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Abstract

Purpose—In the United States, 21 years is a critical age of legal and social transition, with 

changes in social programs such as public insurance coverage. Human immunodeficiency virus 

(HIV)–infected youth have lower adherence to care and medications and may be at risk of loss to 

follow-up (LTFU) at this benchmark age. We evaluated LTFU after the 22nd birthday for HIV-

infected youth engaged in care. LTFU was defined as having no primary HIV visits in the year 

after the 22nd birthday.

Methods—All HIV-infected 21-year-olds engaged in care (2002–2011) at the HIV Research 

Network clinics were included. We assessed the proportion LTFU and used multivariable logistic 

regression to evaluate demographic and clinical characteristics associated with LTFU after the 
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22nd birthday. We compared LTFU at other age transitions during the adolescent/young adult 

years.

Results—Six hundred forty-seven 21-year-olds were engaged in care; 91 (19.8%) were LTFU in 

the year after turning 22 years. Receiving care at an adult versus pediatric HIV clinic (adjusted 

odds ratio [AOR], 2.91; 95% confidence interval [CI],1.42–5.93), having fewer than four primary 

HIV visits/year (AOR, 2.72; 95% CI, 1.67–4.42), and antiretroviral therapy prescription (AOR, .

50; 95% CI, .41–.60) were independently associated with LTFU. LTFU was prevalent at each age 

transition, with factors associated with LTFU similar to that identified for 21-year-olds.

Conclusions—Although 19.8% of 21-year-olds at the HIV Research Network sites were LTFU 

after their 22nd birthday, significant proportions of youth of all ages were LTFU. Fewer than four 

primary HIV care visits/year, receiving care at adult clinics and not prescribed antiretroviral 

therapy, were associated with LTFU and may inform targeted interventions to reduce LTFU for 

these vulnerable patients.
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Loss to follow-up (LTFU) among patients with human immunodeficiency virus (HIV) 

infection has both individual and potential public health consequences. Patients who are at 

LTFU risk decline in their personal health because of unchecked HIV and may increase the 

transmission of HIV to others. The rate of LTFU among adult patients with HIV infection is 

high [1,2], and the rate of LTFU among HIV-infected youth may be even higher. A prior 

analysis of the HIV Research Network (HIVRN) cohort revealed a 10.8% LTFU for youth 

after they turned 18 years [3]. Farmer et al. [4] reported that 45% and 22% of nonperinatally 

HIV-infected (nPHIV) youth (aged 12–25 years) were retained 1 and 3 years after engaging 

in care, respectively.

With the advent of antiretroviral therapy (ART), most perinatally HIV-infected (PHIV) 

children are surviving beyond childhood [5,6]. PHIV patients, along with a growing number 

of nPHIV youth acquiring HIV infection through risk behaviors, comprise an emerging 

HIV-infected youth cohort [5,7,8]. Up to 90% of the HIV-infected children are covered by 

Medicaid [9], and significant proportions are in foster care [9,10]. Eighteen years is the age 

of majority in most states, and turning 19 years usually ends coverage on medical and social 

programs that cover children and adolescents (e.g., Medicaid, foster care). However, 

approximately 30 states have historically allowed extensions beyond the age of 18 years 

mostly through 21 years [11], at which point youth must transition out of these supportive 

programs and find alternative coverage or seek other means to develop social support 

systems. Thus, eligibility for these services continues through the age of 21 years, and the 

22nd birthday is a critical benchmark age when youth must transition or “age out” of these 

programs [12,13].

Moreover, these programmatic changes are occurring at a time when youth, many with 

limited health and financial literacy [14], are expected to assume responsibility for their 

lives and to take more responsibility for their medical care (e.g., scheduling their 
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appointments, refilling medications, applying, and renewing applications for social 

programs) [15]. Failing to assume responsibility, if not systematically and proactively 

evaluated and addressed, may result in decreased clinic attendance and potential LTFU 

[16,17]. The change in responsibility for one’s medical care as part of the overall transition 

to adulthood is not unique to HIV-infected youth but is also seen among youth living with 

other chronic diseases, including sickle cell disease, cystic fibrosis, congenital heart disease, 

and juvenile-onset diabetes mellitus [18,19]. For youth with these chronic illnesses, poor 

outcomes such as nonadherence and suboptimal engagement and retention in care have been 

identified. Minority race/ethnicity and lower socioeconomic status have been also associated 

with these outcomes [20]; notably, these risk factors are more prevalent among HIV-infected 

youth [8,21].

Special circumstances among youth living with HIV infection may raise the probability of 

LTFU. For PHIV youth, the steady, longstanding relationships with providers are often the 

only stable relationships in their lives and may promote continued engagement in care [22]. 

Disruption of this relationship may occur with transition, leading to greater potential for 

attrition from care. On the other hand, nPHIV youth have often not been engaged in any care 

relationship for long periods, making the sudden need for intense engagement with a care 

provider challenging.

In light of the legal and social changes that may occur to HIV-infected youth as they age, we 

sought to evaluate LTFU in the year after each birthday from the 18th through the 25th in a 

large multisite HIV cohort in the United States with a special focus on turning 22 years, 

when many youth lose eligibility for key social programs.

Methods

Study setting and participants

This was a retrospective cohort study of both PHIV and nPHIV youth who were enrolled in 

care at the HIVRN clinics between 2002 and 2011. The HIVRN is a consortium of high-

volume U.S. clinic sites that provide primary and subspecialty care to HIV-infected patients 

of all ages [23]. Twenty-two sites contributed eligible patients to this analysis. Adolescents 

and young adults were followed at six pediatric and 16 adult regionally distributed sites 

(Northeast [9], Southern [5], West [5], and Midwest [3]).

There are no adolescent-only sites included in the network. All pediatric sites in the HIVRN 

care for youth up through their 25th birthday, with no expectation of transition to adult care 

before the 25th birthday. They are expected to have completed transfer before their 26th 

birthday. Adult sites care for individuals aged 18 years or more [24].

Sites annually abstract specified data elements from patients’ medical records; abstracted 

data are assembled into a uniform database, as previously described [25]. All patients are 

offered enrollment in the HIVRN, excluding one-time consultations and 

incarceratedindividuals;99%of the patients participated. The study was approved by the 

Johns Hopkins Institutional Review Board and institutional review boards at each 

participating institution.
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For the primary analysis of LTFU after turning 22 years, patients were included if they were 

engaged in care at HIVRN clinics, were 21 years old between the years 2002 and 2011, and 

were followed at a site that contributed data through 2012, allowing assessment of follow-up 

for the year after the 22nd birthday for all eligible patients. Engaged in care was defined as 

having at least one CD4 value and one outpatient visit within the year of interest. To provide 

a comparison with other age transitions, we repeated the same analyses for each age 

transition from 17 turning 18 years to 24 turning 25 years, with appropriate changes to the 

eligibility criteria for each analysis.

Patients from all self-reported HIV acquisition risk categories were included. To group the 

patients who likely had more similar disease trajectories and experience with the medical 

system, we broadly classified them further as PHIV (including those infected via 

transfusion) or nPHIV (sexual acquisition, injection drug use, or mixed risk) [26]. The 

rationale for including youth infected with HIV via transfusion with PHIV youth included 

younger age at diagnosis, longer duration of infection and time at pediatric sites, limited 

numbers of transfusion-acquired youth (N = 16), and disease trajectory more similar to 

PHIV, than nPHIV youth [27].

Data collection and measures

The primary outcome of interest was LTFU, defined as no primary HIV outpatient provider 

visits during the 1 year (365 days) after the 22nd birthday. We queried sites about whether 

further information was available about the whereabouts of youth identified to be LTFU and 

if and where they were accessing medical care. Sites were asked to passively and 

retrospectively verify that youth identified as LTFU were actually lost versus transitioned to 

other care sites. To avoid undue burden to the sites, particularly the higher volume adult 

sites, we did not ask the sites to conduct any additional investigation beyond what was 

known to the site investigators/clinical team. The sites verified that only four patients noted 

as LTFU had actually transferred to other clinical sites and another three had died. These 

patients were excluded from the LTFU analysis.

Demographic and clinical data were collected from the clinical database. Race/ethnicity was 

based on self-reported data and classified as white, black, Hispanic, and other/unknown. The 

number of primary HIV outpatient provider visits during the year before the birthday of 

interest was categorized as fewer than four or four or more visits per year, on the basis of 

contemporary Department of Health and Human Services’ recommendations for quarterly 

clinical follow-up during the study period [28]. Visits were limited to visits with an HIV 

health care provider, excluding emergency department, administrative, laboratory testing, 

nurse-only, or psychiatry visits. Site of care was classified as adult or pediatric. Mental 

health and substance abuse data were incomplete and therefore not evaluated. Insurance was 

categorized as insured (private insurance, Medicaid, Medicare, and dual insurance coverage 

with Medicaid/Medicare) versus uninsured/Ryan White/other (e.g., county health program). 

ART was defined as concomitant prescription of three or more antiretroviral drugs from at 

least two classes, including acceptable alternate triple nucleoside/nucleotide–based regimens 

(i.e., zidovudine/lamivudine/abacavir) [29]. The first available CD4 T-cell count and the 

first reported HIV-1 RNA viral load (VL) test in the calendar year before the birthday of 
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interest were used. For descriptive analyses, CD4 was categorized as <200,200–349, 350–

499, and ≥500 cells/mm3 and VL was categorized as <2.6, 2.6–<4.0, 4.0–<4.70, 4.70–<5.0, 

≥5.0 log10 HIV-1 RNA copies/mL.

We used logistic regression to assess demographic and clinical factors associated with 

LTFU (race/ethnicity, gender, insurance [insured vs. uninsured], number of HIV provider 

outpatient visits, log10 HIV-1 RNA and CD4 categories, ART prescription, site of care, and 

calendar year). Separate analyses were performed for each age transition. Data were 

analyzed using Stata 11.0 (Stata Corp., College Station, TX).

Results

Between 2002 and 2011, 647 HIV-infected 21-year-olds were engaged in care for at least 1 

year at HIVRN sites. The demographic breakdown included 62.4% male; 72.9% black and 

13.9% Hispanic; 61.3% insured (Table 1). The median CD4 count was 452 cells/mm3 

(range, 312–625), with 65.8% prescribed ART. Of the 21-year-olds who were engaged in 

care, 128 (19.8%) were LTFU in the year after their 22nd birthday. The proportions of 

patients turning various ages between 18 and 25 years of age who were LTFU are displayed 

in Figure 1. Although the proportion LTFU appeared to increase with age, this was not 

significant (p-trend = .33).

Factors associated with higher risk of LTFU after the 22nd birthday in univariate analyses 

included higher VL, being in care at an adult clinic, fewer than four outpatient HIV provider 

visits, and not being prescribed ART in the year before the 22nd birthday (Table 2). There 

was no statistically significant difference in LTFU for PHIV youth compared with nPHIV 

youth. In multivariable analyses, having a VL greater than 5.0 log10 copies/mL versus 

undetectable VL (adjusted odds ratio [AOR], 1.95; 95% confidence interval [CI], 1.11–

3.43), being in care at an adult HIV clinic (AOR, 2.91; 95% CI, 1.42–5.93), and having 

fewer than four outpatient HIV provider visits (AOR, 2.72; 95% CI, 1.67–4.42) remained 

independently associated with higher likelihood of LTFU (Table 2). Being prescribed ART 

was associated with a decreased likelihood of LTFU (AOR, .50; 95% CI, .41–.60). Other 

factors, specifically, HIV acquisition risk, insurance status, and CD4 category were not 

associated with LTFU (Table 2).

In analyses of other age transitions (Table 3) infrequent clinic attendance was significantly 

associated with LTFU for most ages. Receiving care at an adult HIV clinic site was 

associated with LTFU only for transitions from 20 to 21, 21 to 22, and 22 to 23 years of age. 

Having ART prescribed was associated with lower likelihood of LTFU for all but two age 

transitions (Tables 3).

Discussion

Recently, there has been significant discussion of the continuum of HIV care and the 

striking decline in the numbers of persons living with HIV who reach each successive stage 

of the continuum right from awareness of infection, linkage to care, engagement, to 

retention in care. Youth are at high risk for this attrition [30–32]. Herein, we report factors 
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associated with the dynamics of LTFU for youth, which may be important in explaining a 

component of the continuum of care for youth.

Among the 647 21-year-old youth who were engaged in care at HIVRN sites, one in five 

(20%) were LTFU in the year after their 21st birthday. This rate is higher than the 10% we 

previously reported among youth who turned 18 years [3]. The LTFU rate for those turning 

22 years was not especially high, contrary to our hypothesis. In fact, LTFU rates trended 

(not statistically significant) to be higher among those turning 23, 24, or 25 years. This 

suggests ongoing risk for LTFU as youth enter late adolescence and adulthood. Key factors 

associated with LTFU include attending fewer than four HIV primary provider visits, not 

being prescribed ART, and being followed at an adult HIV clinical site (vs. pediatric site) in 

the prior year.

The definition of LTFU is study dependent, limiting comparisons among studies [33]. Rates 

of LTFU among adults have varied from 20% to 35% [1,2,34]. Recently, an analysis of 

HIVRN data revealed LTFU, defined as no subsequent visits in the 12 months since the last 

documented HIV provider visit, of 34.9% over a 2- to 8-year period [1]. This study included 

youth in the broader 18- to 30-year-old age group and did not look specifically at LTFU in 

younger adults. The high rates of LTFU among youth at all age transitions are worrisome.

Attending fewer than four HIV provider visits in the prior year was highly associated with 

LTFU in the subsequent year. The current Department of Health and Human Services’ 

guidelines for adult and adolescent patients suggest that two annual patient visits (including 

laboratory evaluation) may be sufficient for virologically suppressed patients on stable 

regimens [29]. Our data suggest that caution may be needed when considering implementing 

a reduced follow-up schedule for youth. Additionally, monitoring missed visits and using 

outreach programs/workers to reengage youth may be useful. Furthermore, practices such as 

long-term prescriptions without built-in appointments might be conservatively used, 

primarily for those patients who clearly demonstrate significant maturity and unwavering 

established engagement in care.

Being prescribed ART was strongly associated with a decreased likelihood of being LTFU. 

This finding is in line with other studies that have shown improved retention with ART 

initiation [35,36]. In a prior study of youth, attending four or more visits in the calendar year 

was highly associated with ART initiation. ART initiation and visit attendance are likely 

interrelated, as individuals who attend visits are likely demonstrating some commitment to 

their care, which increases the likelihood that ART will be prescribed. It is also likely that 

individuals who are on therapy feel as if they are attending the doctors for a reason and 

therefore more likely to attend appointments and stay in care [37]. The exact direction of the 

relationship is not clear.

Adult and pediatric HIV clinics differed in LTFU rates for youth. Our group previously 

reported that nPHIV youth followed at adult clinical sites were more likely to discontinue 

ART once initiated [38], and Ryscavage et al. [39] reported lower rates of virologic 

suppression for youth being seen at adult HIV clinics. It is conceivable that HIV-infected 

youth at adult clinics may not have the capacity to navigate their health care that is expected 
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and may not be comfortable, leading to differential engagement in care at pediatric/

adolescent versus adult HIV clinics. The structure of many adult clinics may include 

features that may not be considered youth friendly, such as higher patient censuses and 

patient-to-provider ratios, noncentralized care, and clinic hours that are unfavorable to 

schedules of younger patients [40]. Both PHIV- and nPHIV-infected youth may have 

challenges navigating the health care system. The PHIV youth’s prior interactions may have 

been directed by their pediatric caregivers, whereas nPHIV youth may have had limited 

interactions with the health care system. Both groups, however, are increasingly expected to 

take greater responsibility for their health care with age. Given the increasing age of PHIV 

youth and the increasing incidence of nPHIV youth, there will be a surge of aging youth 

transitioning to adult sites. The high rates of LTFU reported for adults [1,33,34] raise 

concern that adult sites may not be equipped to manage the additional challenges that youth 

transitioning into adult care bring, potentially increasing the LTFU rates for youth. In fact, 

we did observe an increase in LTFU with increasing age, although this was not statistically 

significant.

There are several important limitations to this study. Overall, sample sizes for youth less 

than the age of 21 years and of youth with transfusion-acquired infection were relatively 

small; therefore, our findings must be interpreted with caution, as we may be under-powered 

to detect characteristics associated with LTFU. Furthermore, the assumption that patients 

were LTFU if they did not have a documented outpatient visit at their respective HIVRN 

clinic may be wrong. Although we did check with clinic staff, it is possible that they were 

unaware that youth may have continued to engage in care at a clinical site outside the 

HIVRN because of geographic relocation, changes in insurance providers, or other factors. 

Third, our HIVRN demographics closely resemble that of the U.S. population; however, our 

sample is not nationally representative. Finally, although HIVRN does collect death data if 

that information is available, it is possible that some patients died and the sites were not 

aware of it. Data were not available to ascertain which patients transitioned out of foster care 

during the observation period. Mental health, substance abuse, socioeconomic status, and 

other psychosocial characteristics, which may be important factors affecting LTFU, could 

not be examined. We defined LTFU as having no outpatient visits in the year after the 

birthday. This definition differs slightly from “not being retained,” which is broader and 

would consider individuals not to be retained if they did not have at least one medical visit 

in each 4-month period of the year of study. A patient could be nonretained without being 

LTFU (e.g., only 1–3 visits in the year). Those without any outpatient visit in the calendar 

year after their birthday would be considered both nonretained and LTFU. The analysis was 

designed to look at the issue of LTFU and not specifically at transition from pediatric to 

adult providers; data on transition were not systematically collected. Finally, the analysis 

occurred before the introduction of the Affordable Care Act, and it will be important to 

assess the potential impact of LTFU in the era of Medicaid expansion under Affordable Care 

Act.

Although nearly one in five youth followed at HIVRN sites were LTFU after turning 22 

years, the LTFU rates were also high in other age groups, and the rate after the unique 

transitional 22nd birthday was not exceptionally different than that at other ages. Overall, 

youth were at a high risk of falling out of care. Youth represent the age group with the 
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highest incidence of HIV in the United States. Therefore, LTFU among youth, with resultant 

decreased access to and utilization of ART, viremia, and increased risk of transmission, is of 

significant concern and requires more research to identify root causes and interventions to 

improve outcomes. Interventions focused on supporting linkage and retention to care may 

enhance long-term engagement, and thereby improve ART use, virologic suppression, 

immune recovery, and ultimately overall health, while also reducing risk of transmission. 

Additional studies comparing structural and clinic characteristics of adult and pediatric HIV 

clinical sites may inform targeted efforts to better retain youth in care.
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IMPLICATIONS AND CONTRIBUTION

Young people living with human immunodeficiency virus are at increased risk of loss to 

follow-up (LTFU). Identifying factors associated with LTFU, such as being followed at 

adult sites, attending fewer visits, and not initiating antiretroviral therapy, may inform 

strategies to minimize LTFU in this high-risk population.
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Figure 1. 
Proportion lost to follow-up (LTFU) in the subsequent year for human immunodeficiency 

virus (HIV)–infected youth in the HIV Research Network cohort.
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Table 1

Demographic and clinical characteristics of 21-year-old human immunodeficiency virus (HIV)–infected youth 

engaged in care at HIV Research Network sites (N = 647)

Characteristic N (%)

Race

  White 69 (10.7)

  Black 472 (72.9)

  Hispanic 90 (13.9)

  Other/unknown 16 (2.5)

Male gender 404 (62.4)

HIV acquisition risk

  Men who have sex with men 275 (42.5)

  Perinatally HIV infected 96 (14.8)

  Blood transfusion 16 (2.5)

  Heterosexual 232 (35.9)

  Injection drug use 9 (1.4)

  Other/unknown 14 (2.2)

Perinatal/blood HIV-infected youth 112 (17.3)

Nonperinatal HIV-infected youth 535 (82.7)

CD4 category (cells/mm3)

  <50 24 (3.7)

  50–200 58 (9.0)

  >200–349 118 (18.2)

  350–499 181 (28.0)

  ≥500 266 (41.1)

Median CD4 cells/mm3 (interquartile range) 452 (312–625)

HIV viral load category (log10 copies/mL)b

  <2.6 219 (34.8)

  2.6–<4.0 219 (34.8)

  4.0–<4.70 110 (17.5)

  4.70–<5.0 31 (4.9)

  ≥5.0 51 (8.1)

Antiretroviral therapy prescribed 426 (65.8)

Site of HIV care

  Adult site 359 (55.7)

  Pediatric site 286 (44.3)

Insureda 395 (61.3)

Less than four outpatient visits in the year 209 (32.3)

  before the 22nd birthday

a
Insured includes Medicare, Medicaid, dual (Medicare/Medicaid), private insurance, and other insurance, whereas uninsured included Ryan White 

and uninsured patients.
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b
Seventeen patients with no available viral load measurements in year they were 21 years old.
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Table 2

Factors associated with loss to follow-up after the 22nd birthday

Univariate
(OR)

Multivariable
(AOR)a

Male gender .77 (.48–1.24) .95 (.63–1.43)

Race/ethnicity

  White 1.0 (Ref) 1.0 (Ref)

  Black .54 (.28–1.05) .76 (.32–1.80)

  Hispanic 1.19 (.52–2.71) .87 (.46–1.62)

Human immunodeficiency virus (HIV) acquisition risk

  Not perinatally HIV-infected/no blood transfusion 1.0 (Ref) 1.0 (Ref)

  Perinatally HIV-infected/blood transfusion .68 (.36–1.29) 1.13 (.65–1.96)

CD4 category (cells/mm3)

  <50 1.0 (Ref) 1.0 (Ref)

  50–199 .70 (.15–3.23) .70 (.10–4.48)

  200–349 .97 (.47–2.01) .85 (.27–2.65)

  350–499 1.04 (.43–2.53) .64 (.16–2.47)

  >500 .90 (.36–2.28) .73 (.23–2.34)

HIV viral load (VL) category (log10 copies/mL)

  <2.6 1.0 (Ref) 1.0 (Ref)

  2.6–<4.0 2.31 (1.53–3.50) 1.58 (.98–2.55)

  4.0–<4.70 1.96 (1.21–3.19) 1.43 (.88–2.32)

  4.70–<5.0 2.58 (1.03–6.48) 1.86 (.67–5.15)

  ≥5.0 2.54 (1.38–4.66) 1.95 (1.11–3.43)

Site of HIV care

  Pediatric site 1.0 (Ref) 1.0 (Ref)

  Adult site 3.91 (1.52–10.0) 2.91 (1.42–5.93)

Insurance statusb

  Uninsured 1.0 (Ref) 1.0 (Ref)

  Insured 1.26 (.65–2.44) 1.60 (.92–2.78)

Number of HIV provider outpatient visits in the year before their

  22nd birthday

  ≥4 1.0 (Ref) 1.0 (Ref)

  <4 4.06 (2.13–7.75) 2.72 (1.67–4.42)

Antiretroviral therapy (ART) prescribedb

  No 1.0 (Ref) 1.0 (Ref)

  Yes .38 (.30–.48) .50 (.41–.60)

Table entries are odds ratios (OR) or adjusted odds ratios (AOR) and 95% confidence intervals. Bolded values are statistically significant at the 
level of p < .05.

a
Multivariable logistic regression model including gender, race/ethnicity, clinic utilization, insurance status, HIV acquisition risk, ART prescribed, 

CD4 and VL category, adult vs. pediatric treatment site, and calendar year. Table entries are odds ratios (OR) or adjusted odds ratios (AOR) and 
95% confidence intervals. Bolded values are statistically significant at the level of p < .05.
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b
Insured includes Medicare, Medicaid, dual (Medicare/Medicaid), private insurance, and other insurance, while uninsured included Ryan White 

and uninsured patients.
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