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ABSTRACT  
Background: Human immunodeficiency virus infection is associated with 

progressive immune suppression and systemic inflammation, which may 

influence nutritional and biochemical parameters such as serum albumin. 

Identifying simple surrogate markers that correlate with immune status may 

improve clinical monitoring, especially in resource-limited settings. The 

objective is to estimate serum albumin levels and CD4 counts, and to compare 

serum albumin levels with CD4 cell counts as a marker of 

immunosuppression, among HIV/AIDS patients attending the antiretroviral 

therapy (ART) centre of the study institution. Materials and Methods: An 

observational follow-up study was conducted over 18 months among adults 

living with HIV receiving tenofovir-lamivudine-efavirenz (TLE)-based 

antiretroviral therapy at a tertiary care centre in Kuppam, Andhra Pradesh. 

Ninety participants were enrolled by purposive sampling after written 

informed consent. Baseline demographic, clinical, and laboratory data were 

collected, followed by reassessment at three months. Hypoalbuminemia was 

defined as serum albumin <3.5 g/dL. Paired t-tests and Chi-square tests were 

used for statistical analysis, with p<0.05 considered significant. Results: The 

study included 90 participants, predominantly males (67.78%), with most 

individuals aged between 41 and 59 years. Hypoalbuminemia at baseline was 

observed in 65.56% of participants and reduced to 51.11% at three months. 

Mean haemoglobin increased from 11.97±1.67 g/dL to 12.28±1.70 g/dL 

(p<0.001), while mean CD4 count rose from 313.97±172.96 cells/mm³ to 

367.27±178.31 cells/mm³ (p<0.001). Serum albumin levels showed a 

significant increase from 3.32±0.51 g/dL at baseline to 3.86±0.45 g/dL at three 

months (p<0.001). Total leukocyte count did not change significantly 

(p=0.376). A statistically significant association was observed between 

hypoalbuminemia and lower CD4 categories at both baseline (p<0.001) and 

three months (p<0.001). Conclusion: Serum albumin levels improved 

alongside immunological recovery in adults living with HIV on antiretroviral 

therapy and showed a significant association with CD4 cell count, supporting 

its role as a useful adjunct marker of immune status. 

 
 

 

INTRODUCTION 
 

Acquired immunodeficiency syndrome (AIDS) and 

human immunodeficiency virus (HIV) infection 

continue to be among the world’s biggest health 

problems, with serious medical, social, and 

economic ramifications. Progressive 

immunosuppression, the hallmark of HIV infection, 
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is mainly caused by loss of CD4+ T cells, which are 

essential for coordinating immunological responses; 

tracking the level of immunosuppression is therefore 

essential for monitoring disease course, directing 

antiretroviral therapy (ART), and forecasting patient 

outcomes.[1,2] 

CD4+ T-cell count has long been considered the 

gold standard for determining an HIV-positive 

person’s immunological state, with a substantial 

correlation between declining CD4 levels and 

heightened vulnerability to opportunistic infections 

and disease progression. Nevertheless, CD4 testing 

necessitates specialised equipment, skilled 

personnel, and substantial financial resources, 

posing difficulties in many low- and middle-income 

countries where the burden of HIV/AIDS is 

disproportionately high. Finding alternative, 

affordable, and readily available biomarkers that can 

act as surrogate indicators of immunosuppression 

has therefore drawn increasing attention.[3,4,5] 

Serum albumin, a hepatically synthesised protein 

essential for regulating inflammatory reactions, 

carrying hormones and medications, and preserving 

oncotic pressure, is a potential solution. 

Hypoalbuminemia has long been recognised as a 

sign of chronic disease and poor nutritional status, 

and reduced serum albumin levels have been linked 

to advanced HIV/AIDS, opportunistic infections, 

and higher mortality; several studies suggest that 

serum albumin may indicate the level of 

immunosuppression and serve as a surrogate marker 

for CD4 count, especially in resource-limited 

settings.[6,7,8] 

Clinical and practical factors support comparing 

serum albumin and CD4 count as indicators of 

immunosuppression: CD4 count is a direct indicator 

of immune competence, whereas serum albumin 

offers an indirect representation of the host’s 

nutritional and inflammatory status, both closely 

related to immunological function.[9,10,11] Hepatic 

dysfunction, opportunistic infections, chronic 

inflammation, and protein-energy deficiency are 

possible causes of hypoalbuminemia in HIV 

patients, and since these conditions often coincide 

with severe immunosuppression, serum albumin 

may serve as a marker of CD4 decline. Unlike CD4 

testing, which necessitates flow cytometry, albumin 

estimation can be performed with straightforward, 

widely accessible, and inexpensive biochemical 

tests, making it especially useful in remote and 

resource-constrained locations.[12,13,14] 

Using serum albumin as a surrogate measure has 

important implications: it could improve healthcare 

providers’ capacity to track HIV progression in 

resource-limited settings, facilitate population-level 

monitoring, and enhance prognostication given the 

association of hypoalbuminemia with both 

immunosuppression and mortality risk. Measuring 

serum albumin and CD4 count together may offer 

complementary information capturing the nutritional 

and immunological aspects of disease 

progression.[15,16] This study therefore aims to 

establish the role of serum albumin level as a 

surrogate marker in HIV/AIDS patients as compared 

to CD4 counts. 

Aim and Objectives 

Among HIV/AIDS patients attending the ART 

Centre in PESIMSR, Kuppam: 

1. To estimate serum albumin levels and CD4 

counts. 

2. To compare serum albumin levels with CD4 cell 

counts as a marker of immunosuppression in 

HIV/AIDS patients. 

 

MATERIALS AND METHODS 

 

This prospective follow-up study was conducted at a 

tertiary care teaching hospital attached to a medical 

college in Kuppam, Andhra Pradesh, with 

participants recruited from the antiretroviral therapy 

centre functioning under the Department of General 

Medicine. The study was conducted over 18 months, 

from April 2024 to September 2025. Patients aged 

more than 18 years with confirmed HIV infection or 

AIDS who were already receiving TLE-based 

highly active antiretroviral therapy were included. 

Patients were excluded if they had any pre-existing 

hepatobiliary disease, renal disease or chronic 

kidney disease, gastrointestinal disorders known to 

affect serum albumin levels, clinical evidence of 

shock, or a history of burns within the preceding 21 

days. 

The sample size of 90 was calculated based on a 

previously published prospective observational 

study, considering an expected prevalence of 38.3%, 

a precision of 10%, and a 95% confidence level. 

Purposive sampling was adopted: all consecutive 

patients attending the ART centre during the study 

period were screened for eligibility, and those 

fulfilling inclusion criteria were enrolled after 

written informed consent until the required sample 

size was achieved. 

After eligibility assessment, a complete general 

physical examination and detailed systemic 

examination were performed for every participant. 

Baseline clinical assessment included vital 

parameters (pulse rate, blood pressure, respiratory 

rate, and temperature) and relevant clinical history. 

Laboratory investigations including serum albumin, 

CD4 cell count, haemoglobin, and total leukocyte 

count were performed at baseline and repeated after 

three months of follow-up. Hypoalbuminemia was 

defined as a serum albumin concentration of less 

than 3.5 g/dL; participants with levels below this 

threshold were classified as having 

hypoalbuminemia, while those with values ≥3.5 

g/dL were considered to have normal serum 

albumin. 

Ethical approval was obtained from the institutional 

human ethics committee prior to commencement, 

and written informed consent was obtained from all 

participants. Confidentiality was maintained using 

unique identification numbers, and participation was 
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entirely voluntary. Data were entered into a 

spreadsheet and analysed using STATA version 14. 

Categorical variables were expressed as frequencies 

and percentages, and continuous variables as 

mean±standard deviation. Student’s t-test and Chi-

square test were applied to assess associations 

between variables, and the paired t-test was used to 

compare mean serum albumin, haemoglobin, CD4 

count, and total leukocyte count between baseline 

and three months. A p-value <0.05 was considered 

statistically significant. 

 

RESULTS 

 

A total of 90 participants were enrolled. The age 

category distribution showed a predominance of 

participants aged 51–59 years (30.00%), followed 

by 41–49 years (22.22%) and 20–29 years 

(20.00%); participants aged 30–39 years constituted 

14.44%, those aged 60–69 years 12.22%, and only 

1.11% were below 20 years. Males formed 67.78% 

of the population and females 32.22%. All 

participants (100.00%) were on TLE-based 

antiretroviral therapy. Smoking was reported by 

25.56%, alcohol consumption by 20.00%, and a 

history of drug use by 13.33%. Diabetes mellitus 

was present in 5.56%, hypertension in 14.44%, 

asthma in 7.78%, tuberculosis history in 13.33%, 

and epilepsy in 2.22% of participants. None of the 

participants had hepatobiliary disease, renal 

disease/chronic kidney disease, gastrointestinal 

disease affecting albumin, clinical shock, or recent 

burns, indicating a clinically stable cohort at 

baseline free of major confounding comorbidities. 

These characteristics are summarised in [Table 1]. 

 

Table 1: Baseline demographic and clinical characteristics of the study population (n=90) 

Variable n % 

Age <20 years 1 1.11% 

Age 20–29 years 18 20.00% 

Age 30–39 years 13 14.44% 

Age 41–49 years 20 22.22% 

Age 51–59 years 27 30.00% 

Age 60–69 years 11 12.22% 

Male sex 61 67.78% 

Female sex 29 32.22% 

On TLE-based HAART 90 100.00% 

Smoking 23 25.56% 

Alcohol consumption 18 20.00% 

History of drug use 12 13.33% 

Diabetes mellitus 5 5.56% 

Hypertension 13 14.44% 

Asthma 7 7.78% 

Tuberculosis history 12 13.33% 

Epilepsy 2 2.22% 

Hepatobiliary / renal / GI disease affecting albumin, shock, or recent burns 0 0.00% 

 

System-wise clinical examination at baseline 

revealed abnormal findings in a minority of 

participants: cardiovascular examination was 

abnormal in 16.67%, respiratory system in 15.56%, 

per-abdomen examination in 13.33%, and central 

nervous system examination in 10.00%, with the 

remainder normal in each system. Baseline vital 

parameters showed a mean pulse rate of 

81.91±12.09 bpm, mean systolic blood pressure of 

118.81±16.83 mmHg, mean diastolic blood pressure 

of 72.86±9.71 mmHg, mean respiratory rate of 

17.69±2.88 per minute, and mean temperature of 

37.07±0.57°C, all within physiologically stable 

ranges. These findings are summarised in [Table 2].

 

Table 2: Baseline system-wise clinical examination findings and vital parameters (n=90) 

Parameter Abnormal n (%) Normal n (%) 

Cardiovascular system 15 (16.67%) 75 (83.33%) 

Respiratory system 14 (15.56%) 76 (84.44%) 

Per-abdomen examination 12 (13.33%) 78 (86.67%) 

Central nervous system 9 (10.00%) 81 (90.00%) 

Vital parameter Mean ± SD Range 

Pulse (bpm) 81.91 ± 12.09 55–108 

Systolic BP (mmHg) 118.81 ± 16.83 90–158 

Diastolic BP (mmHg) 72.86 ± 9.71 55–100 

Respiratory rate (/min) 17.69 ± 2.88 12–24 

Temperature (°C) 37.07 ± 0.57 36.0–38.7 

 

At baseline, hypoalbuminemia was present in 

65.56% of participants, reducing to 51.11% at three-

month follow-up. Comparison of laboratory 

parameters between baseline and three months 

showed a statistically significant increase in mean 

haemoglobin, from 11.97±1.67 g/dL to 12.28±1.70 

g/dL (paired t=−5.012, p<0.001), and in mean CD4 

count, from 313.97±172.96 cells/mm³ to 

367.27±178.31 cells/mm³ (t=−9.127, p<0.001). 

Mean serum albumin increased significantly from 
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3.32±0.51 g/dL to 3.86±0.45 g/dL (t=−9.91, 

p<0.001). In contrast, mean total leukocyte count 

changed from 6591.89±1490.80 to 

6676.93±1810.20 per mm³, a difference that was not 

statistically significant (t=−0.890, p=0.376). These 

comparisons are presented in [Table 3]. 

 

Table 3: Comparison of hypoalbuminemia prevalence and laboratory parameters between baseline and three months 

(n=90) 

Parameter Baseline 3 months t-value p-value 

Hypoalbuminemia, n (%) 59 (65.56%) 46 (51.11%) — — 

Haemoglobin, mean ± SD (g/dL) 11.97 ± 1.67 12.28 ± 1.70 −5.012 <0.001* 

Total leukocyte count, mean ± SD (/mm³) 6591.89 ± 1490.80 6676.93 ± 1810.20 −0.890 0.376 

CD4 count, mean ± SD (cells/mm³) 313.97 ± 172.96 367.27 ± 178.31 −9.127 <0.001* 

Serum albumin, mean ± SD (g/dL) 3.32 ± 0.51 3.86 ± 0.45 −9.91 <0.001* 

*p<0.05, paired t-test. 

 

A statistically significant association was observed 

between hypoalbuminemia and CD4 category at 

baseline (p<0.001): among participants without 

hypoalbuminemia, 74.19% had CD4 ≥350 

cells/mm³, whereas among those with 

hypoalbuminemia, only 10.17% had CD4 ≥350 

cells/mm³ and the majority fell into the 100–199 

(40.68%) and 200–349 (45.76%) categories. A 

similar pattern persisted at three months (p<0.001): 

77.27% of participants without hypoalbuminemia 

had CD4 ≥350 cells/mm³, compared with only 

21.74% among those with hypoalbuminemia, most 

of whom fell into the 200–349 (52.17%) and 100–

199 (19.57%) categories. These associations are 

detailed in [Table 4]. 

 

Table 4: Association between hypoalbuminemia and CD4 category at baseline and at three months (n=90) 

Time point Hypoalbuminemia CD4 <100 n (%) CD4 100–199 n 

(%) 

CD4 200–349 / 

≥350 n (%) 

p-value 

Baseline No (n=31) 0 (0.00%) 1 (3.23%) 7 (22.58%) / 23 

(74.19%) 

<0.001* 

Baseline Yes (n=59) 2 (3.39%) 24 (40.68%) 27 (45.76%) / 6 
(10.17%) 

 

3 months No (n=44) 1 (2.27%) 1 (2.27%) 8 (18.18%) / 34 

(77.27%) 

<0.001* 

3 months Yes (n=46) 3 (6.52%) 9 (19.57%) 24 (52.17%) / 10 

(21.74%) 

 

*Chi-square test, p<0.05. 

 

DISCUSSION 
 

The present study provides insight into the 

relationship between immunological status and 

nutritional markers among adults living with HIV 

receiving antiretroviral therapy. The demographic 

profile, dominated by middle-aged individuals and a 

higher proportion of males, aligns with 

epidemiological trends reported in many ART 

cohorts from resource-limited settings, reflecting 

improved survival following widespread ART 

availability and possible gender-related differences 

in healthcare-seeking behaviour and testing uptake. 

The relatively stable clinical profile of participants, 

with minimal confounding comorbidities, allowed a 

focused evaluation of immunological and 

biochemical outcomes without major interference 

from systemic illness. 

The absence of hepatobiliary disease, chronic 

kidney disease, gastrointestinal disorders affecting 

albumin, and acute systemic conditions such as 

shock or burns in this cohort contrasts with 

historical pre-ART and early-ART era cohorts that 

often reported higher frequencies of opportunistic 

infections and advanced disease at presentation, 

reflecting improved early diagnosis and 

programmatic linkage to care in the current ART 

era. 

The improvement in haemoglobin levels over 

follow-up is consistent with earlier literature 

demonstrating haematological recovery following 

effective antiretroviral therapy; anaemia has long 

been recognised as a common complication of HIV 

infection, driven by chronic inflammation, bone 

marrow suppression, and opportunistic infections, 

with viral suppression following ART initiation 

leading to gradual normalisation of haematological 

parameters.[6] In contrast, the lack of statistically 

significant change in total leukocyte count 

highlights its limited sensitivity as a marker of 

immunological recovery, as leukocyte counts often 

remain within normal ranges despite substantial 

immunosuppression and may fluctuate due to 

transient infections, stress, or medication effects 

rather than reflecting true immune reconstitution. 

The significant improvement in CD4 cell counts 

reinforces the effectiveness of ART in restoring 

immune competence; CD4 recovery occurs 

progressively following viral suppression, and early, 

sustained ART has been associated with robust CD4 

gains and reduced immune activation.[8] The 

relationship between serum albumin and immune 

recovery observed here deserves particular attention: 

although traditionally viewed as a marker of 

nutritional status, emerging evidence suggests 

albumin also reflects systemic inflammation and 
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immune dysfunction in HIV infection, and the 

significant rise in albumin paralleling improvement 

in CD4 counts supports the hypothesis that albumin 

serves as a surrogate marker of overall physiological 

recovery. 

The high prevalence of hypoalbuminemia at 

baseline is consistent with previous studies reporting 

low albumin levels even among clinically stable 

individuals with HIV; hypoalbuminemia has been 

shown to predict adverse non-AIDS outcomes 

independent of CD4 count and viral load.[17] The 

significant association between hypoalbuminemia 

and lower CD4 categories at baseline in this study 

reinforces the biological plausibility of this 

relationship and mirrors findings from Northern 

Uganda, where individuals with lower CD4 counts 

were significantly more likely to exhibit 

hypoalbuminemia.[18] The persistence of this 

association at three months further underscores the 

interdependence of nutritional and immunological 

status, consistent with observations that serum 

albumin may lag behind CD4 recovery in some 

individuals, reflecting ongoing inflammatory 

processes despite immunological improvement.[19] 

These findings are consistent with a substantial body 

of literature directly comparing serum albumin with 

CD4 count as a marker of immunosuppression in 

people living with HIV, including studies from India 

and other resource-limited settings demonstrating 

that serum albumin correlates closely with CD4 

category and disease severity.[20,21,22,23] The 

consistency of these associations across diverse 

geographic regions, including India, Africa, and 

Southeast Asia, enhances their generalisability and 

suggests a universal biological relationship rather 

than a context-specific effect.[24] 

From a programmatic perspective, the use of serum 

albumin as an adjunct marker may be particularly 

valuable in resource-limited settings where frequent 

CD4 testing is constrained, consistent with updated 

WHO guidance advocating holistic HIV care 

models that integrate clinical, laboratory, and 

nutritional assessments.[25] The absence of severe 

comorbidities in this cohort strengthens the internal 

validity of the observed associations, since liver 

disease, renal dysfunction, and gastrointestinal 

pathology are known to significantly confound 

albumin levels; by excluding such conditions, the 

present study offers a clearer interpretation of 

albumin as a marker linked primarily to HIV-related 

immune status. Advanced HIV disease has also been 

shown to adversely affect quality of life and 

mortality even in the combined antiretroviral 

therapy era, further underscoring the value of simple 

adjunct markers for early identification of at-risk 

patients.[26] Neurocognitive and neurological 

findings were minimal in this cohort, consistent with 

reports of reduced prevalence of severe HIV-

associated neurocognitive disorder in the ART era, 

further supporting the concept of HIV as a chronic, 

manageable condition when therapy is initiated and 

maintained.[27] 

Overall, the present study demonstrates that serum 

albumin closely parallels immunological recovery in 

adults living with HIV receiving ART. 

Improvements in haemoglobin, CD4 counts, and 

albumin levels reflect broader physiological 

stabilisation and reduced disease burden, and the 

observed associations suggest that serum albumin 

may serve as a practical, low-cost adjunct marker 

for monitoring disease status, particularly where 

advanced immunological testing is limited. 

Limitations 

This study has certain limitations. The relatively 

short follow-up period of three months limited the 

assessment of long-term trends and outcomes, and 

immune recovery may plateau or reverse over 

longer durations in the presence of poor adherence 

or emerging resistance. The single-centre design 

may restrict the generalisability of findings to 

broader populations, and serum albumin was 

assessed as a surrogate marker of nutritional status 

without concurrent detailed dietary assessment. 

Outcomes were not stratified by sex despite 

evidence that women may demonstrate different 

immunological recovery trajectories, representing an 

area for future research, and the complex 

bidirectional relationship between nutrition and 

immunity, whereby improved immunity may 

enhance nutritional status while adequate nutrition is 

also essential for optimal immune recovery, could 

not be fully disentangled within the study design. 

 

CONCLUSION 
 

This study demonstrates that adults living with HIV 

on TLE-based antiretroviral therapy showed 

significant improvements in key haematological, 

immunological, and nutritional parameters over a 

three-month follow-up period. Notable increases in 

haemoglobin levels, CD4 cell counts, and serum 

albumin concentrations indicate a positive response 

to ongoing therapy and clinical stability in the 

absence of major comorbid conditions that could 

confound these outcomes. 

The significant association between 

hypoalbuminemia and lower CD4 categories at both 

baseline and follow-up highlights the close 

relationship between nutritional status and immune 

function in people living with HIV. Monitoring 

serum albumin alongside immunological markers 

may therefore provide additional clinical insight into 

patient status and recovery, supporting its role as a 

useful, low-cost adjunct parameter in routine HIV 

care, particularly in settings where advanced 

immunological testing is limited. 
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