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Abstract 
Background: Many view attrition as one of the biggest barriers to effective delivery of cART in resource-limited settings in sub-Saharan Africa (SSA). In this study, our objective was to describe the incidence and predictors of attrition among adults enrolled in cART programs in two referral hospitals in the northern coastal areas of Eritrea. 
Methods: This was a retrospective review of patient records of 464 patients [Male: 149(35.6%) vs. Females: 269(64.4%)] aged 18 years who initiated cART between 2005 and 2021. The main outcome measures were attrition (loss-to-follow-up (LTFU) plus mortality) and associated outcomes. Kaplan-Meier statistics were used to evaluate survival probability of attrition. Independent predictors of attrition were evaluated using a multivariable Cox proportional hazard model.
Results: A total of 418 patients [Male: 149(35.6%) vs. Female: 269 (64.4%)] were studied. At baseline, the mean (±SD) age (SD) was 34(±11.2) years; median (±IQR) CD4+ T-cell count was 151 (IQR: 87-257) cells/µL. After a follow-up time of 39,883 months, 127 ((30.4%), 95% CI [26-35]) attrition events were reported, translating into a cumulative incidence of 2.9/1000(2.4-3.5) per 1,000 people-months (PMs) were reported. During the same period, 97 (23.11%) patients died, 32(7.7%) were LTFU, and 47(11.2%) transferred out. In the adjusted multivariate Cox regression model, an increased risk of attrition was associated with the year of enrollment (aHR = 1.07, 95% CI 1.00-1.15, p-value = 0.04); ethnicity (Afar: aHR=3.21, 95% CI: 1.84-5.59, p value < 0.001) (Others: aHR = 2.67, 95% CI: 1.14-6.25, p value = 0.024) and cART backbone: (TDF+FTC: aHR=2, 95% CI: 1.21-3.32, p value = 0.007). On the contrary, the risk of attrition decreased per unit increase in baseline CD4+ T-cells/μL (uHR=0.998, 95% CI 0.996-0.999, p-value<0.001). 
Conclusion: Despite expanded treatment and decentralization of cART programs, mortality due to advanced disease at enrollment remains high in peripheral settings. A concerted effort is required to reduce late enrollment and improve the management of patients with advanced disease in decentralized programs.  
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Introduction 
At the end of December 2020, there were 37.7 million [30.2 million – 44.0 million] people living with HIV (PLHIV) globally (1). A disproportionate number (20.6 million [16.8 million – 24.4 million] translating into 67% of global HIV cases) of these cases were found in East and Southern Africa (ESA), where new infections, morbidity, and mortality remain high. This situation obtains despite the unprecedented success of global interventions (2). For example, the percentage of PLHIV accessing combined antiretroviral therapy (cART) in 2020 was 16.0 million [15.4 million – 16.1 million] and mortality associated with Acquired Immunodeficiency Syndrome (AIDS) was 310 000 [220 000 – 470 000] (1). Although cART coverage is substantially higher than 2010 numbers, it is well short of the estimates set in the 90 (90% of HIV (+) cases diagnosed) -90 (90% of HIV (+) persons on cART) -90(90% virally suppressed) Joint United Nations Programme on HIV/AIDS (UNAIDS) and partners strategy for ending AIDS epidemic by 2030 (1). 
The missed targets of 90-90-90 have been linked to a number of intractable challenges (2, 3). One such concern is the quality of decentralised cART programs in Low and Middle (LMICs) income countries in sub-Saharan Africa (SSA). In particular, patient retention and minimisation of loss to follow-up (LTFU) at the disparate stages of the HIV continuum of care has been described as one of the most important challenges (4, 5). According to some reports, the rate of attrition can be used to evaluate HIV/AIDS programme performance and /or quality, and to pin-point gaps and opportunities for contextualised interventions directed at maximisation of retention and improvement of clinical outcomes (6). Furthermore, data suggest that retention in care grants clinicians the opportunity to monitor and treat opportunistic infections (OIs), optimize cART adherence, reduce the risk of peri-natal transmission in prevention of mother-to--to-child transmission (PMTCT) clinics, organize better social support for patients, monitor drug toxicity, and enable drug modifications or dosage adjustment. Within a broader health context, retention in care may reduce the likelihood of viral rebound or cART resistance that can limit future drug options. Finally, retaining the greatest possible number of PLHIV on cART, as a strategy for maximising viral suppression can reduce community HIV transmission (7). 
Despite the highlighted benefits, attrition remains a major challenge in cART programs in SSA. In the past, some records suggested that 25 - 50% of patients in LMICs were LTFU one year after initiation of cART (6, 8). Data from 350 health facilities in Ethiopia, Kenya, Mozambique, and Tanzania collected from 2005 to 2014 documented attrition rates of 26.2%, 34.0, and 40.1% at 12 24 and 36 months after cART initiation (9). Others have noted that attrition rates can vary substantially both within and between countries (10). This phenomenon points to the presence of multiple locally relevant programs and patient-related factors at play. However, some factors, common in a majority of studies, include under nutrition; low CD4+ T-cell count at baseline; WHO stage III/IV disease at baseline; the number of physicians or adequately trained personnel; availability of adequate infrastructure for active contact tracing, integration of health records or registries; and community support (10). Due to data unavailability, the influence of these factors on patient retention and /or attrition in some LMICs is difficult to estimate. 
In Eritrea, the local ministry of health introduced cART in 2005. Initially, care was highly centralised with most patients receiving cART in Asmara. In subsequent years, rapid-scale up of services supported largely by decentralisation of treatment to Primary Care Centres (PHUs) in other subzones and remote communities expanded coverage. Currently, approximately 8000 (70%) patients are on cART (11). Although these efforts were highly successful in improving coverage; their impact and the influence of allied policies such as worker task-shifting on the quality of care in these remote cART programs is under described. In particular, there is little published operations research on attrition; a WHO reportable indicator, on rural cART programs in Eritrea. This data gap is glaring considering the fact that lessons learned in cART programs in rural communities may differ substantially from lessons in peri-urban and urban settings. In this analysis, we present a 16-year description of the incidence of loss-to-follow-up mortality and associated factors in two treatment programs in Northern Coastal areas of Eritrea. 
Methodology
Study design and setting 
This is a retrospective cohort study conducted in the HIV/AIDS follow- up clinics at Zonal Referral Hospitals found in the cities of Massawa (Massawa Hospital) and Ghindae (Ghindae hospital) in the Northern Red Sea region of Eritrea. Both sites are the only leading hospitals in their largely rural departments, serving catchment populations in approximately 575,000 of Massawa and 425,000 of Ghindae cities. Massawa is one of the 2 ports of Eritrea located 115km away from the capital on the eastern coastal lowlands having an arid climate. Moreover, Ghindae is also situated on the way to Massawa, which is 50km north east of Asmara having temperate weather. Being a coastal area and a port, Massawa has a yearly high number of tourists and people come in search of work and business for better life from different areas of the country, as well as mostly youngsters visiting the port city for recreational purposes during summer season.
The HIV/AIDS follow- up clinic in Orotta National Referral hospital found in the capital city of Eritrea was commissioned in 2005, making it the first institution in Eritrea to offer cART for PLWHA. Before the decentralisation of services to other zones (2010), that is, 2010 in Massawa Hospital and 2013 in Ghindae Hospital, Orotta National referral hospital was the only institution in the country offering cART to PLWHA. In total, 464 patients received services and/or had been enrolled in both clinics since their inception in both hospitals. Both Massawa and Ghindae HIV clinics are being run by trained nurses under the supervision of physicians. 
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Figure 1. Flow diagram of participant’s recruitment in the study period 2005-2021 from PLWHA in two referral hospitals in Northern coastal areas of Eritrea

Data collection and approach 
We used the patient clinical card which includes ART entry and follow-up forms to extract the data. Then the data was collected via a suitable well-structured format. Finally, the data retrieved and collected was entered in CSPro 7.0 and then exported to SPSS version 26. Baseline data collected included sociodemographic characteristics (namely, date of birth/age at enrolment, sex, address, occupation, educational level, and marital status) and baseline clinical and laboratory characteristics (i.e., cART initiation date, initial cART regimen, enrolment date, baseline WHO clinical stage and baseline CD4 count). The recruitment details are illustrated in figure 1.

Operational definitions 
· Retention (encompassing adherence) was defined as documented, active and alive HIV-infected adults who were still on ART (assessed at intervals longer than 6 months post initiation) (4)
· Attrition was defined as the composite outcome of all patients  who died or were LTFU during the study period (4) 
· Death was defined as mortality among enrolees occurring within the study period.
· Loss to follow-up was defined as not taking ART refill for 3 months or longer from the last attendance for a refill and not yet categorized as dead or transferred out (12)
Data analysis 
The retrieved data were exported to IBM SPSS V.26.0 and STATA V.12.0 (STATA Corporation, College Station, Texas, USA), where they were processed for analysis. Descriptive statistics for categorical variables were analysed using the chi-square (ꭓ2) or Fisher’s exact test and summarized using frequency and percentage. Depending on the data distribution, quantitative data were summarized using mean (±SD) or median (IQR). Suitable parametric or non- parametric statistics were used to evaluate differences. Incidence of attrition was calculated per 1000 person- months (95% CI). Furthermore, Kaplan- Meier curves describe and compare retention and survival at different follow- up intervals by address, ethnicity, religion, enrolment date, WHO clinical stage, baseline CD4 T cell count, and initial cART backbone. The log- rank test was used to evaluate differences in the equality of survival functions. All LTFUs and transfers were censored on the date of their last visit. Estimates of HRs for attrition, 95% CI, and quantification of associations were evaluated using Cox proportional hazards models. Log–log plots and plots of Schoenfeld residuals were used to evaluate the proportional hazards assumption. To adjust for possible confounders, multivariate Cox regression models were used. The final results are presented as adjusted hazard ratio (AHR) with 95% CI. All p values were two-tailed and p values of <0.05 were considered statistically significant.
Primary Outcomes
We also estimate loss to follow-up (LTFU), mortality and combined attrition (LTFU and death) over a period of 10 years.
Ethical Consideration 
Administrative and ethical approval was granted by the Eritrean Ministry of Health (EMOH) research proposal review and ethical clearance committee. Need for consent was waived as the analyses used de-identified data collected as part of routine patient care.
Results
From 2005-2021, a total of 464 (388 charts from Massawa Hospital and 76 from Ghindae Hospital) patients were enrolled in cART care programs. Of those, at total of 418 charts (349 (Massawa hospital: 89.9%) vs Ghindae hospital: 69(90.7%) who met the inclusion criteria were reviewed. See Figure 1. 








Sociodemographic Characteristics 
Table 1. Baseline sociodemographic and clinical characteristics of PLWHA in the Northern coastal areas of Eritrea per attrition and retention, 2005-2021
	Characteristics 
	Study population
	Attrition n (%)
	Retention n (%)
	p-value (X2)

	Overall
	418
	127 (39.4)
	291 (69.6)
	

	Gender
	0.364(2.020)

	Male 
	149 (35.6)
	50 (39.4)
	99 (34.0)
	

	Female
	269(64.4)
	77(60.4)
	192 (66.0)
	

	Age in years, Mean±SD
	34 (±11.2)
	36.2(±11.6)
	33.8 (±11.2)
	0.048a

	Address

	Massawa 
	284 (67.9)
	77 (60.6)
	207 (71.1)
	0.044 (6.24)

	Ghindae
	79 (18.9)
	26 (20.5)
	53 (18.2)
	

	Outside
	55 (13.2)
	24 (18.9)
	31 (10.7)
	

	Hospital
	0.021 (7.706)

	Massawa
	347 (83.0)
	107 (84.3)
	240 (82.5)
	

	Ghindae
	71 (17.0)
	20 (15.7)
	51 (17.5)
	

	Educational level
	0.038 (8.244)

	No formal education
	117 (28.0)
	44 (34.6)
	73 (25.1)
	

	Primary level
	95 (22.2)
	29 (22.8)
	66 (22.7)
	

	Junior level
	106 (25.4)
	34 (26.8)
	72 (24.7)
	

	Secondary level
	93 (22.2)
	19 (15.0)
	74 (25.4)
	

	Higher level
	7 (1.7)
	1 (0.8)
	6 (2.1)
	

	Religion
	0.002 (9.775)

	Christian
	267 (63.9)
	67 (52.8)
	200 (68.7)
	

	Muslim
	151 (36.1)
	60 (47.2)
	91 (31.3)
	

	Ethnicity
	0.007 (15.968)

	Tigrigna
	270 (64.6)
	67 (52.8)
	203 (69.8)
	

	Tigre
	72 (17.2)
	25 (19.7)
	47 (16.2)
	

	Afar
	29 (6.9)
	16 (12.6)
	13 (4.5)
	

	Saho
	24 (5.7)
	9 (7.1)
	15 (5.2)
	

	Rashayda
	11 (2.6)
	4 (3.1)
	7 (2.4)
	

	Others
	12 (2.9)
	6 (2.1)
	6 (2.1)
	

	Marital Status
	0.635 (1.707)

	Married
	127 (30.4)
	36 (28.3)
	91 (31.3)
	

	Single
	169 (40.4)
	56 (44.1)
	113 (38.8)
	

	Divorced
	70 (16.7)
	18 (4.3)
	52 (17.9)
	

	Widow(ed)
	52 (12.4)
	17 (13.4)
	35 (12.0)
	

	Occupation
	0.987 (0.987)

	Government worker
	43 (10.3)
	12 (27.9)
	31 (10.7)
	

	Private worker
	110 (26.3)
	30 (23.6)
	80 (27.5)
	

	Unemployed
	265 (63.4)
	85 (66.9)
	180 (61.9)
	

	Pregnancy state at diagnosis
	269
	77 (28.6)
	192 (71.4)
	0.741 (0.109)

	Yes
	16 (5.9)
	4 (5.2)
	12 (6.3)
	

	No
	253 (94.1)
	73 (94.8)
	180 (93.8)
	

	Baseline CD4 in cells/ µL, median (IQR)
	151 (87-257)
	125 (64-238.7)
	161 (96.5-262.5)
	0.025b

	<200 cells/µL
	257 (63.1)
	84 (68.9)
	173 (60.7)
	0.118 (2.439)

	>200 cells/ µL
	150 (36.9)
	38 (31.1)
	112 (39.3)
	

	WHO clinical stage
	
	
	
	0.064 (7.251)

	Stage I
	77 (18.4)
	17 (13.4)
	60 (20.6)
	

	Stage II
	111 (26.6)
	30 (23.6)
	81 (27.8)
	

	Stage III
	202 (48.3)
	67 (52.8)
	135 (46.4)
	

	Stage IV
	28 (6.7)
	13 (10.2)
	15 (5.2)
	

	cART backbone

	AZT+3TC
	197 (41.7)
	46 (36.2)
	151 (51.9)
	0.039 (10.07)

	d4T+3TC
	84 (20.1)
	29 (22.8)
	55 (18.9)
	

	TDF+3TC
	27 (6.5)
	9 (7.1)
	18 (6.2)
	

	TDF+FTC
	109 (26.1)
	43 (33.9)
	66 (22.7)
	

	NNRTI/anchor
	

	EFV
	236 (56.5)
	82 (64.6)
	154 (52.9)
	0.15 (5.2)

	NVP
	172 (41.1)
	43 (33.9)
	129 (44.3)
	

	DTG
	9 (2.2)
	2 (1.6)
	7 (2.4)
	

	Enrolment year
	

	≤2016
	375 (89.7)
	111 (87.4)
	264 (90.7)
	0.30 (1.05)

	>2017
	43 (10.3)
	16 (12.6)
	27 (9.3)
	


Abbreviations: cART: combination antiretroviral therapy, AZT+3TC: Zidovudine and Lamivudine, d4T+3TC: Stavudine and Lamivudine, TDF+3TC: Tenofovir and Lamivudine, TDF+FTC: Tenofovir and Emtricitabine, EFV: Efavirenz, NVP: Nevirapine, DTG: Dolutagravir, IQR: Inter-quartile range, WHO: World Health Organization
Superscripts: a: Independent sample student T-test b: Mann-Whitney U test

Among the participants included (418), 269 (64.4%) were females. The mean ± SD age at enrollment was 34 ±11.2 years. The majority 284 (67.9%) of the study participants reside in Massawa city. The proportion of study participants without formal education was 117 (28%). Primary, junior, secondary and higher education level comprised 95(22.2%), 106(25.4%), 93(22.2%) and 7 (1.7%), respectively. Additionally, Christians are the majority 267 (64%), and the dominant ethnic groups are the Tigrigna’s 270(64.6%). Most (70%) of the individuals are outside wedlock (single, divorced, or widow(ed)). A high rate of unemployment was also observed (63%). Six out of 100 enrolled patients accessed ART clinic through the Prevention of maternal to child transmission (PMTCT) programme. 
Compared to men, women were, at the start of cART, younger (34 years [IQR: 26-39.5 years] versus 37 years [IQR: 30.0-46.0 years]), less likely to be married (25.7% vs 38.9) and were less likely to be employed (7.4% vs. 15.4%). No differences were observed with respect to advanced disease (WHO stage III or IV: 145 (53.4%) vs 85 (57.1%) or CD4+ T cell count (median [IQR]: 157.0 [95-258] vs 144.0 [25–257]). 
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Figure 1: Continuous field information on yearly and baselineCD4+ T-cell count averages.  

Clinical and treatment-related characteristics of participants 
The median CD4 + T cell count at baseline (before cART) was 151 (IQR: 87-257) cell/µL and 257 (63.1%) of the study participants had a baseline CD4 T+ cell count < 200 cell/µL. WHO clinical stage III (48.3%) was the most common presentation at baseline (48.3%). The new patients enrolled in recent years (≥ 2017) comprised 10% of the study population. Regarding the baseline cART backbone, 197 (41.7%), 80(20.15%), 27(6.5%) and 109(26.1%) were initiated with AZT + 3TC, d4T + 3TC, TDF + 3TC and TDF+FTC respectively. The most common anchor drugs were EFV (236 (56.2%)) and NVP (172(41.1%)). Only 9 (2.2%) were on DTG.    
Mean survival duration, attrition rate and associated factors 
Table 2. Attrition rate (incidence) and comparison of factors among PLWHA in Northern coastal areas, 2005-2021
	Characteristics
	Person time in months (Events)
	Attrition rate per 1,000 person-month(95% CI)
	Mean survival duration in months (95% CI)
	p-value  (log rank test)

	Overall
	39883 (116)
	2.9 (2.4-3.5)
	
	

	Gender
	0.27 (1.22)

	Male 
	14052 (44)
	3 (2.3-4.2)
	171 (154-189.9)
	

	Female
	25831 (72)
	2.7 (2.2-3.5)
	153 (143.7-163.5)
	

	Age in years

	≤ 27
	9651 (26)
	2.7 (1.8-3.9)
	153 (139.8-166.5)
	0.12

	28-35
	8165 (29)
	3.5 (2.5-5.1)
	143.9 (128.6-159.3)
	

	36-41
	8353 (34)
	4.1 (2.9-5.7)
	125.7 (111.2-140.2)
	

	> 45
	7565 (35)
	4.6 (3.3-6.4)
	127 (109.7-144.3)
	

	Address
	

	Massawa
	29705 (71)
	2.3 (1.9-3) 
	189 (177.3-201.4)
	0.005 (10.69)

	Ghindae
	6194 (23)
	3.7 (2.5-5.6)
	157 (131.2-184.6)
	

	Else
	3984 (22)
	5.5 (3.6-8.4)
	115 (92.5-137.8)
	

	Hospital
	0.54 (0.37)

	Massawa
	34704 (100)
	2.8 (2.3-3.5)
	180 (168.8-191.6)
	

	Ghindae
	5179 (16)
	3 (1.8-5)
	163 (133.2-193.6)
	

	Educational level
	0.054 (9.32)

	No formal education
	9788 (40)
	4.1 (3-5.6)
	135 (119.1-151.8)
	

	Primary level
	8637 (22)
	2.5 (1.6-3.9)
	139 (123.3-155.9)
	

	Junior level
	10523 (34)
	3.2 (2.3-4.5)
	173 (154.3-192.1)
	

	Secondary level
	10197 (19)
	1.8 (1.2-2.9)
	203 (184.3-223.1)
	

	Higher level
	738 (1)
	1.4 (0.2-9.6)
	171 (125.4-217.7)
	

	Religion
	<0.001 (14.8)

	Christian
	27894 (62)
	2.2 (1.7-2.9)
	161 (152.5-171)
	

	Muslim
	11989 (54)
	4.5 (3.4-5.9)
	151 (131.4-170.9)
	

	Ethnicity
	<0.001 (22.9)

	Tigrigna
	28430 (62)
	2.2 (1.7-2.8)
	187 (175.6-198.5)
	

	Tigre
	5523 (21)
	3.8 (2.5-5.8)
	161 (133-190.5)
	

	Afar
	1891 (15)
	7.9 (4.8-13.2)
	88 (64.8-112.8)
	

	Saho
	1776 (9)
	5.1 (2.6-9.7)
	121 (86.8-156.5)
	

	Rashayda
	1324 (3)
	2.3 (0.7-7)
	141 (98.5-185.2)
	

	Others
	939 (6)
	6.3 (2.8-14.2)
	93 (57.2-130.3)
	

	Marital Status
	0.390 (3.01)

	Married
	12891 (31)
	2.4 (1.6-3.4)
	179 (162.4-196.9)
	

	Single
	14679 (52)
	3.5 (2.6-4.6)
	134 (123-149.9)
	

	Divorced
	7739 (17)
	2.2 (1.4-3.5)
	190 (165.8-214.7)
	

	Widow(ed)
	4576 (16)
	3.5 (2.1-5.7)
	138 (116.1-160.7)
	

	Occupation

	Government worker
	4542 (11)
	2.4 (1.3-4.4)
	186 (155.2-218.2)
	0.56 (1.16)

	Private worker
	10746 (27)
	2.5 (1.7-3.7)
	155 (139.6-170.6)
	

	Unemployed
	24595 (78)
	3.2 (2.5-3.9)
	140 (131.4-150.4)
	

	Pregnancy state at diagnosis
	

	Yes
	1776 (4)
	2.3 (0.8-6)
	143 (112-174.9)
	

	No
	24055 (68)
	2.8 (2.2-3.6)
	152 (142.7-163.3)
	

	Baseline CD4 in cells/µL

	<=200cells/
	24262 (78)
	3.2 (2.6-4)
	174 (160.9-188.1)
	0.13 (2.29)

	>200cells/
	14935 (36)
	2.4 (1.7-3.3)
	153 (142.1-165.7)
	

	WHO clinical stage

	Stage I
	7212 (17)
	2.3 (1.5-3.8)
	156 (140.4-173.6)
	0.036 (8.52)

	Stage II
	10733 (28)
	2.6 (1.8-3.8)
	182 (164.1-200.3)
	

	Stage III
	19963 (61)
	3.1 (2.4-3.9)
	174 (158.9-189.5)
	

	Stage IV
	1975 (10)
	5.1 (2.7-9.4)
	102 (72.4-132.4)
	

	cART backbone

	AZT+3TC
	22080 (44)
	1.9 (1.4-2.7)
	192 (179.5-205.1)
	<0.001(23.6)

	D4T+3TC
	9656 (27)
	2.8 (1.9-4.1)
	144 (128.3-160.1)
	

	TDF+3TC
	2123 (7)
	3.3 (1.6-6.9)
	125 (96.5-155.3)
	

	TDF+FTC
	5990 (38)
	6.3 (4.6-8.7)
	135 (106.6-163.9)
	

	NNRTI/anchor

	EFV
	20144 (74)
	3.7 (2.9-4.6)
	164 (149.4-180.1)
	0.018 (8.06)

	NVP
	19473 (41)
	2.1 (1.6-2.9)
	189 (175.6-203)
	

	DTG
	232 (1)
	4.3 (0.6-30.5)
	137 (168.1-189.4)
	

	Enrolment date

	≤2016
	39034 (102)
	2.6 (2.2-3.2)
	183 (173-194.5)
	<0.001 (16.6)

	≥2017
	849 (14)
	16.5 (9.7-27.8)
	37 (29.5-45.9)
	


Abbreviations: cART: combination antiretroviral therapy, AZT+3TC: Zidovudine and Lamivudine, d4T+3TC: Stavudine and Lamivudine, TDF+3TC: Tenofovir and Lamivudine, TDF+FTC: Tenofovir and Emtricitabine, EFV: Efavirenz, NVP: Nevirapine, DTG: Dolutagravir, IQR: Inter-quartile range, WHO: World Health Organization
The magnitude of cumulative attrition and retention during the study period (2005-2021), were 127 ((30.4%), 95% CI [26%-35%]) and 291 (69.6%, 95% CI: 64.9%—73.9%), respectively. In addition, 97(23.2%) of the respondents died, 32(7.7%) were LTFU and 47(11.2%) were TO’s. Mean age (± SD) of patients who were LTFU and those who died was higher at enrolment than those retained in care (36.2 ± 11.6 vs. 33.8 ± 11.2 years, p=0.048, Independent sample student t-test). Half of the patients who came outside Ghindae or Massawa suffered from attrition. Higher level of education was associated with lower levels of attrition, Chi-square test (ꭓ2) with a p-value =0.038. Retention was also higher in Christians (200 (68.7%) vs. 91 (31.3%)) in Muslims, Chi-square test p=0.002) and Tigrigna ethnicity, Chi-square test p=0.007. Baseline CD4+ T-cell count was significantly lower among patients experiencing attrition (125 (IQR: 64-238.7) vs. 161 (IQR: 96.5-262.5) cells/µL, Mann-Whitney U test p value=0.025). Most of the patients started cART backbone of 3TC and AZT (197, 41.7%) and retention was higher group, chi-square test p=0.039. See Table 1 for further details. 
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Figure 2. Kaplan-Meier curve depicting overall incidence of attrition (LFTU and death) during the study /period, 2005-2021.



Survival function and incidence of attrition 
The total follow-up time in this cohort was 39,883 months with 116 attrition events, translating into an incidence 2.9 (2.4-3.5) per 1,000 person-months (PMs). The high incidence of attrition was associated with the following: residence outside Ghindae and Massawa (Massawa: 2.3 per 1,000 PMs < Ghindae: 3.7 per 1,000 PMs < Outside Ghindae and Massawa: 5.5 per 1,000 PMs), log rank test p=0.005; Muslim faith (4.5 per 1,000 PM) vs 2.2 per 1,000 PMs in Christians, log-rank test p <0.001). Among all ethnic groups, Afar had highest rate of attrition (7.9 (95% CI: 4.8-13.2) per 1,000 PM), log rank test p<0.001. The incidence of attrition is also higher for each consecutive WHO clinical stage (Stage I: 2.3 (1.5-3.8) per 1,000 PMs < Stage II: 2.6 (1.8-3.8) per 1,000 PMs < Stage III: 3.1 (2.4-3.9) per 1,000 PMs< Stage IV: 5.1 (2.7-9.4) per 1,000 PMs), log-rank test p<0.001. Among all cART backbones, those who were started with TDF + FTC had the highest attrition rates 6.3 (4.6-8.7) per 1,000 PM, which is higher than the other backbones (log rank test, p<0.001). Among the anchor drugs (NNRTI and INSTIs), NVP usage showed lowest incidence of attrition (2.1 (1.6-2.9) per 1,000 PM, log-rank test p=0.018). See Table 2 and Figure 2 for more information.
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Figure 3. Unadjusted Kaplan-Meier curves comparing rate of attrition among different variables, A. Address of PLWHA (Massawa, Ghindae and other areas outside these towns) B. Enrolment calendar year to the ART clinics (before and after 2017) C. Religion of the individuals (Christian and Muslim) D. WHO clinical stage upon admission to the ART clinic E. Baseline CD4 T cell count upon admission to the ART clinic F. Initially used cART’s backbone upon commencement of therapy G. Initially used cART’s anchor drug (NNRTIs and ISTI)
Kaplan-Meier estimates mean time of survival and curves
As in Figure 3 and Table 2, disparities in the mean survival duration and the Kaplan-Meier (KM) curves can be observed. The mean retention duration for residents outside Ghindae and Massawa was 115 (95% CI: 92.5-137.8) months vs. residents of Massawa 189 (95% CI: 177.3-201.4) months vs. residents of Ghindae 157 (CI: 131.2-184.6) months. KM survival curves show the survival advantage among Massawa residents from the beginning of the cohort, Figure 3A. The mean survival duration of the cohort who started follow-up from the calendar year of 2017 is a sixth of those who followed staring from the earlier years (37 (95% CI: 29.5-45.9) vs. 183 (95% CI: 173-194.5) months). And Figure 3B shows survival advantage of earlier enrollees. Figure 3C reveals decreased attrition of Christians from the early period of cohort and that the mean survival time is 10 months higher than Muslims. The KM curve of the WHO clinical stages reveals the survival advantage of the earlier stages than stage IV, Figure 3D.  The KM curve for CD4 T cell count categories also shows disadvantages of lower counts at the start of the study, Figure 3E. TDF+FTC as the initial cART backbone has also been observed to drag the curve than other options, Figure 3F. Although the selection of NVP or EFV or DTG is also influenced by the choice of backbones, EFV showed a lower retention probability throughout the study period, Figure 3G. While, the Dolutagravir curve suffered from a lack of study participants.
Comparison of attrition rate across the intervals of the cohort
Table 3. Attrition rate (incidence) across the intervals of early enrolment to the clinics among PLWHA in Northern coastal areas, 2005-2021
	Intervals of follow up in months
	Person time in months  (Events of attrition)
	Attrition rate per 1,000 person months of follow up (95% CI)

	
	Overall
	LTFU
	Dead
	Overall
	LTFU
	Dead

	0-6
	2285 (30)
	171 (3)
	440 (27)
	13.1 (9.1-18.8)
	17.5 (5.6-54.3)
	61.3 (42.1-89.5)

	6-12
	2142 (11)
	146 (4)
	348 (7)
	5.1 (2.8-9.3)
	27.3 (10.3-72.9
	20.1 (9.6-42.1)

	12-24
	4047 (17)
	238 (7)
	588 (10)
	4.2 (2.6-6.8)
	29.4 (14-61.7)
	17 (9.2-31.6)

	24-36
	3830 (10)
	180 (2)
	469 (8)
	2.6 (1.4-4.9)
	11.1 (2.7-44.4)
	17.1 (8.5-34.1)

	36-48
	3632 (10)
	160 (2)
	380 (8)
	2.7 (1.5-5.1)
	12.5 (3.1-49.9)
	21.1 (10.5-42.1)

	48-60
	3475 (2)
	134 (1)
	301 (1)
	0.5 (0.1-2.3)
	7.4 (1.1-52.9)
	3 (0.5-23.6)

	60-72
	3331 (3)
	132 (0)
	282 (3)
	0.9 (0.2-2.7)
	 0
	10.6 (3.4-32.9)

	>72
	17141 (33)
	448 (11)
	860 (22)
	1.9 (1.3-2.7)
	24.6 (13.6-44.3)
	25.6 (16.8-38.9)


Abbreviations: LTFU: Loss to follow-up, CI: Confidence interval

The overall attrition rate per 1,000 months of follow-up was 13.1/1000 (9.1-18.8) PMFU; 5.1 (2.8-9.3) PMFU; 4.2 (2.6 – 6.8) PMFU; 2.6(1.4-4.9) PMFU; 2.7(1.5-5.1) PMFU; 0.5(0.1-2.3) PMFU, 0.9(0.2-2.7) PMFU; and 1.9(1.3-2.7) PMFU at < 6 months, 6 - < 12 months, 12 - < 24 months, 24- < 36 months, 36 -< 48 months, 48-<60 months, 60- < 72 months and >72 months, respectively. Figure 2. Similarly, high mortality rates were reported within the first 24 months of treatment 0-6 months = 61.3/1000 PMFU (42.1-89.5); >6- <12 months = 20.1/1000 (9.6 – 42.1) PMFU; > 12-24 months = 17/1000 (9.2-31.6). PMFU See Table 3 for details on events of attrition and timing of LTFUs. See Figure 4 for the relationship between CD4 cell count and specific outcomes. 


Figure 4. Clustered bar chart of specific outcomes across different intervals in a retrospective cohort of Northern coastal areas of Eritrea, 2005-2021
Multivariable Cox-Proportional Hazards of Attrition determinants 
Table 4. Multivariate Cox-proportional hazards for the determinants of attrition among PLHWA in Northern coastal areas of Eritrea, 2005-2021.
	Characteristics
	Unadjusted HR, 95% CI
	p-value
	Adjusted HR, 95% CI
	p-value

	Age at enrolment, years
	1.019 (1.004-1.035)
	0.01
	1.02 (1-1.030)
	0.075

	Year of enrolment
	1.117 (1.063-1.173)
	<0.001
	1.07 (1.003-1.145)
	0.04

	Education

	No formal education
	1 (Ref.)
	
	
	

	Literate
	0.677 (0.468-0.978)
	0.038
	
	

	Religion

	Christian 
	1 (Ref.)
	
	
	

	Muslim
	2.01 (1.42-2.86)
	<0.001
	
	

	Ethnicity

	Tigrigna
	1 (Ref.)
	
	1 (Ref.)
	0.001

	Tigre
	1.83 (1.155-2.91)
	0.01
	1.49 (0.9-2.44)
	0.12

	Afar
	3.1 (1.79-5.35)
	<0.001
	3.21 (1.84-5.59)
	<0.001

	Saho
	1.98 (0.99-3.99)
	0.054
	1.21 (0.55-2.65)
	0.63

	Rashayda
	1.52 (0.55-4.188)
	0.41
	1.96(0.71-5.42)
	0.19

	Others
	2.55 (1.102-5.91)
	0.029
	2.67 (1.138-6.25)
	0.024

	WHO Clinical stage

	Stage I
	1 (Ref.)
	
	
	

	Stage II
	1.17 (0.64-2.12)
	0.61
	
	

	Stage III
	1.401 (0.82-2.39)
	0.22
	
	

	Stage IV
	2.62 (1.2-5.39)
	0.009
	
	

	Baseline CD4, cells/µL
	0.998 (0.996-0.999)
	<0.001
	0.998 (0.996-0.999)
	0.004

	cART backbone

	AZT+3TC
	1 (Ref.)
	
	1 (Ref.)
	0.038

	d4T+3TC
	1.34 (0.83-2.15)
	0.22
	1.53 (0.93-2.51)
	0.094

	TDF+3TC
	1.78 (0.87-3.64)
	0.114
	1.51 (0.73-3.14)
	0.27

	TDF+FTC
	2.62 (1.71-3.99)
	<0.001
	2 (1.21-3.32)
	0.007

	Anchor drugs

	EFV
	1 (Ref.)
	
	
	

	NVP
	0.599 (0.413-0.87)
	0.007
	
	

	DTG
	1.34 (0.33-5.46)
	0.69
	
	


Abbreviations: cART: combination antiretroviral therapy, AZT+3TC: Zidovudine and Lamivudine, d4T+3TC: Stavudine and Lamivudine, TDF+3TC: Tenofovir and Lamivudine, TDF+FTC: Tenofovir and Emtricitabine, EFV: Efavirenz, NVP: Nevirapine, DTG: Dolutagravir, IQR: Inter-quartile range, WHO: World Health Organization

In the unadjusted Cox proportional hazards model, increased attrition was associated with age at enrollment (uHR = 1.02, 95% CI: 1.00-1.04, p value=0.01); year of enrollment (uHR =1.12, 95% CI: 1.02 – 1.17, p value< 0.001); Religion (Muslim: uHR=2.01, 95% CI: 1.42-2.86, p<0.001); Ethnicity (Tigre: uHR=1.83, 95% CI: 1.16-2.91, p value = 0.01) (Afar: uHR=3.1 ( 95% CI: 1.79-5.35, p-value <0.001) (Saho: uHR=1.98, 95% CI: 0.99-3.99, p-value = 0.054) (Rashayda: uHR=1.52, 95% CI: 0.55-4.19, p value = 0.41) (Others: uHR = 2.55, 95% CI: 1.10-5.91), p value = 0.029); WHO clinical stage (WHO IV: uHR = 2.62, 95% CI: 1.2-5.39, p-value = 0.009); and cART backbone (TDF+FTC: uHR= 2.62, 95 CI: 1.71-3.99, p value <0.001). On the contrary, the reduced risk of attrition was associated with the level of education (literate: uHR = 0.677, 95% CI 0.468-0.978, p value 0.038); Baseline CD4, cells/μL (uHR=0.998, 95% CI: 0.996-0.999, p value < 0.001) and anchor drug (NVP: uHR: 0.599, 95% CI: 0.413-0.87, p value = 0.007). In the adjusted model, an increased probability of attrition was associated with the year of enrollment (aHR = 1.07, 95% CI: 1.00-1.15, p-value = 0.04); Ethnicity (Afar: aHR=3.21, 95% CI: 1.84-5.59, p value < 0.001) (Others: aHR = 2.67, 95% CI: 1.14-6.25, p-value = 0.024) and cART backbone (TDF+FTC: aHR=2, 95% CI: 1.21-3.32, p value = 0.007). On the contrary, a unit increase in baseline CD4+ T-cells/μL was associated with uHR=0.998, 95% CI: 0.996-0.999, p value < 0.001) reduction in attrition. See Table 4 for more information.
Discussion 
Retention in cART programs has been described as an important component of the UNAIDS 90-90-90 treatment-as-prevention strategy. Unfortunately, it is rarely evaluated in treatment programs in Eritrea (5). This study assessed attrition and associated factors in patients from a predominantly rural community in Eritrea. Notable descriptions associated with this cohort included a low mean ± SD age at enrollment, 34 ±11.2 years; predominance of females, 269(64.4%); low median CD4 + T cell count (151 cells/µL (IQR: 87-257 cells/µL) at baseline; and the large number of WHO Stage III/IV disease (230 (55%). Additional factors included the possibility that the burden of HIV/AIDS may be higher among young women who are unmarried (divorced, widowed, single), unemployed, and poorly educated. In many ways, these characteristics are consistent with existing data from multiple studies in SSA (6). In a study from Nigeria, the proportion of women, median age, median CD4+ T-cell count and the proportion with advanced disease were 66.4%, 33 years, 161 cells / mm3, and 47.1%, respectively (13). Additional studies in Zimbabwe and South Africa reported a female-to-male proportion of 59.4% and 56.1%, respectively. The corresponding median age (IQR) was 35 years (IQR: 28-42 years) and 33.5 years (IQR: 28.3-39.4 years) (14). The predominance of females in cART clinics in SSA has been attributed to multiple factors, including gender norms, which discourage men from admitting ill-health; differences in accessing diagnostic services, among others.  
Furthermore, our analysis demonstrated two unexpected trends that may partly be tied to frequency of attrition in this cohort. First, there was a steep decline in the enrollment of patients after 2010. This outcome can be explained using two, diametrically opposed but equally plausible explanations. The first is the possibility that the HIV / AID burden is decreasing in these communities. On the contrary, there is a real possibility that HIV/AIDS is underdiagnosed in northern coastal areas of Eritrea. The limited access/or opportunities for testing (particularly for men) are well-documented problems in these settings. Furthermore, fear of HIV/AIDS stigma can force some patients in small rural settlements to access HIV care in distant facilities to avoid being recognized in nearby care facilities (15).  Another interesting trend was the fact that the number of patients initiating cART with a lower CD4 + T cell count or advanced disease remained stable across policy periods. Contrary to this outcome, we expected policy changes in cART eligibility from CD4 + T cell count of ≤200 cells/mm3, ≤350 cells/µL, ≤500 cells/µL to the current ‘test and treat” era to drive CD4+ T-cell count averages upwards.     
During the 39,883 months follow-up time, our analysis uncovered 127 (39.4%, 95% CI [26-35]) attrition at an incident rate of 2.9/1000(95% CI: 2.4-3.5) PMs. Most documented cases of attrition were due to mortality (deaths, 97(93.21%) vs. LTFU, 32(7.7%)). Although the high frequency of death is difficult to match with similar studies in the overall region; the observed burden of attrition and associated rates are comparable. For example, estimates suggest that the frequency of attrition in a multi-country study conducted in Ethiopia, Kenya, Mozambique and Tanzania from 2005–2014 was 48.2% (95% CI 48.1-48.3) at 36 months post-treatment initiation (9). In Ethiopia, a systematic and meta-analytical review placed the prevalence at 29.35% (16). Additional studies in Kenya, Ethiopia, and Malawi reported comparable attrition frequencies of 33.2% [95% CI 30.2 – 36.3]); 41.8%, and 42.7% (95% CI 38.- 47.1%) (17-19). However, much higher attrition rates were reported in Guinea-Bissau (51.1/100 PY of observation) (20); and Malawi (48/100 PY of observation) (21).  
The second, and for us the most remarkable finding, is that mortality in these settings was an order magnitude higher than LTFU (6, 16, 18). In Ethiopia, the disaggregation of the attrition into specific components placed 15.17% (95% CI: 11.86-18.47) as LTFU and deaths at 6.75% (95% CI: 6.22-7.27) (16). In rural Zimbabwe, Rwanda, Nigeria, Ethiopia and Kenya, the frequencies were 4.9% (95% CI: 4.8-5.0%) (18), Multiple explanations can be invoked to explain the observed disparity. The first is the argument that mortality rates among LTFUs are generally high. In fact, some LTFU tracer studies reported > 40% deaths among those successfully traced (22). In another analysis, a tracing study in South Ethiopia reclassified ~ 50% of LTFUs as deaths (23). A logical deduction from these reports is that high frequencies of deaths may be masked by correspondingly high LTFUs. Therefore, mortality rates are grossly underestimated in cART programs with a high number of LTFUs.  
Based on our observation, we believe that this explanation cannot explain the observed disparity. Instead, these disparities can be attributed to differences in programmatic quality between referral centers in the capital city and referral hospitals in remote parts of the country. In general, peripheral cART programs in Eritrea lack adequate laboratory infrastructure for patients monitoring. Laboratory services such as virus load monitoring are only found at the National Health Laboratory (NHL) in the capital city. Patients are also managed by nonphysician nurses (Task shifting policy) who may lack adequate skills in managing patients with advanced disease (attrition rates increased with WHO staging (3.1/1000 (2.4-3.9) PM in Stage III and 5.1/1000 (2.7-9.4) PMs in Stage IV). Alternately, some ethnic communities in this region are semi-nomadic and may have lower rates of HIV testing. Additional structural factors may include greater delays in treatment, rural/urban disparities in the burden of underlying health and infectious diseases, and inadequate patient referral systems. This explanation is largely supported by a study in Kenya that noted that mortality risk associated with low CD4 + T cell count, low BMI (defined as BMI <18 Kg / m2) and pre-treatment drug resistance (PDR) was higher in a rural setting despite a similar baseline CD4 + T cell count in all locations (24). In general, our finding supports the fact that patients with advanced disease at the beginning of cART may have worse outcomes highlighting the problem as a fundamental problem in health facilities managed by non-physician caregivers (25). Furthermore, we believe that this is a longstanding challenge in lower-tier/or remote health facilities across SSA and that more data are needed to understand long-term outcomes in patients with advanced disease initiating cART in remote care facilities managed by nonphysician care providers. 
In a separate but related analysis, we showed that the high attrition levels is largely due to high incidence rates (61.3 (42.1-89.5) PMFU) in the first 6 months after initiation of treatment. This pattern has been observed in the region (19).  Kaplan-Meier estimates of overall attrition rates (deaths and LTFUs) also demonstrated a common pattern: a steady decline from high burden and rates in the first 6 months after cART initiation. In a multi-country analysis involving 884,328 PLHIV enrolled, Teasdale et al. reported an overall attrition of 38.5 (95%CI 38.4-38.6; 44.4% (95%CI 44.3-44.5), and 48.2% (95% CI 48.1-48.3) at 12, 24 and 36 months, respectively (9). 
Furthermore, the attrition rates differed with respect to address (higher in locations other than Massawa or Ghindae), religion (higher among Muslims), Ethnicity (higher among Afar, Saho, and others – Kunama, Nara). These differences highlight the potential variability across regions, depending on the socio-cultural and economic environment associated with specific ethnic groups. Understanding these group differences may provide important insights on relevant behavioral differences, including differences in health-seeking behaviour between these groups.  Rate differences were also associated with WHO clinical stage, cART backbone, NNRTI / anchor, and enrollment date. Reports from multiple cohorts in SSA have found similar associations (16, 26).
Additionally, our results are generally consistent with previous studies investigating factors associated with overall attrition in SSA. In the unadjusted Cox proportional hazards model, an increased risk of attrition was associated with age at enrolment; year of enrolment; low level of education, ethnicity, WHO clinical stage IV, baseline CD4 + T cell count and cART backbone and anchor drugs. The association between year of enrollment, ethnicity, cART backbone, and unit increase in baseline CD4+ T-cells/μL persisted in multivariable analyses. Several studies, including a meta-analysis of data from LMICs, have reported a low baseline CD4 + T cell lymphocyte count, WHO clinical stage III/IV, older age, year of enrollment, low level of education as independent predictors of attrition in cART programs (8, 19, 24). According to multiple investigators, the connection between low baseline CD4 + T cell lymphocyte count and WHO clinical stage III / IV highlights the impact of late diagnosis and cART initiation. Furthermore, elderly patients tend to have a higher mortality risk after the initiation of mortality after cART initiation. In this analysis, the association between age and attrition was not as pronounced in the adjusted model, suggesting confounding. However, age is generally considered as an important determinant of attrition (16). 
In many ways, the reported association between ethnicity (Afar Ethnic group in particular) and the use of the TDF-based regimen and attrition is difficult to explain. However, we should note that some studies in the region have reported higher attrition hazards for TDF-based baseline regimens (aHR = 1.63 (95% CI 1.20-2.20) and TDF+3TC+EFV (aHR = 9.3 (95%CI: 3.75 - 23.8) (16). Based on a number of considerations, we believe that this association is probably linked to periodic changes in preferred first-line cART regimens. It should be noted that the switch from the D4T-based regimen to the TDF-based regimen between 2010 and 2015 coincided with the highest peaks in cART initiation in the two clinics. 
Strengths and limitations of the study 
There are several strengths of this study, including the long duration of follow-up, a reasonable large sample size, and the focus on cART programs that serve rural communities in a remote part of Eritrea. Ultimately, we were able to capture information on cART programs that may be transferable to other facilities in the country. This notwithstanding, we have to acknowledge several limitations. First, retrospective study designs have a number of inherent deficiencies.  These include missing data problems. In fact, we reported on a limited number of predictors, as data was not available or complete for viral load count, presence of opportunistic infections, distance from cART facilities, disclosure of HIV status, adherence, and cause of death.   
Conclusion 
The analysis has important implications for the program response to high mortality rates in cART clinics in northern coastal areas of Eritrea. According to our analysis, the large number of deaths within 6 months after cART initiation can be largely be attributed to late presentation and gaps in the treatment of patients with advanced HIV. In addition, the study revealed a drastic drop in patient enrollment after 2010. While this trend might signify a drop in HIV incidence HIV in the region; it can also be an indication of underdiagnosis and limited access to testing among some populations. In the adjusted multivariate Cox regression model, an increased risk of attrition was associated with the year of enrolment; ethnicity; cART backbone and baseline CD4+ T-cells. Taken together, there is an urgent need to implement interventions that address multiple forms of attrition. In particular, the quality of treatment for patients with advanced HIV requires special attention. This can be achieved by developing and implementing effective differentiated HIV care services. Enhancing access to laboratory services, skill improvements among care providers, strengthening community programs aimed at increasing early HIV diagnosis and initiation of cART will also be required. Finally, operational research, including qualitative and quantitative studies aimed at exploring the reasons behind LTFU, might be warranted. 
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PLWHA who enrolled in Masswa and Ghindae Hospitals since 2005 
N= 464


Massawa Hospital's enrollees 
N= 388


Ghindae Hospital's enrollees 
N= 76


Patients exluded due incomplete data,       N=39 (10.1%)


Included patients from Massawa Hospital,  N=349 (89.9%)


Patients excluded due incomplete data,           N=7 (9.2%)


Included patinets from Ghindae Hospital,      N=69 (90.7%)


Alive and on  follow-up, N=197 (64.4%)
Transfer out, N=42 (12%)


Alive and on follow up, N=45 (65.2%)
Transfer out, N=5 (7.2%)


Dead, N=79 (22.6%)
Lost-to-follow up,      N=31 (8.9%)


Dead, N=18 (26.1%)
Lost-to-follow up,         N=1 (1.4%)
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