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ABSTRACT

Background: Owing to antiretroviral therapy (ART), acquired immune deficiency syndrome (AIDS)-related mortality 
has significantly decreased. Retaining in care is an essential step for human immunodeficiency virus (HIV) care 
cascade. This study investigated the incidence of and risk factors for loss to follow-up (LTFU) in Korean people living 
with HIV (PLWH).
Materials and Methods: Data from the Korea HIV/AIDS cohort study (including prospective interval cohort and 
retrospective clinical cohort) were analyzed. LTFU was defined as not visiting the clinic for more than 1 year. Risk 
factors for LTFU were identified using the Cox regression hazard model.
Results: The study enrolled 3,172 adult HIV patients (median age, 36 years; male 92.97%). The median CD4 T cell 
count at enrollment was 234 cells/mm3 (interquartile range [IQR]: 85 - 373) and the median viral load at enrollment 
was 56,100 copies/mL (IQR: 15,000 - 203,992). The total follow-up duration was 16,487 person-years, and the overall 
incidence rate of LTFU was 85/1,000 person-years.In the multivariable Cox regression model, subjects on ART were 
less likely to have LTFU than subjects not on ART (hazard ratio [HR] = 0.253, 95% confidence interval [CI]: 0.220 - 
0.291, P <0.0001). Among PLWH on ART, female sex (HR = 0.752, 95% CI: 0.582 - 0.971, P = 0.0291) and older age (>50: 
HR = 0.732, 95% CI: 0.602 - 0.890; 41 - 50: HR = 0.634, 95% CI: 0.530 - 0.750; 31 - 40: HR = 0.724, 95% CI: 0.618 - 
0.847; ≤30: reference, P <0.0001) were associated with high rate of retention in care. The viral load at ART initiation 
≥1,000,001 (HR = 1.545, 95% CI: 1.126 - 2.121, ≤10,000: reference) was associated with a higher rate of LTFU.
Conclusion: Young and male PLWH may have a higher rate of LTFU, and an increased rate of LTFU may induce 
virologic failure.
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INTRODUCTION

Human immunodeficiency virus (HIV) has been a 
significant global public health problem worldwide [1], 
having claimed nearly 40.1 million people living with HIV 
at the end of 2021 [2]. In 2021, 650,000 people died from 
HIV-related illnesses, and 1.5 million people acquired HIV 
[2]. Global prevention and treatment programs such as 
the United Nations program on HIV/AIDS (UNAIDS) have 
tried to reduce the incidence and mortality caused by HIV.

In this century, owing to antiretroviral therapy (ART), 
acquired immune deficiency syndrome (AIDS)-related 
mortality is the lowest. ART inhibits HIV replication, 
transmission and improves HIV-infected patients' immune 
function [1]. The first and essential step to ending AIDS 
as a public health threat is to provide ART treatment, 
including regular visiting and monitoring [3]. The 
retention in care is vital not only for successful individual 
therapy but also for preventing HIV-related disease [4].

This study aimed to evaluate the incidence and risk 
factors for loss to follow-up (LTFU) in Korea HIV/AIDS 
cohort (Kocos HIV). We would also find out how well 
the retention in care is being achieved and investigate 
characteristics for LTFU of the Korean HIV/AIDS cohort.

MATERIALS AND METHODS

1. Study design and time-period
It was an observational cohort study using Korea HIV/
AIDS cohort, in which 16 mid- and large-scale general 
hospitals operate across six cities [5]. In this study, we 
determined the LTFU rate using the baseline data of the 
HIV/AIDS cohort study at the time of enrollment. The 
clinical retrospective cohort was registered by December 
2016, while the interval prospective cohort was enrolled 
from December 2006 to December 2016. We united the 
clinical cohort with the interval cohort and analyzed the 
data. The patients HIV infected but under 18 years were 
excluded.

After registering both HIV cohorts, informed consent 
was obtained. Trained researchers of each center 
collected information using a standardized protocol: 
medical history, socioeconomic status, physical findings, 
laboratory findings including immunological and 
virological status, and opportunistic diseases [6].

This study utilized a part of the collected data including 
age, CD4 counts, viral load at diagnosis, sex, HIV 
transmission route, year of diagnosis, and ART-related 
variables (year of ART initiation, age at ART initiation, 
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CD4 counts at ART initiation, viral load at ART initiation, 
and fist ART regimen).

2. Ethics statement
This study was approved by Institutional Review Board (IRB) 
of the Severance hospital (IRB approval number: 4-2019-
0419), and written informed consent was obtained from all 
participants.

3. Definitions
The LTFU definitions in other studies vary ranging from 90 
days to 365 days with no clinic visit [7-10]. According to the 
recommendation of Shepherd et al., we defined LTFU based 
on the study outcome of interest, available encounter 
data, and the cohort visit schedule [7]. For the clinical 
retrospective cohort, when a patient has had 365 days or 
more since the last clinic visit, we considered it LTFU. In 
the prospective cohort, LTFU was defined at least one of 
the followings: (1) When the reason for the termination of 
the investigation is "Dropping out (not visited for more 
than two years)"; (2) When the survey interval is 365 days 
or more; (3) When the investigation interval of each visit is 
less than 365 days but the period from the last visit date 
to December 31, 2016, is 365 days or more. If the visit to 
the clinic and treatment has not been interrupted for more 

than 365 days during the study period, it is classified as 
In Care group. When multiple LTFUs occur in a person, the 
first LTFU occurrence is considered a follow-up period.

4. Statistical analyses
The Wilcoxon rank-sum test was used to analyze differences 
between LTFU and In Care groups, while the Chi square test 
or Fisher's exact test was used for categorical data. The 
poisson regression model and the Cox proportional hazard 
regression analysis were performed to evaluate LTFU 
incidence rate and Hazard ratio, respectively. Variables 
with P <0.05 in the multivariable Cox regression analysis 
were stratified to draw the Kaplan–Meier curve. Statistical 
analyses were performed using SAS 9.4 (SAS Institute Inc., 
Cary, NC, USA).

RESULTS

1. �Clinical characteristics of the Korea HIV/AIDS 
Cohort study

Among 4,108 HIV-infected patients (1,443 prospective 
and 2,665 retrospectives), 3,172 patients were finally 
enrolled (1,407 LTFU and 1,766 in care; 2,949 males and 
223 females; median age, 36 years) (Fig. 1, Table 1). Sexual 

Total (prospective+retrospective, - 2016)
N = 4,108 (100%)

Patients who have basic information
N = 3,729

Excluded (N = 379)
Missing of the birth date (n = 4)
Missing of the first HIV diagnosis date (n = 130)
Missing of HIV transmission route (n = 123)
Missing of the ART initiation date (n = 110)
Missing of the first visit date (n = 8)
Missing of the last visit date (n = 1)
Age under 18 (n = 3)

Study population
N = 3,172 (77.22%)

Loss to follow-up
N = 1,406 (44.33%)

In care
N = 1,766 (55.67%)

Excluded (N = 237)
Hope to withdrawal (n = 94)
Transferred to another clinic (n = 69)
Emigration (n = 3)
Hospital withdrawal (n = 70)
Etc (n = 1)

Excluded (N = 320)
Death (n = 225)
Who visited only one time during f/u period (n = 95)

Figure 1. A flow chart describing the patients enrolled into Korean HIV/AIDS cohort, 1987-2016. 
HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy.
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contact was the main route of HIV transmission (n = 
2,003, 63.15%). The median CD4 T cell count and viral 
load at enrollment were 234 cells/mm3 (interquartile 
range [IQR]: 85 - 373), 56,100 copies/mL (IQR: 15,000 - 
203,992), respectively. At enrollment, 86% of the patients 
(n = 2,733) were receiving antiretroviral agents. The most 
preferred regimen was the nucleoside/nucleotide reverse 
transcriptase inhibitor plus protease inhibitor regimen (n 
= 1,404, 51.37%).

When compared to the patients retention in care (median 
age, 37 years, IQR: 29 - 46), patients who became LTFU 
were younger (median age, 35 years; IQR: 27 - 44) (P 
<0.001). The proportion of patients with CD4 count <100 
cells/mm3 (n = 223, 15.86% vs. n = 340, 19.25%; P <0.001) 
and the median viral load were lower in LTFU patients 

than in care patients (49,154.5, IQR: 11,700 - 180,000 vs. 
59.500, IQR: 17,062 - 229,462; P = 0.068).

Ninety-four percent (n = 1,663) of the patients that 
retention in care were under ART, higher than the 
patients became LTFU (n = 1,070, 76.10%). Compared to 
the median age and CD4 cell counts at ART initiation 
for patients who remained in care, patients who became 
LTFU tend to be younger (37, IQR: 82 - 304 vs. 39, IQR: 
30 - 48; P = 0.0358) and have lower CD4 count (207, IQR: 
82 - 304 vs. 219, IQR: 83 - 338; P <0.001). The viral load 
at ART initiation was significantly different between the 
two groups while revealing no significant differences in 
median value; the median viral load in LTFU was higher 
than that of in care (57,000, IQR: 14,100 - 180,000 vs. 
53,500, IQR: 12,481.5 - 190,000; P = 0.9031).

Table 1. Baseline characteristics of 3,172 enrolled patients

Characteristics In care (%) Total (%) Loss to follow-up (%) P-value
Total 1,766 (55.67) 3,172 (100.00) 1,406 (44.33) <0.0001
Sex 0.2727

Male 1,634 (92.53) 2,949 (92.97) 1,315 (93.53)
Female 132 (7.47) 223 (7.03) 91 (6.47)

HIV transmission route
Sexual contact 1,171 (66.31) 2,003 (63.15) 832 (59.17) <0.0001

Homosexual 481 (41.08) 862 (43.04) 381 (45.79)
Heterosexual 452 (38.60) 734 (36.65) 282 (33.89)
Bisexual 200 (17.08) 295 (14.73) 95 (11.42)
Unknown 38 (3.25) 112 (5.59) 74 (8.89)

Injecting drug user 0 (0.00) 3 (0.09) 3 (0.21)
Others 4 (0.23) 8 (0.25) 4 (0.28)
Unknown 591 (33.47) 1,158 (36.51) 567 (40.33)

Year of diagnosis <0.0001
≤2000 110 (6.23) 263 (8.29) 153 (10.88)
2001 - 2005 350 (19.82) 740 (23.33) 390 (27.74)
2006 - 2010 542 (30.69) 1,015 (32.00) 473 (33.64)
2011 - 2016 764 (43.26) 1,154 (36.38) 390 (27.74)

Age at Diagnosis 0.0022
≤30 544 (30.80) 1,047 (33.01) 503 (35.78)
31 - 40 509 (28.82) 926 (29.19) 417 (29.66)
41 - 50 410 (23.22) 707 (22.29) 297 (21.12)
>50 303 (17.16) 492 (15.51) 189 (13.44)
Median (Q1 - Q3) 37 (29 - 46) 36 (28 - 45) 35 (27 - 44) <0.0001

CD4 counts (cells/mm3) at diagnosis <0.0001
<100 340 (19.25) 563 (17.75) 223 (15.86)
100 - 199 202 (11.44) 310 (9.77) 108 (7.68)
200 - 349 339 (19.20) 588 (18.54) 249 (17.71)
≥350 340 (19.25) 582 (18.35) 242 (17.21)
Unknown 545 (30.86) 1,129 (35.59) 584 (41.54)
Median (Q1 - Q3) 228 (81.5 - 367) 234 (85 - 373) 241.5 (88 - 385) 0.3727

(continued to the next page)
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Characteristics In care (%) Total (%) Loss to follow-up (%) P-value
Viral load (copies/mL) at diagnosis <0.0001

≤10,000 198 (11.21) 362 (11.41) 164 (11.66)
10,001 - 100,000 474 (26.84) 774 (24.4) 300 (21.34)
100,001 - 1,000,000 325 (18.40) 520 (16.39) 195 (13.87)
≥1,000,001 96 (5.44) 151 (4.76) 55 (3.91)
Unknown 673 (38.11) 1,365 (43.03) 692 (49.22)
Median (Q1 - Q3) 59,500 (17,062 - 229,462) 56,100 (15,000 - 203,992) 49,154.5 (11,700 - 180,000) 0.0068

ART <0.0001
No 103 (5.83) 439 (13.84) 336 (23.90)
Yes 1,663 (94.17) 2,733 (86.16) 1,070 (76.10)

Year of ART initiation <0.0001
≤2000 45 (2.71) 128 (4.68) 83 (7.76)
2001 - 2005 239 (14.31) 493 (18.04) 255 (23.83)
2006 - 2010 542 (32.59) 921 (33.7) 379 (35.42)
2011 - 2016 838 (50.39) 1,191 (43.58) 353 (32.99)

Age at ART initation 0.021
≤30 426 (25.62) 712 (26.05) 286 (26.73)
31 – 40 497 (29.89) 862 (31.54) 365 (34.11)
41 – 50 424 (25.50) 679 (24.84) 255 (23.83)
>50 316 (19.00) 480 (17.56) 164 (15.33)
Median (Q1 - Q3) 39 (30 - 48) 38 (30 - 47) 37 (30 - 46) 0.0358

CD4 counts (cells/mm3) at ART initiation <0.0001
<100 434 (26.10) 702 (25.69) 268 (25.05)
100 - 199 280 (16.84) 468 (17.12) 188 (17.57)
200 - 349 487 (29.28) 817 (29.89) 330 (30.84)
≥350 352 (21.17) 509 (18.62) 157 (14.67)
Unknown 110 (6.61) 237 (8.67) 127 (11.87)
Median (Q1 - Q3) 219 (83 - 338) 212 (82.5 - 324) 207 (82 - 304) 0.0140

Viral load (copies/mL) at ART initiation <0.0001
≤10,000 314 (18.88) 494 (18.08) 180 (16.82)
10,001 - 100,000 621 (37.34) 983 (35.97) 362 (33.83)
100,001 - 1,000,000 428 (25.74) 675 (24.70) 247 (23.08)
≥1,000,001 81 (4.87) 133 (4.87) 52 (4.86)
Unknown 219 (13.17) 448 (16.39) 229 (21.40)
Median (Q1 - Q3) 53,500 (12,481.5 - 190,000) 55,600 (13,400 - 185,000) 57,000 (14,100 - 180,000) 0.9031

First ART regimen <0.0001
NRTI 32 (1.92) 70 (2.56) 38 (3.55)
NRTI + INI 389 (23.39) 499 (18.26) 110 (10.28)
NRTI + PI 797 (47.93) 1,404 (51.37) 607 (56.73)
Others 445 (26.76) 760 (27.81) 315 (29.44)

HIV, human immunodeficiency virus; Q1, first quartile; Q3, third quartile; ART, antiretroviral therapy; NRTI, nucleoside/nucleotide 
reverse transcriptase inhibitor; INI, integrase inhibitor; PI, protease inhibitor.

Table 1. (Continued) Baseline characteristics of 3,172 enrolled patients
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2. Incidence of LTFU
For 3,172 patients, the total follow-up duration was 16,487 
person-years, and the overall incidence rate of LTFU was 
85/1,000 person-years (Table 2, 3). More than half of 
LTFU event was occurred within 5 years from enrollment. 
The loss to follow-up incidence rates was the highest 
in the first year from enrollment (1678.280) and year 
2015 (342.431). The number of LTFU patients and LTFU 
incidence rates according to follow-up duration or LTFU 
year are shown in Figure 2.

3. Factors associates with LTFU
In univariate Cox regression, the risk factors associated 
with LTFU were male sex (P = 0.0026), HIV transmission 
route (P <0.0001), year of HIV diagnosis (P <0.0001), CD4 
counts at diagnosis (P <0.0001), Viral load at diagnosis 
(P <0.0001), and ART (P <0.0001). In the multivariable 

Cox regression model, subjects on ART were less likely to 
have LTFU than subjects not on ART (hazard ratio [HR] 
= 0.253, 95% confidence interval [CI]: 0.220 - 0.291, P 
<0.0001) as well as subjects diagnosed HIV before 2000 
year (2001 - 2005: HR = 2.368, 95% CI: 1.86 - 3.013; 2006 
- 2010: HR = 3.869, 95% CI: 2.983 - 5.018; 2011 - 2016: 
HR = 5.981, 95% CI: 4.534 - 7.888; ≤2,000: reference, P 
<0.0001) (Table 4, Fig. 3).

Among 2,702 PLWH on ART, as presented in Table 5 and 
Figure 4, female sex (HR = 0.752, 95% CI: 0.582 - 0.971, 
P = 0.0291) and older age (>50: HR = 0.732, 95% CI: 
0.602 - 0.890; 41-50: HR = 0.634, 95% CI: 0.530 - 0.750; 
31 - 40: HR = 0.724, 95% CI: 0.618 - 0.847; ≤30: reference, 
P <0.0001) were associated with lower rate of LTFU. A 
recent viral load ≥1,000,001 (HR = 1.545, 95% CI: 1.126 
- 2.121, ≤10,000: reference) was associated with higher 

Table 2. Loss to follow-up incidence rates by follow-up 
durationa (years)

Follow-up 
year

Total 
N

LTFU 
N

Person-
years

Incidence per 1,000 
person-years

Total 3,172 1,407 16,487.080 85.340
≤1 426 307 182.925 1,678.280
≤2 375 209 560.271 373.033
≤3 562 182 1,360.505 133.774
≤4 351 137 1,226.292 111.719
≤5 255 102 1,137.423 89.676
≤6 180 79 992.797 79.573
≤7 154 67 1,002.185 66.854
≤8 118 52 890.857 58.371
≤9 109 41 933.023 43.943
≤10 132 50 1,256.741 39.785
≤11 120 37 1,262.255 29.313
≤12 86 28 990.497 28.269
≤13 77 24 960.591 24.985
≤14 58 23 782.455 29.395
≤15 38 17 549.286 30.949
≤16 31 17 477.658 35.590
≤17 24 8 396.147 20.195
≤18 24 12 417.882 28.716
≤19 9 2 165.713 12.069
≤20 6 1 116.006 8.620
≤21 14 5 286.128 17.475
≤22 6 2 129.837 15.404
≤23 6 2 136.928 14.606
≤24 5 1 117.696 8.496
≤25 3 0 74.181 0.000
≤26 2 2 50.701 39.447
≤27 0 0 0.000 0.000
≤28 0 0 0.000 0.000
≤29 1 0 28.783 0.000

aFollow-up duration: from the date of positive confirmation to 
the last observation or death date.
N, numbers; LTFU, loss to follow up.

Table 3. Loss to follow-up incidence rates by year

Year Total 
N

LTFU 
N

Person-
years

Incidence per 1,000 
person-years

Total 3,172 1,407 16,487.080 85.340
1987 1 0 0.734 0.000
1988 2 0 1.642 0.000
1989 7 0 5.622 0.000
1990 12 0 9.438 0.000
1991 17 0 14.364 0.000
1992 30 0 24.068 0.000
1993 42 2 37.099 53.910
1994 58 1 49.904 20.038
1995 78 0 69.479 0.000
1996 99 0 91.770 0.000
1997 125 1 112.110 8.920
1998 165 8 140.904 56.776
1999 200 6 172.334 34.816
2000 245 10 217.115 46.059
2001 321 17 268.594 63.293
2002 425 18 362.255 49.689
2003 542 27 467.101 57.803
2004 692 24 592.902 40.479
2005 889 35 760.408 46.028
2006 1,087 32 968.647 33.036
2007 1,252 61 1,129.838 53.990
2008 1,393 90 1,239.604 72.604
2009 1,485 133 1,267.951 104.894
2010 1,463 96 1,237.263 77.591
2011 1,466 81 1,287.238 62.925
2012 1,556 97 1,333.770 72.726
2013 1,592 92 1,369.666 67.170
2014 1,647 70 1,443.416 48.496
2015 1,678 505 1,474.751 342.431
2016 1,160 0 302.462 0.000

N, numbers; LTFU, loss to follow up.
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rate of LTFU. Also, initiation of ART in year 2011-2016 was 
associated with more LTFU than the initiation of ART 
before year 2000 (2011 - 2016: HR = 2.204, 95% CI: 1.628 - 
2.985; ≤2,000: reference, P <0.0001).

DISCUSSION

Successful ART requires retention in care, regular visiting, 
and monitoring. This study utilized both prospective and 
retrospective Kocos HIV for assessing the incidence rate 
and factors of LTFU. We identified that a considerable 
number of patients were LTFU, and various factors are 
associated with LTFU.

The overall incidence rate of LTFU in Kocos HIV was 85 
per 1,000 person-years for a 10-year observation. This 
finding is lower than 109 per 1,000 person-years of the 
South Africa cohort [1] but higher than 28.3 per 1,000 
person-years of TREAT Asia HIV Observational database 
Low-Intensity TransfEr (TAHOD-LITE), a multiregional 
Asian cohort [8].

Retention in care is important for HIV-infected patients 
to prevent further HIV transmission, progression, and 
mortality. Like other studies, we found ART was an 
essential factor for retention in care by reducing LTFU [11]. 
Efforts to improve ART adherence, including adherence 
support services, may lead to lower rates of LTFU [12, 13].
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Figure 2. Number of loss to follow-up (LTFU) patients and LTFU incidence rates. 
(A) LTFU incidence rates by follow-up duration, (B) LTFU incidence rates by loss to follow-up year.
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Figure 3. Kaplan-Meier curves for loss to follow-up (LTFU) stratified by risk factors. 
(A) LTFU rates by HIV diagnosis year, (B) LTFU rates by antiretroviral therapy.
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Among the 1,407 total LTFU, 307 (21.8%) participants 
were LTFU 12 months after enrollment. Among ART 
receiving PLWH, younger age (≤30) at ART initiation and 
male sex were at higher risks of becoming LTFU. These 
are consistent with previous cohort studies [8, 14, 15]. 
Higher viral load at ART initiation was also associated 
with a higher rate of LTFU. Patients with a higher viral 
load were more likely to be in the acute stage of HIV 
infection, so the period to diagnosis may be short. Hence, 
they could have less experience with symptomatic 
infections such as opportunistic infections and less 
feel the need for treatment. Lower CD4 counts at ART 
initiation were not associated with a higher rate of LTFU. 
Previous studies have shown varying findings on whether 
CD4 cell count is associated with LTFU [12, 15, 16]. Further 
research is needed to reveal the associations between 
viral load and CD4 count at ART initiation and LTFU.

Our study has limitations. First, some Kocos HIV data 
are missing, including CD4 counts and viral load at 
diagnosis or ART initiation. It might affect the results of 
the analysis. Second, we chose the LTFU definition of 365 
days according to the recommendation of Shepherd et 
al. However, the LTFU definitions in other studies vary, 
ranging from 90 days to 365 days with no clinic visit 
[7 - 10]. Third, to unite the clinical retrospective cohort 
with the prospective cohort, we applied the same LTFU 
duration, but the detailed definition is slightly different 
due to its investigational differences. Fourth, LTFU may 
contain some patients who were transferred to other 
hospitals and are still in care, so the total LTFU could 
be overestimated. In addition, in this study, male and 
female sex were defined according to the last digit of 
the resident registration number. Therefore, according 
to the definition, some people who have received gender 

Table 4. Factors associated with loss to follow-up (prospective + retrospective)

Characteristics (n = 3,139) Events/ 
person-years

Rates per 1,000 
person-years (95% CI)

Univariate Multivariable
HR 95% CI P-value HR 95% CI P-value

Sex
Male 1,315/15,065 87.29 (82.69 - 92.13) Reference 0.0026 Reference 0.2844
Female 91/1,434 63.47 (51.68 - 77.94) 0.719 0.581 - 0.891 0.883 0.702 - 1.109

HIV Transmission Route
Homosexual 381/4,541 83.91 (75.90 - 92.77) Reference <0.0001 Reference 0.2684
Heterosexual 282/3,960 71.209 (63.37 - 80.02) 0.845 0.724 - 0.986 0.909 0.771 - 1.071
Sexual contact - unknown 95/1,445 65.736 (53.76 - 80.38) 0.781 0.623 - 0.977 0.857 0.683 - 1.074
Other/unknown 648/6,553 98.882 (91.56 - 106.80) 1.176 1.036 - 1.335 1.015 0.890 - 1.158

Year of HIV Diagnosis
≤2000 153/3,424 44.69 (38.14 - 52.36) Reference <0.0001 Reference <0.0001
2001 - 2005 390/5,860 66.56 (60.27 - 73.50) 2.612 2.063 - 3.306 2.368 1.86 - 3.013
2006 - 2010 473/4,671 101.27 (92.54 - 110.82) 4.748 3.704 - 6.086 3.869 2.983 - 5.018
2011 - 2016 390/2,545 153.23 (138.76 - 169.22) 7.546 5.803 - 9.813 5.981 4.534 - 7.888

Age at HIV Diagnosis
≤30 503/5,445 92.38 (84.65 - 100.82) Reference 0.2054 Reference 0.1227
31 - 40 417/5,253 79.39 (72.12 - 87.38) 0.876 0.769 - 0.998 0.886 0.777 - 1.011
41 - 50 297/3,641 81.57 (72.80 - 91.40) 0.899 0.779 - 1.039 0.847 0.732 - 0.982
>50 189/2,161 87.48 (75.85 - 100.88) 0.958 0.810 - 1.134 0.915 0.771 - 1.087

CD4 counts (cells/mm3) at Diagnosis
<100 223/2,644 84.34 (73.97 - 96.17) Reference <0.0001 Reference 0.3130
100 - 199 108/1,365 79.11 (65.51 - 95.53) 0.934 0.742 - 1.175 0.923 0.731 - 1.165
200 - 349 249/2,596 95.91 (84.71 - 108.60) 1.132 0.944 - 1.356 1.128 0.934 - 1.361
≥350 242/2,158 112.16 (98.88 - 127.22) 1.304 1.086 - 1.564 0.958 0.780 - 1.175
Unknown 584/7,736 75.49 (69.61 - 81.87) 0.889 0.761 - 1.038 0.967 0.773 - 1.209

Viral load (copies/mL) at Diagnosis
≤10,000 164/1,393 117.70 (101.00 - 137.17) Reference <0.0001 Reference 0.0942
10,001 - 100,000 300/3,052 98.29 (87.78 - 110.07) 0.836 0.691 - 1.011 0.922 0.759 - 1.119
100,001 - 1,000,000 195/1,914 101.86 (88.52 - 117.20) 0.864 0.702 - 1.063 1.028 0.823 - 1.285
≥1,000,001 55/524 104.90 (80.54 - 136.64) 0.880 0.649 - 1.195 0.961 0.701 - 1.317
Unknown 692/9,615 71.97 (66.80 - 77.54) 0.606 0.510 - 0.720 0.758 0.597 - 0.962

ART
No 336/1,225 274.29 (246.47 - 305.24) Reference <0.0001 Reference <0.0001
Yes 1,070/15,274 70.05 (65.98 - 74.38) 0.256 0.226 - 0.290 0.253 0.220 - 0.291

CI, confidential interval; HR, hazard ratio; HIV, human immunodeficiency virus; ART, antiretroviral therapy.
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reassignment may be included, and this part may not 
have been identified. However, these people are thought 
to be a minority of the entire HIV/AIDS cohort, and it is 
unlikely that they will impact the overall statistics.

This study shows that the LTFU rate was the highest in 
the first year of enrollment. More than half of the LTFU 

events occurred within five years of registration. ART 
was associated with retention in care by reducing LTFU. 
Further efforts would be needed to recognize and support 
patients at risk for LTFU, including younger age (≤30), 
male sex, and with higher viral load.

Table 5. Factors associated with loss to follow-up in ART patients (prospective + retrospective)

Characteristics (n = 2,702) Events/ 
person-years

Rates per 1000  
person-years (95% CI)

Univariate Multivariable
HR 95% CI P-value HR 95% CI P-value

Sex
Male 998/13,882 71.89 (67.57 - 76.49) Reference 0.0035 Reference 0.0291
Female 72/1,392 51.72 (41.05 - 65.15) 0.698 0.549 - 0.888 0.752 0.582 - 0.971

HIV Transmission route
Homosexual 308/4,245 72.56 (64.89 - 81.13) Reference 0.0027 Reference 0.0573
Heterosexual 229/3,798 60.29 (52.97 - 68.63) 0.825 0.695 - 0.980 0.906 0.754 - 1.089
Sexual contact - unknown 76/1,366 55.65 (44.45 - 69.68) 0.772 0.601 - 0.993 0.791 0.614 - 1.019
Others/unknown 457/5,865 77.92 (71.09 - 85.40) 1.065 0.922 - 1.231 1.064 0.915 - 1.238

Year of ART initiation
≤2000 83/1,535 54.08 (43.61 - 67.06) Reference <0.0001 Reference <0.0001
2001 - 2005 255/4,298 59.34 (52.48 - 67.09) 1.280 0.992 - 1.651 1.383 1.044 - 1.831
2006 - 2010 379/5,407 70.09 (63.38 - 77.52) 1.594 1.244 - 2.043 1.636 1.232 - 2.174
2011 - 2016 353/4,035 87.49 (78.82 - 97.11) 2.076 1.608 - 2.680 2.204 1.628 - 2.985

Age at ART initation
≤30 286/3,163 90.42 (80.52 - 101.53) Reference <0.0001 Reference <0.0001
31 - 40 365/5,411 67.46 (60.88 - 74.74) 0.732 0.626 - 0.855 0.724 0.618 - 0.847
41 - 50 255/4,283 59.55 (52.67 - 67.32) 0.646 0.545 - 0.765 0.631 0.530 - 0.751
>50 164/2,417 67.84 (58.21 - 79.06) 0.754 0.622 - 0.913 0.732 0.602 - 0.890

CD4 counts (cells/mm3) at ART initiation
<100 268/4,056 66.08 (58.62 - 74.48) Reference 0.5397 Reference 0.4055
100 - 199 188/2,692 69.85 (60.55 - 80.58) 1.048 0.870 - 1.263 1.049 0.866 - 1.270
200 - 349 330/4,380 75.35 (67.64 - 83.93) 1.142 0.972 - 1.342 1.165 0.980 - 1.383
≥350 157/2,324 67.56 (57.78 - 79.00) 1.020 0.837 - 1.242 1.022 0.825 - 1.267
Unknown 127/1,823 69.67 (58.54 - 82.90) 1.025 0.830 - 1.267 1.131 0.906 - 1.412

Viral load (copies/mL) at ART initiation
≤10,000 180/2,870 62.72 (54.19 - 72.58) Reference 0.0008 Reference 0.0470
10,001 - 100,000 362/4,767 75.95 (68.51 - 84.19) 1.224 1.023 - 1.464 1.172 0.976 - 1.407
100,001 - 1,000,000 247/3,357 73.59 (64.96 - 83.36) 1.185 0.977 - 1.436 1.213 0.989 - 1.487
≥1,000,001 52/548 94.93 (72.34 - 124.58) 1.541 1.131 - 2.099 1.545 1.126 - 2.121
Unknown 229/3,733 61.34 (53.89 - 69.82) 0.923 0.758 - 1.125 1.048 0.842 - 1.304

First ART regimen
NRTI 38/637 59.69 (43.43 - 82.03) Reference 0.1284 Reference 0.4528
NRTI + INI 110/1,393 78.96 (65.50 - 95.18) 1.540 1.055 - 2.246 0.882 0.577 - 1.350
NRTI + PI 607/8,789 69.06 (63.78 - 74.78) 1.282 0.919 - 1.788 1.063 0.737 - 1.532
Others 315/4,455 70.71 (63.31 - 78.96) 1.326 0.942 - 1.868 1.009 0.689 - 1.476

HR, hazard ratio; CI, confidential interval; HIV, Human immunodeficiency virus; ART, antiretroviral therapy; NRTI, nucleoside 
transcriptase reverse inhibitor; INI, integrase inhibitor; PI, Protease inhibitor.
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Figure 4. Kaplan-Meier curves for loss to follow-up (LTFU) stratified by risk factors in patients with antiretroviral therapy (ART). 
(A) LTFU rates by gender, (B) LTFU rates by the year of ART initiation, (C) LTFU rates by age at ART initiation, (D) LTFU rates by 
HIV viral load at ART initiation.
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