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Abstract
Background: In the era of HIV/AIDS antiretroviral therapy, the prevalence of anemia in HIV/AIDS is very
high, but the factors associated with anemia are not yet clear. In order to actively prevent HIV/AIDS
patients from having anemia, we investigated the immune indexes of HIV/AIDS patients complicated
with anemia, and discussed the immunological risk factors associated with anemia in HIV/AIDS patients.

Methods: We collected demographic information and clinical data about patient living with HIV/AIDS
from January 2016 to October 2021 from the hospital information system. Logistic regression models
was used to analyze these data to identify factors associated with different anemia.

Results: At last, 1131 AIDS patients were enrolled in the study, including men (72.5%) and women
(27.5%), and the age was mainly concentrated in >40 years (85.94%). The overall prevalence of anemia in
Guangxi was 26.9% (95%CI: 24.2% - 29.6%). The factors for affecting anemia were CD4 + T cell count ≤
200 cell/ul (aOR: 5.523, 95% CI: 2.217, 13.749), CD4 / CD8 (aOR: 3.827, 95% CI: 1.669, 8.785 ), free
thyroxine [FT4] (aOR: 10.612, 95% CI: 2.03, 55.479), globulin (aOR: 1.027, 95% CI: 1.003, 1.052) and
thyroid hormone [T4] (aOR: 0.795, 95% CI: 0.67, 0.943).

Conclusion: Immune factors and thyroid related hormone were associated with different anemia in
patients living with HIV/AIDS. Monitoring these factors timely will be helpful for treatment and improving
the quality of life and life expectancy of patients.

1 Background
AIDS is a highly harmful infectious disease, caused by infection with HIV that can attack the human
immune system. This virus takes the most important CD4 + T lymphocytes in the human immune system
as the main target, destroying the cells and losing the human immune function. The infected persons are
easy to accompany a variety of diseases, and the case fatality rate is higher[1]. Over the past 30 years,
HIV has put a huge burden on global wealth and health. The WHO estimates that of the year 2020,
37.7 million people were infected with HIV worldwide[2]. More than 6 million HIV infections worldwide are
on treatment with over 150 antiretroviral drugs[3]. The survival of HIV individuals treated with ART
improved that ART can reduce viral load and delaye disease progression[4]. However, HIV-associated
HAND, CVD, MS, and non-HIV-associated malignancies remain the main complications of HIV infection,
which can seriously reduce the quality of life of patients with AIDS[5]. Hematological change is a common
complication in individuals infected with HIV/AIDS.

Anaemia can cause a range of symptoms including fatigue, weakness, dizziness and
drowsiness[6].Anemia and thrombocytopenia are the most common multifactorial hematologic
abnormalities in HIV/AIDS, associated with low quality of life and high mortality[7]. Anemia occurs in
20%-80% of people infected with HIV and is one of the important causes of health loss. The prevalence of
anemia is clearly associated with the disease progression of HIV/AIDS[8]. During the treatment of
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HIV/AIDS patients, drug in�uences, viral infection and malignant cell infection will affect the blood health
system of the patient, and it is very likely to induce anemia[9]. However, the related factors affecting the
blood system and causing anemia are complex and diverse, which lead to a very di�cult treatment of
anemia for AIDS patients[10, 11].

The diagnostic criteria for anemia of the WHO are less than 110g/L in women and less than 120g/L in
men. Anemia was divided into four grades: mild anemia, moderate anemia, severe anemia and extremely
severe anemia according to different hemoglobin levels[12]. Many risk factors are associated with anemia
in AIDS patients. For example, older age, lower CD4 counts, and ethnic minorities were associated with an
increased risk of anemia[13]; Anemia in AIDS patients was also highly associated with no ART, a history of
anti-tuberculosis medication, an ART regimen containing zidovudine (ZDV), and a CD4 + T lymphocyte
count ≤ 200 cell/L[14]. Additionally, ART also seems to accelerate anemia in some cases[15]. The
pathogenesis of anemia in AIDS/HIV patients was related with many etiological factors. However, limited
information were found for the correlated causes immune factors.

Studies have proved that anemia is related to the immune state of the body[34]. HIV mainly destroys the
immune system of infected people and causes the disorder of the immune system. The immune system
mediates many diseases of the blood system[35]. The three aspects interact with each other and the
relationship is complex. It leads to accelerated disease progression and decreased quality of life. Paying
attention to the changes of immune factors in HIV infected patients with anemia can promote the good
prognosis of the disease.

2 Materials And Methods

2.1 Study Design and Settings
A cross-sectional study was conducted in Guangxi Chest Hospital, Liuzhou City, Guangxi Zhuang
Autonomous Region, China. Guangxi Chest Hospital is the unique provincial hospital and the HIV/AIDS
prevention and control clinical center in Guangxi. We extracted the demographic, laboratory examination
results and diagnostic information of all hospitalized HIV infected patients from 2016 to 2021 from the
hospital's information system. The anemia prevalence rate of HIV infected people in the hospital is
counted according to the year, and the results are shown in Fig. 1. Among all hospitalized HIV infected
patients in our hospital, the overall prevalence of anemia was 26.9% (95CI: 24.2% − 29.6%). Among them,
more than half (52.7%, n = 966) had moderate anemia, while more than one quarter (30.6%, n = 560) had
severe anemia. The prevalence of anemia in AIDS patients is high.

2.2 Grouping and inclusion criteria
A total of 6882 patients were con�rmed to be HIV antibody positive by laboratory examination. Among
them, cases of missing individual information (n = 231), cases of missing laboratory examination results
(n = 5244) and patients with hereditary and secondary anemia (n = 27) were excluded from the study.
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Finally, a total of 1131 patients with HIV infection complicated with anemia were included in this
study.According to the WHO de�nition of anemia[11], the cases included in the study were divided into
four categories: non anemia(n = 753), mild anemia(n = 90), moderate anemia(n = 184) and severe
anemia(n = 104)(Fig. 2).

2.3 Study variables
The sociodemographic characteristics determined from the hospital information system include age,
gender, residence, nationality and marital status. In addition, the clinical and biochemical test
characteristics of patients collected from laboratory examination results include CD3+ T cell count
(cell/ul), CD4+ T cell count (cell/ul), CD45+ T cell count (cell/ul), CD8+ T cell count (cell/ul), CD4/CD8,
neutrophil count (10^9/L), thymidine [T4] (ug/dl), triiodothyronine [T3] (ng/ml), free thyroxine [FT4]
(ng/dL), free triiodothyronine [FT3](pg/mL), lymphocyte count(10^9/L), total lymphocytes, globulin (g/L),
WBC count (10^9/L).The CD4 T-lymphocyte was determined based on WHO recommendation of 2007[23]

and the China AIDS treatment guideline (2018 Edition)[24] to commence ART for HIV positive peoples .

2.4 Data Analysis
Using Python version 3.9 to extract, organize and clean data. After thorough cleaning, the data were
exported to SPSS version 24 statistical software package for further analysis. Descriptive statistics such
as median, interquartile range (IQR), frequency and percentage were used to describe the variables of this
study. Kruskal Wallis test and chi-square test were used to compare the differences between variables in
patients with different anemia grades. To describe the anemia related factors in HIV/AIDS, logistic
regression model was used to calculate 95%CI odds ratio.This statistical test was a two-sided test with a
level of statistical signi�cance of 0.05.

3 Result

3.1 Characteristics of study participants
A total of 1131 cases were included. The median age was 56 (IQR:46–66). The majority (72.5%) of the
study participants were men. More than half (53.58%) of the study participants were ethnic minorities.
More than three quarters (83.11%) of the subjects came from rural residential areas. More than half
(58.97%) of the study participants were married. Table 1 summarizes the detailed characteristics of study
participants.

3.2 The clinical and biochemical tests characteristics
In order to explore the related immune factors of AIDS patients with anemia, we analyzed the related
immune factors, and the results of single factor analysis of related immune factors are shown in
Table 2.The results showed that: CD3+ T cells (X2 = 23.482, P < 0.01), CD4+ T cells (X2 = 18.432, P = 
0.005), CD45+ T cells (X2 = 27.419, P < 0.01), CD8+ T cells (X2 = 16.128, P = 0.001), neutrophils (X2 = 
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11.391, P = 0.01), thyroxine [T4] (X2 = 19.16, P < 0.01), triiodothyronine [T3] (X2 = 34.266, P < 0.01), free
thyroxine [FT4] (X2 = 30.502, P < 0.01) Free three iodine methyl [FT3] (X2 = 30.416, P < 0.01), globulin (X2 = 
27.419, P < 0.01) and WBC (X2 = 27.419, P < 0.01) have signi�cant statistical differences, suggesting that
the progression of anemia in AIDS patients may be signi�cantly associated to the above factors.

3.3 Adjusted ordered multiple regression analysis results
An analysis of the immune variables associated with anemia in HIV/AIDS was conducted by sequential
logistic regression analysis. The results are shown in Table 3. A total of 14 immune related variables were
included in the logistic regression model. Finally, CD4+ T cell count, CD4/CD8, thyroid hormone[T4], free
thyroxine[FT4], globulin[GLOB] entered the adjusted regression model. Among them, CD4+ T cell count ≤ 
200 cell/ul ([aOR] = 5.523[95% CI: 2.217, 13.749], P < 0.01), CD4 / CD8 (aOR = 3.827[95% CI = 1.669, 8.785],
P = 0.002), free thyroxine [FT4] (aOR = 10.612[ 95% CI: 2.03, 55.479], P = 0.005), and globulin (aOR = 
1.027[95% CI: 1.003, 1.052], P = 0.026) were all risk factors for anemia. As a sensitive variable to detect
thyroid function, thyroid hormone [T4] (aOR = 0.795[95% CI: 0.67, 0.943], P = 0.008) is a protective factor.
It can be seen that anemia has a negative impact on the quality of life and the disease progress of
HIV/AIDS.

Discussion
Anemia is an important clinical symptom of HIV/AIDS and is associated with HIV disease progression,
decreased survival, and low life quality Additionally, anemia is also a common medical problem affecting
people living with HIV/AIDS by complicating the pathogenesis of the disease[25]. A number of literatures
indicate that immune factors are closely related with the anemia. Infection with HIV-1 leads to a dramatic
depletion of CD4+ T cells and an altered distribution of T-cell subsets. In view of complicated immune
regulation in HIV patient, the pro�ling of immune factors may be different effection on anemia. In our
study, a hospital based cross-sectional study was used to investigate the immune factors related to
different degrees anemia in HIV/AIDS. The main results showed that CD4+ T cell ≤ 200cell/ul, higher
CD4/CD8, decreased thyroid hormone [T4], elevated free thyroxine [FT4] and elevated globulin were
associated with increased risk of anaemia. At the same time, we found that the prevalence of anemia
was 26.9%. This �gure is lower compared to previous study (the prevalence is 51.9%)[12]. Many studies
have underlined that CD4/CD8 ratio might represent a good predictor of AIDS and non-AIDS events[26].
Low or high CD4/CD8 ratio means immune dysfunction. HIV/AIDS usually leads to CD4/CD8 inversion.
[27]. However, our study found that patients with elevated CD4/CD8 were more likely to be complicated
with anemia. This means that patients with anemia are in a situation of hyperactivity of autoimmune
state, and autoimmune hemolytic anemia (AIHA) is one of the rare complications of HIV/AIDS. Because
AIDS patients with AIHA may have a fatal reaction to red blood cell transfusion[17], Several studies have
demonstrated a clear association between CD4+ T cell counts and hematological abnormalities in
patients with HIV/AIDS[14]. Lower CD4+ T cell counts were also previously considered as a risk factor for
anemia[15, 16]. This study shows that patients with CD4+ T cell counts ≤ 200cell/ul are more likely to
develop anemia that is inconsistent with the results of CD4/CD8. At the same time, some studies indicate
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that CD4/CD8 ratio is increasingly becoming a valuable marker of immune activation and immune
aging[32, 33].

In this study, we found that HIV infected individuals with lower thyroid hormone [T4] had a higher risk of
anemia. Thyroid hormone [T4] is a sensitive indicator for detecting thyroid function, and its reducing
secretion would impaired thyroid function in patients with AIDS. Anemia caused by reduced thyroid
function is reported in several diseases[18]. Mainly because thyroxine [T4] can partially affect iron
absorption and reduce the metabolic rate of hematopoietic tissue, and decrease tissue oxygen
consumption in plasma and within red blood cells that leads to the reduction of erythropoietin secretion
[29]. Previous studies have found that certain autoimmune processes can lead to malignant anemia and
thyroid disease[19]. This further proves that HIV infected people in a hyperimmune state are more prone to
anemia. Our study showed that the increased secretion of free thyroxine [FT4] leaded to an increased risk
of anemia. Free thyroxine [FT4] is a hormone with real physiological activity. The concentration of free
thyroxine [FT4] in the human body not only re�ects the thyroid function, but also the lesions of other
organs (mainly related to liver and kidney) are closely related with the altered concentration of free
thyroxine [FT4][30]. Through carrying out the association between free thyroxine [FT4] and anemia, some
studies have demonstrated a clear correlation between serum free thyroxine [FT4] and serum hemoglobin
[Hb][20]. However, the detailed mechanism of anemia in HIV infected patients caused by free thyroxine
[FT4] remains to be further explored.

Additionally, elevated globulin was also found to associate with increased risk of anemia in HIV patients.
Globulin is mainly secreted by plasma cells, and its main function is involved in enhancing immunity.
Some external in�ammatory factors and infectious factors will induce the rise of globulin.It has been
shown that globulin can serve as a marker for the progression of multiple diseases, including NPC[21],
tuberculosis[22] and the COVID-19 infection[23]. Different kinds of infection is also one of the in�uencing
factors of HIV/AIDS anemia[31]. However, there are few studies on the correlation between anemia and
globulin. The detailed affection of anemia to HIV infected patients caused by globulin remains to be
further investigated.

Conclusions
Taken together, we found that patients with elevated CD4/CD8 were more likely to be complicated with
anemia. Additionally, other factors such as lower CD4+ T cell counts, decreased thyroid hormone [T4],
elevated free thyroxine [FT4], and elevated globulin were associated with an increased risk of anemia.
This study reveals that strengthening the monitoring of immune indicators of AIDS patients can we
timely detect the signs of anemia complications and timely take intervention measures, which is of great
help to improve the quality of life and life expectancy of patients.

Abbreviations
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AIDS
acquired immunode�ciency syndrome
ART
antiretroviral therapy
HIV
human immunode�ciency virus
WBC
white blood cell
HAND
neurocognitive impairment
CVD
cardiovascular disease
MS
metabolic syndrome
aOR
adjusted odds ratio
WHO
the World Health Organization.
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Figure 1

Number and prevalence of anemia in hospitalized HIV/AIDS from 2016 to 2021
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Figure 2

Inclusion and exclusion criteria of study participants
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