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Introduction
The objective of this study was to examine the factors associated with the immunological response in patients living with HIV (PLHIV) following 12 months of antiretroviral therapy (ART).
Patients and Methods
This was a descriptive and analytical study conducted from 2012 to 2018 in PLHIV followed at SMIT/CRCF of Fann hospital. To identify factors associated with CD4 delta (CD4 at M12 - CD4 at M0), univariate and multivariate linear regression were conducted. A significance threshold of 5% was established.
Results
A total of 213 cases were collected, the mean age of the participants was 38 ± 11 years, and the sex ratio was 0.6. The most common comorbidities were diabetes (0.9%) and high blood pressure hypertension (6.1%). A total of 2.3% of patients were identified as having a history of injecting drug use. Patients were diagnosed with advanced HIV disease in 62.9% of cases. At the time of inclusion, the most common co-infections were hepatitis B (13.14%) and tuberculosis (13.6%). The mean difference between M0 and M12 was 197.8 (95% CI: 174.4; 221.3; p<0.001). In the univariate analysis, younger age (p < 0.02), the absence of HBV co-infection (p = 0.01), and therapeutic adherence (p < 0.01) were found to be associated with an increase in TCD4+ lymphocytes. After multivariate linear regression, age (β=-2.64; p=0.018) and adherence (β=188; p=0.001) were found to be independently associated with CD4 delta.
Conclusion:
A more comprehensive understanding of the factors associated with the immunological response could contribute to achieving the desired outcomes of antiretroviral therapy (ART) in people living with human immunodeficiency virus (PLHIV).
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1. INTRODUCTION 
Human immunodeficiency virus (HIV) infection represents a significant global public health concern, characterized by a chronic viral disease. In 2024, it was estimated that 40.8 million individuals worldwide were living with HIV. In the same year, approximately 1.3 million individuals became newly infected with HIV, and 630,000 individuals died of AIDS-related illnesses [1]. Since the late 1990s, HIV has become a persistent chronic disease because of antiretroviral molecules that control viral replication. Antiretroviral medications (ARVs) effectively inhibit viral replication and promote immune restoration, thereby preventing infected individuals from developing significant opportunistic infections. The primary objective of antiretroviral therapy is to achieve undetectable plasma viral loads (≤ 50 copies/ml), thereby facilitating enhanced immune restoration and reducing the likelihood of the emergence of resistant viral strains. It has been demonstrated that patients infected with HIV who have restored their CD4 lymphocyte levels to a count of at least 500 per mm³ while undergoing triple antiretroviral therapy have a life expectancy that is comparable to that of the general population [2–4]. 
However, the impact of antiretroviral treatment on CD4 T cell counts can vary according to the patient's environment and genetic factors. It has been observed that some patients with HIV/AIDS who are undergoing antiretroviral therapy exhibit a partial immune response, as evidenced by CD4+ T cell counts that fall below 200/mm³, despite the presence of an undetectable plasma viral load [5]. By the end of December 2024, 31.6 million individuals were receiving antiretroviral therapy globally versus 7.7 million in 2010 [1]. It is crucial to comprehend the limitations of its efficacy to enhance individual responses to treatment and the sustainability of the regimen. The World Health Organization (WHO) promote the use of HIV viral load monitoring for follow-up through the consolidated HIV treatment guidelines. However, TCD4 lymphocyte counts also enable more accurate assessment of antiretroviral therapy (ART) efficacy and immune response. A significant number of research has focused on CD4 reconstitution under ART and immunovirological dissociation [5,6]. However, there is a paucity of studies examining factors associated with the immune response in people living with HIV (PLWH) on ART. Considering the context, we initiated this study at the infectious diseases department (SMIT/CRCF) of the Centre Hospitalier National Universitaire (CHNU) de Fann. The objective was to identify the factors associated with immune response in PLHIV after 12 months of antiretroviral therapy.

2. PATIENTS AND METHODS
2.1. Study type and population
A descriptive longitudinal study with analytical aims was conducted from January 1, 2012, to December 31, 2018. The present study focused on HIV-infected patients undergoing antiretroviral treatment, with follow-up occurring at the SMIT/CRCF of CHNU de FANN throughout the study period. The study population consisted of all HIV-infected patients at least 16 years of age for whom CD4 count results were available in their file at the first month of treatment (M0) and at the 12th month of treatment (M12). Patients whose records were untraceable or incomplete, those who had not initiated treatment at SMIT/CRCF, and those who had not completed 12 months of follow-up were excluded from the study.
2.2. Data collection
The data were obtained from the SMIT/CRCF follow-up files. An Excel spreadsheet for the collection of epidemiological, clinical, paraclinical, therapeutic, and evolutionary data was designed and tested for this purpose. The data set included a range of sociodemographic characteristics, such as age, sex, address, marital status, level of education, and profession. It also encompassed information regarding the patient's history and current condition, including any previous hospitalization, as well as their lifestyle habits, such as alcohol or tobacco consumption, intravenous drug use (IDU), and herbal medicine use. The data set included medical history, clinical data (baseline vital signs, WHO clinical stage, opportunistic infections and co-infections), laboratory investigations (CD4 counts at M0, M6 and M12, complete blood count, serum creatinine levels, serum transaminase levels), and therapeutic data (antiretroviral therapy, chemoprophylaxis, other treatments).
2.3. Operational definitions
Operational definitions were adopted to facilitate data analysis and interpretation. 
The immune response (CD4 Delta or ∆CD4) was defined as the absolute change in CD4+ T lymphocyte count (ΔCD4) from baseline (M0) to month 12 (M12).
Patients were considered to have demonstrated optimal therapeutic adherence if they had taken at least 95% of their prescribed antiretroviral medication.
2.4. Data entry and analysis
Data management was performed using EPI INFO software version 7.2.2.6. Then the data were exported to Excel for analysis using R software version 3.4.1. Categorical variables were presented as frequencies and percentages. Continuous variables were expressed as means and standard deviations, or as median with ranges or interquartile ranges (IQRs), based on their distribution. The CD4 delta (ΔCD4), defined as the difference in CD4+ T lymphocyte count between M12 and M0, was the primary outcome (dependent variable). To assess the significance of the overall change in CD4 count from M0 to M12, a Student's paired t-test was employed used, with a threshold of 0.05.  Comparisons of ΔCD4 across categorical groups were conducted using independent samples t-tests or Wilcoxon rank-sum tests for two groups. For more than two groups ANOVA or Kruskal-Wallis tests was performed, as appropriate based on distributional assumptions. The correlation of independent quantitative variables with ∆CD4 was evaluated using either the Pearson's or the Spearman's linear test, also depending on the applicability of each. Associations between continuous independent variables and ΔCD4 were evaluated using Pearson’s or Spearman’s correlation coefficients (r), depending on their applicability.
Subsequently, a multivariate linear regression was conducted, incorporating all explanatory variables with a p-value less than 20% in the univariate linear model. A manual top-down stepwise method was employed to construct the final model. Ultimately, beta (β) with 95% confidence intervals and p-value coefficients adjusted for each dependent variable were derived. A p-value of < 0.05 was considered statistically significant.
2.5. Ethical considerations
This study employed an observational methodology. Prior to the beginning of the study, a written request for authorization was submitted to the head of the SMIT/CRCF and duly granted. The confidentiality and anonymity of the files under study were respected, and the information collected was recorded in a secure database in accordance with the relevant ethical standards.

3. RESULTS
3.1. Descriptive study
3.1.1. Study population and baseline characteristics
3.1.1.1. Socio-demographic and clinical characteristics
The study included 213 individuals living with HIV (PLHIV), of whom 205 (96.2%) were infected with HIV-1. At the time of inclusion, 62 patients (29.1%) were hospitalized. 
The mean age of the study population was 38 ± 11 years, with the largest proportion of participants falling within the 30 to 45 age group. Women represented 61% of the cases, with a sex ratio of 1:0.6. Over a quarter of patients were educated (n=56; 26.3%). Intravenous drug user was documented in 5 cases (2.3%). Diabetes was noted in 13 cases (6.1%). The most common co-infections were tuberculosis (29 cases, 13.6%), hepatitis B (28 cases, 13.1%) and toxoplasmosis (6 cases, 2.8%). Most patients presented with advanced HIV disease at initiation, as 62.9% were in WHO clinical stages III or IV.
The socio-demographic and clinical characteristics of the population under study are represented in Table 1.
3.1.1.2. Vitals signs
At baseline, the mean patient weight was 57.6 ±14.1 kg, and the mean body mass index (BMI) was 20.3 ±4.6 kg/m². Regarding the patients' vital signs, the mean temperature was within the normal range (36.8 ± 0.9°C), as were the systolic blood pressure (116 ± 16 mmHg) and diastolic blood pressure (76 ± 12 mmHg).
3.1.2. Immune response and other laboratory parameters
At the time of inclusion, the mean CD4 count was 188.9±157.1 cells/mm3. At M12, an increase in this rate was observed and the average was 386.7±240.7 cells/mm3. Thus, the ∆CD4 was 197.8±173.6 cells/mm3. The mean value of the white blood cells count was within the normal range (4917±2161 cel/mm3). Anemia was frequently noted with a mean hemoglobin level of 10.6±2.4 g/dL. Creatinine and transaminases (ALAT) mean values were within normal parameters.
The biological parameters at the time of inclusion are represented in Table 2.
3.1.3. Treatment characteristics
The median time to initiate antiretroviral therapy (ART) was 17 days (IQR: 9-35). The number of tablets ingested daily ranged from one to six, with a single dose per day in 155 patients (73.1%). Adherence was considered good in 204 cases (95.8%). The most used antiretroviral regimen was TDF-3TC-EFV (41.8%) followed by TDF-FTC-EFV (29.6%). Cotrimoxazole chemotherapy was prescribed in 180 patients (84.5%). 
3.2. Factors associated with CD4 Delta (ΔCD4)
The median CD4 count was to 325 cells/mm³ (IQR: 233-483) at month 12, corresponding to a median absolute gain (ΔCD4) of 178 cells/mm³ (IQR: 83-291; P < .001 for M0 vs. M12 comparison).
3.2.1. Univariate analysis
Hepatitis B virus (HBV) co-infection was significantly associated with a immunological response; co-infected patients had a median ΔCD4 of 121 cells/mm³ compared to 188 cells/mm³ in HIV-monoinfected patients (P = .01) (Table 5). 
Adherence to ART was strongly associated with a greater ΔCD4. The median ∆CD4 for patients with good adherence was 179 [-133; 1201] versus 40 [-156; 267] (P = .0009).
No other socio-demographic, clinical, or therapeutic factors, including ART regimen, treatment delay, or the presence of other opportunistic infections, demonstrated a significant association with ΔCD4 in univariate comparisons (Tables 3, 5, 6)
A negative correlation was observed between age progression and CD4 gain at M0 and M12, (r = -0.15, P < .02) (Table 4). No correlations were observed with vital signs such as temperature (r = 0.009, P = .90), weight (r = -0.3, P = .64), body mass index (BMI) (r = -0.04, P = .58) or blood pressure (systolic r = -0.04, P = .59; diastolic r = -0.22, P = .10) (Table 4). Similarly, no significant correlations were found between the ΔCD4 and various continuous biological parameters, including hemoglobin, leukocyte count, lymphocyte count, creatinine, or ALAT levels (Table 4). 
3.2.2. Multivariate linear regression analysis
After adjustment for potential confounding variables, two factors emerged as independent and significant predictors of the immunological response to ART. Advanced age was independently associated with a poorer immunological response, with each increasing year corresponding to a mean decrease in ΔCD4 (βadjusted = -2.64, P = .018). Good adherence was a strong positive predictor of immune recovery, associated with a substantial mean increase in ΔCD4 (βadjusted = 188; P = .001). The association between HBV co-infection and a lower ΔCD4, significant in univariate analysis (βcrude = -62.6, P = .017), was attenuated and lost statistical significance after multivariate adjustment (βadjusted = -60.5, P = .08). No statistically significant associations were identified between the other independent variables and ∆CD4 
These results are represented in Table 7. 

4. DISCUSSION
The present study included 213 patients diagnosed with HIV and undergoing antiretroviral therapy (ART) for a minimum of 12 months, with follow-up conducted at the CRCF/SMIT de Fann from January 2012 to December 2018. A statistically significant difference was observed between the median CD4 counts at M0 and M12 of ART. Following multivariate analysis, it was found that advanced age and non-adherence to antiretroviral (ARV) treatment were significantly associated with a poor immune response, as indicated by lower ∆CD4. HIV/HBV co-infection was associated with a poor immune response in univariate analysis, but not in multivariate analysis.

4.1. TCD4 lymphocyte count at inclusion
The mean CD4 T-cell count at the time of inclusion in the study was less than 350 cells/mm³. Similar findings have been reported by other researchers in Africa, including in Senegal [7,8] and Cameroon [9]. These findings highlight the significant delays in the diagnosis and management of HIV infection in Africa. Despite this, our cohort showed substantial immune recovery after 12 months of ART, consistent with the effectiveness of triple therapy. Comparable results were reported in Congo, where Dokekias et al. documented a CD4 gain of 353 cells/mm³ after 24 months of ART [10]. These observations underscore the critical importance of early ART initiation, as advanced immunosuppression at baseline is a strong predictor of suboptimal immune recovery [11–13]. Importantly, some evidence has reinforced that initiating ART at higher CD4 thresholds not only enhances immunological restoration but also reduces the incidence of opportunistic infections, non-AIDS-related comorbidities, and mortality, thereby supporting the World Health Organization’s “test-and-treat” policy [12,14,15]. Delays in ART initiation remain a persistent challenge in West Africa due to late diagnosis, stigma, and health system constraints, further amplifying disparities in treatment outcomes across regions.

4.2. Factors associated with immunological response
4.2.1. Age and immune response
We observed a significant negative correlation between age and CD4 gain. Older patients exhibited a diminished immune response, consistent with prior studies [12,16–19]. The observed low immune reconstitution in older individuals is a hallmark of immunosenescence [20,21]. This phenomenon is characterized by a decline in adaptive immune function, primarily driven by thymic involution and the consequent reduction in the production of naïve T-cells [20,22]. Also, chronic low-grade inflammation, frequently termed “inflammaging,” becomes more prevalent with age, leading to sustained immune activation [23,24]. This persistent inflammatory state not only drives apoptosis and exhaustion of CD4 T-cells but also impairs their regenerative capacity [23,24]. Advanced age is associated with poorer immunological reconstitution and signals a deeper, mechanistically mediated vulnerability of the immune system. Addressing age-related immune decline in HIV, care models should combine early diagnosis and rapid ART start with adjunct strategies that address immunosenescence and chronic inflammation.

4.2.2. Hepatitis B co-infection and immune response 
In univariate analysis, the gain in CD4 T-cell count was significantly lower in HIV/HBV-coinfected patients compared HBV-uninfected PLHIV. However, this association did not persist in the multivariate model, most likely reflecting the limited statistical power of our sample size. This observation aligns with the findings of Wandeler et al. [25], who observed diminished CD4 gain during the first year of antiretroviral therapy in HIV/HBV-coinfected individuals. Several pathophysiological mechanisms could underlie impaired CD4 T-cell immune reconstitution in HIV/HBV co-infection. Chronic HBV infection is associated with enhanced apoptotic signaling pathways [25], which may accelerate CD4 T-cell depletion in both untreated and treated patients. In addition, chronic HBV infection may contribute to sustained immune activation [26], thereby promoting increased T-cell apoptosis [27] and hampering immune recovery [25]. HBV‑coinfected persons should be monitored closely, with regular clinical and laboratory assessments.
4.2.3. Adherence and immune response
In our study, adherence was positive correlated with immune response (β = 188; P = .001). This observation corroborates evidence from prior investigations, reinforcing the critical role of optimal therapeutic adherence in achieving the efficacy of antiretroviral therapy (ART) [28,29]. For instance, in a large prospective cohort study involving 3,004 patients initiating triple combination therapy, Casado et al. demonstrated that six-month adherence rates were strongly associated with treatment success [30]. Notably, the same study highlighted that patients whose adherence declined subsequently after initially maintaining rates above 95% were at increased risk of treatment failure [30]. Sustained adherence to antiretroviral therapy (ART) confers protection against the emergence of drug resistance mutations, thereby facilitating achievement and maintenance of virological suppression, which in turn drives robust immunological recovery in people living with HIV.
Several demographic and clinical parameters, including gender [17–19,31], hepatitis C virus coinfection [19], tuberculosis-associated HIV [32,33], and baseline CD4+ T-lymphocyte count [17–19], have been reported as correlates of immunological reconstitution in prior studies. Nevertheless, our analysis failed to demonstrate these associations. Convergent evidence from the literature indicates that age ≥50 years, late-stage HIV diagnosis, and baseline AIDS-defining conditions serve as independent predictors of suboptimal immune recovery, particularly among patients receiving dolutegravir-based antiretroviral regimens [34]. Therefore, this study should be continued and should consider patients currently receiving a dolutegravir-based regimen to identify factors correlated with CD4 delta.These insights advocate for a personalized approach to HIV management incorporating age, comorbidities, psychosocial dimensions, and molecular characteristics to anticipate and address barriers to optimal immune restoration.
The principal limitation of our study was its retrospective design, which precluded the acquisition of comprehensive data from specific files. The absence of CD4 assays during a specific interval of the study resulted in incomplete data at M0 and/or M12 for some patients. These incomplete or missing data expose to potentials bias and may restrict the causal relationship establishment. The limited sample size may contribute to inability to detect subtle associations, particularly in subgroup analysis such as HIV/HBV co-infection. Despite employing multivariate linear regression to control for potential confounders, the possibility of residual confounding persists.
Despite these limitations, the study offers meaningful contributions by identifying advanced age and non-adherence as key determinants of poor immune recovery, thereby reinforcing the importance of early intervention and sustained adherence in ART programs. Prospective multicenter studies with larger cohorts would be valuable to validate these findings and clarify the mechanisms driving impaired immune recovery.

5. CONCLUSION
This single-center cohort study demonstrated a significant increase in median CD4 T-cell counts after 12 months of antiretroviral therapy (ART) and underscores the overall effectiveness of ART in immune restoration. This study provides also evidence that advancing age and poor adherence to ART are independent predictors of suboptimal immunological recovery among HIV-infected individuals, quantified by a lower ∆CD4. The association between HIV/hepatitis B virus co‑infection and CD4 T-cell counts in univariate analyses did not persist after adjustment, suggesting complex underlying interactions.
These findings emphasize the need for tailored interventions targeting adherence support and age-related factors to enhance immunological response and long-term prognosis in diverse clinical settings. Ultimately, this study reinforces that while ART is highly effective at a population level, individual responses are heterogeneous and influenced by a confluence of demographic and behavioral factors. Future research should focus on prospective, larger-scale studies to further elucidate the mechanisms behind suboptimal immune recovery and to develop targeted interventions for these at-risk groups.
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Table 1: Baseline socio-demographic and clinical characteristics of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018 (N=213)
	Characteristic
	Frequency (n) (N=213)
	Percentage (%)

	Sex
	
	

	  Female
	130
	61.0

	  Male
	83
	39.0

	Age group (years)
	
	

	  17–30
	57
	26.8

	  30–45
	97
	45.5

	  45–60
	52
	24.4

	  >60
	7
	3.3

	Marital status
	
	

	  Married
	115
	54.0

	  Single
	48
	22.5

	  Divorced
	21
	9.9

	  Widowed
	27
	12.7

	  Common-law union
	2
	0.9

	Marital regimen
	
	

	  Monogamous
	84
	39.4

	  Polygamous
	31
	14.6

	Education (reporting)
	
	

	  Education level reported
	56
	26.3

	Education level (among those with data, n=56)
	
	

	  Primary
	3
	5.4

	  Secondary
	21
	37.5

	  University
	32
	57.1

	Lifestyle behaviors
	
	

	  Intravenous drug use
	5
	2.3

	  Alcohol consumption
	7
	3.3

	  Tobacco consumption
	6
	2.8

	  Herbal medicine use
	7
	3.3

	Comorbidity
	
	

	  Diabetes
	13
	6.1

	  Hypertension
	2
	0.9

	WHO clinical stage
	
	

	  I
	53
	24.9

	  II
	26
	12.2

	  III
	79
	37.1

	  IV
	55
	25.8

	Co-infections
	
	

	  Tuberculosis
	29
	13.6

	  Hepatitis B
	28
	13.1

	  Toxoplasmosis
	6
	2.8

	  Hepatitis C
	3
	1.4

	  Cryptococcosis
	2
	0.9


Percentages are calculated over the total cohort (N=213) unless otherwise indicated.

Table 2: Baseline and 12-month immunological and laboratory profile of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018 (N=213)
	Parameter (unit)
	Mean ± SD
	Median [IQR]

	CD4 at baseline, M0 (cells/mm³)
	188.9 ± 157.1
	170 [57.1–279]

	CD4 at month 12, M12 (cells/mm³)
	386.7 ± 240.7
	325 [233–483]

	ΔCD4, M12–M0 (cells/mm³)
	197.8 ± 173.6
	178 [83–291]

	Leukocytes (cells/mm³)
	4,917 ± 2,161
	4,600 [3,500–6,000]

	Lymphocytes (cells/mm³)
	1,610 ± 899
	1,400 [1,000–2,060]

	Hemoglobin (g/dL)
	10.6 ± 2.4
	10.6 [8.9–12.4]

	Serum creatinine (mg/L)
	9.8 ± 3.2
	9.3 [7.6–30.7]

	ALAT (IU/L)
	25.8 ± 27.3
	19 [12.2–29.8]


Abbreviations: ΔCD4, change in CD4 count from baseline to 12 months; ALAT, alanine aminotransferase.

Table 3: ΔCD4 at 12 months by socio-demographic and clinical characteristics of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018
	Characteristic 
(P for group)
	Category
	Mean ± SD
	Median (min–max)

	Sex (P = .42)
	
	
	

	
	Male
	186 ± 183.3
	164 (-104–1202)

	
	Female
	205.4 ± 167.5
	192 (-156–1015)

	Education (any vs none)  (P = .85)
	
	
	

	
	Yes
	188.3 ± 171.3
	169 (-156–633)

	
	No
	201.2 ± 174.9
	178 (-104–1201)

	Educational level 
(P = .56)
	
	
	

	
	None
	201.2 ± 174.8
	178 (-104–1201)

	
	Primary
	44 ± 199.3
	5 (-133–260)

	
	Secondary
	204.3 ± 155.4
	169 (-65–633)

	
	University
	191.2 ± 178.1
	169 (-156–531)

	Marital status (P = .47)
	
	
	

	
	Single
	229.3 ± 210.9
	186 (-104–1201)

	
	Married
	185.5 ± 175.2
	169 (-156–1015)

	
	Divorced
	195.8 ± 130.6
	178 (19–431)

	
	Widowed
	188.3 ± 119.4
	200 (-6–383)

	
	Common-law union
	303 ± 4.2
	303 (303–306)

	HIV profile (P = .52)
	
	
	

	
	HIV-1
	199.6 ± 174.7
	178 (-156–1201)

	
	HIV-2
	140.6 ± 154.8
	109 (-41–357)

	
	HIV-1+2
	238
	238 (238–238)

	Hypertension (P = .06)
	
	
	

	
	Yes
	124.8 ± 85.2
	121 (5–289)

	
	No
	202.6 ± 176.9
	181 (-156–1201)

	Diabetes (P = .85)
	
	
	

	
	Yes
	219.5 ± 161.9
	219.5 (105–289)

	
	No
	197.6 ± 174.1
	178 (-156–1201)

	IDU (P = .84)
	
	
	

	
	Yes
	177.6 ± 117.7
	121 (63–358)

	
	No
	198.3 ± 174.9
	178 (-156–1201)

	Herbal medicine use
 (P = .99)
	
	
	

	
	Yes
	162.3 ± 171.1
	231 (-156–318)

	
	No
	199 ± 174
	177.5 (-133–1201)

	Tobacco use (P = .52)
	
	
	

	
	Yes
	152.8 ± 158.9
	179.5 (-65–314)

	
	No
	199.1 ± 174.2
	178 (-165–1201)

	Alcohol use (P = .29)
	
	
	

	
	Yes
	266.1 ± 203.2
	249 (5–633)

	
	No
	195.5 ± 172.6
	177 (-156–1201)


IDU: Intravenous drug use. Negative ΔCD4 values denote decreases between baseline and month 12.

Table 4: Correlation between ΔCD4 and age, vital signs, and laboratory parameters of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018 (N=213)
	Parameter
	Correlation coefficient (r)
	p-value (P)

	Age
	-0.15
	< .02

	Vital sign
	
	

	  Temperature
	0.009
	0.90

	  Weight
	-0.3
	0.64

	  Body-mass index (BMI)
	-0.04
	0.58

	  Systolic blood pressure
	-0.04
	0.59

	  Diastolic blood pressure
	-0.22
	0.10

	 Laboratory parameter
	
	

	  Hemoglobin
	-0.003
	0.96

	  Leukocytes
	0.06
	0.39

	  Lymphocytes
	-0.03
	0.65

	  Serum creatinine
	0.008
	0.90

	  ALAT
	-0.02
	0.72



Table 5: ΔCD4 by clinical characteristics of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018 (N=213)
	Characteristic (p for group)
	Category
	Mean ± SD
	Median (min–max)

	WHO clinical stage (P = .70)
	
	
	

	
	I
	230.24 ± 246.24
	197 (-133–1201)

	
	II
	165.76 ± 154.74
	157 (-46–637)

	
	III
	190.59 ± 131.9
	176 (-84–633)

	
	IV
	191.0 ± 146.39
	179 (-156–617)

	Immunodepression (P = .24)
	
	
	

	
	Yes
	187.21 ± 140.49
	176 (-156–637)

	
	No
	227.62 ± 242.91
	197 (-133–1201)

	Opportunistic affection (P = .19)
	
	
	

	
	Yes
	184.31 ± 139.04
	177 (-156–637)

	
	No
	218.6 ± 215.58
	188 (-133–1201)

	Tuberculosis (P = .71)
	
	
	

	
	Yes
	214.1 ± 190.98
	178 (-156–633)

	
	No
	195.27 ± 171.17
	177.5 (-133–1201)

	Hepatitis B (P = .01)
	
	
	

	
	Yes
	143.46 ± 180.14
	121 (-104–727)

	
	No
	206.06 ± 171.63
	188 (-156–1201)

	Hepatitis C (P = .56)
	
	
	

	
	Yes
	144.0 ± 74.8
	108 (94–230)

	
	No
	198.6 ± 174.6
	178 (-156–1201)

	Toxoplasmosis (P = .48)
	
	
	

	
	Yes
	222.33 ± 109.63
	189.5 (117–431)

	
	No
	197.12 ± 175.26
	177 (-156–1201)

	Cryptococcosis (P = .37)
	
	
	

	
	Yes
	89.0 ± 72.12
	89 (38–140)

	
	No
	198.86 ± 174.06
	178 (-156–1201)


Negative ΔCD4 values denote decreases between baseline and month 12.
Table 6: ΔCD4 by antiretroviral treatment (ART) characteristics of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018 (N=213)
	Treatment characteristic (p for group)
	Category
	Mean ± SD
	Median (min–max)

	ART Delay (>3 months) (P = .98)
	
	
	

	
	Yes
	198.5 ± 182.49
	180.5 (-104–727)

	
	No
	197.75 ± 172.98
	178 (-156–1201)

	Regimen (P = .40)
	
	
	

	
	2 NRTIs + 1 NNRTI
	199.59 ± 174.65
	178 (-156–1201)

	
	2 NRTIs + 1 PI
	152.75 ± 147.4
	131 (-41–357)

	Daily doses (P = .70)
	
	
	

	
	Once-daily
	200.7 ± 172.5
	170 (-156–1015)

	
	Twice-daily
	189.7 ± 177.9
	179 (-133–1201)

	Number of tablets (>3)   (P = .66)
	
	
	

	
	Yes
	186.8 ± 107.4
	188.5 (-156–1201)

	
	No
	199.1 ± 179.8
	176.5 (-41–357)

	ART change during follow-up (P = .20)
	
	
	

	
	Yes
	149.52 ± 150.85
	161 (-52–638)

	
	No
	202.56 ± 175.34
	178 (-156–1201)

	Cotrimoxazole (P = .34)
	
	
	

	
	Yes
	193.02 ± 172.84
	172.5 (-156–1201)

	
	No
	224.06 ± 178.29
	228 (-104–727)

	Other concomitant treatment (P = .71)
	
	
	

	
	Yes
	203.06 ± 156.52
	188 (-156–727)

	
	No
	194.08 ± 185.48
	169 (-133–1201)


Abbreviations: ART, antiretroviral therapy; NRTI, nucleoside/nucleotide reverse-transcriptase inhibitor; NNRTI, non-nucleoside reverse-transcriptase inhibitor; PI, protease inhibitor. Negative ΔCD4 values denote decreases between baseline and month 12.

Table 7: Multivariable linear regression: factors associated with ΔCD4 of HIV-infected patients followed at the SMIT/CRCF of Fann hospital in Dakar from 2012 to 2018  (N=213)
	Factor
	Crude β
	p-value
	Adjusted β
	p-value

	Sex
	
	
	
	

	  Male (ref: Female)
	-19.5
	0.42
	-15.8
	0.50

	Age (per year)
	-2.3
	0.027
	-2.64
	0.018

	WHO clinical stage
	
	
	
	

	  2 (ref: 1)
	-64.5
	0.12
	-29.9
	0.65

	  3 (ref: 1)
	-39.7
	0.19
	3.03
	0.94

	  4 (ref: 1)
	-39.2
	0.24
	-3.04
	0.94

	Opportunistic affection (Yes vs No)
	-34.3
	0.50
	-18.8
	0.57

	Hepatitis B (Yes vs No)
	-62.6
	0.017
	-60.5
	0.08

	Adherence (Yes vs No)
	180.1
	0.002
	188.0
	0.001


Model AIC = 2798. Coefficients (β) represent absolute differences in ΔCD4 (cells/mm³). Negative ΔCD4 values denote decreases between baseline and month 12.
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