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Abstract 

Background: Good adherence to antiretroviral therapy (ART) and retention in care are essential for the effective-
ness of an HIV care program. With the current increase in numbers of people living with HIV taking second-line ART 
in sub-Saharan Africa, there is a need to establish their treatment outcomes and the rate of loss to follow up. In this 
study, we determined the incidence and predictors of loss to follow up among patients taking second-line ART at an 
experienced HIV treatment center in southwestern Uganda.

Methods: This was a retrospective review of an electronic database at Mbarara Regional Referral Hospital HIV clinic in 
southwestern Uganda. Second-line ART included at least two of the nucleoside reverse transcriptase inhibitors and a 
boosted protease inhibitor. Loss to follow-up was defined as failure to return to the health facility for care or treatment 
refill for 180 days or more from the previous visit. After excluding children less than 15 years, we pooled data that 
included socio-demographic, clinical, and laboratory data for patients who started second-line ART between 2002 
and 2017. Multiple imputation was done for variables with missing data. Variables that had a p < 0.05 in unadjusted 
bivariate analyses were included in a multivariate binomial regression model using a stepwise backward selection 
procedure to describe the factors that independently predicted loss to follow-up.

Results: Between 2002 and 2017, 1121 patients had been initiated on second-line ART. We included data from 924 
participants and of these, 518 (56.1%) were female, the mean age (SD) was 38.4 (± 10.5) years, and 433 (52.4%) had 
a CD4 count less than 100 cells/µl at the start of second-line ART. The incidence of loss to follow-up was 26.7 per 
100 person-years. Male gender (Adjusted risk ratio (ARR) = 1.8, 95% CI 1.5–2.0) p < 0.001 and anemia ARR 1.4, 95% CI 
1.1–1.6) p < 0.001 were strongly associated with loss to follow up.

Conclusions: There is a high incidence of loss to follow up among patients taking protease-inhibitor based second-
line ART at a tertiary HIV center in southwestern Uganda. There is a need to routinely measure hemoglobin during 
clinic reviews, and establish mechanisms to retain males initiated on second-line ART in care. The association of ane-
mia and loss to follow up needs to be investigated.
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Introduction
The global prevalence of HIV is declining with the 
majority of new infections due to the unmet HIV con-
trol measures among the key populations [1, 2]. By the 
end of June 2020, approximately 26 million people liv-
ing with HIV (PLWH) were on antiretroviral therapy 
(ART) worldwide and despite the global scale-up of 
ART, there were an estimated a million deaths due to 
AIDS-related illnesses [1]. Currently, Uganda has a 
national HIV prevalence of 6.2% with the southwestern 
region having the second highest prevalence of HIV in 
the country at 7.9%. ART coverage is at 90.4%, and the 
overall viral suppression is at 59.6% [3].

Expansion of HIV viral load testing (virological moni-
toring) has led to early detection of treatment failure, 
and an increase in numbers starting on second-line 
ART [4]. This has resulted in an escalating need for 
second-line therapy which is expected to rise to three 
times the current state by 2030 [5]. While ART signifi-
cantly improves life expectancy and reduces mortality 
among PLWH [6], its effectiveness is hindered by loss 
to follow up which is estimated to be between 25 and 
62% in sub-Saharan Africa [6–9].

Studies have shown that LTFU is indeed a major chal-
lenge for ART programs in resource-limited settings 
because it is associated with treatment disruption, 
subsequent ART failure, and mortality [9, 10]. Loss 
to follow-up of PLWH has negative impacts on their 
immunological status and increases their chances of 
suffering from opportunistic infections which is costly 
to the public ART programs that are already battling 
limited resources. Since protease-inhibitor (PI) based 
second-line ART is costly and not readily available 
to most treatment centers in Uganda, failure on this 
class of drugs will increase the risk of mortality due 
to opportunistic infections [6, 9] or progression to the 
current last resort which is third-line ART that is much 
more expensive than second-line ART [10, 11]. Failure 
on potent regimens and increased demand for subse-
quent regimens that are costly or not available reduces 
the chances of achieving the last 90′ and HIV eradica-
tion by 2030. Different studies have shown that factors 
associated with loss to follow-up include; gender [7, 9, 
12], adolescent age [13], marital status [14, 15], time 
and distance from the health facility [15], occupation, 
and low socioeconomic state [16]. These studies, how-
ever, included all patients on ART hence the need to 
establish factors that predict loss to follow of patients 
on second-line ART.

This to our knowledge has not been done in Uganda 
and would inform our daily clinical practice about 
which patients on PI-based regimens would benefit 
from active follow up.

We, therefore, sought to determine the one-year 
incidence rate of loss to follow-up, and to explore the 
socio-demographic factors and clinical characteristics 
associated with loss to follow up among patients taking 
second-line ART at a tertiary HIV clinic.

Methods
Study design, setting and population
This was a retrospective study was conducted at Mbar-
ara Regional Referral Hospital (MRRH) which is located 
in the Mbarara Municipality, about 260 km from Kam-
pala, the capital city of Uganda. MRRH serves as the 
teaching hospital for Mbarara University of Science 
and Technology and has been a model HIV case center 
since 2003. The clinic provides both pediatric and adult 
HIV care services to over 4 million people from south-
western Uganda [17]. This clinic has provided care to 
approximately thirty thousand patients since its incep-
tion. In this clinic, patients are counseled at the time 
first-line ART is initiated, followed up and further 
adherence counseling done before they start second-
line ART. Patients starting a new ART regimen are usu-
ally given monthly drug refills for the first six months 
and adherence is monitored by using self-reported and 
electronic adherence calculation, using the pill count 
method. Patients’ information at this HIV clinic was 
previously documented only on paper but, currently, all 
patient information is stored in an Electronic Medical 
Records system (MRS) which started in 2007. All infor-
mation that was previously stored in paper files had 
been transferred to the database. The paper files are 
still used as daily clinical review forms and data from 
these files is entered into the open MRS by qualified 
data personnel. The team performs routine data quality 
control procedures and all queries are corrected within 
24  h. We pooled data, from adolescents and adults 
(> 15 years) living with HIV who had evidence of failure 
on first-line ART and had been started on second-line 
ART between 2007 and 2016, with a maximum follow-
up of one year. Patients who were taking second-line 
ART but had never taken first-line ART were excluded. 
We also excluded patients that had been taking second-
line ART, but later switched to first-line ART.
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Variables
In our study, individual patient-level data were pooled 
from the MRS. We were interested in socio-demographic 
variables like age, gender, marital status, patient category 
(transfer in versus original cohort), religion, level of edu-
cation, and the number of dependants including children.

The clinical variables included the commonly diag-
nosed opportunistic infections at this clinic and these 
are; Tuberculosis, Kaposi’s Sarcoma, and Cryptococcal 
meningitis [18]. Laboratory variables included the val-
ues obtained from the complete blood count, such as 
the hemoglobin count and total lymphocyte counts. We 
included these two basing on previous studies that had 
identified anemia and total lymphocyte count as predic-
tors of treatment outcomes in patients with HIV [1]. CD4 
T cell count recorded had been measured using either 
standard flow cytometric methods (Coulter Epics Cytom-
eter, Backman Coulter, Brea California) or a point of care 
PIMA-CD4 analyzer machine (Alere Waltham MA).

Data Extraction procedures
We pooled data that included all the baseline variables of 
interest at the start of second-line ART. Since our HIV-
clinic data is an open MRS database, we integrated Struc-
tured Query Language (SQL) in STATA version 15 to run 
over the database and compile patients who were on PI-
based second-line ART and above 15  years. These were 
then transferred to a separate STATA (Stata Corp, Col-
lege Station, Texas, USA) do-file. We again used the SQL 
language to generate variables which we needed to have a 
cleaner do-file with only participants that were meeting 
our inclusion criteria.

Definition of endpoints
The primary outcome was loss to follow-up. Switch to 
second-line ART was defined as changing at least one of 
the nucleoside reverse transcriptase inhibitors in the ini-
tial first-line regimen and adding a protease inhibitor to 
the regimen. Our time zero was the date of initiation of 
second-line ART. We evaluated the first 12 months of the 
patients on second line ART, where day-zero was the first 
day of starting a P.I-based regimen. Loss to follow-up in 
this study was defined as failure to return to the health 
facility for care or treatment refill for a period of 180 days 
basing on the previous definitions of loss to follow-up in 
an HIV-infected population [20].

“Transfer-out” patients were those who had been 
documented as transferred from the MRRH-HIV clinic 
to another HIV treatment facility, whereas death was 
defined as the recorded death in the first year of taking 
second-line ART.

Ethical consideration
This work was done after acquiring all the necessary ethi-
cal approval from the Mbarara University of Science and 
Technology (MUST) research and ethics committee, 
the MRRH Director, and the Uganda National Coun-
cil of Science and Technology (UNCST). We received a 
waiver of consent since this was a retrospective review 
of patients’ records. All data were de-identified and the 
MRRH HIV clinic identification numbers were replaced 
with our study-generated identification numbers.

Analysis
Since the data was generated into Stata version 15 during 
extraction, we used the same software for analysis. Cat-
egorical variables were expressed as proportions whereas 
continuous variables were expressed as means with a 
standard deviation if normally distributed and, median 
with an inter-quartile range for skewed data to describe 
sociodemographic, clinical and laboratory characteristics 
at the start of second-line ART.

For the incidence rate, we calculated every partici-
pant’s person-time in years, and parameters were given 
a 95% confidence interval for reliability of our results. 
The cumulative incidence was calculated as a percent-
age where, the numerator was the patients who were lost 
to follow-up within 12  months from the day of starting 
P.I-based second-line ART, whereas the denominator 
included all those who had been switched to a second-
line ART regimen and completed at least one year on 
second-line ART (Including those lost to follow up, dead, 
transferred out and those active in care). We used the 
baseline demographics, clinical examination findings and 
laboratory values like CD4, hemoglobin and total lym-
phocyte count to generate factors associated with LTF 
using a binomial regression model.

Because we used secondary data, we had variables with 
missing data. We used the mdesc command to establish 
the proportion of missing data for each variable. Vari-
ables that had more than 30% of missing data were not 
included in the regression model.

We assumed that the missing data was missing at ran-
dom (MAR), since it had been collected on paper files 
prior to being entered in the database. Also, the clinical 
case forms had been updated over the years with intro-
duction of new variables that were missing in the old 
cohort of patients. We multiply imputed missing values 
using variables with missing data with those that had 
complete data [21]. We identified potential auxiliary 
variables and included them in our imputation model 
to improve the quality of all imputed variables [22]. 
Since we had a sufficient sample size, we implored the 
data augmentation (DA) algorithm of the Markov Chain 
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Monte Carlo (MCMC) procedure to fill in missing data 
[23]. Imputed procedures used chained equations with 
10 repetitions [24].

In a binomial regression model, we set up the analy-
sis so that for each variable, the reference category was 
that which we hypothesized to have the lowest risk of 
loss to follow up. For example, having Stage one HIV was 
thought to be associated with retention into care, thus 
used as the reference range for that category. Variables 
that had a P-value less than 0.05 in the bivariate analysis 
were included in the multivariate analysis using a bino-
mial regression model that was performed in a backward 
stepwise selection method to determine significant inde-
pendent predictors of loss to follow up. Adjusted risk 
ratios with associated 95% confidence intervals were cal-
culated. Factors that had a p value of 0.05 were consid-
ered to be significant.

Results
Of the 1121 participants who had been initiated on 
second line ART since 2007, 924 (82.4%) met the study 
inclusion criteria (Fig.  1). Of these, 716 patients were 
active in care, 17 had died, 22 transferred out and 169 
lost to follow-up (Fig. 2).

Baseline characteristics
Of the participants that met our inclusion criteria, 
517 (56.1%) were females, the mean age (± SD) of the 
included patients was 38.4 ± 10.5  years. Majority of 
the participants were between 35 and 49  years of age 
at the start of second-line ART. The median CD4 count 
(IQR) at starting second-line ART was 95 cells/µl (IQR 
48–195) for all participants.

29,000 pa�ents’ records reviewed  

1121 pa�ents on second 
line ART

924 records analyzed   

139 had not completed a year on 2nd line 
ART 
42 had an unknown 2nd  line start date 
11 had been switched back to first line 
5 had no information about their 
baseline characteristics 

27,876 on First 
line ART  

3 on Third line
ART

169 Lost to follow up 
17 Died 
22 Transferred out  
716 Active 

Fig. 1 Study flow diagram
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We created CD4 categories and 433 (52%) had CD4 
count less than 100 cells/µl at the time of starting sec-
ond line ART. The other baseline characteristics are 
displayed in Table 1.

Loss to follow up
The incidence rate of loss to follow up one year after 
switching to a second-line ART regimen was 26.7 
per 100 person-years after a total follow up time of 
617  years. One hundred and sixty-nine (169) 18.3% of 
the 924 participants enrolled in our study were lost to 
follow up.

Factors associated with loss to follow up
In bivariate analysis, variables that had a p-value of 
less than 0.05 were included in a multivariate binomial 
regression model as shown in Table  2. In multivari-
ate analysis, Males had an 80% risk of dropping out of 
care when compared to females (adjusted risk ratio, 1.8; 
95% C.I, 1.5–2.0 p < 0.001), and in patients with ane-
mia (hemoglobin level less than 12  g/dl for males and 
less than 13 g/dl for females), the risk of loss to follow 
up was 40% (adjusted risk ratio, 1.4; 95% C.I, 1.1–1.6 
p < 0.001). Patients who started ART after 2006 were 
more likely to be retained into care (adjusted risk ratio 
0.6; 95% C.I, 0.5.0.7 p < 0.001). Despite the wide confi-
dence intervals, patients with a normal and high body 

mass index were more likely to stay in care compared to 
those that were underweight (Table 2).

Discussion
In developing countries, loss to follow-up is a major 
setback to treatment success and complicates the eval-
uation of an HIV care program. This study sought to 
determine the incidence and predictors of early loss 
to follow-up in patients taking PI-based second-line 
ART. We found that the incidence of loss to follow-up 
was 26.7 per 100 person-years and the factors associ-
ated with LTF were; male gender, anemia (hemoglobin 
level less than 12  g/dl for males and less than 13  g/
dl for females), and history of cryptococcal menin-
gitis at the start of second-line ART. These are high 
figures compared to a South African cohort study 
where the loss to follow up in one year among patients 
on second line ART was 10.2% [25]. In Wakiso, cen-
tral Uganda, the loss to follow-up rate at a small HIV 
clinic was 21 per 1000 person-years [16]. The differ-
ences in the incidence may be due to the differences 
in facility setting. In central Uganda, which is also the 
business district of Uganda, majority of the HIV treat-
ment clinics are centers of excellence where patients 
easily access the health facility, have good follow-up 
mechanisms and often have treatment partners that 
support drug adherence. Our study was conducted at 
a tertiary center that serves a large population in rural 
southwestern-Uganda, where patients travel for long 
distances to access care. It is possible that patients 
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Fig. 2 Outcomes of patients on second-line ART 
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who fail on first-line, are also likely to fail on second-
line ART as well if the causes of failure such as poor 
adherence are not addressed. If these patients continue 
attending clinics that are already overwhelmed by 
numbers, they are likely to be lost to follow up in the 

first year of starting second-line ART [16, 25]. More 
so, this is a generally a young population starting on 
second-line therapy is most likely to face adherence 
challenges, also known as “treatment fatigue” [26, 27].
hence the high risk of loss to follow up.

Table 1 Sociodemographic, clinical and laboratory characteristics at the start of second line ART 

Characteristic, N = 924 Missing n (%)

Age in years, mean (SD) – 38.4 ±  (10.5)

Female gender n (%) – 518 (56.1)

Transfer in – 242 (26.2)

Baseline CD4 cells/mm3 median (IQR) 97 (10) 95 (48–195)

Baseline CD4 categories

 < 100 97 (10) 433 (52.4)

 100–250 256 (31)

 251–500 100 (12.1)

 > 500 38 (4.6)

BMI in kg/m2 mean (SD) 240 (25.9) 21.6 (4.4)

Viral load (copies/ml) median (IQR) 483 (52.3) 35,500 (11,294–1,189,000)

Baseline lymphocyte count median (IQR) 310 (33.6) 1.2 (1–1.9)

Baseline Hemoglobin (g/dl), mean ±  (SD) 149 (16.1) 12.8 ± 2.1

Switch criteria n (%)

Clinical failure 96 (10.4) 256 (30.9)

 Immunological failure 307 (37.1)

 Virological failure 264 (31.9)

Marital status n (%)

 Single 58 (6) 424 (49)

 Married 442 (51)

 Employed n (%) 74 (8) 753 (81.8)

Self-reported Poor Adherence status, n (%) – 799 (86.5)

Alcohol Intake, n (%) 482 (52.2)

 Yes 119 (24.7)

 No 363 (75.3)

First Line ART Backbone, n (%)

D4T or DDI based 357 (38.8)

AZT and3TC based 418 (45.4)

3TC and TDF - 146 (15.8)

Firstline ART Start Year

 < 2006 24 444 (49.3)

 2006–2010 278 (30.9)

 > 2010 178 (19.8)

History of opportunistic infections

 Kaposi’s Sarcoma 33 (28.1)

 Cryptococcal meningitis 10 (8.7)

 Tuberculosis – 73 (63.2)

HIV staging

 1 56 (6.1) 382 (44)

 2 177 (20.4)

 3 195 (22.5)

 4 114 (13.1)
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Similarly, other studies from developing countries have 
shown that males [16, 26, 28] with advanced HIV disease 
(low CD4) [26, 29–31] and low body mass index [32] are 

likely to be lost to follow up. In our study, males were 
indeed more likely to be lost to follow-up compared to 
women. It is possible that males are less likely to seek 

Table 2 Factors associated with loss to follow up among patients initiated on second-line ART at MRRH HIV Clinic

The Body Mass Index is the weight in kilograms divided by the square of the height in meters
a Clinical failure due to other opportunistic diseases other than Kaposi’s Sarcoma, Tuberculosis and Cryptococcal meningitis

Characteristic Active n (%) LTFU n (%) Unadjusted risk ratio [C I] p values Adjusted Risk Ratios [C.I] p values

Male gender 324 (79.8) 82 (20.2) 1.1 [1.02–1.2] 0.01 1.8 [1.5–2.0]  < 0.001

Age categories

 18–24 52 (77.6) 15 (33.4) 1

 25–34 225 (82.7) 47 (17.3) 0.9 [0.8–1.1] 0.43

 35–49 398 (83.6) 78 (16.4) 0.9 [0.7–1.1] 0.19

  ≥ 50 80 (73.4) 29 (26.1) 1.3 [1.2–1.6]  < 0.001

Patient category

 Original cohort 587 (86.1) 95 (13.9) 1

 Transfer in 168 (69.4) 74 (30.6) 1.9 [1.8–2.1]  < 0.001 0.9 [0.8–1.2] 0.62

CD4 categories

 < 100 371 (85.7) 62 (14.3) 1

 100–250 219 (85.6) 37 (14.4) 1 [0.9–1.41] 0.63

 251–500 86 (86) 14 (14) 1 [0.9–1.3] 0.38

 > 500 35 (92.1) 3 (7.9) 0.4 [0.3–0.6]  < 0.001

Body-mass index Underweight

 Normal BMI 115 (78.8) 31 (21.2) 1

 Overweight 390 (87.8) 54 (12.2) 0.6 [0.5–0.7]  < 0.01 0.8 [0.7–1.0] 0.03

 Obese 59 (90.8) 6 (9.2) 0.4 [0.3–0.5]  < 0.01 0.7 [0.5–1.0] 0.03

25 (86.2) 4 (13.8) 0.3 [0.2–0.6]  < 0.01 0.2 [0.05–0.5] 0.001

Viral load

  < 1000 12 (80) 3 (20) 1

 > 1000 390 (91.2) 39 (8.8) 0.4 [0.3–0.5]  < 0.001

Hemoglobin

 No Anemia 422 (88.7) 54 (11.3) 1

 Mild Anemia 138 (85.2) 24 (14.8) 1.3 [1.1–1.5]  < 0.001 1.4 [1.1–1.6]  < 0.001

 Moderate- Severe Anemia 111 (81) 26 (19) 1.8 (1.5–2.0)  < 0.001 1.4 [1.1–1.7]  < 0.001

Marital status

 Married 342 (80.1) 82 (19.3) 1

 Single/widowed/ 364 (82.3) 78 (17.7) 0.9 (09–1.1) 0.84

 Divorced

HIV staging

 1 334 (87.4) 48 (12.6) 1 1

 2 152 (85.9) 25 (14.1) 1.1 [0.6–1.5] 0.09 1.2 [1.0–1.4] 0.04

 3 165 (84.6) 30 (15.4) 1.2 [1.1–1.4] 0.06 0.9 [0.7–1.1] 0.22

 4 91 (79.8) 23 (20.2) 1.3 [1.1–1.5]  < 0.01 0.7 [0.5–1.0] 0.03

Year of Starting ART 

 Before 2006 351 (79.1) 93 (20.9) 1

 2006 to 2010 233 (83.8) 45 (16.2) 0.6 [0.5–0.7]  < 0.001 3.9 [2.9–5.3]  < 0.001

 2011 on wards 155 (87.1) 23 (12.9) 0.6 [0.5–0.7]  < 0.001 2.2 [1.7–3.0]  < 0.001

History of Kaposi

 Sarcoma 26 (78.8) 7 (21.2) 1.1 [0.9–21.5] 0.2

 History of Tuberculosis 60 (82.2) 13 (17.8) 0.91 [0.7–1.0] 0.14

 Switched due to Clinical  Failurea 182 (71.1) 74 (28.9) 2.2 (2.1–2.4)  < 0.00
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health care, as noted in previous studies and more likely 
to move to other places for employment without notify-
ing their primary health care facilities.

Our study found that patients who had started on first 
line ART before 2006 were less likely to be retained in 
care compared to those who started in later years. Dur-
ing this time, patients were taking Stavudine (D4T) and 
Zidovudine (AZT) as the backbone first-line agents 
before D4T was dropped by the WHO in 2009 [33]. 
Other studies have also shown that patients that were 
enrolled into care before 2008 are more likely to drop out 
of ART care programs in SSA [34], and that these drugs 
contributed to attrition [18].

A low baseline hemoglobin count was associated with 
loss to follow-up in our study and this confirms the find-
ings by Asiimwe et al., a study that looked at predictors 
of drop out from HIV care at a public facility in SSA [18]. 
Our study, however, used the WHO recommended cut 
off values for both males and females compared to the 
11  g/dl used by Asiimwe and colleagues [35]. Since not 
all patients had baseline hemoglobin measured, it is also 
possible that patients who had this test were unwell and 
therefore more likely to be lost to follow-up.

Our biggest limitation is the difference in the defini-
tions of loss to follow-up and it has been noted that 
results of retention proportions presented are often 
affected by the choice of loss to follow-up definition 
[36]. Our study used a universally acceptable definition 
of loss to follow-up in HIV care programs [37], so that 
our results can be generalizable to other HIV treatment 
centers that provide second-line ART. Secondly, this was 
a retrospective cohort study and information bias may 
have occurred due to underreporting of some conditions 
and uncollected data, leading to missing data. However, 
previous studies done at our site have shown that patients 
with complete data were not significantly more likely to 
be lost to follow-up than those without data [18]. We also 
interpret our data to mean that it is possible that most of 
the people who are lost to follow-up die, since there are 
limited treatment options after second-line ART.

Conclusion and recommendations
Our findings show that there is a high incidence of loss 
to follow-up in the first year of starting P.I-based second-
line ART. The factors associated with loss to follow-up 
include, a history of cryptococcal meningitis at initiation 
of second-line ART, male gender, and anemia.

We recommend designing and validating a clinical pre-
diction tool using the above identified factors for easy 
identification of patients on second-line ART who would 
need active follow-up, to improve retention of patients 
on second-line ART in our HIV treatment program. We 

also recommend active follow-up of these patients ini-
tially lost to follow-up to ascertain their true outcomes.
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