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Abstract
Introduction: The retention in care of patients undergoing antiretroviral therapy (ART) is a cornerstone for preventing AIDS-
associated morbidity and mortality, as well as further transmission of HIV. Adherence to ART poses particular challenges in
conflict-affected settings like the Central African Republic (CAR). The study objective was to estimate the rate of lost-to-
follow-up (LTFU) and determine factors associated with LTFU among patients living with HIV under ART in CAR.
Methods: A retrospective cohort analysis was conducted using data from patients being managed at 42 representative ART
dispensing sites (i.e. management of ≥200 patients) in the seven health regions of CAR which started ART between January
2019 to September 2021 and followed up to December 2021. The outcome of LTFU was defined as a failure of a patient to
attend a scheduled ART refill appointment for at least 90 days from the last appointment. Patients were censored at the first
LTFU event.
Results: A total of 6844 patients enrolled in ART care were included in the analysis, of whom 67.5% were females. The mean
age (standard deviation) was 35.3 years (10.5). Forty-two per cent (n = 2874/6844) had an LTFU event during the follow-up
period. However, 23.2% (n = 666/2874) returned to care after LTFU. Overall retention in antiretroviral care at 12 months
was 64.2% (CI 63.0−65.5), which ranged from 76.1% in the capital to 48.2% in the inner country region. Risk factors related
to LTFU were being male (adjusted hazard ratio [aHR] 1.33; CI 1.1−1.5), age < 25 (aHR 1.46; CI 1.1−1.9), living in regions
outside the capital (aHR 1.83; CI 1.6−2.3) and undernutrition (aHR 1.13; CI 1.0−1.3).
Conclusions: Retention to care in CAR is suboptimal, especially in the inner country. Our results underline the difficulties
involved in retaining patients in ART in complex settings, the interplay between poor retention, social unrest, stigma, food
insecurity and HIV epidemic control, and the need for tailored programming and interventions like differentiated treatment
strategies and complementary food provision.
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1 INTRODUCT ION

AIDS-related mortality has dramatically declined since 2010
in middle- and low-income countries, especially in sub-Saharan
Africa, where most HIV cases still occur [1, 2]. This decline
in mortality has been attributed to the scale-up of antiretro-
viral therapy (ART) coverage [1, 2], fostered by several and
more recent strategies which have contributed to improved
HIV care. These include the introduction of new testing
and access-to-care strategies, ART delivery through differen-
tiated service delivery and new antiretroviral (ARV) formula-
tions, like the recent inclusion and scale-up of dolutegravir
as first-line ART. However, in recent years, there has been

an observed slowdown in key indicators of progress [1, 2].
This is due to remaining structural barriers that may not be
addressed by these interventions [3]. These barriers are char-
acteristic of populations that are harder to reach (e.g. youth,
mobile populations, etc.) and/or may respond to contextual
factors (geographic, social, cultural or political) that are spe-
cific in different countries and may also vary by region. Fur-
thermore, in fragile contexts, progress can be easily set back
by political or social instability, or natural disasters. Difficulty
to deliver ARV may be further exacerbated by individual-level
factors. These factors include stigma, cultural beliefs or the
impact to mental health of structural factors like violence and
poverty (i.e. post-traumatic stress, anxiety and depression) [4].
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This scenario accurately reflects the situation in the Central
African Republic (CAR), a country characterized by ongoing
political and social instability with historical roots in the colo-
nial period [5, 6]. Access to health services may be severely
limited depending on the region in CAR [7]. As a result, the
CAR ranks 188 among 191 countries in the human develop-
ment index [7] and has some of the poorest health indicators
in the world. Maternal mortality is about 835 per 100,000
live births [8], with a rate as high as 2525 per 100,000 live
births in some regions [9]; and the under-five child mortal-
ity rate is the sixth highest in the world [10]. Food insecurity
is widespread which affects nearly half (47%) of the popula-
tion [11]. The political situation has remained highly volatile in
recent years, leading to chaos and paralysis of the health sys-
tem throughout the country, including the capital, Bangui [12].

These health system challenges compound the capacity for
CAR to ensure patients receive and adhere to ART. Sustained
viral load suppression is needed to reduce HIV transmission
and requires consistent adherence to ART in order to reduce
AIDS-related morbidity and mortality [13–17]. To date, reten-
tion to ARV treatment has not been well characterized in
CAR. The objective of this study was to determine the rate
of lost-to-follow-up (LTFU) and to investigate factors associ-
ated with LTFU among people living with HIV (PLHIV) receiv-
ing ART in CAR.

2 METHODS

2.1 Study setting

The CAR has a population of about 6.1 million people.
The estimated HIV prevalence in the CAR is 2.7% in 2022
(95% CI 2.2−3.3) [18] which represents approximately 88,000
PLHIV, of whom 55,345 (62.9%) have initiated ART [18]. The
health sector in CAR has been organized into seven health
regions, with most of the population living in health region 7
which includes the capital Bangui and surrounding districts,
followed by the south-western regions (health regions 1, 2
and 3).

The distribution of the number of PLHIV receiving ART
across 99 dispensing centres by health region are shown
in Figure 1. Of note, health region 7 includes 27 ART refill
centres which provides treatment for 46.2% of the national
PLHIV cohort, whereas health region 5 covers only three cen-
tres and provides care for only 3.3% of PLHIV receiving ARV.

2.2 Study design and population

A retrospective cohort study was conducted using data from
patients being managed at 42 representative ART dispensing
sites in the seven health regions of CAR. Specifically, health
centres that managed at least 200 patients were targeted for
study inclusion. These ART dispensing sites represent about
80% of the total PLHIV cohort in CAR. However, centres with
lower PLHIV cohorts were also included at convenience (i.e.
if they were located along the routes to reach the primarily
chosen centres). At last, 15% of eligible patients were ran-
domly selected from patient records in selected centres. The
study period spanned from 1 January 2019 to 31 Decem-
ber 2021. Patients were eligible for analysis if they initiated

ART between January 2019 and September 2021 and were
≥13 years old, therefore, patients had at least 90 days of
follow-up to the end of the study period on 31 December
2021 (cohort close-up date). Participants were censored at
the first LTFU event. The test-and-treat strategy to HIV/AIDS
was implemented in CAR in 2018, therefore, the date of first-
line ART initiation is the same as the date of HIV diagnosis
and was considered the index date. An additional geospatial
analysis was conducted with the cohort in the capital, Bangui,
to test if PLHIV taking ART were attending the most accessi-
ble ARV refill centres.

2.3 Data collection

The following de-identified data were extracted from the
patients’ drug dispensing records for analysis: gender, age at
ART initiation, body mass index (BMI), distance to healthcare
facility, health region, WHO Clinical Stage (I−IV) at ART
initiation, date of ART initiation and attendance dates for ART
refills. As per standard of care, ART refills were scheduled
monthly or multi-month depending on the length of the ARV
dispensed refill given to the patients when they attended
clinic.

2.4 Outcome definitions

An LTFU event was defined as a failure of a patient to attend
a scheduled ART refill appointment for at least 90 days (i.e.
three consecutive monthly refill appointments missed) [19].
Retention to treatment was defined as not having had any
LTFU event during the follow-up period. Return to care (i.e.
reengagement with ARV treatment) was defined as a return
to an appointment following an LTFU event (i.e. defined as a
gap between refill appointments of >90 days).

2.5 Statistical methods

Descriptive summary statistics (mean, median, standard devi-
ation [SD], interquartile range for continuous variables; and
number and proportion for categorical variables) was used to
describe patient characteristics.

Chi-squared test or Student’s t test were used to compare
categorical or continuous variables, respectively, or their non-
parametric alternatives when necessary (Fisher’s exact test
or Wilcoxon test) and sign rank test for paired data. Proba-
bility of retention in ARV care was estimated using Kaplan-
Meier (KM) survival methods. KM curves were plotted and
cumulative probabilities at 6, 12 and 24 months following
index date were estimated. Patients were censored if they
were LTFU. Attrition from ARV care was based on a minimum
follow-up time of 6, 12 and 24 months. The proportion of
attrition patients correspond to the number of patients not-
maintaining ARV treatment at the end of the studied time-
lapse. Smoothing using spline extrapolation with eight knots
were estimated to identify trends and peaks of LTFU rates
during the follow-up period. Rates of LTFU per 1000 persons-
month and 95% confidence interval (CI) were estimated. To
evaluate factors associated with LTFU, Cox regression mod-
els were constructed. Variables significant in univariate anal-
ysis were entered into a multivariate model; and hazard ratios
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Figure 1. Health regions (here “HR”) of the CAR, number of PLHIV enrolled in care in 2021 and % included in the study sample.1

* Health region 7, centred around the capital city Bangui, includes 18 sampling sites.
1 In brackets, we indicate the number of ARV refill centres in each health region.

(HR) and 95% CI were calculated. A p-value ≤0.05 was con-
sidered statistically significant.

To map the residence of PLHIV in the capital Bangui,
ARV refill centres and the Euclidean distance between them,
we employed geographic information systems using ArcGIS
10.8.1 software.

2.6 Ethical issues

All data collected were de-identified and anonymized by
assigning a unique study identifier. Consent from patients was
waived as data were anonymized before analysis. The study

received ethical approval from the CAR Ministry of Health
and Population’s Comité National d’Éthique (reference num-
ber 074/MSP/DIRCAB/DEGELM/LMT).

3 RESULTS

3.1 General description

Table 1 describes the study sample overall and by health
region. A total of 6844 ART patients met study inclusion crite-
ria for analysis, of whom 41.3% (N = 2825) initiated ART care
in 2019, 36.6% (N = 2507) in 2020 and 22.1% (N = 1512) in
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2021 (up to September). Overall, the mean age at ART initi-
ation was 35.3 years (SD 10.5), and two-thirds were females
(67.5%) which were younger than males (33.8 vs. 38.5 years;
p<0.001). About 18% of patients were <25 years at ART
initiation. About 28% of patients did not have WHO Stage
data available. Among those with stage recorded, one-quarter
(27.3% = 1343/4920) had WHO Advanced Stage (III−IV).
Most patients with BMI data available were underweight (i.e.
suggestive of malnutrition) with 46.6% (= 1105/2372) having
a BMI < 18.5 kg/m2. Most patients lived within <5 km of the
health centre (42.6% = 2704/6328).

Generally, patient characteristics were broadly similar
across health regions by age and sex. In comparison to other
health regions, health region 6 had the lowest proportion of
patients with WHO Advanced Stage III and IV (13.7%) and
health region 7 had the highest (33.6%). Health region 5 had
the highest proportion of patients who were underweight
with a BMI <18.5 kg/m2 (58.4%), whereas health region 3
had the lowest (27.3%). Participants with missing were similar
in terms of age, sex distribution and year of initiation to the
rest of the sample (p>0.05).

3.2 Retention outcomes, LTFU rates incidence
and associated risk factors

In total, we observed 7298 person-years of follow-up and
2874 LTFU events. Table 2 summarizes the rates of LTFU,
return to care and retention in ART care and attrition. Over-
all, 42% of patients were LTFU during the study period and
this ranged from 31.4% in health region 7 to 58.1% in health
region 4. However, 23.2% returned to care after LTFU and
this ranged from 12.3% in health region 3 to 28.1% in health
region 7. Median time to return to care after LTFU was 3.5
months overall. Retention in care was estimated at 75.7% (CI
74.7−76.7), 64.2% (CI 63.0−65.5) and 48.3% (CI 46.8−49.8)
at 6, 12 and 24 months. Retention was lowest in health region
4 at 24 months (24.5%; CI 18.6−30.7) and highest in health
region 7 (61.6%; CI 59.0−63.4). Attrition estimations was of
25.2%, 35.8% and 45.8% for patients with at least 6, 12 and
24 months of follow-up time, respectively. Similar trends were
observed across all regions. Figures 2a−g show the KM pro-
jections of patient retention and smoothed rate estimates of
LTFU by health region.

Table 3 describes the rates of LTFU and crude and adjusted
hazard ratio estimates of factors associated with LTFU. The
rate of LTFU was estimated at 32.8/1000 persons-month (CI
31.6−34.0). The highest rate of LTFU was in health region
5 (56.6 per 1000 person-months; CI 50.2−63.8) and 6 (56.4
1000 person-months; CI 49.2−64.7) and was the lowest in
health region 7 (21 per 1000 person-months; CI 19.6−22.5).
In univariate analysis, being male, younger age (age ≤35
years), having an underweight BMI <18.5 kg/m2, living >15
km away from the healthcare facility and attending a health-
care facility other than health region 7 were associated with
higher rate of LTFU.

Risk factors associated with an LTFU event after adjust-
ing for these factors were being male (adjusted hazard ratio
[aHR], 1.33; 95% CI 1.1−1.5), being < 25 years old (aHR 1.46;
CI 1.1−1.9) and between 26−35 (aHR 1.25; CI 1.0−1.6) com-
pared to patients older than 45 years, living outside health

region 7 (pooled aHR 1.83; CI 1.6−2.3) and fulfilling criteria
for underweight (aHR 1.13; CI 1.0−1.3). Living further than
15 km from the refilling centre (HR 1.25; CI 1.1−1.4) at ART
initiation was not associated with increased LTFU risk after
adjustment.

3.3 Geographical analysis of health-seeking
behaviour in the capital Bangui

Figure 3 shows the geographical analysis of health-seeking
behaviour in the capital (Bangui). The analysis was able
to determine the neighbourhood of residence of 72.8% (=
1897/2605) of participants living in the health region 7.
According to the Euclidean estimation between neighbour-
hood of residence and ARV dispensing centres, the median
distance to the ARV refill centre was 3.6 km (IQR 2.2−5.5),
whereas the median distance to the closest centre was of 1.6
km (IQR: 0.8−1.8; p<0.001 for paired data). Only 214 (11.3%)
of georeferenced patients attended the closer ARV refill cen-
tre. The geospatial localization of participants respective to
the refill centres shows a clear exocentric pattern (Figure 3).

4 D ISCUSS ION

We observed a suboptimal retention in treatment rate of
PLHIV in the CAR with rate which was lower than that found
for other cohorts in sub-Saharan Africa (64.2% vs. 76.8%
retention at 12 months, respectively) [20]. However, a siz-
able proportion of patients who were LTFU returned to care
(23.2%). Individual-level risk factors associated with LTFU
were similar to those observed in other sub-Saharan cohorts
(young, being male, living in non-urban areas, undernutrition)
[21–30]. The reasons behind these risk factors have been pre-
viously discussed and are consistent with other studies con-
ducted in sub-Saharan Africa. For instance, advanced HIV dis-
ease at diagnosis has been associated with poor retention
in care, and a low BMI score has been considered a surro-
gate for advanced disease in the absence of CD4 determi-
nation [31]. However, we hypothesize that in the CAR this
could be due to a reverse causality effect. People with food
insecurity, and therefore, at risk of malnutrition, prioritize the
use of scarce resources to seek food or to work on farms
rather than to attend ARV refill centres [32, 33]. This might
explain the higher rate of LTFU among those who have a
lower BMI in our study. Furthermore, the CAR has one of
the region’s poorest road networks, making moving around
the country extremely difficult (and this situation is worsened
by the insecurity conditions), and the costs associated with
transportation among the poorest populations may be over-
whelming [33]. Another causal pathway between undernutri-
tion and non-adherence (and retention) is the fact that pill-
taking can be difficult on an empty stomach (e.g. due to nau-
sea). According to care providers, this is a common complaint
among PLHIV in the CAR and has been observed elsewhere
[34]. Considering that food insecurity is widespread in the
CAR [11], this condition may well be an important driver of
LTFU.

A second particular driver of LTFU may be the high
degree of stigma experienced by PLHIV in CAR [35], a well-
documented impediment to retention in care [3, 36]. In the
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Figure 2. (a−g) Kaplan-Meier estimates (black lines) of the cumulative probability of patient retention in antiretroviral treatment (ART) by
health region (here, “HR”) and smoothed rate estimates of lost to follow-up stratified by health region (red lines). Rates are expressed in 1000
persons-month.
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Figure 3. Geospatial localization of persons living with HIV (PLVIH) living in Bangui under antiretroviral treatment (ART) respective to the refill
centres; drafted lines link patients or cluster of patients with the respective refill centre.1

1. Each start line indicates the centroid of the neighbourhood where patients are living. Lines represent the Euclidean distance between the
ARV refill centre where these patients are followed up and the neighbourhood of residence. Lines width correlates by the number of patients
included in each node (see the legend).
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local lingua franca (Sango), there is a specific term commonly
used to indicate a PLHIV (“kanga na pelle”), which means “man
walking to death” [37]. This expression denotes the fact that
such persons are systematically shunned and denied basic
rights in CAR. Patients might abandon treatment due to fear
of being stigmatized or they will seek care further away from
the closest healthcare facility to their home, as suggested by
the geospatial analysis of patients in Bangui (Figure 3). These
observations are consistent with other studies that show
PLHIV tend to travel farther to the health centres to maintain
confidentiality [38, 39]. It should be noted that PLHIV have
the right to freely choose their care facility in CAR. Other-
wise, we would expect that patients living further than 15 km
are less compliant than those living closer to the ARV refill
centres. One of the explanations of this lack of association in
the adjusted analysis is that patients tend to avoid the closer
refill centres due to stigma. Or alternatively, those living far
away from the refill centres did not have even the possibil-
ity to access to HIV screening and care. In other words, those
accessing ART who live more than 15 km were only particular
individuals with higher motivation or with more resources to
reach the refill centres or are seeking for confidentiality. This
health-seeking behaviour pattern may hamper the expected
benefits of any decentralized strategy [40].

Lack of access and mobility by any reason is a promi-
nent risk factor for treatment interruption throughout sub-
Saharan Africa [41]. This might explain the high instability of
the cohorts from regions 4 and 5 which are the more conflict-
prone in CAR [12], as suggested by the irregular shape of
smoothed rate estimates of LTFU compared to other regions
(Figures 2a−g). It is of interest to note that in health region
4 most PLHIV who are receiving ART (up to 70%) live within
5 km of their refill centres (Table 1), in stark contrast with
other regions. Given that this area is the most unstable region
in CAR, this suggests that only people living near their refill
centre feel safe enough to access ARV treatment regularly.
Of note, LTFU associated with voluntary or forced mobility
might be an indicator of further transmission of HIV [42–45].
As of April 2023, the internally displaced population in CAR
due to violence is calculated to be around 489,000, while
some 742,000 citizens are refugees in neighbouring coun-
tries [12]. Another prevalent factor in CAR is the widespread
presence of informal mining sites which attract mainly young
and mobile populations [46] and might be an important driver
of LTFU there and are in turn hotspots of HIV transmission
[47–50]. Given these numbers, the interplay between mobil-
ity, underlying factors, HIV risk acquisition and LTFU deserves
further consideration in CAR. The key role played by popula-
tion movements in the epidemiology of HIV has been exam-
ined in detail elsewhere for Namibia [51] and Botswana [52,
53].

There is no question that mitigating some contextual fac-
tors such as achieving a degree of politico-social stability
would positively impact on HIV prevention and control. Unfor-
tunately, this is not likely to happen in the CAR in the short-
term. In the meantime, certain actions could be implemented.
Provision of ART to displaced people in humanitarian cri-
sis has been demonstrated to be feasible [54, 55]. The non-
governmental organization Doctors Without Borders (MSF)
has tested several novel strategies for the administration of

ARVs in conflict situations with a certain degree of success
in terms of viral load suppression [56, 57]. The integration
of food distribution programmes with ARV provision makes
sense given the high prevalence of food insecurity [11] and its
links with LTFU [58]. This supplementation programme could
increase the success of therapy overall and decrease AIDS-
related and non-AIDS-related mortality among PLHIV [59].
Finally, long-lasting injectable ARVs have demonstrated their
effectiveness in recent clinical trials in sub-Saharan Africa [60]
and may play an important role in the future [61], but the fea-
sibility of implementation in contexts like the CAR still needs
to be evaluated.

Various limitations need to be considered. Firstly, retention
to care (picking up the ARV pills) might not fully correlate
with adherence to ARV (effective regular intake of ARV pills).
A significant number of PLHIV might be in retention to care
but are not adherent to ART, as reported by care providers.
Secondly, there is no electronic health record system which
would allow cross-checks of patients attending health centres.
In addition, there is no reliable vital data registry system in
the country. Therefore, the proportion of patients with LTFU
who had in fact died, or had self-transferred to another clinic
or whose transfer was not registered could not be determined
in this study and might result in a larger number of LTFU. Fur-
thermore, LTFU incidence in a given ARV refill centre may be
driven by clients seeking confidentiality (as suggested by the
geospatial analysis), or other factors that have not been eval-
uated, like the quality of the service provided.

Causes underlying death or transfers may be similar to
those underlying LTFU (fear of stigma and any mobility cause
by itself). In a pooled analysis from cohorts in sub-Saharan
Africa, Zürcher et al. found that 34.2% of LTFU were due to
unreported deaths and 23.9% undocumented transfers [62].
Similarly, Wilkinson et al. found that 18.6% of undocumented
transfers and 38.8% of deaths in those LTFU [63]; and Cham-
martin et al. reported 14.8% of unnoticed transfers and 21.8%
of deaths among those who could be traced [64]. However,
these analyses did not consider the time effect, which may
increase the rate of mortality among those LTFU over time
since they abandoned ARV treatment and died of an AIDS-
related cause. Therefore, mortality could be considered as
the fatal outcome of LTFU rather than the cause of LTFU in
most of these cases. Overall, these results point to an over-
estimation of the number of PLHIV on ART as well as under-
estimates of retention in care rates in our study.

The study had some bias in the sampling frame process.
Centres with smaller cohorts were not included, especially
those residing in the rural countryside. These centres tend to
have higher rates of LTFU [28]. Finally, a handful of patients
under 6 multi-month dispensing regimen could not have been
monitored until the end of the follow-up period. Not signif-
icant differences with the current results were found when
considering at last 6 months of follow-up (cohort censorship
on 30th June 2021, data not shown).

5 CONCLUS IONS

This study underlines the difficulties involved in ARV in com-
plex settings and the interplay between poor patient reten-
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tion, mobility and other contextual factors like social unrest,
stigma and food insecurity, but also the need for tailored
programming and interventions to mitigate these factors and
ensure the provision of ARV to PLHIV in such difficult con-
texts. Previous studies have demonstrated the potential of
various strategies to address the kinds of problems particular
to conflict-fraught areas like the CAR.
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