
e251

Articles

www.thelancet.com/lancetgh   Vol 14   February 2026

Lancet Glob Health 2026; 
14: e251–60

*Contributed equally

Heilbrunn Department of 
Population and Family Health, 
Columbia University, New York, 
NY, USA (A Khalifa PhD MPH, 
D E Malden DPhil MSc, 
Prof J S Santelli MD MPH, 
P Kreniske PhD); Department of 
Epidemiology, Columbia 
University, New York, NY, USA 
(A Khalifa); Department of 
Mathematics, Imperial College 
London, London, UK 
(O Ratmann PhD, Y Chen PhD); 
Translation and Innovation 
Hub, Imperial College London, 
London, UK (O Ratmann, 
S Hillis PhD); The Alan Turing 
Institute, London, UK (Y Chen); 
Department of Pathology, 
Johns Hopkins University, 
Baltimore, MD, USA 
(M K Grabowski PhD ScM); 
School of Medicine, Johns 
Hopkins University, Baltimore, 
MD, USA (M K Grabowski, 
Prof L W Chang MD MPH); Rakai 
Health Sciences Program, 
Kalisizo, Uganda 
(M K Grabowski, Prof L W Chang, 
F Nalugoda MSc MPH, 
G Kigozi MD PhD, T Lutalo PhD, 
Prof N K Sewankambo MD MSc, 
A Ndyanabo MSc, 
F Makumbi PhD, 
Prof D Serwadda MD MPH, 
R Ssekubugu MSPH PhD, 
A Ssettuba MSTAT, 
H Nakawooya MSc); College of 
Health Sciences, Makerere 
University, Kampala, Uganda 
(Prof N K Sewankambo, 
F Makumbi); CUNY Graduate 
School of Public Health and 
Health Policy, New York, NY, 
USA (P Kreniske); Makerere 
University School of Public 
Health, Kampala, Uganda 
(F Makumbi, Prof D Serwadda); 
The Global Reference Group for 
Children Affected by Crisis, 
University of Oxford, Oxford, 
UK (S Hillis); Uganda Virus 
Research Institute, Entebbe, 
Uganda (T Lutalo)

Incidence and prevalence of orphanhood in Rakai, Uganda: 
a population-based cohort study, 1995–2022 
Aleya Khalifa*, Debbie E Malden*, Oliver Ratmann, Yu Chen, M Kate Grabowski, Larry W Chang, Fred Nalugoda, Godfrey Kigozi, Tom Lutalo, 
Nelson K Sewankambo, Anthony Ndyanabo, Philip Kreniske, Fredrick Makumbi, David Serwadda, Robert Ssekubugu, Absalom Ssettuba, 
Hadijja Nakawooya, Susan Hillis, John S Santelli

Summary
Background The introduction and scale-up of HIV treatment and prevention programmes have resulted in steady 
declines in orphanhood prevalence in sub-Saharan Africa, but orphanhood incidence and its associated factors are 
less understood. We aimed to describe the incidence and prevalence of orphanhood after HIV treatment and 
prevention programmes became available in Rakai, Uganda.

Methods In this population-based cohort study, we used data from all children and adolescents younger than 18 years 
with censused parents residing in 28 continuously surveyed Rakai Community Cohort Study (RCCS) communities 
from 1995 to 2022 (N=92 441), to calculate maternal, paternal, and double orphanhood prevalence by census round. 
Orphanhood incidence was estimated by use of a non-parametric hierarchical Bayesian model over time among 
children whose parents were alive during their first census interview and who were censused at least twice without 
missing more than two consecutive census visits (N=54 411). Poisson regression models estimated incidence rate 
ratios of orphanhood and 95% CIs by time period (pre-antiretroviral therapy [ART; 1995–2003], ART partial availability 
[2004–14], and ART full availability [2015–22]), age at orphanhood, and socioeconomic status of the household. 
Population attributable fractions of incident orphanhood due to parents’ HIV-positive status were estimated among 
those with surveyed parents who were tested for HIV.

Findings Orphanhood prevalence declined considerably over the study period, with steepest declines after ART 
became available; from 21·5% (3421 of 15 941 individuals) in 2003–04 to 6·3% (1449 of 23 082 individuals) in 2020–22.  
In adolescents aged 15–17 years, orphanhood prevalence declined from 49·4% (1057 of 2138) in 2002–03 to 14·4% 
(526 of 3661 individuals) in 2020–22. Incidence rates declined sharply; double orphanhood declined from 5·13 
(95% CI 4·02–6·45) per 1000 person-years in 2003–04 to 0·68 (0·42–1·05) per 1000 person-years in 2020–22. The 
proportion of new cases of orphanhood attributed to parental HIV status declined from 67% in 2004 to 11% in 2022 
for paternal orphanhood and from 71% to 12% for maternal orphanhood.

Interpretation Scale-up of ART in this Ugandan setting drove substantive declines in orphanhood incidence. Yet, a 
considerable burden of orphanhood persisted in 2022, particularly among adolescents. To consolidate these gains, 
sustained investment and adaptation of HIV programmes are crucial to mitigate the ongoing risk of orphanhood for 
this vulnerable population.
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Introduction
An estimated 57·9 million children younger than 18 years 
in sub-Saharan Africa have lost one or both parents; 
about 10·3 million of them have lost a parent to HIV-
related causes, representing 75% of the world’s 
HIV-related orphans.1 This high burden of HIV-related 
orphanhood continues despite the success of HIV 
interventions such as treat-all antiretroviral therapy 
(ART) policies, in which all people living with HIV are 
eligible to receive ART.2,3 Since research is limited to 
orphanhood prevalence, trends in orphanhood incidence 
are poorly understood, including the extent to which the 
expansion of HIV treatment programmes has reduced 

the number of new orphans.4 This knowledge gap is 
especially crucial as recent gains in HIV control in 
sub-Saharan Africa are not guaranteed: an additional 
2·8 million children could lose their parents due to HIV/
AIDS if programmes such as the President’s Emergency 
Plan for AIDS Relief (PEPFAR) are halted.5

Orphanhood is a key concern for child and adolescent 
development, with many adverse social and health 
consequences.2 In addition to leaving school at younger 
ages, children who lose a parent due to HIV/AIDS face 
consequences different from those faced by other 
orphaned children, including higher risk of mental 
health disorders and unstable living arrangements.6 
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Together, these social consequences can bring about 
behaviours that put orphans at increased risk of 
contracting HIV.7 Furthermore, orphanhood can place 
constraints on household wellbeing. For example, higher 
youth dependency ratios often result in greater economic 
burdens and food insecurity.8

Most studies in sub-Saharan Africa have described the 
prevalence of orphanhood only, including our previous 
analyses of data from the Rakai community in Uganda.2 
Longitudinal studies in rural South Africa and Uganda 
have observed declines in orphanhood prevalence since 
the early 2000s.3,9 Although prevalence can help quantify 
overall need, it is a cumulative indicator that does not 
reflect the immediate impact of population-level 
interventions that improve parental survival. Incidence 
can assist in monitoring changes in orphanhood over 
time, especially in contexts with high population growth 
and migration. Furthermore, previous analyses from 
Rakai included either exclusively children younger than 
15 years,3 or adolescents aged 15–19 years.2 Although 
these age groups are important to investigate 
independently, analysing age groups in isolation reduces 
the ability of researchers and policy makers to compare 
estimates of orphanhood prevalence with global or 
national orphanhood estimates among all children and 
adolescents younger than 18 years. Also, few studies have 
analysed orphanhood incidence in the context of ART 
scale-up in high-burden HIV settings such as Uganda.

For a complete understanding of the burden, risks, and 
consequences of orphanhood in a contemporary 

sub-Saharan Africa population, incidence and prevalence 
estimates are required.10 In countries with insufficient 
vital statistics systems, such as Uganda, population-
based orphanhood surveillance is a crucial tool to inform 
targeted interventions for timely linkage of orphans to 
social services. In the current study, we used census data 
from a closely monitored longitudinal cohort study 
among children younger than 18 years in southern 
Uganda to describe trends in orphanhood incidence and 
prevalence, and to identify factors associated with 
orphanhood incidence, including parental HIV status. 
This study quantifies the impact of ART programmes on 
child welfare and informs efforts to reduce the burden of 
orphanhood.

Methods
Study design
This population-based cohort study used data from 
28 agrarian and trading communities that were 
continuously surveyed in the Rakai Community Cohort 
Study (RCCS) from 1995 to 2022 (census rounds 2–20; 
appendix 1 p 3), to describe trends in orphanhood 
incidence and prevalence, and to identify factors 
associated with orphanhood incidence. The RCCS is a 
population-based open cohort of consenting individuals 
residing in communities in Rakai, Uganda and 
surrounding districts in southern Uganda.11 Rounds of 
RCCS data collection occurred approximately 1–2 years 
apart. Each RCCS round included a household census 
and a survey for all individuals aged 15–49 years who 

Research in context

Evidence before this study
We searched PubMed using the terms (“HIV” OR “AIDS”) AND 
(“Orphan”*) AND (“Africa”*) NOT ((“editorial”) OR (“case 
report”)) for articles in English from database inception to 
Feb 2, 2025. Several studies identified marked declines in 
orphanhood after scale-up of HIV treatment and prevention 
interventions. One simulation study, by Masquelier and 
Timæus, showed marked declines in orphanhood prevalence 
across 16 African countries with high HIV prevalence from 1970 
to 2020, but these estimates used data of varying quality. The 
most recent longitudinal analysis was our study from Rakai, 
Uganda, showing a decline in orphanhood prevalence 
from 53% in 2003, to 23% in 2018, among adolescents after 
the introduction of antiretroviral therapy (ART) in 2004. 
However, this study was limited to adolescents aged 
15–19 years and only assessed orphanhood prevalence. Few 
studies have assessed trends in orphanhood incidence in Africa, 
and in HIV-related orphanhood since 2015.

Added value of this study
To our knowledge, this is the first study to provide long-term, 
population-based estimates of orphanhood incidence in the 
contemporary context of sustained ART scale-up and HIV 
prevention interventions in a high-burden, rural African setting. 

Our findings show a dramatic decline in orphanhood incidence 
among children and adolescents in Rakai, Uganda, 
between 2004 and 2022, corresponding to expanded ART 
access and reduced parental HIV-related mortality. Notably, the 
proportion of orphanhood attributable to parental HIV infection 
fell sharply—from 67% for paternal orphanhood and 71% for 
maternal orphanhood during the pre-ART era (1995–2003) 
to 12% for maternal orphanhood and 11% for paternal 
orphanhood in the era of universal ART (2015–22). Despite these 
gains, the absolute number of children experiencing 
orphanhood remains high due to demographic growth. These 
findings provide important insights into the long-term 
population-level impact of HIV treatment programmes on child 
wellbeing and family structure in sub-Saharan Africa.

Implications of all the available evidence
In Rakai, Uganda, prevalence and incidence of orphanhood 
declined since 1995, and the decline accelerated after 2004, 
coinciding with the availability and expansion of ART and HIV 
prevention programmes. Uninterrupted continuation of HIV 
treatment and prevention efforts in sub-Saharan Africa remains 
essential to prevent the adverse health and social outcomes 
related to orphanhood, which include school dropout and HIV 
infection.

See Online for appendix 1
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were present at the time of the census. The census 
involved collecting demographic information (including 
gender [as reported in the census by the head of 
household and self-reported by individuals included in 
the survey], age, relationship to the head of household, 
duration of residence, and the status of each parent 
[ie, co-resident, alive but not co-resident, or deceased]) on 
every household member from the head of household. 
Household socioeconomic status was derived from data 
collected on household assets and categorised into 
quartiles.12 RCCS participation rates are similar to or 
higher than those of similar community cohort studies 
done in Africa, and previous research indicates that the 
population structure and HIV transmission dynamics 
are consistent with the larger south-central region of 
Uganda.13,14 Institutional review board approvals for the 
current analysis and RCCS were obtained from Uganda 
Virus Research Institute’s Science and Ethics Committee 
(GC/127/1013), Uganda National Council for Science and 
Technology, and the institutional review board at 
Columbia University, USA (IRB-AAAU7723). Further 
information on the RCCS data collection and field 
methods has been provided elsewhere.3

Survey participants
The RCCS census interview, which covered most 
household residents, was completed by the head of 
household. However, a subset of the censused population 
(those aged 15–49 years) were eligible for individual 
participation in the full RCCS survey. The present study 
used the census population for the primary study 
population, assessing all-cause orphanhood incidence 
and prevalence estimates overall, and the survey 
population (ie, children whose parents participated in 
both the census and the RCCS survey) for the secondary 
study population, assessing HIV-attributed orphanhood.  
For individuals younger than 18 years, both written 
minor assent and parental or guardian permission were 
obtained; individuals younger than 18 years who met the 
definition of emancipated minors provided their own 
written informed consent. Community-wide HIV 
education, HIV counselling and testing, and referral for 
voluntary medical male circumcision and ART were 
offered free of charge to consenting participants. Overall, 
the RCCS survey enrols over 85% of eligible residents 
present at the time of survey. Among consenting 
participants, about 99% respond to the full questionnaire 
and over 95% agree to HIV testing.15,16 HIV tests were 
first assessed with a validated rapid test in the field, and a 
laboratory-based enzyme immunoassay was used to 
confirm people with newly identified HIV positivity.

Procedures
Orphanhood prevalence for each census round was 
defined as the number of children (aged 0–17 years) 
whose mother, father, or both parents was reported to 
have died in the household census divided by the total 

number of children at the time of the census. The RCCS 
orphanhood cohort comprised all household census 
participants younger than 18 years with complete 
information on age, gender, and orphanhood status at 
the time of the census. Children and adolescents with 
parents for whom no parental survival information was 
available at the time of the census were excluded. Round-
specific orphanhood prevalence was described over time 
for non-mutually exclusive orphanhood categories, by 
type of orphanhood identified at the time of the census. 
Maternal orphans were those whose mother had died 
(whether or not their father was alive), paternal orphans 
were those whose father had died (whether or not their 
mother was alive), and double orphans were those where 
both of whose parents had died.

An incident orphan was defined as a child (age 
0–17 years) whose parent had died since the last census 
round. Incident orphanhood was described by type of 
orphanhood identified since the previous census 
(maternal, paternal, or double). Incident maternal, 
paternal, and double orphanhood categories overlapped; 
therefore, we created three incidence cohorts as the 
analytical samples for incidence estimates (appendix 1 
p 4). All orphanhood incidence cohorts comprised 
censused individuals younger than 18 years who were 
non-orphans at baseline (defined as their first census 
survey during the study period). Individuals in the 
incidence cohorts were followed up until the date they 
were first identified as an orphan, or the date they turned 
age 18 years, died, or out-migrated from the RCCS 
surveillance area. Hence, individuals were required to 
have completed at least two rounds of the census to be 
included in the incidence cohort. We also excluded 
individuals with two or more missing consecutive census 
rounds since the round of their orphaning was uncertain 
(N=3021; appendix 1 p 6). Further exclusions included 
those with missing information on age, gender, and 
orphanhood status (N=158; appendix 1 p 6).

Incidence rates per census round were calculated as 
the number of incident cases of orphanhood divided by 
the total number of person-years at risk (defined as the 
number of years between the current and last census 
dates for all children and adolescents who were not yet 
orphaned). Years of observation time ranged from 
1–2 years depending on the dates of each person’s 
current and previous census date. For visualisation, 
empirical rates were plotted at the midpoint of each 
census round.

Statistical analysis
The primary statistical objective was to describe the 
longitudinal orphanhood incidence across discrete 
census rounds for each type of orphanhood. We used 
random-effects Bayesian negative binomial regression 
models in a Bayesian hierarchical framework with 
one-dimensional smooth random functions to capture 
time trends. The functions were specified as 
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one-dimensional Gaussian processes with radial basis 
function kernel with midpoint census rounds as inputs. 
In the primary analysis, we did not consider incidence 
trends in continuous calendar time because study 
communities were visited consecutively; therefore, the 
incidence data within each round were structured by 
communities. The model was fitted with Stan 
version 2.33.1 with four chains, each with 500 warm-up 
iterations followed by 800 iterations.17 Additional details 
on the model setup and assumptions are provided in 
appendix 1 (p 7).

Associations between orphanhood incidence and 
individual-level or household-level factors were estimated 
by use of Poisson regression. For each type of 
orphanhood, incidence rate ratios (IRRs) and 95% CIs  
were used to compare incidence rates by age of the 
individual at the time of orphaning (age 0–4 years, age 
5–9 years, age 10–14 years, and age 15–17 years), parental 
HIV status for those with parents who were tested for 
HIV in the RCCS survey (ie, those in the secondary study 
population), and socioeconomic status quartiles. 
Furthermore, to assess the potential influence of HIV 
treatment policy on orphanhood trends, IRRs were 
compared across time periods roughly approximating 
population-level access to ART: before ART availability 
(pre-ART period; 1995–2003), initial ART rollout in 
Uganda (ART partial availability period; 2004–14), and 
the ART treat-all strategy (under the universal test-and-
treat strategy), under which all people living with HIV 
are eligible to receive ART regardless of their viral load or 
CD4 count (ART full availability period; 2015–22).

The percent orphanhood attributed to parent’s positive 
HIV status was estimated with population attributable 
fractions (PAFs; percentage) among children and 
adolescents whose biological parents were surveyed and 
tested for HIV before their death (ie, those in the 
secondary study population). The PAF of incident 
maternal and paternal orphanhood due to parents living 
with HIV was estimated with

where pd is the proportion of incident orphans exposed 
to the risk factor (HIV-positive parent).

To assess the potential effect of selection bias on the 
primary findings, we conducted sensitivity analyses by 
comparing the characteristics of participants against 
those who were excluded from the analysis with χ² tests 
for heterogeneity. As a quality control check, we assessed 
the consistency of orphanhood across subsequent 
rounds.

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report.

Results
Of 92 599 children and adolescents younger than 18 years 
who were censused at least once between 1995 and 2022, 
99·8% (92 441) had censused parents with survival 
information (appendix 1 p 4). 58·9% (54 411 of 92 441) of 
these individuals were included in the incidence analysis 
since they were censused at least twice without missing 
more than two consecutive censuses (appendix 1 p 4). 
From these individuals, three cohorts were constructed 
to measure the incidence of each type of orphanhood: 
50 508 with a living mother at baseline, 48 535 with a 
living father at baseline, and 52 177 with both parents 
alive at baseline. For all types of orphanhood, incident 
orphans were generally older at the time of first census, 
recruited during earlier time periods, and resided in 
households of lower socioeconomic status than non-
orphans (table). A greater proportion of paternal orphans 
(69·6%; 1923 of 2764 individuals) lived with their other 
parent (ie, their mother) compared with maternal 
orphans (52·9%; 832 of 1574 individuals).

Orphanhood prevalence declined substantially over the 
study period (figure 1) from 27·7% (3645 of 
13 173 individuals) in 1995–96 to 6·3% (1449 of 
23 082 individuals) in 2020–22 (appendix 1 p 9). We 
observed a steady decline in single orphanhood after 
ART rollout in 2004 (from 21·5% [3421 of 
15 941 individuals] in 2003–04 to 6·3% [1449 of 
23 082 individuals] in 2020–22), and among children who 
experienced the death of both parents (from 6·6% 
[1045 of 15 941 individuals] in 2003–04 to 0·6% [137 of 
23 082 individuals] in 2020–2022). However, compared 
with incidence, the decline in orphanhood prevalence 
was less notable (figure 1). In adolescents aged 
15–17 years, orphanhood prevalence declined from 49·4% 
(1057 of 2138 individuals) in 2002–03 to 14·4% (526 of 
3661 individuals) in 2020–22. Paternal orphanhood 
remained the most common type of orphanhood 
identified over the study period, despite declining 
from 22·2% (2928 of 13 173 individuals) in 1995–96 
to 4·6% (1064 of 23 082 individuals) in 2020–22 (figure 1; 
appendix 1 p 9). The prevalence of double orphanhood 
declined from 9·1% (1200 of 13 173 individuals) in 
1995–96 to 0·6% (137 of 23 082 individuals) by the end of 
the study period in 2022.

Among children and adolescents who were not orphans 
at baseline, 2764 (5·7%) of 48 535 lost a father, 1574 (3·1%) 
of 50 508 lost a mother, and 891 (1·7%) of 52 177 lost both 
a mother and a father over the study period (table). 
Overall, declines in orphanhood incidence rate were 
greatest after 2004 (ie, initial rollout of ART in Uganda). 
From 20·5 (95% CI 17·3–24·1) cases per 1000 person-
years in 1995–96 to 5·9 (5·0–6·8) cases per 
1000 person-years in 2020–22 for paternal orphanhood, 
and from 8·6 (6·6–10·9) cases per 1000 person-years in 
1995–96 to 2·3 (1·9–2·9) cases per 1000 person-years in 
2020–22 for maternal orphanhood (figure 2). Double 
orphanhood declined from 5·13 (95% CI 4·02–6·45) per 

IRR – 1

IRR
PAF=pd × 
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1000 person-years in 2003–04 to 0·68 (0·42–1·05) per 
1000 person-years in 2020–22. Paternal orphanhood had 
the highest incidence across study years. The highest 
incidence of new orphans across all three types of 
orphanhood was observed in 1999–2000. However, after 
2000–01, orphanhood incidence plateaued and eventually 
declined across all three types, most noticeably for 
paternal orphanhood. Paternal orphanhood incidence 
increased slightly (p<0·05; appendix 1 p 15) during the 
final two census rounds (2018–20 and 2020–22).

Children and adolescents in the ART partial availability 
and ART full availability periods were less likely to lose 
either parent than those in the pre-ART period (figure 3). 
Individuals in the highest socioeconomic status quartile 
had the lowest orphanhood incidence rates. Among 

children and adolescents with known parental HIV 
status, parental HIV-positive status was associated with 
almost ten times higher orphanhood incidence (maternal 
orphanhood IRR 9·98, 95% CI 8·58–11·60; paternal 
orphanhood 8·94, 7·96–10·10; figure 4) compared with 
those with parental HIV-negative status. The IRR for 
maternal orphanhood where the mother was HIV 
positive declined substantially over time, from 19·09 
(95% CI 15·34–23·93) in the pre-ART period to 2·04 
(1·25–3·23) in the ART full availability period. Similar 
patterns were observed for incident paternal orphanhood 
over the same time periods.

Among children with known parental HIV status in 
the pre-ART period, HIV-positive status accounted for 
more than two-thirds of paternal and maternal orphans 

Mother alive at baseline Father alive at baseline Both parents alive at baseline

Incident maternal 
orphan (n=1574)

Non-maternal 
orphan (n=48 934)

Incident paternal 
orphan (n=2764)

Non-paternal 
orphan (n=45 771)

Incident double 
orphan (n=891)

Non-double 
orphan (n=51 286)

Gender

Male 844 (53·6%) 23 887 (48·8%) 1334 (48·3%) 22 408 (49·0%) 451 (50·6%) 25 058 (48·9%)

Female 730 (46·4%) 25 047 (51·2%) 1430 (51·7%) 23 363 (51·0%) 440 (49·4%) 26 228 (51·1%)

Age at first census 

Median, years 5 (0–9) 3 (0–7) 4 (1–8) 2 (0–7) 7 (4–10) 3 (0–8)

0–4 years 685 (43·5%) 30 175 (61·7%) 1486 (53·8%) 29 017 (63·4%) 245 (27·5%) 30 848 (60·1%)

5–9 years 516 (32·8%) 9884 (20·2%) 768 (27·8%) 8982 (19·6%) 359 (40·3%) 10 551 (20·6%)

10–14 years 321 (20·4%) 6744 (13·8%) 436 (15·8%) 5933 (13·0%) 241 (27·0%) 7485 (14·6%)

15–17 years 52 (3·3%) 2131 (4·4%) 74 (2·7%) 1839 (4·0%) 46 (5·2%) 2402 (4·7%)

Age at orphanhood

Median, years 11 (7–14) NA 10 (6–14) NA 12 (9–15) NA

0–4 years 173 (11·0%) NA 412 (14·9%) NA 33 (3·7%) NA

5–9 years 594 (37·7%) NA 984 (35·6%) NA 389 (43·7%) NA

10–14 years 366 (23·3%) NA 562 (20·3%) NA 250 (28·1%) NA

15–17 years 441 (28·0%) NA 806 (29·2%) NA 219 (24·6%) NA

Socioeconomic quartile

Lowest 376 (23·9%) 7203 (14·7%) 649 (23·5%) 6398 (14·0%) 224 (25·1%) 7725 (15·1%)

Middle–low 406 (25·8%) 9675 (19·8%) 644 (23·3%) 8915 (19·5%) 235 (26·4%) 10 199 (19·9%)

Middle–high 374 (23·8%) 14 455 (29·5%) 724 (26·2%) 13 595 (29·7%) 230 (25·8%) 15 042 (29·3%)

Highest 385 (24·5%) 16 793 (34·3%) 663 (24·0%) 16 137 (35·3%) 181 (20·3%) 17 464 (34·1%)

Unknown 33 (2·1%) 808 (1·7%) 84 (3·0%) 726 (1·6%) 21 (2·4%) 856 (1·7%)

Time period

Pre-ART (1995–2003) 1200 (76·2%) 20 865 (42·6%) 2009 (72·7%) 18 696 (40·8%) 736 (82·6%) 22 403 (43·7%)

ART partial availability (2004–14) 315 (20·0%) 17 462 (35·7%) 632 (22·9%) 16 762 (36·6%) 138 (15·5%) 18 092 (35·3%)

ART full availability (2015–22) 59 (3·7%) 10 607 (21·7%) 123 (4·5%) 10 313 (22·5%) 17 (1·9%) 10 791 (21·0%)

Cohabitation

Parent 832 (52·9%) 35 278 (72·1%) 1923 (69·6%) 33 187 (72·5%) NA 36 310 (70·8%)

Adopted family 15 (1·0%) 1274 (2·6%) 42 (1·5%) 1060 (2·3%) 11 (1·2%) 1291 (2·5%)

Grandparent 497 (31·6%) 7266 (14·8%) 532 (19·2%) 6847 (15·0%) 394 (44·2%) 7934 (15·5%)

Sibling 14 (0·9%) 255 (0·5%) 22 (0·8%) 210 (0·5%) 15 (1·7%) 298 (0·6%)

Other relative 179 (11·4%) 3586 (7·3%) 205 (7·4%) 3322 (7·3%) 154 (17·3%) 4055 (7·9%)

Unrelated 23 (1·5%) 937 (1·9%) 28 (1·0%) 857 (1·9%) 392 (44·0%) 1024 (2·0%)

Unknown 14 (0·9%) 338 (0·7%) 12 (0·4%) 288 (0·6%) 15 (1·7%) 374 (0·7%)

Data are n (%) or median (IQR). ART=antiretroviral therapy. NA=not applicable. RCCS=Rakai Community Cohort Study. 

Table: Baseline characteristics of analytic sample included in the incidence population estimates of the RCSS, 1995–2022
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(figure 5). Thereafter, the proportion of orphanhood 
attributed to parent’s HIV-positive status declined from 
67% for paternal orphanhood and 71% for maternal 

orphanhood in the pre-ART period to 12% (maternal 
orphanhood) and 11% (paternal orphanhood) during the 
ART full availability period.

Figure 1: Prevalence and numbers of orphanhood among children and adolescents aged 0–17 years in the RCSS, 1995–2022
ART=antiretroviral therapy. RCCS=Rakai Community Cohort Study.
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Discussion
By use of comprehensive longitudinal data, this study 
describes the considerable decline in orphanhood 
incidence and prevalence in southern Uganda between 
1995 and 2022, particularly after the rollout of ART began 
in 2004. Orphanhood incidence was highest among 
those living in the lowest socioeconomic quartile and 
there were more adolescents who were incident orphans 
than younger children. The proportion of incident 
orphanhood attributed to the deceased parent’s HIV-
positive status declined markedly between the pre-ART 
and ART full availability. The likely impacts of these 
declines include reduced stress on extended families, 
increased duration of schooling, and possibly reduced 
risk of HIV infection among orphans. However, despite 
these improvements, the absolute burden of orphanhood 
remains high in this region.

Our study confirms the decline in orphanhood after 
periods of ART scale-up observed elsewhere in 
sub-Saharan Africa, including previous work in Rakai,3 
other parts of Uganda,4 Botswana,18 South Africa,9 and a 
combined analysis of 16 African countries.19 Together, 
these findings show that widespread availability of HIV 
treatment has made a profound contribution to reversing 
mortality among parents.20 Building on the findings 
presented in a previous RCCS analysis,3 the current 
analysis extends to 2022, showing that HIV treatment 
and prevention programmes continue to reduce rates of 
HIV-related orphanhood. In particular, the declines in 
orphanhood incidence observed during ART scale-up 
(ie, ART partial availability and ART full availability 
periods) and in the proportion of orphanhood incidence 
attributable to parental HIV-positive status show the 
specific benefits of HIV prevention programmes, and 
hence the urgent need for their continuation to avoid the 
health and social consequences of orphanhood,5 

including the potential increase in HIV risk among 
orphans.7

Despite this clear progress, two trends warrant specific 
attention. First, we observed declines in orphanhood 
incidence started from around 2001, which is slightly 
earlier than the rollout of ART in 2004. Other evidence 
shows an earlier peak in HIV incidence in Uganda (in 
the 1990s) compared with other African countries;21 since 
HIV mortality tends to peak approximately 10 years after 
incidence, this earlier peak in HIV incidence potentially 
explains the earlier decline in orphanhood incidence in 
southern Uganda shown in this study. Uganda being 
further ahead than other African countries in the 
implementation of HIV control efforts, particularly in the 
pre-ART period, is thought to be related to funding efforts 
and intensive educational awareness programmes.22 
Hence, the decline in orphanhood incidence before 2004 
could be the result of behavioural change, as communities 
had greater awareness of HIV and risk behaviours. 
Furthermore, overall life expectancy increases were 
observed in Uganda because of other health 

improvements not related to HIV, such as improvements 
in food security or tuberculosis and malaria prevention. 
However, as expected, the decline in orphanhood 

Figure 3: IRRs of incident orphanhood by time period, age, and socioeconomic status in the RCSS, 1995–2022
ART=antiretroviral therapy. IRR=incidence rate ratio. RCCS=Rakai Community Cohort Study. 
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incidence accelerated after 2004, particularly for maternal 
and double orphanhood (p<0·05; appendix 1 p 15), which 
was likely due to the implementation and scale-up of HIV 
treatment and prevention programmes. Second, although 
all types of orphanhood declined throughout the study 
period, paternal orphanhood was consistently higher 
than maternal orphanhood, and even increased slightly 
during the COVID-19 pandemic (2020–22). This increase 
has been observed elsewhere.23 The reason for higher 
paternal orphanhood than maternal orphanhood is 
unclear but could in part be due to differing parental ages 
between mothers and fathers. In addition, although 
COVID-19 is known to result in increased adult mortality 
and hence orphanhood,3,23 future studies should examine 
the mechanisms underlying these apparent epidemic-
related shocks to adult mortality by gender.24 For example, 
men could have been more likely to die as a direct result 
of SARS-CoV-2 infection or due to enhanced susceptibility 
to the indirect effects of the pandemic.25

Parental HIV-positive status was a main contributing 
factor underlying high rates of new orphanhood and 
adult mortality during the pre-ART period.26 At the 
community level, HIV treatment programmes have an 
even larger impact on reducing orphanhood. Universal 
test-and-treat strategies—including differentiated service 
delivery models—can also improve the overall quality of 
life for people living with HIV, reducing not only their 
HIV-related mortality but other causes of mortality, such 
as severe mental health problems.27 These findings 
underscore the need for sustained access to high-quality, 
effective care and treatment programmes for people 
living with HIV in sub-Saharan Africa,28 including those 
funded by PEPFAR.29 Without PEPFAR programmes, an 
estimated 2·8 million additional children will become 
orphans due to AIDS by 2030.5 

Findings should be interpreted alongside several 
potential limitations. First, 35 009 children and 
adolescents were excluded because they were only 
present in one census round and 3021 were excluded 
because they were missing more than two consecutive 
rounds. Compared with the sample of included 
individuals, the excluded individuals represented older 
age groups (age 15–17 years at the time of first census 
round) and later census rounds; therefore, we might 
have underestimated orphanhood incidence in the ART 
full availability period. Second, parental HIV status was 
unknown for approximately half of the analytical sample 
for orphanhood incidence estimates, so the subanalysis 
of HIV attribution might not be fully representative of 
the entire population. However, cross-sectional 
associations with baseline age and socioeconomic status 
characteristics of the population of non-consenting 
parents suggests that individuals with missing HIV 
status were more likely to reside in households with 
lower socioeconomic status, which typically correlates 
with higher sexual risk behaviours (such as having sex at 
a young age or having multiple sexual partners) 
compared with consenting adults (appendix 1 p 14), and 
hence the likely impact of this bias would have been an 
underestimation of HIV-attributed orphanhood. Third, 
the study was restricted to households within the RCCS 
catchment areas and did not include orphanages. Hence, 
the orphanhood incidence estimates in this study could 
underestimate the true incidence, since orphans could 
have been systematically undercounted. This under
estimation could be particularly true for double orphans, 
who are more likely to reside in an orphanage after the 
death of both parents. Lastly, direct causal effects of HIV 
programmes on orphanhood incidence could not be 
discerned with the given data. Indeed, Ugandan health-
system improvements over the same period could have 
contributed to the observed reduction in orphanhood. 
Although modelling studies30 aim to estimate the percent 
contribution of different diseases to adult mortality, 
future empirical research could incorporate vital statistics 
or verbal autopsy data to identify specific causes of 
maternal and paternal orphanhood. These studies could 
provide important insights into strategic programmes to 
support children and families.31

We observed substantiative declines in the prevalence 
and incidence of orphanhood after the availability and 
expansion of HIV treatment and prevention 
programmes in southern Uganda. Although the 
proportion of orphanhood attributed to HIV declined 
substantially, the absolute burden of orphanhood 
remains high due to the growing child and adolescent 
population. These findings have several important 
public health implications. First, by observing the 
marked declines in orphanhood incidence, this study 
provides further evidence for the success and 
importance of HIV treatment and prevention 
interventions in sub-Saharan Africa. The recent abrupt 

Figure 5: PAFs of incident maternal and paternal orphanhood due to parent’s 
HIV-positive status, by time period, in the RCSS, 1995–2022
ART=antiretroviral therapy. PAF=population attributable fraction. RCCS=Rakai 
Community Cohort Study. 
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changes to USA foreign assistance, including wide
spread interruption of HIV treatment for people living 
with HIV, underscore the crucial importance of 
continued monitoring and evidence-based programming 
to protect children from orphanhood and its lifelong 
consequences.
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