
ART treatment (Table 2).

3.2.2 NLR and PFS

The link between NLR and progression-free survival (PFS) in
HIV-positive patients was also examined. Two studies comprising 97
participants were included. Pooled analyses of HRs and 95% Cls were
conducted using a random-effects model. A high NLR was found to
be associated with shorter PFS (HR: 2.46, 95% CI: 1.32-4.59, p = 0.005;
Figure 2B), mirroring the findings of the mortality study. No
significant heterogeneity was detected (I = 0%, p = 0.36).

3.3 Sensitivity analysis

Sensitivity analyses for mortality demonstrated that the effect sizes
remained stable and within the original range even after sequential
exclusion of each study. This indicates that no individual study had a
disproportionate impact on the mortality outcome, thereby
confirming the robustness and reliability of the analysis (Figure 3).

3.4 Publication bias

Egger’s test and funnel plot were used to evaluate the publication
bias. The results for the mortality meta-analysis indicated no
significant publication bias (Egger’s test p < 0.0001; Figures 4, 5). Due
to the limited number of studies (n = 2), publication bias was not
assessed for PFS.
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a 0Odds Ratio 0Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random. 95% Cl IV, Random, 95% CI
Deng 2023 23646 07996  2.5% 10.64[2.22,51.00]
Hanberg 2019 0.2624 00852 221% 1.30[1.10,1.54] -
Pinato 2017 17405 06811  3.3%  5.70[1.50, 21.66]
Postoting 2017 0.2769 01178 20.4% 1.32[1.05, 1.66] -
Quiros-Roldan 2018 13324 05155  5.2%  3.79[1.38,10.41] ——
Raffetti 2017 05878 017 17.4% 1.80[1.29, 2.51] -
Raffetti-a 2015 1.0332 03778 8.2% 2.81[1.34, 5.89] —
Raffetti-b 2015 0392 0288 11.3% 1.48[0.84, 2.61] T
Sanchez 2021 1.0578 09703 1.8%  2.88[0.43,19.29] —
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Total (95% CI) 100.0%  1.85[1.43,2.41] L 2
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FIGURE 2

(A) Forest plots for the association between NLR and Morality; (B) Forest plots for the association between NLR and PFS.

TABLE 2 Pooled ORs for mortality in subgroup analyses.

Subgroup Mortality
OR [95%Cl]
Total 10 1.85[1.43-2.41] <0.00001 60%
Study design
Prospective 3 2.08 [1.00-4.35] 0.05 70%
Retrospective 7 1.98 [1.39-2.81] 0.0001 58%
Follow-up
>3y 5 2.18 [1.38-3.45] 0.0009 75%
<3y 5 1.73 [1.17-2.56] 0.006 40%
Time of test
Baseline 2 2.65[0.91-7.71] 0.07 63%
Post-treatment 2 1.31 [1.14-1.50] 0.0001 0%
Sample size
>200 5 1.47 [1.22-1.76] <0.0001 40%
<200 5 3.57 [2.15-5.91] <0.00001 0%

Mean/median age

>43 4 3.16 [1.46-6.84] 0.004 63%

<43 4 1.77 [1.25-2.49] 0.001 56%
NLR cut-off

>4 4 2.88 [1.78-4.64] <0.0001 0%

<4 4 2.31 [1.33-4.00] 0.003 59%
Lymphomas

Yes 3 1.79 [1.15-2.79] 0.01 0%

No 7 1.91[1.39-2.62] <0.0001 71%

OR, odds ratio; CI, confidence interval; Baseline, NLR was obtained prior to ART treatment; Post-treatment, NLR was obtained after ART treatment; Lymphomas, Whether the patient has a
combined lymphoma.
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4 Discussion

Although the virus transmitted from chimpanzees and
monkeys to humans around 100 years ago (28), AIDS has been
recognized as an epidemic for over 30 years. Extensive research
into the history, pathogenesis, and clinical pathology of AIDS has
generated new CD4+

insights. HIV gradually destroys

Frontiers in Medicine

lymphocytes, resulting in lymphocyte depletion and the activation
of inflammatory factors in the body (29). Blood-derived parameters
offer a simple and reproducible method for evaluating systemic
inflammation and can serve as objective biomarkers for predicting
patient prognosis (30, 31). Consequently, NLR can be utilized as a
monitoring indicator throughout the AIDS cycle to reflect the
prognosis of HIV patients.
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Funnel plot for publication bias.

Here, we executed a comprehensive search of four databases using
a predefined search strategy, ultimately including 14 articles with a
total of 30,752 patients according to established inclusion and exclusion
criteria. Our primary goal was to explore the association between NLR
and both mortality and PFS. We utilized Review Manager 5.4 and
StataSE 15 to generate forest plots, conduct sensitivity analyses. The
findings indicated that a high NLR correlates with a poor prognosis in
HIV patients. Due to the limited number of studies (n = 2) addressing
PES, sensitivity analyses were not feasible. Nonetheless, preliminary
data suggest that elevated NLR is also linked to shorter PFS. Multiple
studies have reported findings consistent with ours. For example,
Raffetti et al. (25) performed a multicenter cohort study in Italy from
2000 to 2012, utilizing univariate and multivariate analyses with time-
independent and time-dependent Cox proportional hazards models to
evaluate the relationship between NLR and all-cause mortality in HIV
patients. This study involved 8,230 participants (73.1% male) with a
mean age of 38.4 years (SD 10.1). Over a median follow-up of 3.9 years,
539 patients died. NLR values exceeding 1.1 were linked to a linearly
increased mortality risk (HR 1.80, 95% CI 1.29-2.514).

To investigate the HIV patient subgroups in which NLR has a
higher predictive value and to identify sources of heterogeneity,
we conducted comprehensive subgroup analyses. The findings
revealed that NLR’s predictive value was greater in studies with
follow-up durations exceeding 3 years compared to those with shorter
follow-ups, aligning with HIV epidemiology. NLR testing performed
after ART initiation showed higher predictive value than pre-ART
testing. Age-stratified analysis indicated that NLR was more predictive
in younger HIV patients than in older ones. Heterogeneity in the
results could be attributed to differences in follow-up duration, timing
of NLR testing, and sample sizes, and NLR cut-off, and whether the
patient has a combined lymphoma (Table 2).

The neutrophil-to-lymphocyte ratio (NLR) reflects the balance
between the innate immune system (neutrophils) and the adaptive
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immune response (lymphocytes), both critical components of the body’s
immune system. Lymphocytes, which are the primary target cells of HIV,
play a significant role in determining this ratio. A high NLR indicates an
increase in neutrophils and/or a decrease in lymphocytes. Elevated
neutrophil levels often indicate heightened inflammation in the body.
Inflammation serves as a protective mechanism against infections and
injuries, activating both innate and adaptive immune responses to
combat pathogens and promote tissue repair. In some cases, chronic
inflammation may persist throughout the lifespan (32). HIV infection is
characterized by the expression of pro-inflammatory cytokines that
regulate HIV replication and T-cell apoptosis throughout the viruss life
cycle (33). Furthermore, a cytokine-rich environment may allow tumor
cells to evade immune surveillance, resulting in adverse clinical
outcomes (34-36). Previous research has linked neutrophils to the
development of various diseases. For instance, prolonged neutrophil
elevation can cause endothelial dysfunction and contribute to
hypertension by activating inflammatory pathways and inducing
oxidative stress (37). Moreover, neutrophils migrate to the vessel wall,
producing proinflammatory and atherogenic effects, and their
recruitment is linked to plaque rupture (38). HIV patients are known to
have a high incidence of Pneumocystis carinii pneumonia and various
tumors, indicating an impaired immune system. HIV primarily targets
CDA4 T cells, and the CD4 count is considered the most critical predictor
of clinical progression in HIV patients. Decreased CD4 T cell counts
may impair immunosurveillance and cytotoxicity against cancer cells.
Additionally, low lymphocyte counts have been associated with a poorer
prognosis in patients with coronary artery disease and unstable angina,
although the underlying mechanism remains unclear. Moreover,
T-lymphocytes play a crucial role in the immune response against
tuberculosis infections. While our study provides significant insights into
the prognostic value of NLR in AIDS patients, it is crucial to consider
other relevant research in the field. A recent study by Ron et al. examined
the CD4/CD8 ratio and CD8+ T-cell count as predictors of non-AIDS
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mortality in individuals living with HIV. Through a systematic review
and meta-analysis, they found that a low CD4/CD8 ratio, particularly
values below 0.5, was associated with increased non-AIDS and all-cause
mortality risk (OR 3.64; 95% CI 3.04-4.35; 12 = 0.00%). While the meta-
analysis of CD8+ T-cell counts was hindered by methodological
variations, the systematic review suggested a potential negative
prognostic impact of higher values in the long term. Similar to our
research on NLR, these findings underscore the importance of immune
markers in predicting HIV prognosis. However, our study focused on a
different aspect of the immune response, specifically the neutrophil-to-
lymphocyte ratio (39). In summary, NLR reflects the interaction between
HIV and the immune system, representing the balance between innate
(neutrophil) and adaptive (lymphocyte) immune responses.

Our meta-analysis has several limitations. Primarily, this meta-
analysis with few prospective studies, potentially introducing
confounding factors that may have affected the reliability of our
results. Secondly, the heterogeneity in NLR cutoff values across the
included studies, ranging from 1.1 to 6, may have introduced inherent
variability in our meta-analysis due to inconsistent data.
We recommend that future researchers establish a standardized cutoft
value to enhance comparability across studies. Thirdly, the limited
number of studies (n = 2) examining PFS among the included studies
prevented us from conducting sensitivity analyses and Egger’s test,
potentially biasing the results. Finally, some of the included studies
also explored cardiovascular event rates, tuberculosis positivity, and
lung cancer incidence in HIV patients. While our analysis indicated
a positive association between elevated NLR and these adverse
clinical outcomes, further investigation was constrained by the
scarcity of studies for each indicator. Our study also has several
strengths. Firstly, this is the inaugural meta-analysis examining the
link between NLR and prognosis in HIV-positive patients. Secondly,
we encompassed a substantial patient cohort, bolstering the
robustness of our findings. Thirdly, we performed comprehensive
subgroup analyses to pinpoint the populations in which NLR holds
heightened predictive value. Lastly, sensitivity analyses underscored
the stability and reliability of our conclusions.

5 Conclusion

NLR exhibits notable prognostic value in individuals with
HIV. Higher NLR levels are linked to increased mortality and shorter
PES among HIV-positive patients. This study’s results endorse the
creation of a prognostic model that includes immunoinflammatory
markers like NLR to better predict outcomes for these patients.
However, due to the limitations of this study, such as the predominance
of retrospective studies, significant heterogeneity, and a small sample
size, there is a need for future prospective, multicenter studies with
larger cohorts and longer follow-up periods to confirm these findings.

References

1. Apetroaei MM, Velescu BS, Nedea MII, Dinu-Pirvu CE, Draganescu D, Faca
AL et al. The phenomenon of antiretroviral drug resistance in the context of human
immunodeficiency virus treatment: dynamic and ever evolving subject matter.
Biomedicines. (2024) 12:915. doi: 10.3390/biomedicines12040915

2. Oguntibeju OO. Quality of life of people living with HIV and AIDS and
antiretroviral therapy. HIV AIDS (Auckl). (2012) 4:117-24. doi: 10.2147/
HIV.§32321

Frontiers in Medicine

10.3389/fmed.2025.1503614

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author/s.

Author contributions

FG: Conceptualization, Data curation, Formal analysis,
Methodology, Writing - original draft, Writing - review & editing. JC:
Investigation, Resources, Software, Validation, Writing - original
draft. HZ: Formal analysis, Investigation, Validation, Visualization,
Writing - original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Generative AI was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1503614/
full#supplementary-material

3. Boulware DR, Hullsiek KH, Puronen CE, Rupert A, Baker JV, French MA, et al.
Higher levels of CRP, D-dimer, IL-6, and hyaluronic acid before initiation of
antiretroviral therapy (ART) are associated with increased risk of AIDS or death. ] Infect
Dis. (2011) 203:1637-46. doi: 10.1093/infdis/jir134

4. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond E Lane HC, et al
Inflammatory and coagulation biomarkers and mortality in patients with HIV infection.
PLoS Med. (2008) 5:¢203. doi: 10.1371/journal.pmed.0050203

frontiersin.org


https://doi.org/10.3389/fmed.2025.1503614
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1503614/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1503614/full#supplementary-material
https://doi.org/10.3390/biomedicines12040915
https://doi.org/10.2147/HIV.S32321
https://doi.org/10.2147/HIV.S32321
https://doi.org/10.1093/infdis/jir134
https://doi.org/10.1371/journal.pmed.0050203

Guo et al.

5. Rihana N, Nanjappa S, Sullivan C, Velez AP, Tienchai N, Greene JN. Malignancy
trends in HIV-infected patients over the past 10 years in a single-center retrospective
observational study in the United States. Cancer Control. (2018) 25:1073274818797955.
doi: 10.1177/1073274818797955

6. Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li ], Chaturvedi AK, et al. Cancer burden
in the HIV-infected population in the United States. ] Natl Cancer Inst. (2011)
103:753-62. doi: 10.1093/jnci/djr076

7. Tien PC, Choi Al, Zolopa AR, Benson C, Tracy R, Scherzer R, et al. Inflammation
and mortality in HIV-infected adults: analysis of the FRAM study cohort. J Acquir
Immune Defic Syndr. (2010) 55:316-22. doi: 10.1097/QAI.0b013e3181e66216

8. Kaya H, Ertas F, Islamoglu Y, Kaya Z, Atilgan ZA, Cil H, et al. Association between
neutrophil to lymphocyte ratio and severity of coronary artery disease. Clin Appl Thromb
Hemost. (2014) 20:50-4. doi: 10.1177/1076029612452116

9. Paliogiannis P, Fois AG, Sotgia S, Mangoni AA, Zinellu E, Pirina P, et al. Neutrophil
to lymphocyte ratio and clinical outcomes in COPD: recent evidence and future
perspectives. Eur Respir Rev. (2018) 27:170113 (147). doi: 10.1183/16000617.0113-2017

10. Cupp MA, Cariolou M, Tzoulaki I, Aune D, Evangelou E, Berlanga-Taylor AJ.
Neutrophil to lymphocyte ratio and cancer prognosis: an umbrella review of systematic
reviews and meta-analyses of observational studies. BMC Med. (2020) 18:360. doi:
10.1186/512916-020-01817-1

11. Templeton AJ, McNamara MG, Seruga B, Vera-Badillo FE, Aneja P, Ocana A, et al.
Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: a systematic review
and meta-analysis. ] Natl Cancer Inst. (2014) 106:djul24. doi: 10.1093/jnci/djul24

12. Pinato DJ, Merli M, Dalla Pria A, Jamshaid S, Parker K, Pagani N, et al. Systemic
inflammatory response is a prognostic marker in HIV-infected patients with
hepatocellular carcinoma. Oncology. (2017) 93:395-400. doi: 10.1159/000479521

13.Deng L, Si Y, Wu Q, Cao Y, Lian S, Li L. Higher neutrophil-to-lymphocyte ratio
(NLR) is a preoperative inflammation biomarker of poor prognosis in HIV-infected
patients with colorectal Cancer: a retrospective study. Can J Gastroenterol Hepatol.
(2023) 2023:1-14. doi: 10.1155/2023/7966625

14. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BM]J (Clin Res Ed). (2021) 372:n71. doi: 10.1136/bmj.n71

15. Wells G. A., Wells G., Shea B., Shea B., O’Connell D., Peterson ., et al. In the Newcastle-
Ottawa scale (NOS) for assessing the quality of nonrandomised studies in Meta-analyses (2014).

16. Baluku JB, Namiiro S, Namanda B, Nabwana M, Andia-Biraro I, Worodria W, et al.
Neutrophil-lymphocyte and platelet-lymphocyte ratios in distinguishing lung Cancer
in people with HIV. Dis Markers. (2024) 2024:1-6. doi: 10.1155/2024/8822024

17. Hanberg JS, Freiberg MS, Goetz MB, Rodriguez-Barradas MC, Gibert C, Oursler
KA, et al. Neutrophil-to-lymphocyte and platelet-to-lymphocyte ratios as prognostic
inflammatory biomarkers in human immunodeficiency virus (HIV), hepatitis C virus
(HCV), and HIV/HCV coinfection. Open Forum Infect Dis. (2019) 6:0fz347. doi:
10.1093/0fid/0fz347

18. Miyahara R, Piyaworawong S, Naranbhai V, Prachamat P, Kriengwatanapong P,
Tsuchiya N, et al. Predicting the risk of pulmonary tuberculosis based on the neutrophil-
to-lymphocyte ratio at TB screening in HIV-infected individuals. BMC Infect Dis. (2019)
19:667. doi: 10.1186/s12879-019-4292-9

19. Ou-Yang H, Fu HY, Luo Y, Xu ZY, Liu ], Gao R, et al. Inflammation markers and
the risk of hypertension in people living with HIV. Front Immunol. (2023) 14:1133640.
doi: 10.3389/fimmu.2023.1133640

20. Postorino MC, Prosperi M, Foca E, Quiros-Roldan E, Di Filippo E, Maggiolo F,
et al. Role of systemic inflammation scores for prediction of clinical outcomes in patients
treated with atazanavir not boosted by ritonavir in the Italian MASTER cohort. BMC
Infect Dis. (2017) 17:212. doi: 10.1186/s12879-017-2322-z

21. Quiros-Roldan E, Properzi M, Amadasi S, Raffetti E, Ferraresi A, Biasi L, et al.
Prognostic role of inflammatory biomarkers in HIV-infected patients with a first
diagnosis of hepatocellular carcinoma: a single-center study. ] Med Virol. (2019)
91:241-8. doi: 10.1002/jmv.25317

22. Quiros-Roldan E, Raffetti E, Donato F, Magoni M, Pezzoli C, Ferraresi A, et al.
Neutrophil to lymphocyte ratio and cardiovascular disease incidence in HIV-infected

Frontiers in Medicine

09

10.3389/fmed.2025.1503614

patients: a population-based Cohort study. PLoS One. (2016) 11:e0154900. doi: 10.1371/
journal.pone.0154900

23. Raffetti E, Donato E Casari S, Castelnuovo E Sighinolfi L, Bandera A, et al. Systemic
inflammation-based scores and mortality for all causes in HIV-infected patients: a MASTER
cohort study. BMC Infect Dis. (2017) 17:193. doi: 10.1186/s12879-017-2280-5

24. Raffetti E, Donato E, Castelnuovo F, Ladisa N, Paraninfo G, Di Filippo E, et al. The
prognostic role of systemic inflammatory markers on HIV-infected patients with non-
Hodgkin lymphoma, a multicenter cohort study. J Transl Med. (2015) 13:89. doi:
10.1186/512967-015-0446-8

25. Raffetti E, Donato E, Pezzoli C, Digiambenedetto S, Bandera A, Di Pietro M, et al.
Systemic inflammation-based biomarkers and survival in HIV-positive subject with
solid Cancer in an Italian multicenter study. J Acquir Immune Defic Syndr. (2015)
69:585-92. doi: 10.1097/QAI.0000000000000682

26. Séanchez J. C. S., Quifones J. L. G., Mufioz-Velandia O., Zambrano M., Ramirez J.
R. High mean platelet volume and neutrophil-to-lymphocyte ratio are predictors of
mortality in patients with HIV-related non-Hodgkin’s lymphoma. (2021).

27. Vaughan J, Wiggill T, Lawrie D, Machaba M, Patel M. The prognostic impact of
monocyte fluorescence, immunosuppressive monocytes and peripheral blood immune
cell numbers in HIV-associated diffuse large B-cell lymphoma. PLoS One. (2023)
18:€0280044. doi: 10.1371/journal.pone.0280044

28. Lucas S, Nelson AM. HIV and the spectrum of human disease. J Pathol. (2015)
235:229-41. doi: 10.1002/path.4449

29. Trinh H, Dzul SP, Hyder J, Jang H, Kim S, Flowers J, et al. Prognostic value of
changes in neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR)
and lymphocyte-to-monocyte ratio (LMR) for patients with cervical cancer undergoing
definitive chemoradiotherapy (dCRT). Clin Chim Acta. (2020) 510:711-6. doi: 10.1016/j.
€ca.2020.09.008

30. Decrion AZ, Dichamp I, Varin A, Herbein G. HIV and inflammation. Curr HIV
Res. (2005) 3:243-59. doi: 10.2174/1570162054368057

31. Furman D, Campisi ], Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al.
Chronic inflammation in the etiology of disease across the life span. Nat Med. (2019)
25:1822-32. doi: 10.1038/s41591-019-0675-0

32. Korangy F, Ormandy LA, Bleck JS, Klempnauer J, Wilkens L, Manns MP, et al.
Spontaneous tumor-specific humoral and cellular immune responses to NY-ESO-1 in
hepatocellular carcinoma. Clin Cancer Res. (2004) 10:4332-41. doi: 10.1158/1078-0432.
CCR-04-0181

33.FuJ, Xu D, Liu Z, Shi M, Zhao P, Fu B, et al. Increased regulatory T cells correlate
with CD8 T-cell impairment and poor survival in hepatocellular carcinoma patients.
Gastroenterology. (2007) 132:2328-39. doi: 10.1053/j.gastro.2007.03.102

34. Barrows IR, Ramezani A, Raj DS. Inflammation, immunity, and oxidative stress in
hypertension-Partners in Crime? Adv Chronic Kidney Dis. (2019) 26:122-30. doi:
10.1053/j.ackd.2019.03.001

35.Drechsler M, Megens RT, van Zandvoort M, Weber C, Soehnlein O.
Hyperlipidemia-triggered neutrophilia promotes early atherosclerosis. Circulation.
(2010) 122:1837-45. doi: 10.1161/CIRCULATIONAHA.110.961714

36.Gao Q, Qiu §J, Fan J, Zhou J, Wang XY, Xiao YS, et al. Intratumoral balance of
regulatory and cytotoxic T cells is associated with prognosis of hepatocellular
carcinoma after resection. J Clin Oncol. (2007) 25:2586-93. doi: 10.1200/JCO.2006.
09.4565

37.Ommen SR, Gibbons R], Hodge DO, Thomson SP. Usefulness of the lymphocyte
concentration as a prognostic marker in coronary artery disease. Am J Cardiol. (1997)
79:812-4. doi: 10.1016/S0002-9149(96)00878-8

38. Zouridakis EG, Garcia-Moll X, Kaski JC. Usefulness of the blood lymphocyte
count in predicting recurrent instability and death in patients with unstable angina
pectoris. Am ] Cardiol. (2000) 86:449-51. doi: 10.1016/S0002-9149(00)00963-2

39. Ron R, Martinez-Sanz J, Herrera S, Ramos-Ruperto L, Diez-Vidal A, Sainz T, et al.
CD4/CD8 ratio and CD8+ T-cell count as prognostic markers for non-AIDS mortality
in people living with HIV. A systematic review and meta-analysis. Front Immunol. (2024)
15:15. doi: 10.3389/fimmu.2024.1383117

frontiersin.org


https://doi.org/10.3389/fmed.2025.1503614
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/1073274818797955
https://doi.org/10.1093/jnci/djr076
https://doi.org/10.1097/QAI.0b013e3181e66216
https://doi.org/10.1177/1076029612452116
https://doi.org/10.1183/16000617.0113-2017
https://doi.org/10.1186/s12916-020-01817-1
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.1159/000479521
https://doi.org/10.1155/2023/7966625
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1155/2024/8822024
https://doi.org/10.1093/ofid/ofz347
https://doi.org/10.1186/s12879-019-4292-9
https://doi.org/10.3389/fimmu.2023.1133640
https://doi.org/10.1186/s12879-017-2322-z
https://doi.org/10.1002/jmv.25317
https://doi.org/10.1371/journal.pone.0154900
https://doi.org/10.1371/journal.pone.0154900
https://doi.org/10.1186/s12879-017-2280-5
https://doi.org/10.1186/s12967-015-0446-8
https://doi.org/10.1097/QAI.0000000000000682
https://doi.org/10.1371/journal.pone.0280044
https://doi.org/10.1002/path.4449
https://doi.org/10.1016/j.cca.2020.09.008
https://doi.org/10.1016/j.cca.2020.09.008
https://doi.org/10.2174/1570162054368057
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1158/1078-0432.CCR-04-0181
https://doi.org/10.1158/1078-0432.CCR-04-0181
https://doi.org/10.1053/j.gastro.2007.03.102
https://doi.org/10.1053/j.ackd.2019.03.001
https://doi.org/10.1161/CIRCULATIONAHA.110.961714
https://doi.org/10.1200/JCO.2006.09.4565
https://doi.org/10.1200/JCO.2006.09.4565
https://doi.org/10.1016/S0002-9149(96)00878-8
https://doi.org/10.1016/S0002-9149(00)00963-2
https://doi.org/10.3389/fimmu.2024.1383117

	Predictive value of neutrophil to lymphocyte ratio for the clinical outcomes of acquired immune deficiency syndrome: a systematic review and meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Literature search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Data extraction and quality assessment
	2.4 Statistical method

	3 Results
	3.1 Identification of relevant studies
	3.2 Meta-analysis results
	3.2.1 NLR and morality
	3.2.2 NLR and PFS
	3.3 Sensitivity analysis
	3.4 Publication bias

	4 Discussion
	5 Conclusion

	References

