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Abstract

HIV-1 infection can easily cause CD4(+) T cell depletion. To investigate the impact of CD4(+) T cell depletion on the health
of people living with HIV-1 (PLWH), we collected and analyzed baseline data from 5139 volunteers who had never received
any treatment. The results showed that as CD4(+) T cells were depleted, the volunteers were more likely to suffer from anemia,
liver and kidney dysfunction, and blood glucose abnormalities, which were more pronounced in elderly PLWHSs. In addition,
there was a low correlation between dyslipidemia and CD4(+) depletion. CD4(+) T cell depletion increases the likelihood of
HIV-1 carriers developing anemia, liver and kidney dysfunction, and blood glucose abnormalities, making elderly PLWHs more
susceptible to these effects. Relatively speaking, the correlation between dyslipidemia and CD4(+) depletion is low.
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Introduction

After HIV infection, the steady-state mechanism of T
lymphocyte count in the human body is disrupted, lea-
ding to the gradual loss of CD4(+) T cells and systemic
immune activation. A major direct consequence of
untreated pathogenicity in HIV-1-infected populations is
the depletion of CD4(+) T cells, which is largely caused
by apoptosis™. Furthermore, CD4(+) T cell depletion
can affect disease progression®. Therefore, here we
retrospectively analyzed the baseline data from 5139
people living with HIV-1 (PLWH) to explore the effects
of increasing CD4(+) T cell depletion and aging.

Methods

In this cross-sectional study, we have adhered to the
relevant EQUATOR guidelines to collect and analyze
laboratory test data of PLWHs who were preparing for
treatment at the Eighth Hospital of Xi'an, China, from
March 2010 to December 2024. Everyone has signed
an informed consent form.

Participants included

INCLUSION CRITERIA

(1) Diagnosed as a carrier of HIV-1. (2) Data integrity:
It has a complete baseline laboratory index record
(including white blood cell count, platelets, hemoglobin,
blood creatinine, triglycerides, total cholesterol, blood
glucose, glutamate aminotransferase, aspartate amino-
transferases (AST), and total bilirubin [TBIL]). (3) Age:
> 18 years. (4) PLWHs have never received any
treatment. (5) Time range: including PLWHSs from March
2010 to December 2024.

EXCLUSION CRITERIA

(1) Data missing: PLWHSs with a lack of key indicators
(such as core laboratory parameters and diagnostic
results). (2) Comorbidity interference: merging other
diseases (such as malignant tumors, end-stage nephro-
pathy, rheumatoid arthritis, systemic lupus erythemato-
sus, hepatitis, autoimmune nephritis, leukemia,
pulmonary tuberculosis, liver cirrhosis, diabetes, con-
genital obesity, and metabolic disorders).

Statistical analysis

We used Statistical Package for the Social Sciences
26.0 statistical software to analyze the data, using the
Chi-square test or Fisher's exact test for categorical

variables (anomaly rate). Continuous variables are tes-
ted using the t-test/Mann-Whitney U-test. Logistic
regression was used to explore the related factors of
abnormal indicators (such as age and complications).
p < 0.05 indicates a statistically significant difference.

Abnormality percentage calculation: (1) Abnormality
percentage of creatinine (%) = Number of PLWHs with
creatinine < 44 (umol/L) or > 106 (umol/L)/Total number
of PLWHSs x 100. (2) Abnormality percentage of platelet
(%) = Number of PLWHSs with platelet < 100 x 1079/L/
Total number of PLWHs x 100. (3) Abnormality percen-
tage of hemoglobin (%) = Number of PLWHs with
hemoglobin < 110 g/L/Total number of PLWHs x 100. (4)
Abnormality percentage of leukocyte (%) = Number of
PLWHs with leukocyte < 4 x 1079/L/Total number of
PLWHSs x 100. (5) Abnormality percentage of triglyceride
(%) = Number of PLWHSs with triglycerides > 1.7mmol/L/
Total number of PLWHs x 100. (6) Abnormality percen-
tage of total cholesterol (%) = Number of PLWHs with
total cholesterol > 5.2 mmol/L/Total number of PLWHSs
x 100. (7) Abnormality percentage of alanine amino-
transferase (ALT) (%) = Number of PLWHs with ALT
activity > 40 (U/L)/Total number of PLWHs x 100. (8)
Abnormality percentage of AST (%) = Number of PLWHs
with AST activity > 40 (U/L)/Total number of PLWHs x
100. (9) Abnormality percentage of TBIL (%) = Number
of PLWHs with TBIL > 17.1 umol/L/Total number of
PLWHs x 100. (10) Abnormality percentage of blood
sugar (%) = Number of PLWHSs with blood sugar > 6.1
mmol/L/Total number of PLWHs x 100.

Results

Creatinine

As CD4(+) T cell exhaustion worsened, the number
of individuals with creatinine abnormalities increased,
with the lowest proportion being 1.66% and the highest
being 4.96%, PLWHs with CD4 < 200 presented with
the most evident abnormalities (4.96%, 95% confi-
dence interval [Cl], 3.94-5.98%) (p < 0.01) (Fig. 1).
Based on the comparison of different age groups,
PLWHSs over 60 years old had an utterly higher abnor-
mality percentage (Highest value 5.94%, 95% Cl, 4.83-
7.05%) (p < 0.01) (Fig. 2).

Anemia-related indicators

With the increase in CD4(+) T cell depletion, the
abnormalities of hemoglobin, platelets, and leukocytes
showed an upward trend. The most severe abnormality
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Figure 1. Changes of various indexes under different
CDA4(+) T cell depletion conditions. *p < 0.01.
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Figure 2. Comparison of indexes in different age groups
(CD4 count < 200).*p < 0.01.

occurred in PLWHs with CD4 < 200 (Leukocyte 44.
68%, 95% CI, 42.34-47.02%) (Hemoglobin 33.37%,
95% Cl, 31.15-35.59%) (Platelets 12.03%, 95% Cl, 10.5-
13.56%) (p < 0.01) (Fig. 3).

Further testing the impact of aging on these indica-
tors under the same CD4(+) T cell depletion (CD4 <
200, CD4: 200-350, CD4: 350-500, respectively)
showed that the anomalies of the three indicators
increased with aging (Figs. 4-6).

Blood sugar

When CD4(+) T cell depletion progressed, blood glu-
cose abnormalities presented a slight increasing trend
(Fig. 7), and with age, the abnormal rate of blood sugar
increased several times (Highest value 23.31%, 95%
Cl, 21.32-25.3%) (Fig. 8).
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Figure 3. Comparison of indexes in different age groups
(CD4 count: 200-350). *p < 0.01.
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Figure 4. Comparison of indexes in different age groups
(CD4 count: 350-500). *p < 0.01.

Blood lipids

The abnormal percentages of triglycerides and total
cholesterol did not show differential fluctuations with
CD4(+) T cell depletion (Fig. 9). Within the same range
of CD4(+) T cell depletion, there was no statistical diffe-
rence in triglycerides among PLWHSs of different age
groups (Fig. 10), and cholesterol abnormalities mildly
increased with age (Fig. 11).

Hepatic function

As for hepatic function, we focused on detecting ALT,
aspartate aminotransferase, and TBIL. The results
showed that PLWHs with CD4 < 200 had ele-
vated levels of ALT (20.61%, 95% ClI, 18.71-22.52%)
and aspartate transaminase (16.57%, 95% ClI,
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Figure 5. Comparison of indexes in different age groups
(CD4 count > 500). *p < 0.01.

Figure 8. Proportion of abnormal blood glucose in people
living with human immunodeficiency virus of different
age groups (within the same range of CD4(+) depletion).
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Figure 6. Abnormal rates of anemia-related indicators in
people living with HIV of different age groups (CD4:
350-500).
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Figure 7. Abnormal proportion of blood sugar in people
living with HIV with different CD4+ T cell depletion.

Figure 9. Abnormal rates of triglycerides and total
cholesterol in people living with HIV with different CD4(+)
T cell depletion.

14.82-18.32%) (p < 0.05) (Fig. 12), and under the same
immunodeficiency conditions, there was no age-related
difference in hepatic function (Figs. 13 and 14).

Discussion

HIV-1 can infect renal epithelial cells, and multiple
copies of HIV-1 from each cell can be transferred from
infected T cells to renal epithelial cells®. As the disease
progressed, the proportion of people with abnormal
creatinine increased, with the highest abnormality rate
of 4.97% (2-3 times higher than other groups) when
CD4(+) T cells were < 200 (Fig. 1). Based on age com-
parison, it was found that older PLWHs were more likely
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Figure 10. Proportion of people living with human
immunodeficiency virus with abnormal triglycerides in
different age groups (within the same range of CD4(+)
depletion).
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Figure 12. Abnormal proportion of hepatic function-
related indicators under different CD4(+) T cell depletion.
*p < 0.05.
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Figure 11. Proportion of people living with human
immunodeficiency virus with abnormal cholesterol in
different age groups (within the same range of CD4(+)
depletion).

to experience creatinine abnormalities, especially those
over 60 years old, whose abnormality rate increased
several times compared to other groups (Fig. 2), pro-
ving that the destruction of kidneys by HIV-1 virus may
be a slow process, but elderly PLWHs would be more
susceptible to kidney damage.

Anemia and hypoalbuminemia are very common
complications in HIV-1-infected individuals®. Among
HIV-1 infected people, the prevalence of anemia ranges
from 10% of asymptomatic HIV infected PLWHSs to 92%
of AIDS patients’. The underlying mechanisms include
malnutrition, reduced hematopoietic cell production,
reduced responsiveness of hematopoietic matrix to
increased demand, and impaired erythropoietin

Figure 13. Proportion of people living with human
immunodeficiency virus with abnormal alanine
aminotransferase in different age groups (within the
same range of CD4(+) depletion).
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Figure 14. Proportion of PLWHs with abnormal aspartate
aminotransferases in different age groups (within the
same range of CD4(+) depletion).



feedback caused by excessive inflammatory cytoki-
nes”®. CD4(+) T cell depletion led to an exponential
increase in the anomalies of anemia-related indicators
(hemoglobin, platelets, and leukocytes) (Fig. 3), with
the increase becoming more pronounced in older
PLWHs (Figs. 4-6), indicating a higher risk of anemia
in PLWHs as the condition worsens and age
increases.

Compared with healthy individuals, diabetes is more
common in people infected with HIV, and the incidence
rate of diabetes in HIV infected people is 4 times higher
than that in non-HIV-infected people'®. With the occu-
rrence of CD4(+) T cell depletion, we detected that
there was only a slight increase in abnormal blood
glucose (up to 9.85%) (Fig. 7), but about a quarter of
PLWHs aged 60 and above had abnormal blood glu-
cose when their CD4(+) count was < 200 (Fig. 8),
suggesting that elderly PLWHs would be more suscep-
tible to diabetes.

Several studies have shown that adults and children
infected with HIV have an increased risk of developing
cardiovascular disease'''>. Dyslipidemia is an impor-
tant determinant of atherosclerosis and cardiovascular
disease'®. Our blood lipid survey results showed that
approximately one-quarter of PLWHs in each group
had abnormal triglycerides (Fig. 9), but the abnormal
rates of triglycerides and cholesterol did not aggravate
with the worsening of CD4(+) T cell depletion. Under
the same CD4(+) depletion, aging did not have a noti-
ceable impact on the abnormal rate of triglycerides
(Fig. 10), the slight increase in abnormal cholesterol
levels may be due to the decrease in metabolic effi-
ciency and the weakened ability of the liver to clear
cholesterol as age increases (Fig. 11). Therefore, we
believe that there may not be an obvious correlation
between dyslipidemia and CD4(+) depletion, and even
when CD4+T cells were < 200, dyslipidemia did not
significantly worsen.

The abnormal rate of ALT and AST in PLWHs with
CD4 < 200 was much higher than that in other groups,
and little difference in TBIL was observed among the
groups (Fig. 12). Meanwhile, aging did not lead to
increases in the abnormalities of ALT and AST
(Figs. 13 and 14), suggesting that CD4(+) depletion
rather than aging primarily may affect the hepatic
function of PLWHs.

Conclusion

The primary factor affecting the health of PLWHs is
the depletion of immune cells caused by HIV-1, with

aging also playing a significant role. These two factors
are closely related to anemia, followed by liver and
kidney dysfunction and abnormal blood sugar levels.
There is little correlation between CD4(+) T cell deple-
tion and dyslipidemia.

Limitations of this study: (1) The volunteers included
were mainly male, making it difficult to distinguish gen-
der differences in the impact of CD4(+) depletion. (2)
Lack of racial diversity, with almost all participants
being Han Chinese. (3) It cannot be absolutely ruled
out that certain undetected comorbidities may cause
bias in the analysis of results. (4) Due to the small
number of patients aged 60 and above, there may be
some misjudgments in statistical analysis. (5) Elevated
creatinine levels in some PLWHs aged 60 and above
may be due to aging, which may have some impact on
the analysis of results.

Author contributions

P. Luo and J. Jin: responsible for conducting research,
collecting data, analyzing/interpreting data, designing
research, and writing drafts; Others, collecting data,
analyzing/interpreting data, and conducting clinical
follow-up.

Funding

This publication was supported by Xi’an Science and
Technology Bureau Innovation Capability Science and
Technology Plan Project (21YXYJ0064).

Conflicts of interest

Declare that there is no conflicts of interest among
the authors.

Ethical considerations

Protection of humans and animals. The authors
declare that no experiments involving humans or ani-
mals were conducted for this research.

Confidentiality, informed consent, and ethical
approval. The authors have followed their institution’s
confidentiality protocols, obtained informed consent from
patients, and received approval from the Ethics Committee.
The SAGER guidelines were followed according to the
nature of the study. This study was approved by the Ethics
Committee of Xi'an Eighth Hospital (NO.20230606)



P. Luo et al. Negative impact of CD4(+) T cell depletion on PLWHs

Declaration on the use of artificial intelligence.
The authors declare that no generative artificial intelli-
gence was used in the writing of this manuscript.

References

1.

2.

Arnoult D, Petit F, Lelievre JD, Estaquier J. Mitochondria in HIV-1-indu-
ced apoptosis. Biochem Biophys Res Commun. 2003;304:561-74.
Cummins NW, Badley AD. Mechanisms of HIV-associated lymphocyte
apoptosis: 2010. Cell Death Dis. 2010;1:€99.

. Kroemer G, Galluzzi L, Brenner C. Mitochondrial membrane permeabili-

zation in cell death. Physiol Rev. 2007;87:99-163.

. Le Hingrat Q, Sette P, Xu C, Rahmberg AR, Tarnus L, Annapureddy H,

et al. Prolonged experimental CD4+ T-cell depletion does not cause
disease progression in SlV-infected African green monkeys. Nat Com-
mun. 2023;14:979.

. Blasi M, Balakumaran B, Chen P, Negri DR, Cara A, Chen BK, et al.

Renal epithelial cells produce and spread HIV-1 via T-cell contact. AIDS.
2014;28:2345-53.

. Chauhan NK, Vajpayee M, Singh A. Usefulness of hemoglobin and

albumin as prognostic markers for highly active antiretroviral therapy for
HIV-1 infection. Indian J Med Sci. 2011;65:286-96.

7.

8.

Kreuzer KA, Rockstroh JK. Pathogenesis and pathophysiology of anemia
in HIV infection. Ann Hematol. 1997;75:179-87.

Bahner |, Kearns K, Coutinho S, Leonard EH, Kohn DB. Infection of
human marrow stroma by human immunodeficiency virus-1 (HIV-1) is
both required and sufficient for HIV-1-induced hematopoietic suppression
in vitro: demonstration by gene modification of primary human stroma.
Blood. 1997;90:1787-98.

. Kreuzer KA, Rockstroh JK, Jelkmann W, Theisen A, Spengler U, Sauer-

bruch T. Inadequate erythropoietin response to anaemia in HIV patients:
relationship to serum levels of tumour necrosis factor-alpha,
interleukin-6 and their soluble receptors. Br J Hematol. 1997;96:
235-9.

. Bar Ziv O, Cahn A, Jansen T, Istomin V, Kedem E, Olshtain-Pops K,

et al. Diagnosis and risk factors of prediabetes and diabetes in people
living with human immunodeficiency virus: evaluation of clinical and
microbiome parameters. J Infect Dis. 2024;230:411-20.

. Currier JS, Lundgren JD, Carr A, Klein D, Sabin CA, Sax PE, et al.

Epidemiological evidence for cardiovascular disease in HIV-infected
patients and relationship to highly active antiretroviral therapy. Circula-
tion. 2008;118:€29-35.

. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial

infarction rates and cardiovascular risk factors among patients with human
immunodeficiency virus disease. J Clin Endocrinol Metab. 2007;92:2506-12.

. Chen SC, Tseng CH. Dyslipidemia, kidney disease, and cardiovascular

disease in diabetic patients. Rev Diabet Stud. 2013;10:88-100.



