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Abstract

Background—Loss to follow-up (LTFU) in HIV-positive cohorts is an important surrogate for 

interrupted clinical care which can potentially influence the assessment of HIV disease status and 

outcomes. After preliminary evaluation of LTFU rates and patient characteristics, we evaluated 

the risk of mortality by LTFU status in a high resource setting.

Methods—Rates of LTFU were measured in the Australian HIV Observational Database for a 

range of patient characteristics. Multivariate repeated measures regression methods were used to 

identify determinants of LTFU. Mortality by LTFU status was ascertained using linkage to the 
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National Death Index. Survival following combination antiretroviral therapy initiation was 

investigated using the Kaplan-Meier (KM) method and Cox proportional hazards models.

Results—Of 3,413 patients included in this analysis, 1,632 (47.8%) had at least one episode of 

LTFU after enrolment. Multivariate predictors of LTFU included viral load (VL)>10,000 

copies/ml (Rate ratio (RR) 1.63 (95% confidence interval (CI):1.45–1.84) (ref ≤400)), time under 

follow-up (per year) (RR 1.03 (95% CI: 1.02–1.04)) and prior LTFU (per episode) (RR 1.15 (95% 

CI: 1.06–1.24)). KM curves for survival were similar by LTFU status (p=0.484). LTFU was not 

associated with mortality in Cox proportional hazards models (univariate hazard ratio (HR) 0.93 

(95% CI: 0.69–1.26) and multivariate HR 1.04 (95% CI: 0.77–1.43)).

Conclusions—Increased risk of LTFU was identified amongst patients with potentially higher 

infectiousness. We did not find significant mortality risk associated with LTFU. This is consistent 

with timely re-engagement with treatment, possibly via high levels of unreported linkage to other 

health care providers.

Introduction

Loss to follow-up (LTFU) in HIV-positive cohorts is an important surrogate for interrupted 

clinical care which can potentially influence the assessment of HIV disease status and 

outcomes. Interrupted clinical follow-up of HIV-positive patients can delay the timely 

initiation of antiretroviral therapy (ART) in ART-naive patients, as well as disrupt ongoing 

ART in treatment experienced patients and thereby impair treatment response.

Prior studies have reported an association between episodes of LTFU and poorer outcomes 

in HIV-positive patients in both low and high resource settings [1–7]. In particular, survival 

of LTFU patients might be poor compared to patients in care if there is significant disease 

resurgence during episodes of LTFU. The ascertainment of survival by LTFU status is an 

important objective of this study as well as of similar studies of HIV-positive populations in 

high resource settings [5, 8, 9].

Inaccurate assumptions about outcomes in LTFU patients can bias findings derived from in-

care populations [10]. Evaluation of risk of LTFU can assist in identification and adjustment 

of biases introduced by different outcomes compared with patients in follow-up. However, 

predicted outcomes in LTFU patients might also be confounded by unreported patient 

linkage to other health care providers. By identifying mortality using national death 

registries, reliable rates of survival in LTFU patients can be compared to patients in routine 

care which might also allow some inference to be made about the extent to which patients 

are truly disengaged from care [11–13].

Patient populations with extended durations of LTFU are also of importance because they 

may include groups with relatively low treatment adherence who are more likely to have 

viral rebound and who are, therefore, potentially a source of ongoing HIV transmission. 

Identification of specific patients who may be at increased risk of LTFU can prompt 

preventative strategies and can direct the introduction of supports to pre-empt discontinuous 

clinical attendance and improve treatment adherence [14, 15]. Determination of risk of 
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LTFU is, therefore, important at the patient level to allow early intervention to prevent 

LTFU.

After preliminary investigation of rates and determinants of LTFU in a high resource setting 

we compared mortality in patients by LTFU status. For this we used the Australian HIV 

Observational Database which has detailed long-term attendance data, a large patient 

population and wide regional coverage. We used linkage to the National Death Index to 

compare mortality in LTFU with that of patients under routine care.

Methods

The Australian HIV Observational Database (AHOD) is an observational clinical cohort 

study of patients with HIV infection seen at 29 clinical sites throughout Australia. AHOD 

utilises methodology which has been described in detail elsewhere [16]. Briefly, data are 

transferred electronically to The Kirby Institute, University of New South Wales every 6 

months. Prospective data collection commenced in 1999, with retrospective data provided 

where available.

Ethics approval for the AHOD study was granted by the University of New South Wales 

Human Research Ethics Committee, and all other relevant institutional review boards. 

Written informed consent was obtained from participating individuals. All study procedures 

were developed in accordance with the revised 1975 Helsinki Declaration. The Australian 

Institute of Health and Welfare and all relevant institutional review boards granted specific 

ethics approval for this particular study which included linkage of consented AHOD patient 

identifiers to be made to the National Death Index to identify fact of death and date of death.

Study population

This analysis included patients who had been recruited to AHOD as part of general AHOD 

recruitment prior to 31 March 2013 with at least one recorded clinical visit thereafter. 

Patients from non-Australian sites were excluded as were patients recruited as part of 

AHOD sub-studies which often target specific non representative patient groups.

We used all recorded site visits from enrolment in AHOD until the earlier of identified date 

of death or cohort censoring date (31 March 2013) or site specific censoring date as a 

surrogate for clinical follow-up. Episodes of LTFU were defined as greater than 365 days 

between any recorded treatment visit and the earlier of censor date and next recorded visit. 

A 365 day gap represents more than 2 missed visits based on routine clinical attendance 

(according to patient, site and era) as well as 2 consecutive AHOD reporting periods without 

updated data, and has been used by cohort studies from similar resource settings [8, 9, 17, 

18]. Episodes of LTFU commenced at 180 days after the last relevant recorded visit. 

Covariates analysed were: sex; age (“<20”, “20–29”, “30–39”, “40–49”, “50–59”, “60–69”, 

“70–79”); mode of HIV exposure (“men who have sex with men (MSM)”, “heterosexual”, 

“intravenous drug use (IDU)”, “other/unknown”); hepatitis C virus (HCV) antibody (“never 

positive/never tested”, “positive ever”); hepatitis B virus surface antigen (HBsAg) (“never 

positive/never tested”, “positive ever”); year of first HIV positive test (“<1996”, “≥1996”; 

this categorisation was based on dichotomisation about the population mean), combination 
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antiretroviral therapy (cART) naïve (“yes”, “no”); calendar year (“≤2004”, “>2004”; this 

categorisation was based on dichotomisation about the population mean); time under 

followup, prior episodes of LTFU; CD4 cell count (CD4+) (closest from 180 days prior or 

up to 30 days after – “0–199”,”200–349”, “350–499”, “≥500” cells/µl); and viral load (VL) 

(closest 180 days prior or up to 30 days after – “≤400”, “401–1000”, “1001–10,000”, 

>10000 copies/ml). Categorical cut points for continuous variables, unless otherwise stated, 

were based on widely used clinical thresholds to facilitate generalizability of results, but 

with sufficient observations per category level to facilitate meaningful statistical analysis. 

Time dependent risk factors unless otherwise stated were updated in the analysis at the time 

of most recent visit.

Statistical Methods

Determinants of loss to follow-up—Rates of LTFU episodes were calculated by 

demographic and clinical patient characteristics. Patients enrolled over 1 year prior to 

censoring (who were therefore at risk of becoming lost to follow-up) were followed from 

enrolment until the earlier of death, cohort censoring date (31 March 2013) or site specific 

censoring date (31 March 2007 for one site subgroup of patients and 31 March 2009 for 

another site). Factors associated with LTFU were examined using repeated measures 

Poisson regression, with generalised estimating equations methodology. This allowed for 

multiple episodes of LTFU per patient and accounted for within and between patient 

variability. Exchangeable variance structure was assumed, but with robust calculated 

variances to minimise possible incorrectly assumed variance structure. For GEE models, 

time was coarsened to annual intervals. Time dependent variables were updated at the most 

recent visit except for CD4+ and VL where the median of test results over the year was 

used.

Data linkage to the National Death Index (NDI)—To develop estimates of mortality 

adjusted for mortality in LTFU patients, the subgroup of AHOD general recruitment with 

identified approval for data linkage was linked to the NDI using definite linkage for a range 

of linkage keys for each patient. Linkage was made using first two letters of given name, 

first two letters of surname, the day, month, and year of birth, and sex after preliminary 

quality assessment of the performance of a range of linkage keys by the Australian Institute 

of Health and Welfare (AIHW) linkage team[19].

Where possible we manually assessed linkage matches using comparison of linked date of 

death against AHOD date variables (including enrolment date, recent visit date and date of 

death).

We estimated sensitivity of matched NDI mortality status against AHOD mortality status 

using linkage results for patients with a recorded AHOD death as indicated by the 

completion of an AHOD Cause of Death (CoDe) form. CoDe forms are completed by a site 

clinician and have detailed information on clinical status at time of death as well as attached 

autopsy reports where relevant. These are reviewed by AHOD coordinators and if required 

further reviewed by HIV specialist clinicians to verify primary and secondary causes of 

death. Because of the rigour of this process, recorded AHOD death was taken to indicate 
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confirmed death. In addition we assumed 100% specificity of matching after validating all 

linked deaths against AHOD date variables to verify the absence of false positive matches.

We then developed estimates for the number of extra deaths identified by linkage using the 

sensitivity from the analysis above to incorporate rates of true positives and of false 

negatives in LTFU patients arising from the linkage process.

Finally, we resolved estimates by LTFU status and calculated a likely adjustment multiplier 

as the ratio of estimated extra deaths versus linkage deaths in LTFU to apply to rates of 

mortality amongst patients LTFU to adjust for missing deaths associated with patients 

LTFU.

Mortality estimates—We compared crude rates of death for patients who had 

commenced cART and who had consented to data linkage by time updated LTFU status. 

Follow-up status was categorised as either “not LTFU”, “returned to follow-up” (for patients 

with at least one prior episode of LTFU but who are in follow up at any given time) or 

“LTFU”. Analysis baseline was cART initiation but with left truncation applied such that 

entry was delayed until enrolment in instances where patients had commenced cART prior 

to enrolment. Patients were followed until cohort censor date or site specific censor date or 

death. An administrative censoring time of 17 years after cART commencement was also 

applied.

Univariate and multivariate Cox proportional hazards models were developed to evaluate the 

relationship between LTFU and mortality while controlling for potential confounders. 

Forward stepwise selection of covariates was used with forced inclusion of LTFU status to 

develop a parsimonious model but which was inclusive of important predictors of survival. 

Results from model fitting using backward selection methods were compared. Covariates 

examined were age at first cART; sex; IDU mode of exposure; year HIV positive (<1996/

≥1996); year of first cART (<2000, ≥2000); prior AIDS defining illness (ADI) at first 

cART; HCV (ever); HBsAg (ever); prior mono/dual (Mono/Duo) treatment at first cART; 

and CD4+ at first cART. Analyses were stratified by treatment centre.

A sensitivity analysis was conducted to investigate mortality by LTFU status limited to 

patients who prospectively commenced cART. In this analysis analogous Cox proportional 

hazards models were developed to those described above but where only patients with 

consent to data linkage who had commenced cART at or after enrolment were included.

Analyses were conducted using Stata version 12.1 (Stata Corp LP, College Station, TX, 

United States).

Results

Total AHOD recruitment was 3, 894 patients of whom 286 were omitted from analyses 

because they were from non-Australian sites or were part of targeted AHOD sub studies. Of 

the remaining 3,608 patients, those who were recruited at least 1 year prior to censor date 

were included in analysis of determinants of LTFU (3,413 patients (94.6%)) and followed 

for a total of 23,922 person years (PY) from enrolment. Of these patients 1,632 (47.8%) had 
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at least one episode of LTFU. In total over the duration of the analysis, 2,349 episodes of 

LTFU were observed and in 1,283 (54.6%) of these episodes patients returned to care.

Patients were predominantly male (3,208 (94.0%)), with mean age of 42.3 years at 

enrolment and predominant route of HIV transmission was via MSM (2,581 (75.6%)) (Table 

1). The median duration between attendances was 62 days (interquartile range (IQR) 17–

100) with 42.5% of visits being between 62 and 180 days apart, 5.7% of visits being 

between 180 and 365 days apart and 2.0% of visits being over 365 days apart. The overall 

crude rate of LTFU (including episodes resulting in return to care) was 9.82 episodes per 

100 PY (/100 PY) (95% confidence interval (CI): 9.43–10.22)

Predictors of lost to follow-up

Increased crude rates of LTFU were associated with younger patients (age <30 years (21.95 

episodes/100 PY (95% CI: 18.64–25.84)), and age 30–39 years (14.06 episodes/100 PY 

(95% CI: 13.08–15.12)), IDU mode of exposure (13.22 episodes/100 PY (95% CI: 11.39–

15.36)), VL>10,000 copies/ml (11.60 episodes/100 PY (95% CI: 10.51–12.81)), prior 

episodes of LTFU (20.63 episodes/100 PY (95% CI: 18.91–22.51) with 1 prior episode), and 

earlier calendar year periods of follow-up (≤2004 11.08 episodes/100 PY (95% CI:10.38–

11.83)) (Table 1).

In a multivariate model, increased risk of LTFU was associated with heterosexual mode of 

exposure (HR 1.17 (95% CI: 1.04–1.33) (ref MSM), p=0.012), patients who had initiated 

cART (1.76 (95% CI: 1.44–2.16), p<0.001), increased VL (copies/ml) (1,001–10,000 1.34 

(95% CI: 1.16–1.55), >10,000 1.63 (95% CI: 1.45–1.84) (ref ≤400), p<0.001), time under 

follow-up (per additional year) (1.03 (95% CI: 1.02–1.04), p<0.001) and prior episodes of 

LTFU (per additional episode) (1.15 (95% CI: 1.06–1.24), p<0.001). Female sex (0.68 (95% 

CI: 0.55–0.83), p<0.001) and increased age (per year older) (0.74 (95% CI: 0.71–0.78), 

p<0.001) were associated with decreased risk of LTFU. Missing current annual CD4+ 

(cells/µl) (1.67 (95% CI: 1.33–2.08) ref <200), p<0.001) and missing current annual VL 

(3.35 (95% CI: 2.89–3.88) (ref ≤400), p<0.001) were also associated with increased risk of 

LTFU in this model (Table 2).

Data linkage

Of 3,608 general recruitment AHOD patients, 3,404 (94.3%) were consented and linked to 

the NDI. Of these patients 2,529 (74.3%) had a current AHOD mortality status, while 875 

(25.7%) did not. The estimated linkage sensitivity was 84.5% based on 246 of 291 

confirmed AHOD deaths being matched to NDI deaths.

Of 2,501 linked patients not LTFU, 263 (10.5%) had a death recorded in AHOD. Of the 

remaining 903 patients who were LTFU, 28 (3.1%) had an AHOD death recorded, and 42 

(4.7%) extra deaths were identified by linkage. A likely extra 8 (0.9%) deaths had occurred 

but were missed by linkage based on the above sensitivity. This suggests that, for AHOD, 

estimates of mortality in patients LTFU should be revised upwards by a factor of 1.11 (i.e. 

78/70).
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Mortality

Of 3,404 AHOD patients linked to the NDI, 3,030 (89.0%) had initiated cART prior to 

censor date and were included in survival analyses. Over the duration of survival analysis 

(from cART commencement but with patients entering the at-risk population at time of 

enrolment in instances of later enrolment and being followed until censoring) 323 deaths 

were observed: 228 (70.6%) in patients with no prior LTFU, 32 (9.9%) in patients returned 

to follow-up, and 63 (19.5%) in patients LTFU. Overall mortality was 12.87 deaths/1000 PY 

(95% CI: 11.54–14.35). Crude rates of mortality by time updated LTFU status for enrolled 

patients were similar by follow-up status: 13.35 deaths/1000 PY (95% CI: 11.73–15.20) for 

patients with no prior LTFU; 11.41 deaths/1000 PY (95% CI: 8.07–16.14) for patients 

returned to follow-up; and 12.08 deaths/1000 PY (95%: 9.44–15.47) for patients LTFU. 

Kaplan Meier curves of the unadjusted relationship between LTFU and survival showed 

similar survival by LTFU status (Figure 1) (log rank p=0.484).

LTFU status was not associated with mortality in a univariate cox proportional hazard model 

(p=0.893) (Table 3). Baseline covariates associated with increased mortality were increased 

age, IDU mode of exposure, prior ADI, HCV or HBV ever, earlier year of infection, earlier 

year of first cART and lower CD4+. LTFU status was not associated with survival in a 

multivariate model which was adjusted for Age, IDU exposure status, HBV, year of first 

cART and CD4+ (p=0.844). Both forward and backwards model selection techniques 

selected identical models. In a sensitivity analysis which restricted inclusion to patients who 

had commenced cART at or after enrolment LTFU was not found to be a significant 

predictor of mortality. Models were strongly limited by insufficient patient numbers and 

endpoints (476 patients, 21 deaths) and models were not robust to small variations in 

inclusion criteria.

Discussion

Characteristics of patients in the Australian HIV Observational Database who were at 

increased risk of LTFU were consistent with groups experiencing increased viral load and 

exhibiting higher infectiousness. We found no difference between mortality rates in patients 

according to follow-up status. This might indicate high levels of timely and often unreported 

re-engagement in care amongst these patients.

Overall, the observed rate of episodes of LTFU (which included multiple episodes per 

patient) was relatively low (9.82 episodes/100 PY (95% CI: 9.43–10.22)). In the UK 

Collaborative HIV Cohort (CHIC) study a higher rate of LTFU was observed (16.7 

episodes/100 PY (95% CI: 16.4–17.2)) [8]. However that analysis defined follow-up by 

duration between CD4+ test dates rather than all clinical visits which might decrease 

observable attendance. Compared to many other cohorts, AHOD has wide national coverage 

of the epidemic and comprises a large proportion of Australian patients under care 

(approximately 15–20% [20, 21]), and internal linkage is used to capture duplicated cohort 

recruitment amongst participating sites. Also, in Australia there are relatively low barriers to 

continuous engagement with care providers because of accessible subsidised treatment that 

might reduce financially related attrition, although in the UK for example ART is free. It is 

also reasonable to expect lower rates of LTFU via emigration in AHOD patients given 
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relatively high Australian resourcing compared to other regional national health services. 

These characteristics increase the likelihood and identification of re-enrolment of transient 

patients across AHOD sites.

Demographically, risk of LTFU was associated with males, younger age and mode of 

exposure (heterosexual and marginally also IDU). These characteristics have been 

associated with residential transience [22, 23] and are consistent with shorter term 

engagement with localised healthcare as well as with relatively poor adherence to ART [24–

29] and higher transmission risk behaviours [27, 30–32]. This suggests that LTFU events are 

likely to correlate with increased risk of viral rebound and have serious implications for the 

HIV epidemic with higher community VL and infectiousness, and consequent ongoing HIV 

transmission.

We also observed higher risk of LTFU by higher median annual VL which suggests that 

possibly less adherent patients are more likely to become LTFU. In this study there was no 

difference in risk associated with level of median annual CD4+, but instead we observed 

increased risk associated with missing CD4+ tests (and similarly, missing VL tests). This 

was facilitated by defining LTFU based on durations between any recorded clinical 

attendances rather than just durations between attendances with recorded CD4+ testing. Our 

results suggest that at-risk patients are less likely to engage in a structured or consistent 

approach to treatment, to the extent that this is reflected by routine CD4+/VL monitoring. 

To contrast, Hill et al observed a moderate decrease in risk associated with decreasing CD4+ 

[8] in a similarly resourced setting using a definition that incorporated episodic LTFU. 

However, that analysis was based on follow-up defined by duration between CD4+ test 

dates rather than all clinical visits which may affect the association with risk of LTFU, as 

well as preclude comparison of relative rates of attendance without CD4+ testing.

We also found that having commenced cART compared to being cART-naive, duration of 

follow-up and prior episodes of LTFU were associated with increased risk. Conversely, Hill 

et al observed decreased risk associated with cART initiation [8, 9]. This might to an extent 

be attributable to relative differences in the recruitment to both cohorts, with over 40% of 

followup time in the CHIC study being of cART naïve patients compared to 6% in this 

study. Our findings describe more experienced patients and show that there is persistent 

habitual LTFU amongst this population. It is possible that these patients re-present at the 

same centre following periods of low treatment adherence which can result in viral rebound.

The median duration between all attendances in this study was 62 days (IQR 17–100) which 

accords with accepted Australian guidelines over the period of study [33], although this 

figure is likely strongly weighted by patients requiring more intensive care, whereas longer 

term, stable patients are likely to be seen at more extended intervals (42.5% of visits were 

between 2 and 6 months apart). Generally, observed attendance patterns in this study reflect 

that LTFU, as defined, is associated with strong departure from recommended and normal 

therapy. It is likely that many patients are not adherent to treatment for sizeable proportions 

of these episodes given that HIV prescriptions in Australia are generally made for much 

shorter intervals and are invalid after one year duration [34, 35].
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In this study we ascertained vital status of all patients by linkage to the NDI to investigate 

potentially poorer survival in LTFU patients. We internally validated linkage against known 

AHOD deaths and estimated linkage sensitivity as 84.5%, and given relatively low 

migration as described above, we propose this as a reliable estimate of true patient mortality. 

We found that true mortality was likely to be over 17% higher than recorded mortality. 

Overall mortality was observed to be around 13 deaths per 1000 patient years (incorporating 

adjustment for possible false negatives from NDI linkage) and we observed similar rates of 

mortality by LTFU status. In particular, LTFU status was not a significant predictor of 

survival in multivariate analyses adjusting for age, IDU exposure, HBsAg status, year 

positive, year of first cART and baseline CD4+. This suggests that additional risk associated 

with potential disease re-emergence during these episodes is often able to be mitigated. This 

may be via delayed re-engagement with the same treating centre (as suggested via high rates 

of episodic LTFU), or via unreported linkage to other health care although this was not 

investigated by this study.

A limitation of this study is that more detailed attendance data was not incorporated into 

analyses. In particular recorded failure to attend scheduled visits is likely to correlate 

strongly with at risk patients. Use of this predictor would obviate the use of duration based 

definitions of LTFU which may be inappropriate for any given patient specific schedule of 

attendance. This data is not collected in AHOD although it is recommended that this aspect 

of clinical attendance be investigated further. The consideration of non-attendance over 

intervals less than 365 days, which might potentially be informative, was limited by the bi-

annual period of AHOD reporting. In practice non-reporting of true attendances for any 

single reporting period (half year intervals) was seen to be sufficiently common in 

preparatory analysis that calculated rates of non-attendance might be incorrectly and 

significantly increased. However, this is likely to be mitigated at durations above a year, 

which permit sites to respond to quality assurance procedures, and generally rates of 

calculated LTFU in AHOD are low compared to comparable cohorts using the 365 day 

definition of LTFU. Also, some socio-demographic risk factors were not able to be included 

in this analysis. In particular there are strong posited reasons for ethnicity being associated 

with risk of LTFU, although in the comparable studies of Mocroft and Hill results are 

conflicting [8, 9]. In AHOD, the population is predominantly Caucasian and any given 

ethnic minority category may have insufficient numbers to include in adjusted analyses. 

There are also reasonably high levels of underreporting of ethnicity, often by site policy, 

which might introduce bias to analyses incorporating this variable. Generally however, our 

results can be taken to be representative of the broader in treatment population in Australia.

A strength of this analysis was the ability to link AHOD data to the National Death Index, 

which permitted the ascertainment of mortality in patients LTFU. We have therefore been 

able to develop rates of mortality which are unbiased by patient attrition and we have also 

shown that this bias is actually likely to be quite low in this cohort. Many similar studies 

have listed linkage to death registries as an important but unattained goal.

In summary, increased risk of LTFU was identified amongst patients with increased viral 

load and these patients might therefore have higher infectiousness than other groups. 

However, we did not find a significant mortality risk associated with LTFU suggesting that 
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there is relatively low detriment to individuals that is associated with LTFU events. This is 

consistent with timely re-engagement with treatment possibly via high levels of unreported 

linkage to other health care providers.
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