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ABSTRACT (250/250) 

Objective 

Interruptions in care of people with HIV (PWH) on antiretroviral therapy (ART) are associated with 

adverse outcomes, but most studies have relied on composite outcomes. We investigated whether 

mortality risk following care interruptions differed from mortality risk after first starting ART.  

Design 

Collaboration of 18 European and North American HIV observational cohort studies of adults with 

HIV starting ART between 2004-2019. 

Methods 

Care interruptions were defined as gaps in contact of ≥365 days, with a subsequent return to care 

(distinct from loss to follow-up), or ≥270 days and ≥545 days in sensitivity analyses. Follow-up time 

was allocated to no/pre-interruption or post-interruption follow-up groups. We used Cox regression 

to compare hazards of mortality between care interruption groups, adjusting for time-updated 

demographic and clinical characteristics and biomarkers upon ART initiation or re-initiation of care. 

Results 

Of 89197 PWH, 83.4% were male and median age at ART start was 39 years (interquartile range 

[IQR]: 31-48). 8654 PWH (9.7%) had ≥1 care interruption; 10913 episodes of follow-up following a 

care interruption were included. There were 6104 deaths in 536,334 person-years, a crude mortality 

rate of 11.4 (95%CI: 11.1-11.7) per 1000 person-years. The adjusted mortality hazard ratio (HR) for 

the post-interruption group was 1.72 (95%CI: 1.57-1.88) compared with the no/pre-interruption 

group. Results were robust to sensitivity analyses assuming ≥270-day (HR 1.49, 95%CI: 1.40-1.60) and 

≥545-day (HR 1.67, 95%CI: 1.48-1.88) interruptions. 

Conclusions 

Mortality was higher among PWH reinitiating care following an interruption, compared with when 

PWH initially start ART, indicating the importance of uninterrupted care.  

 

Key Words: Treatment gap, adherence, ART, Western Europe, North America, mortality  
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Introduction 

For people with HIV (PWH), antiretroviral therapy (ART) has substantially reduced the risk of 

mortality(1, 2), leading to increased life expectancies(3, 4). The World Health Organization 

recommends that all PWH start ART when diagnosed, regardless of their HIV-related biomarkers such 

as CD4 cell counts and HIV-1 RNA viral loads(5). Globally, 76% of the 39 million PWH were estimated 

to be on ART in 2022(6). While adherence to ART is key to maintaining a low risk of mortality(7), 

interruptions are common and occur for a variety of reasons, including treatment-related side effects 

and lifestyle factors(8).  

Interruptions in HIV care are strongly associated with emergent viral resistance, AIDS-defining events, 

and mortality(8). Key mathematical models of HIV epidemics, including those used by UNAIDS(9), 

account for CD4 cell counts, but assume that mortality rates are the same among PWH who resume 

care after an interruption as those starting ART for the first time, but there is considerable 

uncertainty around this assumption and how to better parameterise these models. Studies in Europe 

and North America comparing outcomes for PWH restarting care with PWH initiating ART for the first 

time have, due to a lack of mortality events, mostly used composite outcomes such as AIDS and/or 

death(10-13). This does not allow for robust estimation of mortality rates. 

We aimed to investigate the rates and predictors of interruptions from care among PWH on ART in 

Europe and North America, and whether mortality risk following restarting care after an interruption 

differed from mortality risk after initially starting ART.  

 

Methods 

Study design and population 

Data were combined from 18 European and North American HIV cohort studies of PWH from the 

Antiretroviral Therapy Cohort Collaboration (ART-CC)(14). The included were (AHIVCOS, AMACS, 

ATHENA, Alberta, Aquitaine, CBC, CoRIS, DHK, Frankfurt, ICONA, KP, PISCIS, SHCS, UAB, UW, VACH, 

VACS, Vanderbilt – see here for further information: http://www.bristol.ac.uk/art-cc/whoswho/). 

Ethics committees or institutional review boards approved the individual cohorts, which used 

standardised data collection methods, and regularly followed-up patients. Cohorts gathered 

information on mortality through linkage with vital statistics agencies and hospitals or physician 

report, and the active follow-up of participants. 

Analyses were restricted to ART-naïve PWH starting ART regimens containing at least three drugs 

between 2004 and 2019. Eligible participants were aged ≥16 years old when starting ART and had no 

prior exposure to ART medications. Included participants had a CD4 count and HIV-1 RNA viral load 

measurement within a window of one month before and one week after starting ART. We excluded 

PWH who started ART with an HIV-1 RNA viral load value of ≤400, because they may not have been 

ART-naïve. 

Interruptions to care 

Recorded contact dates include dates of clinic visits, ART prescription/dispensing dates, and dates of 

laboratory tests; any of those listed in the HIV Cohorts Data Exchange Protocol (HICDEP) tblLAB: 

https://hicdep.org/Wiki/v/9/pt/4/Table/26/FieldID/305. We defined care interruptions as a gap in 

contact longer than 365 days, with a subsequent return to care. Care interruptions are thus distinct 

from loss to follow-up (LTFU), where there is no return to care. We assume that participants remain 

http://www.bristol.ac.uk/art-cc/whoswho/
https://hicdep.org/Wiki/v/9/pt/4/Table/26/FieldID/305
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in care during the first 365 days of a care interruption. If someone is lost to follow-up, they are 

censored 365 days after the last recorded contact. Figure 1 illustrates how follow-up is partitioned to 

the no/pre-interruption and post-interruption follow-up groups. 

Statistical analyses 

Follow-up started at time of ART initiation. Participants were deemed to be under observation until 

the earliest of the date of death, 365 days after the last recorded contact (loss to follow-up), or date 

of administrative censoring (the last of which was 29th February 2020). To avoid under ascertainment 

of deaths, if somebody died after being lost to follow-up, then they would be no longer be 

considered lost and would be reincluded. Time on ART was allocated across two groups: “no previous 

interruption” (group A) and “post-interruption” (group B). Participants that had one or more care 

interruptions would contribute multiple follow-up periods to the analysis. Observation time after ART 

start and the first 365 days during the first care interruption was allocated to group A. If there was a 

care interruption then observation time after the first care interruption was allocated to group B, up 

until another care interruptions or the censoring date. Follow-up periods for participants who return 

to care with a suppressed viral load were excluded, due to uncertainty about whether an 

interruption in care had occurred.  

We used Cox regression to compare hazards of mortality across the two care interruption groups, 

adjusting for time-updated characteristics and biomarkers upon ART initiation or re-initiation of care: 

age (16-24, 25-34, 35-44, 45-54, 55-64, ≥65), male or female sex at birth, CD4 count (cells/mm3) (0-

49, 50-99, 100-199, 200-349, 350-499, ≥500), year of ART initiation (2004-2007, 2008-2011, 2012-

2015, 2016-2019), and method of HIV acquisition (sex between men, injecting drug use, 

heterosexual sex, and other/unknown). We stratified the baseline hazards by cohort. For determining 

CD4 counts and HIV-1 RNA viral loads upon re-initiation of care, we used window periods of 6 

months prior to 30 days after the date of re-initiation. Where people were missing CD4s counts at re-

initiation we assumed the CD4 count from the start of their prior initiation/re-initiation period, as 

these CD4 counts would likely rise whilst on ART and then fall when off ART. 

We also used Cox regression to compare the hazard of first care interruption across baseline 

demographic and HIV-related factors: age, sex, CD4 count, year of ART initiation, and method of HIV 

acquisition, again stratifying the baseline hazards by cohort. 

Sensitivity analyses 

In a sensitivity analysis, rather than excluding it, we included follow-up of PWH returning to care with 

suppressed viral loads in the interruption groups, as well as follow-up of PWH returning to care with 

unsuppressed viral loads. We also performed a sensitivity analysis dropping follow-up periods where 

people resumed care with CD4 counts ≥350 cells/mm3. Due to the high levels of missingness, in a 

separate sensitivity analysis we investigated using ART start CD4 cell count values rather than time-

updating them at the time of restarting care, regardless of availability at care re-initiation. As follow-

up time was on average much longer for PWH who did not experience interruptions, we restricted 

follow-up to 90 days and 180 days (separately) after ART initiation or re-engagement with care. 

Finally, in sensitivity analyses we investigated defining care interruptions as gaps of ≥270 days and 

≥545 days instead of ≥365 days. 

All statistical analyses were performed using STATA version 17 (STATA Corporation, College Station, 

Texas, USA). 
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Results 

In total, 89187 PWH were included in the analysis. Table 1 shows the characteristics at ART start of 

the 80533 PWH (90.3%) who never had a care interruption, and 8654 (9.7%) of PWH who had a care 

interruption. The median age of the overall sample was 39 years (interquartile range [IQR]: 31-48), 

and 83.4% were male at birth. The median CD4 count at ART initiation was 283 cells/mm3 (IQR: 146-

421) among those who never had a care interruption, whilst the median ART start CD4 counts was 

250 (IQR: 124-370) cells/mm3 for those who had an interruption. The distribution of the year of first 

starting ART differed between the interruption groups, with a lower percentage of PWH in the 

interruption group 281 (3.3%) having started ART 2016-2019 than in the no interruption (12545, 

15.6%). A higher percentage of PWH that had care interruptions had acquired HIV through injecting 

drug use, 1398 (16.2%), than the no interruption group, 5006 (6.2%). Similarly, higher percentages of 

PWH in the interruption group, 2086 (24.1%), had an other/unknown HIV acquisition method than 

the PWH in the no interruption group, 14632 (18.2%). There was a higher percentage of women in 

the interruption group (20.5%) than in the no interruption group (16.2%).  

For the main analysis with interruptions in care of a year or more defined as a care interruption, 

there were 100100 follow-up periods included from the 89187 PWH, with 8654 PWH having at least 

one care interruption. With this definition of an interruption, the average length of time between the 

last contact date before the interruption and reinitiation of care was 527 days (IQR: 420-779). Each 

PWH contributed follow-up to the pre interruption group and there were 10913 episodes of follow-

up included following an interruption. Table 1 shows the age and CD4 counts time-updated to the 

beginning of each follow-up period. PWH were older at the start of the interruption episodes, 43 

years (IQR: 36-51), than at ART start, 39 years (IQR: 31-48). The median CD4 count at ART start was 

280 cells/mm3 (IQR: 143-417), whilst it was 344 (IQR: 144-595) upon return to follow-up after an 

interruption where these data were available (for 51.6%). Table 1 also shows the CD4 count 

categories used after assuming prior CD4 values for PWH who returned to follow-up with missing 

CD4 count data, with a higher percentage restarting follow-up after an interruption having CD4 

counts of ≥500 (2867, 26.3%), than at ART initiation (14420, 16.2%). The percentage with the CD4 

counts of 0-49 was similar in both groups, 10377 (11.6%) after ART initiation, and 1273 (11.7%) after 

an interruption. 

Rates and predictors of first care interruption 

Table 2 shows the crude rates per 1000 person-years of having a care interruption for ART start 

characteristics and the corresponding adjusted hazard ratios. From 509060 years of follow-up, the 

overall rate of first interruption was 17.0 (95% confidence interval [95%CI]: 16.6-17.3) per 1000 

person-years. Men had lower rates of care interruption than women, whilst age was the biggest 

predictor of care interruptions, with increasing age being associated with lower rates consistently 

across age-groups. PWH who had acquired HIV through injecting drug use, those who had acquired 

HIV through heterosexual sex and those with other/unknown HIV acquisition method had higher 

rates of care interruptions than PWH who had acquired HIV through sex between men. 

Care interruptions and mortality risk  

In the main analysis with care interruptions defined as gaps in care of at least one year, there were 

6104 deaths in 536334 person-years, a crude mortality rate of 11.4 (11.1-11.7) per 1000 person-

years. Table 3 presents the crude mortality rates and adjusted mortality hazard ratios for 

characteristics time-updated for the beginning of each follow-up period. The crude mortality rate for 

the post interruption group was higher, 23.6 (95%CI: 21.8-25.5) per 1000 person-years, than the 
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no/pre-interruption group, 10.7 (95%CI: 10.5-11.0). The corresponding adjusted hazard ratio for the 

post-interruption group was 1.72 (95%CI: 1.57-1.88) compared with the no/pre-interruption group. 

Mortality rates were higher for men than women, and for people who had acquired HIV through 

injecting drug use than through other methods. Mortality increased as CD4 counts decreased and 

age at the beginning of follow-up increased, whilst mortality was lower for follow-up beginning in 

later years.  

Sensitivity analyses 

Figure 2 and Supplementary Table 1 present results of various sensitivity analyses. These included 

varying the viral suppression and CD4 count restrictions when re-engaging with care, using CD4 

counts from the start of ART rather than time-updating them, limiting follow-up periods to 3- or 6-

months, and defining care interruptions using gaps of ≥270 or ≥545 days. In all but one sensitivity 

analysis, mortality was elevated in both the post-interruption follow-up group, compared with 

no/pre-interruption. In the sensitivity analysis restricting follow-up to 3 months after ART initiation or 

re-engagement with care, the aHR for mortality in the post-interruption group, in which there were 

105 deaths, was 1.17 (95%CI: 0.94-1.46). In that sensitivity analysis, the associations of time-updated 

age and CD4 count with mortality were much stronger than in the main analysis; aHRs 20.9 (95%CI: 

9.1-47.9) for being aged ≥65 vs 16-24 years, and 16.2 (95%CI: 10.7-24.4) for having a CD4 count <50 

vs ≥500 cells/mm3. 

 

Discussion 

Our results indicate that the relative hazard of mortality is higher among PWH upon reinitiating care 

following a care interruption, compared with PWH starting ART for the first time; the adjusted hazard 

ratio for the post-interruption group was 1.72 (95%CI: 1.57-1.88) compared with the no/pre-

interruption group. These results were robust in various sensitivity analyses, except when limiting 

follow-up to just 3-months after ART initiation or re-engagement with care where there were far 

fewer deaths. Age was the best predictor of care interruptions, with increasing age being associated 

with lower absolute rates and relative hazards consistently across age-groups, perhaps reflecting 

differing service delivery for older age groups(15) or differing lifestyle factors by age(16), whilst PWH 

who had acquired HIV through injecting drug use had higher rates of care interruptions than other 

HIV acquisition groups, perhaps due to high incarceration rates in this group(17). 

Comparison with other literature 

Other studies have examined outcomes among PWH following an interruption in care or treatment. 

However, comparing these studies can be difficult due to different definitions of these interruptions 

and the statistical methods used. A systematic review of treatment interruptions, including studies 

from outside of Europe and North America, noted that they are common, and with a median 

duration of 150 days(8), although this study was published over a decade ago when HIV care was 

different. As we used a minimum of 365-day gaps to define a care interruption, our median duration 

of an interruption was much higher, 527 days. The systematic review found that the most frequently 

reported reasons for these interruptions were side-effects, adverse events, and drug toxicity(8). 

Similar to the findings in our study, they found that younger age and injecting drug use were key risk 

factors for these interruptions(8). In an analysis of the Italian ICONA Foundation Study cohort, which 

is part of the ART-CC, the authors found that younger age and injecting drug use were risk factors for 

being lost to care(18). With interruptions defined using gaps of >18 months, PWH who then re-

entered care were at higher risk than those who were continuously in care of a composite endpoint 



9 
 

9 
 

of death, AIDS-related infections, serious non-AIDS-related events, or hospitalization(18). The 

Dat'AIDS cohort in France looked at care interruptions defined as intervals of >15 months and also 

found that younger patients were more likely to have interruptions(12). They found that these 

interruptions were associated with increased odds of AIDS and, separately, death(12). Another study 

from France defining interruptions using gaps of >12 months found that almost half of returning 

PWH had CD4 cell counts <200 or AIDS, and that those experiencing these interruptions were five 

times more likely to die(11). In the CoRIS cohort in Spain, also part of the ART-CC, where 

interruptions were defined using gaps of >15 months, risk factors for interruption included younger 

age, lower educational level, having acquired HIV infection through injecting drug use or 

heterosexual intercourse, having been born outside of Spain, and CD4+ cell count >200 cell/μl, viral 

load <100 000 and co-infection with hepatitis C virus at enrolment(19). In a study of the EuroSIDA 

cohort from 2007, when defining treatment interruptions using gaps of 3 months, they also found 

that a composite endpoint of AIDS events or death was more common in the group that had 

treatment interrupted, than in the group with no interruptions(20). There has also been much 

research into treatment/care interruptions among PWH outside of Europe. For example, a study 

using data from a range of countries in East Africa showing that CD4 cell-count increases after 

restarting ART were slower than prior to the interruption(21), perhaps explaining the higher 

mortality rates post-interruption seen in our study and others. 

Strengths and limitations 

The strengths of this study included the large sample size, geographical diversity, and 

representativeness of the PWH that were included for the regions they live. Therefore, our findings 

are likely generalisable to other similar concentrated epidemics. However, the cohorts are from 

various countries with different health systems, population characteristics, and migration patterns, so 

pooling such data may obscure within-country patterns. Specific centres with the included cohorts 

may have been undertaking different interventions to improve adherence to ART and reduce care 

interruptions, however, we were unable to account for this in our analysis. Additionally, adherence to 

ART will vary between PWH; having ART prescribed does not mean adherence will be good, even if 

someone turns up to their appointments. There may be some under ascertainment of mortality 

among the cohorts, however, most had linkage to either national or regional death registries, whilst 

the remainder had robust systems in place to determine mortality among PWH who disconnected 

from care(14, 22). Some PWH were missing data on CD4 counts when returning to care following an 

interruption, so time-updated CD4 counts upon return to care could not always be calculated and we 

had to instead make assumptions using their previous CD4 counts. It is difficult to define care 

interruptions, so we used three definitions (≥1 year, ≥270 days, and ≥545 days) and used a sensitivity 

analysis to investigate our assumptions around PWH returning to care with suppressed to viral loads, 

as it is possible that PWH could temporarily transfer health provider. We did not have data on the 

reason for these care interruptions. Finally, the data used were from the ART-CC’s 2019 data update 

from before the COVID-19 pandemic. The COVID-19 pandemic may have changed the epidemiology 

around care interruptions through increases in “telehealth” interventions and longer lengths of 

prescriptions in response to lockdowns and more restrictions regarding accessing care(23, 24). 

Conclusion 

Our results add further weight to the evidence that care interruptions for PWH on ART are associated 

with increased mortality. We showed that absolute rates and relative hazards of mortality following a 

care interruption were higher than after initially starting ART despite those returning to care, on 

average, having higher CD4 counts. Previous research has identified many reasons for care 

interruptions, including factors such as temporary migration, and, commonly, side effects from ART 
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regimens(7)(8). Additionally, interventions have been developed to increase adherence to HIV care 

and reduce interruptions(25), such as community meetings(26), peer support(27), and 

counselling(28). Care interruptions were common in this large population of PWH from a variety of 

countries and healthcare systems, indicating that scale-up of interventions to reduce care 

interruptions is required, as well as the development of additional interventions. As the reasons for 

care interruptions are varied, there is also a need to identify the most likely reasons for a care 

interruption in certain settings and populations (for example, people who are likely to move away for 

work, or those with substance use issues) and which intervention is most likely to help in each 

instance. The results of this analysis should be used to parameterise mathematical models of HIV 

epidemics, including the Spectrum model used by UNAIDS(9), regarding the assumptions for 

mortality rates following care interruptions with similar concentrated epidemics. Adding the results 

of our analyses to such models should increase the accuracy of such models and improve the 

estimates produced for HIV policymakers in many settings. However, further analyses of care 

interruptions using data following the COVID-19 pandemic are likely required due to adaptions in 

care delivery that occurred during this time(24). 
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Figure 1: Illustration of how follow-up is partitioned to the no/pre-interruption and post-

interruption follow-up groups* 

 

*The first 365 days after the last contact before a care interruption or loss-to-follow-up is assigned to 

the prior follow-up period.  
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Table 1: Participant’s characteristics at ART initiation and time-updated characteristics at the 

beginning of each follow-up period, stratified by ≥1 year interruption status 

 

Column percentages are shown. †Row percentage. IQR, interquartile range. 

a Time-updated values missing for 5628 (5.6%) so prior values used instead 

b Time-updated values missing for 5628 (51.6%) so prior values used instead

Variable Total cohort No interruption Interruption 

 N (%) or median (IQR) N (%) or median (IQR) N (%) or median (IQR) 
Number of participants 89187 (100.0%)† 80533 (90.3%)† 8654 (9.7%)† 
Age (years) 39 (31-48) 40 (32-48) 38 (30-46) 
ART initiation CD4 count (cells/mm3) 280 (143-417) 283 (146-421) 250 (124-370) 
Sex    
Female 14781 (16.6%) 13006 (16.2%) 1775 (20.5%) 
Male 74406 (83.4%) 67527 (83.9%) 6879 (79.5%) 
Year of first initiating ART    
2004-2007 20107 (22.5%) 16884 (21.0%) 3223 (37.2%) 
2008-2011 27789 (31.2%) 24671 (30.6%) 3118 (36.0%) 
2012-2015 28465 (31.9%) 26433 (32.8%) 2032 (23.5%) 
2016-2019 12826 (14.4%) 12545 (15.6%) 281 (3.3%) 
HIV acquisition method    
Sex between men 42222 (47.3%) 39436 (49.0%) 2786 (32.2%) 
Injecting drug use 6404 (7.2%) 5006 (6.2%) 1398 (16.2%) 
Heterosexual sex 23843 (26.7%) 21459 (26.7%) 2384 (27.6%) 
Other/unknown 16718 (18.7%) 14632 (18.2%) 2086 (24.1%) 

 All follow-up periods No/pre-interruption Post-interruption 
Number of follow-up periods 100100 (100.0%)† 89187 (89.1%)† 10913 (10.9%)† 
Time-updated age (years) 40 (32-48) 39 (31-48) 43 (36-51) 
Time-updated CD4 count (cells/mm3) 282 (143-426)a 280 (143-417) 344 (144-595)b 
0-49 11594 (11.6%) 10377 (11.6%) 1273 (11.7%) 
50-99 7286 (7.3%) 6508 (7.3%) 811 (7.4%) 
100-199 14741 (14.7%) 13185 (14.8%) 1599 (14.7%) 
200-349 29768 (29.7%) 27243 (30.6%) 2575 (23.6%) 
350-499 19292 (19.2%) 17454 (19.6%) 1788 (16.4%) 

≥500 17579 (17.5%) 14420 (16.2%) 2867 (26.3%) 
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Table 2: Crude rates and adjusted hazard ratios of the first care interruption of ≥1 year 

Variable Person-years of 
observation 

Care 
interruptions 

Crude rate to first 
care interruption per 

1000 person-years 
(95% CI) 

Adjusted 
hazard ratio 

(95% CI)* 

Overall 509060 8654 17.0 (16.6-17.3)  
Sex     
Female 88870 1775 20.0 (19.1-20.9) 1 (reference) 
Male 420190 6879 16.4 (16.0-16.8) 0.93 (0.87-0.99) 
Age at ART initiation (years)     
16-24 29082 710 24.4 (22.7-26.3) 1 (reference) 
25-34 136517 2628 19.3 (18.5-20.0) 0.79 (0.72-0.86) 
35-44 170577 2865 16.8 (16.2-17.4) 0.62 (0.57-0.68) 
45-54 114444 1792 15.7 (14.9-16.4) 0.53 (0.48-0.58) 
55-64 45948 532 11.6 (10.6-12.6) 0.38 (0.34-0.43) 
≥65 12492 127 10.2 (8.5-12.1) 0.33 (0.27-0.40) 
CD4 count at ART initiation 
(cells/mm3) 

    

≥500 62428 1031 16.5 (15.5-17.6) 1 (reference) 
350-499 92764 1410 15.2 (14.4-16.0) 0.90 (0.83-0.97) 
200-349 172809 2835 16.4 (15.8-17.0) 0.94 (0.87-1.01) 
100-199 82046 1573 19.2 (18.2-20.1) 1.07 (0.99-1.16) 
50-99 38369 714 18.6 (17.3-20.0) 1.04 (0.95-1.15) 
<50 60644 1091 18.0 (17.0-19.1) 0.98 (0.89-1.07) 
Year of ART initiation     
2004-2007 171350 3223 18.8 (18.2-19.5) 1 (reference) 
2008-2011 189722 3118 16.4 (15.9-17.0) 0.88 (0.83-0.92) 
2012-2015 123347 2032 16.5 (15.8-17.2) 0.84 (0.79-0.92) 
2016-2019 24641 281 11.4 (10.1-12.8) 0.82 (0.72-0.93) 
HIV acquisition method     
Sex between men 240480 2786 11.6 (11.2-12.0) 1 (reference) 
Injecting drug use 32975 1398 42.4 (40.2-44.7) 2.60 (2.43-2.78) 
Heterosexual sex 141916 2384 16.8 (16.2-17.5) 1.38 (1.29-1.47) 
Other/unknown 93689 2086 22.3 (21.3-23.2) 1.50 (1.36-1.66) 

*Results are adjusted for all variables listed in the table, with stratification of hazards by cohort. CI: confidence 

interval. 
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Table 3: Crude mortality rates and adjusted mortality hazard ratios for ≥1 year interruption status, 

demographic characteristics, and HIV-related characteristics 

Variable Person-years of 
observation 

Deaths Crude mortality rate 
per 1000 person-years 

(95% CI) 

Adjusted hazard 
ratio (95% CI)* 

Overall 536334 6104 11.4 (11.1-11.7)  
Interruption status     
No/pre interruption 509408 5469 10.7 (10.5-11.0) 1 (reference) 
Post interruption 26925 635 23.6 (21.8-25.5) 1.72 (1.57-1.88) 
Sex     
Female 95080 794 8.4 (7.8-9.0) 1 (reference) 
Male 441236 5310 12.0 (11.7-12.4) 1.23 (1.13-1.34) 
Age at ART initiation or care re-
initiation (years) 

    

16-24 29872 105 3.5 (2.9-4.3) 1 (reference) 
25-34 142396 628 4.4 (4.1-4.8) 1.12 (0.91-1.38) 
35-44 179795 1420 7.9 (7.5-8.3) 1.74 (1.42-2.12) 
45-54 122421 1926 15.7 (15.0-16.5) 3.05 (2.50-3.71) 
55-64 48713 1428 29.3 (27.8-30.9) 5.22 (4.26-6.38) 
≥65 13137 597 45.4 (41.9-49.2) 8.44 (6.84-10.42) 
CD4 count at ART initiation or 
care re-initiation (cells/mm3) 

    

≥500 68974 357 5.2 (4.7-5.7) 1 (reference) 
350-499 96991 564 5.8 (5.4-6.3) 1.13 (0.99-1.29) 
200-349 179213 1523 8.5 (8.1-8.9) 1.47 (1.31-1.66) 
100-199 86341 1219 14.1 (13.3-14.9) 2.11 (1.87-2.38) 
50-99 40549 854 21.1 (19.7-22.5) 2.90 (2.56-3.29) 
<50 64266 1587 24.7 (23.5-25.9) 3.31 (2.94-3.72) 
Year of ART initiation or care re-
initiation 

    

2004-2007 173378 2586 14.9 (14.4-15.5) 1 (reference) 
2008-2011 198601 2125 10.7 (10.3-11.2) 0.77 (0.73-0.82) 
2012-2015 134164 1157 8.6 (8.1-9.1) 0.59 (0.54-0.64) 
2016-2019 30191 236 7.8 (6.9-8.9) 0.39 (0.34-0.45) 
HIV acquisition method     
Sex between men 247746 1331 5.4 (5.1-5.7) 1 (reference) 
Injecting drug use 37991 905 23.8 (22.3-25.5) 3.54 (3.23-3.89) 
Heterosexual sex 149732 1310 8.8 (8.3-9.2) 1.32 (1.22-1.44) 
Other/unknown 100865 2558 25.4 (24.4-26.4) 1.96 (1.74-2.20) 

*Results are adjusted for all variables listed in the table, with stratification of hazards by cohort. CI: confidence 

interval. 
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Figure 2: Sensitivity analyses of adjusted mortality hazard ratios* for interruption status 

 

F-up: Follow-up. ART: Antiretroviral therapy. 

*Adjusted for sex, age at ART initiation/re-initiation, CD4 count at ART initiation/re-initiation, year of 

ART initiation/re-initiation, and HIV acquisition method, with hazards stratified by cohort.
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Care interruptions and mortality among adults in Europe and North America: a collaborative 

analysis of cohort studies 

SUPPLEMENTARY MATERIALS 

Supplementary table 1: Sensitivity analyses of adjusted mortality hazard ratios* for interruption 

status (I) – no/pre interruption (N) and post interruption (P) 

Analysis I Person-years 
of observation 

Deaths Crude mortality rate 
per 1000 person-years 

(95% CI) 

Adjusted 
hazard ratio 

(95% CI)* 

Main analysis N 509408 5469 10.7 (10.5-11.0) 1 (reference) 

 P 26925 635 23.6 (21.8-25.5) 1.72 (1.57-1.88) 

Include post-return-to-care follow-up with 
suppressed viral loads  

N 509408 5469 10.7 (10.5-11.0) 1 (reference) 

P 49652 852 17.2 (16.0-18.4) 1.60 (1.48-1.73) 

Drop post-return-to-care follow-up with CD4 
counts ≥350 

N 509408 5469 10.7 (10.5-11.0) 1 (reference) 

P 19564 579 29.6 (27.3-32.1) 1.77 (1.61-1.94) 

Use ART start CD4 counts rather than time-
updating 

N 509408 5469 10.7 (10.5-11.0) 1 (reference) 

P 26925 635 23.6 (21.8-25.5) 1.65 (1.51-1.81) 

Limiting follow-up to the 3-months after ART 
start/care interruptions 

N 21867 751 34.3 (32.0-36.9) 1 (reference) 

P 2943 105 35.7 (29.5-43.2) 1.17 (0.94-1.46) 

Limiting follow-up to the 6-months after ART 
start/care interruptions 

N 44290 1148 25.9 (24.5-27.5) 1 (reference) 

P 5810 173 29.8 (25.7-34.6) 1.29 (1.09-1.54) 

Define care interruptions as gaps of ≥270 days N 441799 4415 10.0 (9.7-10.3) 1 (reference) 

 P 86023 1387 16.1 (15.3-17.0) 1.49 (1.40-1.60) 

Define care interruptions as gaps of ≥545 days N 542589 5890 10.9 (10.6-11.1) 1 (reference) 

P 14011 326 23.3 (20.9-25.9) 1.67 (1.48-1.88) 

*Adjusted for sex, age at ART initiation/re-initiation, CD4 count at ART initiation/re-initiation, year of 

ART initiation/re-initiation, and HIV acquisition method, with hazards stratified by cohort. 


